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Figure 2.1: Classical model of haematopoiesis, compiled and adapted from literature> >> %7,
The model depicts unidirectional differentiation of an HSC into terminally differentiated
haematopoietic cells following asymmetric, self-renewing cell division through a series of
progenitors (HPCs). Cell surface phenotypes are indicated in blue; the dotted grey line
indicates trans-differentiation, where sufficient stimulus allows the CLP or CMP to overcome
lineage restriction to produce cells of the other lineage. The different markers supposed to
be expressed by the true, self-renewing HSC are CD34, CD133, CD90, and CD117, which are
under discussion in literature. The consensus is that all HSPCs are negative for lineage-specific
(Lin)-markers until well-committed to a particular lineage. The common lymphoid progenitor
(CLP) and common myeloid progenitor (CMP) are distinguished from more primitive HSPCs

by expression of CD38, and only after differentiation do lineage markers become expressed.

Figure 2.2: The bone marrow niche shown in windows of increasing resolution, used with
permission from the corresponding author'®. The primary residential organ of HSCs is the
bone marrow, but they may also home to the liver and spleen (A). The bone marrow niche
consists of the endosteal and perivascular niches (B), which function to maintain HSC
qguiescence and retain HSPCs in the bone marrow niche (C) through the maintenance of critical

CYLOKINE BradiEnts (D). ...uuuureeeieeiiiiiiiirieeie e e ettt e e e e eeseerrreeeeeeeesesabaeaeeeeeseessnsssaeeeeeeeesennnnes 20

Figure 2.3: Major haematopoietic cytokines and their roles in haematopoiesis, adapted for re-
use> 120, Cytokines are indicated in purple next to the differentiation path they promote®” 194,
Colonies produced in CFU assays of myeloid lineages are shown in green'®. FLT3-L and IL-7
facilitate the differentiation of HSPCs into lymphoid cells (natural killer cells, and T- and B-
lymphocytes) through the CLP. Myeloid differentiation is initiated in HSPCs by IL-3, GM-CSF,
and SCF stimulation, forming the CMP. The CMP forms multilineage colonies consisting of
granulocytes, erythrocytes, macrophages, and megakaryocytes (CFU-GEMM). The CMP can
differentiate into the granulocyte-macrophage (GM) progenitor with GM-CSF stimulation,
which form granulocyte-macrophage colonies (CFU-GM), or the megakaryocyte-erythrocyte

(ME) progenitor with SCF, IL-3, and GM-CSF stimulation. GM progenitors stimulated with GM-
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CSF, IL-6, IL-3, and SCF can also produce single-lineage macrophage (CFU-M) or granulocyte
(CFU-G) colonies when additionally stimulated with M-CSF and G-CSF, respectively. ME
progenitors form either erythroid colonies in burst-forming units (BFU-E) or CFUs (together
called B/CFU-E), or megakaryocyte colonies (CFU-Mk) when stimulated with EPO or TPO,
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Figure 2.4: The HIV genome with three distinct reading frames. HIV proteins are indicated as
encoded in colour-coded genes, with links indicating the trans-frame protein-coding regions.

Figure used With PermiSSIONI3 . . ....c..i ittt ettt e eae b eneas 27

Figure 2.5: Representation of the HIV life cycle, designed by 5W Infographic and reused with
permission'3®. HIV-1 binding to target cell receptors CD4 and CCR5/CXCR4 begins the cycle of
replication consisting of reverse transcription of the viral genome to proviral DNA which is
integrated into the host cell genome. Transcription and translation of the proviral genome
results in the assembly and release of newly-packaged virions by budding from the host cell
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Figure 3.1: An HIV virus particle, adapted from literature® 219, indicating the size range of HIV
particles, and the location of various viral proteins and nucleic acids which can be used to
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Figure 3.2: Schematic representation of the Lenti-X™ Rapid Titre p24 ELISA kit; image available
from the Lenti-X™ Rapid Titre p24 ELISA kit user manual........cccccceeeieicciiiieiee e, 63

Figure 3.3: Typical sample layout in an 8-well strip of Lenti-X™ Rapid Titre p24 ELISA kits. ..64

Figure 3.4: p24 Standard curve generated using the Lenti-X™ Rapid Titre p24 ELISA kit (lot
number KCLO5161; plate lot number P1094). The equation of the line of best fit (dotted line)

used to estimate p24 concentrations relative to the standard curve is shown on the graph.

Figure 3.5: A schematic representation of the principles of PCR, used with permission?°. Cycles
of denaturing DNA templates followed by primer annealing and polymerisation (elongation)

of target DNA regions selected by primers is SHOWN. .....cccvveveeiiiiiiiiiiiiieeeece e e 68
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Figure 3.6: PCR amplicon analysis by agarose gel electrophoresis. The direction of DNA
migration is from the negative terminal to the positive terminal, as a result of the applied
electric current. Over time, colorimetric tracking (blue band near positive terminal) indicates
that the DNA amplicons have migrated through the length of the gel and will likely be
resolved. Visualisation by UV light shows DNA amplicons stained by fluorescent dyes on the

gel not visible with the naked @Y. ... i 69

Figure 3.7: Examples of primer secondary structures, generated using the IDT OligoAnalyzer
online tool. (A) Hairpin structure which does not result in elongation but prevents primer from
binding to target. (B) Hairpin structure with a 3’-overhang which will result in elongation. (C)
Homodimer between primers of the same sequence with a 3’-overhang which could result in
elongation. (D) Heterodimer between two primers in a primer pair with a 3’-overhang which

Will result in €loNGatioN. .......eiiiiieii e e e e e a e e e an 71

Figure 3.8: Example output of NCBI primer analysis (Primer-BLAST) using the full-length
consensus sequence for HIV-1C generated in CLC Main Workbench for a primer pair designed
to amplify a portion of the HIV-1C Env gene. (A) Specificity of primers to target relative to the
Refseqg mRNA database, and the location of the amplicon resulting from PCR using these
primers is shown. (B) Primer details returned in the same primer analysis report, indicating
the amplicon (product) length, and Ty, GC-content, and self-complementarity values of the
primer pair. The values for self- and self-3’-complementarity correspond to the propensity for

self-complementation. Lower values (<3) are therefore preferred. ......ccccceeeeveciivvieeeeeeeeiiennn, 73

Figure 3.9: OligoAnalyzer and OligoCalc primer analysis tool outputs for the forward primer
indicated in Figure 3.8B, as a supplement to Primer-BLAST analysis. Within-primer potential
secondary structures best illustrated by the OligoAnalyzer tool (A), ranked from most likely to
least likely. Potential self-annealing (B) and primer specifics (C) calculated by OligoCalc show

similar results to both Primer-Blast and OligoAnalyzer outputs. ......ccvveeeeeeeeeiiciireeeeeeeeeeeenns 74

Figure 3.10: Thermocycling conditions and their respective descriptions applied during PCR

[LT= Lo A 0 1 1N 81

Figure 3.11: HIV LTR-gag and V3 primer validation and annealing temperature optimisation.

(H) The FastRuler™ LR loaded in lane 1 for each gel, indicating known fragment sizes of 1500,
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850, 400, 200, 50 bp. (A-G) Lanes 2-9 for each gel show PCR products generating using
annealing temperatures 54 (lane 2), 55.5 (lane 3), 57 (lane 4), 58.5 (lane 5), 60 (lane 6), 61.5
(lane 7), 63 (lane 8), and 64.5°C (lane 9) respectively. DNA extracted from GHOST cells
exposed to the following HIV-1 isolates: Yu2 (A), 89.6 (B), NL4-3 (C), SW7 (D), and CM9 (E) was
amplified using isolate-specific primers against the LTR-gag region of the HIV proviral
genome. DNA extracted from GHOST cells exposed to only primary HIV-1C isolates SW7 (F)
and CM9 (G) was amplified using isolate-specific primers against the V3-encoding region of

the HIV proviral BENOME. .......iieieei e e e e e e e st e e e e e e e s e naaraeeeaeaeeas 83

Figure 3.12: Limit of detection PCR gel images. Grey boxes in each image indicate where
amplification of the LTR-gag region was observed. (A) Limit of detection PCR reactions for
HIV-1B isolates. FastRuler™ MR ladder (D) was loaded in lanes 1 and 21, and the L32 positive
amplification control for HIV negative DNA was loaded in lane 2. Lanes 3-7 were loaded with
0.1%, 1%, 5%, 10%, 20% Yu2-infected GHOST cell LTR-gag PCR product respectively, and lane
8 with the HIV unexposed GHOST cell LTR-gag PCR product. The same pattern was repeated
for 89.6-infected GHOST cell LTR-gag PCR products (lanes 9-14) and NL4-3-infected GHOST
cell LTR-gag PCR products (lanes 15-19). HIV-unexposed PCR products for the LTR-gag
amplification was loaded in lane 20 as the negative control. (B & C) Limit of detection PCR
reactions for HIV-1C isolates SW7 (B) and CM9 (C). Lanes 1 and 10 were loaded with
FastRuler™ MR, lane 2 was loaded with the no template control for each primer pair, and lane
3 was loaded with the L32 positive amplification control performed on HIV-unexposed GHOST
cell DNA. Lanes 4-9 were loaded with the respective isolate-specific LTR-gag PCR products
containing 0.1%, 1%, 5%, 10%, 20%, and no HIV-infected cell DNA respectively................... 90

Figure 3.13: FACSAria™ laser/detector configuration used for GHOST cell phenotype and
sorting experiments. (A) The blue laser excites fluorochromes at 488 nm and was used to
detect FITC and GFP on B, and SSC on C. (B) The yellow/green laser excites fluorochromes at
561 nm and was used to detect PC7 on A and 7-AAD on B. (C) The violet laser excites
fluorochromes at 407 nm and was used to detect BV605 on D. (D) The red laser excites

fluorochromes at 633 nm and was used to deteCt APC ON C. ...oeeveeeveieeiieeeiiieeeeeeeee e eeeenn 97
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Figure 3.14: Enumeration of GHOST cells using Flow-Count™ fluorospheres. (A) 10 022 intact,
viable GHOST cells are selected in the region GHOST cells. (B) 7085 Flow-Count™ beads are
detected iN the Cal rEGION......cci i e e e e e e e araeeeeeeeeas 100

Figure 3.15: Gating strategy routinely used for GHOST cell enumeration, CD4 phenotype, and
GFP expression. (A) A FS Lin versus 7-AAD two-parameter plot with Flow-Count™ beads
excluded was used to select viable cells, which stain negative for 7-AAD and are indicated in
the VIABLE region. (B) A two-parameter FS Lin versus SSC Log plot gated on the “VIABLE”
region to identify viable, intact cell GHOST cells (GHOST cells region). (C) A two-parameter
plot of Flow-Count versus time, with the number of beads captured indicated in the Cal
region. (D & E) Two-parameter FS Lin versus CD4-APC plots gated on “GHOST cells” were used
to enumerate CD4* GHOST cells. (D) GHOST cells stained with CD4-APC iso, used to set the
“CD4+" region. (F) GHOST cells stained with CD4-APC. (F) A two-parameter FS Lin versus GFP
plot of HIV-unexposed GHOST cells which do not express GFP. (G) The same two-parameter

plot as in F showing HIV-exposed GHOST cells expressing GFP. ........ccoovvecciiiieeeeeee e, 103

Figure 3.16: Flow cytometry and gating strategies used for GHOST cell sorts. (A) A two-
parameter FS Lin versus 7-AAD was used to select viable (7-AAD negative) GHOST cells,
captured in the “VIABLE” region. (B) A two-parameter FS Lin versus SSC plot gated on viable
GHOST cells (“VIABLE” region) was used to capture intact GHOST cells. (C) A two-parameter
FS Lin versus GFP plot gated on “GHOST cells” was used to sort GFP~ GHOST cells (“GFP-“
region) from HIV-unexposed GHOST cells. (D) The same two-parameter FS Lin versus GFP plot
without the “GFP-“ gate was used to sort GFP* GHOST cells (“GFP+”) from HIV-exposed GHOST
cells. (E) A two-parameter FS Lin versus CD4-APC plot gated on “GHOST cells” was used to sort
CD4Meh [ow-passage GHOST cells. (F) Representative post-sort purity achieved after sorting
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Figure 3.17: GHOST cell phenotype analysis using CCR5-PC7, CXCR4-BV605, and CD4-FITC. (A)
A representative two-parameter plot of CXCR4-BV605 versus CCR5-PC7 of GHOST cells
stained with the isotype combination used to set the four quadrants indicated on the plot. (B)
Same plot as A, representing data obtained for GHOST cells stained with CXCR4-BV605 and
CCR5-PC7. Sub-populations of GHOST cells with different co-receptor expression profiles are

shown. (C) A representative two-parameter plot of SSC Log versus CD4-FITC for the isotype
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tube (unstained for CD4-FITC) used to set the “CD4+” region. (D) Same plot as C for GHOST
cells stained with CD4. GHOST cells expressing CD4 should have appeared in the “CD4+”
=T =4 T o 109

Figure 3.18: Sequential gating strategy used to sort CD4"8" and CD4'°% GHOST cells for mRNA
evaluation. (A) Viability of GHOST cells negative for 7-AAD captured in the “Viable” region on
a FS Lin versus 7-AAD two-parameter plot. (B) Viable, intact GHOST cells were selected in the
region “GHOST cells” on a two-parameter FS Lin versus SSC Log plot. (C) The pre-sort CD4
population shown on a two-parameter SSC Log versus CD4-APC plot. The regions “CD4 low”
(pink) and “CD4 high” (purple) were sorted. (D) Post-sort purity for CD4'"% GHOST cells is
shown on the same plot as in C. (E) The same two-parameter plot as in C shows the post-sort
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Figure 3.19: Gel image of CD4 cDNA PCR to assess the CD4-expressing construct in GHOST
cells. (A) Lanes 1 and 11 were loaded with FastRuler™ LR DNA ladder shown in B for amplicon
size estimation. Lanes 2 and 3 were loaded with the NTCpcg and L32 PCR positive controls
respectively. Lanes 4 and 5 were loaded with the NTCgr and NRC reverse transcription controls
respectively. Lanes 6-10 contained CD4 PCR products for TZM-bl (lane 6), PBMC (lane7), Ghost
CD4heh (lane 8), Ghost CD4"Y (lane 9), and HEK293T (lane 10) cells. ...ccvovvvveevecveceeeeeeeeenene. 116

Figure 3.20: In silico CD4 mRNA transcript prediction explaining the presence of the 186 bp
amplicon observed in HEK293T and PBMC mRNA pools assayed by RT-PCR. ..........cccc........ 117

Figure 3.21: The discrepancy in CD4 detection between unsorted GHOST cells stained with
CD4-FITC and CD4-APC. (A) Two-parameter FS Lin versus CD4-FITC plot unstained for CD4-
FITC, used to set the “CD4-FITC+” region. (B) The same plot as A, using cells stained with CD4-
FITC. (C) Two-parameter FS Lin versus CD4-APC plot unstained for CD4-APC used to set the
“CD4-APC+” region. (D) The same plot as C, using cells stained with CD4-APC and the “CD4-
APC+” region set on the unstained control. (E) The same plot as D, with the “CD4-APC+” region
set on the division between the two populations of CD4-APC expression, as the “CD4-FITC+”
region divides the two populations. The difference between D and E illustrates the need for
an isotype control for CD4-APC, in order to correctly resolve the CD4* population from the
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Figure 3.22: CD4 recovery on five biological replicates (BR) of GHOST cells post-trypsinisation,
detected USING CDA-APC. ...ttt ettt e e e e e e et re e e e e e e e e s abtaeeeeeeeeeeannssaaeeeaaaeens 122

Figure 3.23: CD4 recovery on five biological replicates (BR) of GHOST cells post-trypsinisation,
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Figure 3.24: Effect of dissociation method on CD4 detection of sorted CD4"&h GHOST cells. (A)
A two-parameter FS Lin versus CD4-APC plot used to set the “CD4+” region on non-
enzymatically dissociated CD4"&" GHOST cells stained with CD4-APC iso. (B) The same two-
parameter plot as in A, for non-enzymatically dissociated CD4"&" GHOST cells stained with
CD4-APC. (C) A two-parameter FS Lin versus CD4-APC plot used to set the “CD4+” region on
enzymatically dissociated CD4"&" GHOST cells stained with CD4-APC iso. (D) The same two-
parameter plot as in C, for enzymatically dissociated CD4"8" GHOST cells stained with CD4-
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Figure 3.25: GHOST cell growth curves for GFP assay optimisation showing average cell counts

of triplicate wells for two stocks (A and B) of GHOST cells assayed at three time points. ...131

Figure 3.26: Functional titration of HIV on GHOST cells by limiting dilution, based on GFP
expression in HIV-infected GHOST cells. (A) Functional titration of HIV by exposing a known
number of GHOST cells to known dilutions of virus (dilution 1 being the least dilute and
dilution 4 being the most dilute. HIV-infected cells are detected by the expression of GFP
(green cells), detectable 48 hr post-infection. (B) Transcription of the HIV-2 LTR-driven GFP
transgene in GHOST cells, activated by the binding of Tat from infecting HIV-1 to the HIV-2

LTR, resulting in the expression of GFP in HIV-infected cells. ......cccvveeiieicciiieieeieeeee, 132

Figure 3.27: GHOST GFP assay plate layout. Dilutions of HIV to be added to each well are

indicated in the wells. Empty wells contained 1 mL PBS. R1-3 represent technical replicates.

Figure 3.28: lllustration of the preparation of dilution series employed for the GHOST GFP
assay. Blue values indicate volumes used for HIV-1C primary HIV-1 isolate titrations, and green
values indicate volumes used for HIV-1B molecular clone titrations. Dilution series were

prepared by adding medium to each tube (2-6) as indicated, then adding the starting volume
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of HIV to tube 1, and transferring the volumes of HIV indicated from tube 1 to tube 5
(illustrated by the dilution series tube transfer diagram). Polybrene® was added to a
concentration of 20 ug/mL, and the volumes of each dilution (last row) were dispensed into

the corresponding wells illustrated in Figure 3.27. ...t 136

Figure 4.1: Outlines of strategies for the production of primary virus (propagation in PBMCs,
pink) and molecular clones (molecular clone production, purple). Functional titration of virus

produced by both strategies is described in 3.6.6 GHOST GFP assay Method. .................... 149

Figure 4.2: Sequential gating strategy for HEK293T cell enumeration. (A) A two-parameter FS
Lin versus SSC Log plot was used to identify intact HEK293T cells (“HEK293T cell” region). A
“NOT BEADS” Boolean gate was applied to this plot to exclude Flow-Count™ beads from
HEK293T cells in the region “HEK293T cells”. (B) Viable HEK293T cells were captured in the
“VIABLE” region on a two-parameter FS Lin versus 7-AAD plot. (C) A two-parameter Flow-
Count versus TIME plot was used to enumerate the Flow-Count™ beads analysed (“Cal”
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Figure 4.3: Representation of the migration of three plasmid forms of p89.6 to illustrate the
migration of the three forms of plasmid DNA. Ladders are not shown as the largest band on

available ladders was smaller than p89.6, at 10 000 bp. .....ceevvvvieeieiiciiieeee e, 170

Figure 4.4: Gel image and DNA ladders used for electrophoretic analysis of plasmids from
different stocks for comparative purposes. (A) Lanes 1 and 15 were loaded with FastRuler™
HR DNA ladder, and lanes 2 and 14 were loaded with FastRuler™ MR DNA ladder. Lanes 3-5
were loaded with pNL4-3 preparations in the order (left to right) depicted in Table 4.7. Lanes
6-8 were loaded with pYu2 preparations in the same order, and lanes 9-11 contain p89.6 DNA.
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Figure 4.5: Sequential gating strategy used to phenotype and enumerate PBMC stocks for HIV
propagation. (A) A two-parameter FS Lin versus SSC Log plot was used to identify intact
PBMCs, captured in the “PBMCs” region, gated on the Boolean gate “NOT BEADS” to exclude

Flow-Count™ beads from cell analyses. (B) Viable PBMCs were identified using a two-
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parameter SSC Log versus 7-AAD plot gated on PBMCs based on negative staining for 7-AAD,
indicated by the “VIABLE” region. (C) Viable PBMCs expressing the panleukocyte marker CD45
(leukocytes) were identified using a two-parameter SSC Log versus CD45-KO plot gated on
viable PBMCs. Leukocytes identified by expression of CD45 were captured in the “Leukocytes”
region, which were then used to identify monocytes and T-cells from the remaining
leukocytes. (D) A two-paramater plot showing SSC Log versus CD4-FITC (gated on
“Leukocytes”) was used to distinguish monocytes (CD45*CD4™, moderate to high SSC; red
population) and CD4* T-cells (CD45*CD4*, moderate SSC; purple population). (E) Flow-Count™

bead events were captured in the “Cal” region for enumeration purposes..........cccceeeeneeen. 175

Figure 4.6: In-house modified strategy for HIV propagation in PHA-P/IL-2-stimulated PBMCs.

Figure 4.7: Hypothetical illustration of HIV quasispecies formation during HIV propagation.
Different coloured virions in each flask represent different populations of HIV which abide in
each flask due to mutation resulting from reverse transcription. Each vertical flask series
represents a step in HIV production, namely initial infection, feed 1, and feed 2. Grey dotted

arrows represent points of pooling, before each feed and before harvesting. .................... 185

Figure 5.1: Haematopoiesis and the expression of HSPC surface markers® % & 11 The self-
renewing HSC divides asymmetrically to produce a self-renewing HSC and HPC, which will
differentiate as directed by cytokine signalling. The heterogenous CD34* HSPC population is
outlined by the blue dotted lINe. .......uuvreeiiiiei e e 192

Figure 5.2: Histopaque density-gradient centrifugation facilitates separation of MNCs from

granulocytes, erythrocytes, and platelets. ......ooccvvveeeeiieiieicce e 195

Figure 5.3: Effect of staining medium on isotype control staining (Stem-Kit) during
leukapheresis-derived HSPC enumeration. Stemkit iso staining of AP181122-01 cells stained
in RPMI (A) versus AP181122-01 cells stained in TP4 buffer (B).....cccovveeeeeeeieiiiinieeeiieeeeeenns 197

Figure 5.4: ISHAGE-derived gating strategy applied to the enumeration of CD34* HSPCs
derived from both UCB and leukapheresis products. Plots represent UCB-MNCs. (A) Viable

cells were selected based on negative 7-AAD staining. (B) Viable leukocytes were selected on

XX



CD45 expression (“Leukocytes”) in the two-parameter SSC Lin versus CD45-FITC plot gated on
the “Viable” region. (C and D) The “CD34+ HSPCs” region was confirmed in random samples
using the Stem-Kit isotype control (C), using a SSC Lin versus CD34-PE two-parameter plot. (D)
Viable leukocytes expressing CD34 (CD34+ HSPCs) were captured in the “CD34+ HSPC” region.
(E) Flow-Count™ beads were identified in the “Cal” region and used to calculate absolute cell
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Figure 5.5: Effect of working temperature on post-thaw viability of leukapheresis-derived
cells. (A) Viability of cells (AP181010) processed and resuspended on ice contrasted with (B)

the viability of cells (AP180823) processed and resuspended using pre-cooled (4°C) solutions.

Figure 5.6: Effect of post-thaw resuspension buffer on post-thaw viability. (A) Viability of cells
resuspended in RPMI. (B) Viability of cells resuspended in TP4 buffer. ........cccceeeeenvieeennnnn. 206

Figure 5.7: Post-centrifugation density gradient of leukapheresis-derived cells in RPMI loaded
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Figure 5.8: Effect of dead cell removal technique on viability and CD34-recovery. (A) The
viability of cells subjected to density-gradient centrifugation on histopaque was compared to
(B) the viability of cells subjected to slow centrifugation. (C) The SSC Lin profiles compared to
CDA45 expression is indicated for post-histopaque, and (D) post-slow centrifugation. (E) The
percentage of CD34* HSPCs after dead cell removal by layering on histopaque was compared

10 (F) SIOW CENTITUBATION. . .uviiiiiiee e e e e e e e rraeeeeeeeeas 209

Figure 5.9: Principles of direct selection by MACS. ..o, 211

Figure 5.10: Post-thaw (A; C; E) and post-MACS (B; D; F) comparison in terms of viability,
leukocyte proportion, and CD34+ HSPC enrichment. (A) The viability of AP180823 post-
processing is contrasted with (B) the viability post-MACS indicated by negative staining for 7-
AAD. (C) The proportion of leukocytes post-processing compared to (D) post-MACS is
indicated by positive staining for CD45. (E) The proportion of CD34+ HSPCs post-processing is
compared to (F) the enriched proportion of CD34+ HSPCs post-MACS. .........ccoevvvvvvveereeenn. 214
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Figure 5.11: FACSAria Fusion laser/detector configuration for HSPC sorting experiments. (A)
The blue laser excited fluorochromes at 488 nm and was used to detect SSC on C and FITC on
B. (B) The violet laser excites fluorochromes at 407 nm and was used to detect Zombie Violet™
on F. (C) The yellow/green laser excites fluorochromes at 561 nm and was used to detect 7-
AAD on B, PC7 on A, and PE on E. (D) The red laser excites fluorochromes at 633 nm and was

used to detect APC-Cy7 on A, and APC ON C. .oooiioiiiiieeeee et e e e e e e e e 216

Figure 5.12: Sequential gating strategy for sorting HSPC sub-populations from UCB-MNCs, and
resulting post-sort purity of the CD34*Lin" HSPC population. (A) Dead cells were excluded by
positive staining for 7-AAD. (B) Viable leukocytes expressing low levels of CD45 were selected
in the CD45 dim region. (C) Viable, CD45 dim cells already expressing lineage-specific markers
were excluded in the Lin- region. (D) The co-expression of CD34 and CD38 on viable,
CD459™Lin" HSPCs is shown, where CD38", CD38%™ and CD38* populations also expressing
CD34 are indicated. Post-sort purity of the viable, CD459™CD34*Lin" sorted population (E and
F), indicating 100% purity of the sorted population. (E) The viable, CD45%™Lin- population
post-sort purity (pre-sort population shown in C). (F) The viable, CD45%™Lin"CD34* population

post-sort purity (pre-sort population indicated by CD34* populations in D)........ccccccuvvneeee.. 219

Figure 5.13: Sequential gating strategy for sorting CD34* HSPCs from CD34-enriched
populations. Cell debris was excluded by selecting intact cells (A), which were sorted for
viability by negative staining for 7-AAD (B). Live cells expressing CD34 are encompassed in the

region CD34+ (C), and viable, CD34"* sorted cells are indicated in the region Sorted CD34+ cells.

Figure 6.1: Schematic representation of haematopoiesis (adapted from literature®1?l),
showing HSC and HSPC phenotype markers (blue), CFUs (green), and colony images relevant
to CFU assays. Colony images were obtained from the CFU assay resource “The Human Colony
Forming Cell (CFC) Assay Using Methylcellulose-based Media” protocol (R&D Systems)
available at https://www.rndsystems.com/resources/protocols/human-colony-forming-cell-

cfc-assay-using-methylcellulose-based-media. .......ccccccoeveiireeeeiieeiecee e 225

Figure 6.2: Counting grid scored onto the bottom of each well of 24-well plates, showing the

grid block positions used for colony COUNTING. .....uvvvveeiiiiiiiiieee e 229
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Figure 6.3: Single/multiple colony designation from the CFU atlas for colony counting
standardisation. Images above were adapted from the STEMCELL Technologies technical
manual (version 4.2.0) for human CFU assays using Methocult!3, and the STEMVision
automated colony counter technical manual. Circles indicate how colonies were counted.
(A) Overlapping CFU-GM (blue circle) and B/CFU-E (red circle) were counted as separate
colonies. (B) Well-resolved colonies, with a CFU-GEMM encircled in blue and B/CFU-E in red.
The granulocyte/macrophage “halo” in the CFU-GEMM is noteworthy as it distinguishes the
CFU-GEMM from the B/CFU-E. (C) Two nodes of a single CFU-GM colony are encircled in
yellow, indicating that two overlapping nodes of the same colony type in the same plane are
counted as one colony. (D) The difference between CFU-M (green circle) and CFU-GM (blue
circle) is shown, with good resolution between the colonies. (E) Multiple lobes of a single CFU-
GEMM are encircled in orange, distinguishable from a B/CFU-E by the
granulocyte/macrophage halo. (F) A single large BFU-E with multiple lobes (and no
granulocyte/macrophage halo) is shown in contrast to a single small BFU-E (G), which show

the resolution which can be used to count erythroid colonies as a single colony................ 230

Figure 6.4: Picture atlas for haematopoietic colony recognition with key points for easy
identification of colonies characterised (Table 6.1). (A) Characteristics of CFU-GEMM colonies.
(B) Characteristics of B/CFU-E colonies. (C) Characteristics of CFU-G colonies. (D)
Characteristics of CFU-M colonies. (E) Characteristics of CFU-GM colonies. Colony images
were obtained from the CFU assay resource “The Human Colony Forming Cell (CFC) Assay
Using Methylcellulose-based Media” protocol (R&D Systems) available from
https://www.rndsystems.com/resources/protocols/ human-colony-forming-cell-cfc-assay-

using-methylcellulose-based-Mmedia. ..........ceeerieiiiiccee e 232

Figure 6.5: Schematic representation of clonal expansion and differentiation of HSPCs into
terminally differentiated cells and the expression of key cell surface markers over time. The

blue block indicates the range of phenotypes selected for CFU assays performed in this study.

Figure 6.6: Typical HSPC population sort plate layout. The sorted population phenotypes are
shown in each well. Unlabelled wells contained 1 mL PBS or PBS supplemented with 2%
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Figure 6.7: Average number of colonies counted for each sorted HSPC population, per
biological replicate. Error bars represent the standard deviation of technical repeats. GEMM
indicates CFU-GEMM (granulocyte, erythrocyte, megakaryocyte, macrophage) colonies, GM
indicates CFU-GM (granulocyte-macrophage) colonies, G indicates CFU-G (granulocyte)
colonies, M indicates CFU-M (macrophage) colonies, E indicates B/CFU-E (erythroid) colonies,
and Mk indicate CFU-Mk (megakaryocyte) colonies. (A) CD34* HSPC colonies; (B) CD34*Lin
HSPC colonies; (C) CD34*Lin"CD38* HSPCs colonies; (D) CD34*Lin"CD38%™ HSPC colonies; (E)
CD34"LIN"CD38 HSPC COlONIES. ..cueviiiiiiiiitieeteeeee et 246

Figure 6.8: Colony variance between HSPC populations, and distribution of colony types for
each sorted HSPC population, displayed in a box-and-whisker plot. The data represents five
biological replicates. The lowest and highest values are indicated by the whiskers, and the
mean number of colonies is indicated by the line bisecting each box. Significance tested by
two-way ANOVA with Tukey correction for multiplicity is indicated by asterisks; *p<0.05,
*%p<0.01, ***p<0.001, ****P<0.0001. ..eeeeriieeiiieiierieeiee ettt e s eeeas 248

Figure 6.9: Compiled gel image of HIV detected in CYT+ and CYT- UCB-derived CD34* sorted
HSPCs at MOI3 and MOI10, 24 hr post-infection. (A) Lane 1 was loaded with the FastRuler™
LR DNA ladder (shown in B). Lanes 2 and 4 were loaded with NTC for the L32 (lane 2) and LTR
(lane 4) primer pairs. Lane 3 was loaded with the PCR products amplified using the L32 primer
pair and HIV- CYT- MOI10 DNA as the positive reaction control. To show LTR primer specificity,
a positive control (CM9-infected PBMC DNA, lane 5) and negative control (HIV-unexposed PB-
01 DNA, lane 6) were loaded. Lanes 7-10 were loaded with the PCR products for MOI3 CYT+,
MOI3 CYT-, MOI10 CYT+, and MOI10 CYT- respectively, amplified using LTR primer pair. Lanes
11-14 were loaded with the PCR products for HIV- MOI3 CYT+, HIV- MOI3 CYT-, HIV- MOI10
CYT+, and HIV- MOI10 CYT- respectively, amplified using the LTR primer pair. The grey block

indicates where amplification Was 0DSErVed. .........cooovvvivieeiiiiiiiiccieeeee e 257

Figure 6.10: Plate layout for CD34* HSPC exposure to three infection conditions, towards
evaluating the effects of HIV infection on HSPC colony formation. CFS refers to HIV CFS-
exposed cells, control refers to cells mock-infected in RPMI, and CM refers to cells mock-
infected with conditioned medium. CYT+ indicates cells incubated overnight with cytokines,

and CYT- indicates cells incubated overnight without cytokines. .......ccceccveeviviiiiiiiniiiieennns 259
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Figure 6.11: Plate layout for CFU assay of pilot experiment, seeded 24 hr post-infection. HIV
CFS refers to HIV CFS-exposed cells, control refers to cells mock-infected in RPMI, and CM
refers to cells mock-infected with conditioned medium. CYT+ indicates cells incubated
overnight with cytokines, and CYT- indicates cells incubated overnight without cytokines.

Empty wells contained 1 mL PBS (2% Pen/strep)...c.ccccceeecieeecieeeeiee e 261
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Introduction, aims, and objectives

1.1 Introduction

Infection by the human immunodeficiency virus (HIV) remains a global pandemic, with
millions of people being infected (almost 37 million in 2017)!. Millions more people are
affected by HIV due to the cost-burden of life-long treatment and HIV-associated disease?.
South Africa is the country most affected by the pandemic, with an estimated 7.2 million
people living with HIV according to the latest (2017) available statistic!. Infection with HIV
remains incurable, despite continuous efforts resulting in improved antiretroviral therapy
(ART) agents® and regimens* which can afford HIV-infected individuals an improved quality of

life.

The rapid turnover of HIV in terms of replication causes the accumulation of mutations, which
has resulted in distinct types of HIV being present globally>®. The most prevalent is HIV-1
group M, which can be further divided into subtypes which arose from region-specific
evolution®. With the migration of people between regions where different distinct subtypes
are prevalent, recombination between subtypes of HIV-1 group M occurred® °. HIV-1
subtype C (HIV-1C) is the most prevalent subtype of HIV-1 worldwide, and predominates in
southern Africa (including South Africa) and Asia®. However, HIV-1B (prevalent in Europe and
North America) is the most well-researched subtype?®. This is an important point because of
differences between HIV-1 group M subtypes with respect to virulence, drug response, and
the emergence of escape mutants resulting in drug resistance® °. The differences between
HIV-1 group M subtypes means that ART, most often developed against and tested on HIV-

1B, may not be effective against non-B subtypes.

Viral tropism contributes another paradigm to HIV diversity. Viral tropism refers to the
preferred mechanism of receptor-dependent HIV entry into host cells, which is restricted by
the affinity of the HIV envelope protein gp120 for specific host cell surface proteins!. The
most frequent tropism of HIV (across subtypes) is C-C motif chemokine receptor type 5

(CCR5)-tropic (R5-tropic) HIV12. A naturally-occurring homozygous 32 base-pair deletion (A32)



in the CCR5 gene results in mutant cells being phenotypically CCR5 null, and consequently
resistant to R5-tropic HIV!3. Engineering HIV resistance through transplant of HIV-positive
patients with CCR5-null haematopoietic stem and progenitor cells (HSPCs) 418 has been
demonstrated once in the Berlin patient!®, and more recently in a second patient (known as
the “London patient”)!°. The Berlin patient remains HIV-free several years after receiving an
HSPC transplant using cells from a donor homozygous for the A32 CCR5 mutation, used to
treat his leukaemia'® 2%, The London patient has thus far been in HIV remission for 18 months
following homozygous A32-mutant donor HSPC transplant to treat leukaemia®®. This second
patient who is in remission from HIV following CCR5-null HSPC transplantation provides hope
for future patients. Other attempts to recreate the proof-of-concept gene therapy cure have
been complicated by the emergence of C-X motif chemokine receptor type 4 (CXCR4)-tropic
(X4-tropic) HIV moieties in mice?! and in human trials??, ultimately resulting in viral load

rebound.

Haematological abnormalities in HIV patients are well-described, ranging from blood cell
depletions (cytopenias) to haematological cancers, even in optimally treated patients?3 24,
These features point towards an effect of HIV infection and ART on the HSPC compartment
which is responsible for reconstituting the haematopoietic system (consisting of blood and
immune cells). This effect could be the result of direct infection of HSPCs with HIV?5, or an
indirect effect of aberrant cell signalling by HIV-infected cells in the bone marrow disrupting
HSPC homeostasis?® 26 27, Whether or not HSPCs are susceptible to HIV infection remains
unclear, as research to date reflects conflicting data on in vitro and in vivo infection of HSPCs
with HIV. HIV subtype diversity and tropism seem to contribute to the uncertainty, with
articles suggesting that HIV-1C but not HIV-1B?%, and X4-tropic but not R5-tropic HIV?® are

capable of infecting HSPCs. Therefore, the interactions between HIV and HSPCs are not well

understood and require further investigation.

HSPC susceptibility to HIV infection has two implications for potential HSPC-based anti-HIV
gene therapies. The first is that clonal expansion may expand the proposed HSPC reservoir
following the reinfusion of infected, gene-edited HSPCs3C. The second is that HSPCs can
become infected with X4-tropic HIV? if they express CXCR43!, which a CCR5-null phenotype

would not protect against.



The reduced colony-forming capacity of HSPCs obtained from HIV patients indicates that the
suppressive effects of HIV infection and ART have a long-lasting impact on HSPC function?®.
The suppression of haematopoiesis in HIV-infected patients has been proposed to be caused
by viral replication, as impaired multilineage HSPC function can be restored with combination
ART32. Haematopoietic suppression has also been linked to the presence of HIV proteins and
anti-gp120 antibodies, which suppress the function of HSPCs from HIV patients but not from
HIV-uninfected patients?3. In addition to the functional effects of HIV infection on HSPCs, bone
marrow abnormalities (hypercellularity and dysplasia) are also present in HIV patients33
suggesting a local effect of HIV infection on bone marrow cells. Whether these effects result
from the presence of HIV, HIV proteins, and anti-HIV antibodies, or as a bystander effect from
the presence of infected cells is unclear, as HIV-susceptible lymphocytes infiltrate into the
bone marrow of HIV-infected patients33. The complex effects of HIV on the haematopoietic
system are often additive, resulting in chronic inflammation3* and dysregulation of
haematopoietic cytokine pathways?* 3>. These effects can be exacerbated by multidrug
regimes used to treat HIV and HIV-associated conditions such as anaemia?*. In addition to the
direct effects of HIV proteins, aberrant cell-signalling by infected cells®*, and multidrug
treatment complications, co-infections (e.g. Plasmodium fulciparum and Cryptococcus) can

also deleteriously impact haematopoiesis?*.

In summary, a better understanding of the impact of HIV, more specifically, HIV-1C, on HSPC

function is important for the continued development of improved treatment strategies.



1.2 Aim and Objectives

1.2.1  Aim

The overall aim of this project was to evaluate the effects of HIV infection on the colony-
forming capacity of HSPCs, as a measure of HSPC function. Two HIV-1 subtypes (HIV-1C and

HIV-1B) of three tropisms were to be evaluated.

1.2.2 Objectives

In order to achieve the aim, the project was divided into the following five objectives.

(1) Produce three tropisms of HIV-1C primary isolates, and three tropisms of HIV-1B

molecular clones for experimental purposes.
(2) Detect HIV and titrate infectious virus for experimental purposes.

(3) Isolate HSPCs obtained from umbilical cord blood (UCB) and leukapheresis product for

experimental purposes.

(4) Optimise the CFU assay and acquire the skills required to consistently identify, count,

and categorise haematopoietic colonies.

(5) Expose HSPCs to three tropisms of HIV-1C and three tropisms of HIV-1B, to evaluate

the effect of HIV-1 infection on HSPC colony formation.
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Chapter 2 Literature review

2.1 Stem cells

2.1.1 Introduction to stem cells

2.1.1.1 Definition

Stem cells are present from the moment of conception to the moment of death in any
multicellular organism and play an essential role in replacing cells and restoring tissues
throughout an organism’s life. The ability to undergo asymmetric division is one of the
defining characteristics of stem cells. Asymmetric division refers to cell division in which one
daughter cell replaces the parent (self-renewal), and the other daughter cell has a separate
fate (differentiation). The second defining characteristic of stem cells is the ability to
differentiate into multiple cell lineages*. The ability of stem cells to self-renew and
differentiate into multiple lineages results from (i) the absence of lineage-defining epigenetic
marks® * >, and (ii) specialised environments® (niches) which support quiescence and

orchestrate differentiation of stem cells!3 5 7-10,
2.1.1.2 Cradle to grave

Genes in the genome are expressed or repressed by the opening and closing of chromatin,
which is determined by molecular additions (such as methylation) to the genome, globally
termed epigenetic marking!!. Epigenetic marks modulate gene expression between different
cell types by silencing or activating genes in varying degrees of permanence, resulting in cells
with different forms and functions. These marks are not encoded by the genome, but rather
determine how the genome is read during transcription and translation, by obstructing or
assisting the opening of chromatin and promoter regions!®. Epigenetic markings govern the
ability of a stem cell to self-renew and differentiate’ > 13, The accumulation of epigenetic
marks (epimarking) in stem cell populations confers lineage specificity, consequently reducing

the potential of the cell to differentiate indescriminately.



The potential of a stem cell to divide and differentiate into multiple different cell types rather
than just an identical daughter cell (cell division), termed potency, is inversely proportionate
to the amount of epigenetic marking. Stem cells can be divided into three classes of potency4,
summarised in Table 2.1%. Potency is measured by the number of distinct lineages a stem cell
can clonally expand and differentiate into, with totipotent stem cells having the highest
potency, and multipotent stem cells having the lowest potency!® 7. Lineage restriction,
commitment, or priming, are terms used to describe the gradual loss of potency
accompanying the accumulation of epigenetic marks with differentiation. Epimarking begins
at the first step of embryogenesis!?, when a single totipotent cell divides to form a cell mass
with distinct layers with different pre-determined fates, such as to become supporting tissue
for embryo growth or to form part of the embryo itself. Epimarking continues to occur during
development, well into the formation of complex tissue structures and adult stem cell pools

present in most tissues.

Table 2.1: Classes of stem cell potency explained.

Totipotent/omnipotent . .
Pluripotent stem cells | Multipotent stem cells
stem cells

Differentiation | 2 Extra-embryonicand | _ L © Subset of embryonic
& Embryonic tissues

potential embryonic tissues tissues

& Zygote/morula — :

. & Inner cell mass of : ) )
ource tissues | early stages post- = Various tissues

S t ly st t Qv t

o the blastocyst

fertilisation

: _ © Induced pluripotent | _
Examples © Embryonic stem cells © Adult stem cells

stem cells

Self-renewal is a critical part of the function of stem cells, but does not occur indefinitely.
Aging has been described as a consequence of stem cell deterioration both in number and in
differentiation potential due to the deoxyribonucleic acid (DNA) damage and telomere
shortening which accumulates with division'®. Sufficient DNA damage will cause a self-

renewing stem cell to undergo apoptosis, reducing the pool of self-renewing stem cells, and




affecting the ability of a body to respond sufficiently to stimuli initiating cell replacement or
tissue restoration®®. This gradual depletion of self-renewing stem cell pools with time (as a
function of number of divisions and relative amount of DNA damage) reduces adequate
regeneration of tissues and contributes to the slow decline of health characteristic of
advanced age'®. Stem cells are therefore critical not only for the development and
maintenance of tissue structures by differentiating and regenerating cells as they cycle, but

also for longevity.

2.1.1.3 The stem cell niche

During embryogenesis, the totipotent zygote divides to form daughter cells destined to
generate the embryo or extra-embryonic tissues, which then divide and differentiate into the
many tissues of the foetus®. Concerted cell division and differentiation continues throughout
gestation to form organs and eventually, when the gestational period is complete, the
organism is a mass of neatly stacked, terminally or near-terminally differentiated cells.
However, pools of stem cells which did not lose all potency due to epimarking are maintained
to regenerate tissues over the lifetime of the organims2® 2%, These stem cells are termed

“adult stem cells” and are not totipotent, but rather multipotent and tissue-specific.

Adult stem cells are maintained over an organism’s lifetime in specialised microenvironments
called niches. These stem cell pools respond to micro-environmental stimuli, which regulate
quiescence, division, or mobilisation as required for tissue maintenance?? 23, Stem cell niches
facilitate physical, neural, metabolic, and humoral feedback while providing structure for
stem cells to be housed?°. Niches are formed by stromal cells and extracellular matrix
proteins, and are typically well-vascularised microenvironments closely associated with
neuronal networks for cellular signalling?*. The stem cell niche regulates the function of stem
cells, which is to self-renew and differentiate into cell lineages in response to paracrine,
nervous, and metabolic signalling delivered by niche cells* 2% 25, Thus, stem cell niches
orchestrate the mobilisation and differentiation of specific stem cells, resulting in dynamic

tissue regeneration.
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2.1.2 Types of stem cells

2.1.2.1 Embryonic stem cells

Embryonic stem cells are well known pluripotent stem cells and are the main source of much
of the controversy associated with stem cell research. These cells are obtained from the inner
cell mass of the blastocyst formed during embryonic development?’- 26, Harvesting these cells
therefore requires the sacrifice of an embryo in vitro, which is the subject of ethical

contention.

2.1.2.2 Adult stem cells

Adult stem cells are multipotent cells which exist in niches in the adult body and carry out
stem-like functions towards the regeneration of cells and tissues. These cells, also called
tissue-specific stem cells, are epigenetically primed for self-renewal, clonal expansion, and
differentiation into a few specific cell lineages?® ?1. The two most prominent categories of
adult stem cells are haematopoietic stem cells (HSCs) and mesenchymal stem/stromal cells

(MSCs)?7: 28,
2.1.2.2.1 Haematopoietic stem cells

HSCs are well-studied adult stem cells which reside in the bone marrow niche®. HSCs are
responsible for the maintenance of the haematopoietic system, which includes all cells of the
blood and immune systems, and can be sourced from bone marrow, peripheral blood, and

UCB%.
2.1.2.2.2 Mesenchymal stem cells

MSCs are a class of adult stem cell first identified as stromal cells in the bone marrow with
osteogenic potential3® 31, This class of stem cells was later expanded to include any stem or

progenitor cell with trilineage potential, in other words, able to form osteoblasts,
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chondrocytes, and adipocytes3?. Sources of MSCs include bone marrow, adipose tissue, blood

vessels, umbilical cord, and placenta33.
2.1.2.2.3 Other adult stem cells

The category of adult stem cells also includes highly specialised stem cells which regenerate
single tissues in the body. These include satellite cells which regenerate muscle, neural stem

cells which regenerate neurons, and epithelial stem cells which regenerate skin cells?°.

2.1.2.3 Induced pluripotent stem cells

Induced pluripotent stem cells (iPSCs) are stem cells derived from somatic cells which have
been reprogrammed to pluripotency by treatment with a cocktail of transcription factors
which erase epigenetic marks on the DNA of reverted cells®**. These cells are gaining popularity
in research and clinical settings as they are (i) relatively easily obtained, (ii) carry a patient’s
specific genetic make-up (important in personalised medicine), and (iii) can be generated
from a variety of sources. Examples of cells from which iPSCs can be generated include skin

fibroblasts, keratinocytes from the hair follicle, and epithelial cells passed in urine3>.

2.1.3 Stem cells in regenerative medicine

Regenerative medicine is a branch of medicine dedicated to the functional restoration of
dysfunctional processes resulting in disease or debilitation3®. Restoration can be mechanical
(prostheses, pacemakers, insulin pumps), chemical (iron tablets, insulin), or biological
(protein- or cell-based therapies)3®. Stem cell therapies with great potential for long-term
reconstitutive gene therapies and patient-specific tissue engineering are at the leading edge
of regenerative medicine. Applications range from Parkinson’s disease3’, diabetes38, and HIV

infection3® 4 in varying stages of realisation.
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2.2 Haematopoietic stem cells

2.2.1 Biology and function

2.2.1.1 Purpose

Lifelong haematopoietic reconstitution through haematopoiesis is maintained by HSCs in the
bone marrow niche of the iliac crest, spinal column, and long-bones. The process of
haematopoietic reconstitution is achieved by the stimulation of quiescent HSCs to effect
asymmetric cell division, resulting in clonal expansion and differentiation of HSCs> 4%, The
expansion and differentiation occurs through a series of lineage-primed haematopoietic
progenitor cells (HPCs), which are capable of switching between lineages with the correct
stimulus®'. Clonal expansion is the ablility of cells to exponentially multiply and divide into
identical daughter cells. The ability of HSCs to simultaneously maintain the pool of quiescent
HPCs through self-renewal, while giving rise to a pool of HPCs (which expand and
differentiate), allows for life-long haematopoietic reconstitution and maintenance.
Haematopoietic “stem” cells isolated from different sources are truly a heterogenous

population of HSCs and HSPCs, collectively termed HSPCs.

2.2.2 Haematopoietic stem/progenitor cell therapy

2.2.2.1 Haematopoietic system reconstitution — a clinical first

Transplant of HSPCs to facilitate bone marrow reconstitution in patients receiving radiation
or chemotherapy was first performed in 1956%2. This was followed by the discovery and
exploration of the human leukocyte antigen (HLA) as the self-recognising immune surveillance
system, resulting in HLA typing being used to match organ and tissue donors, as many of the
first transplants resulted in recipients succumbing to graft-versus-host disease (GvHd)*3.
HLA-matching, also known as tissue-typing or tissue-matching, is routinely performed prior
to solid organ and HSPC transplantation to ensure that donor tissue will not illicit an

uncontrollable immune response in the recipient*3. Reconstitution of the haematopoietic
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system by HSPC transplant (HSPCT) was the first cell-based transplantation therapy and
heralded the arrival of regenerative medicine. To date, HSPCT is the only stem cell therapy

approved for clinical use.

2.2.2.2 Haematopoietic stem/progenitor cell transplant

2.2.2.2.1 Background

HSPCT is used to treat haematopoietic disorders, and can be divided into two categories,
allogeneic or autologous, based on the HLA-match between donor and recipient. Autologous
HSPCT, where the patient’s own cells are given back to them, has the least risk for GvHd
development and transplant rejection as the transplanted cells are HLA-identical, but is not
possible in all cases. A special case of allogeneic transplant, called haploidentical HSPCT, refers
to transplant of HSPCTs from a close HLA match such as in siblings or close relatives, has the
next-best chance of success. Where the donor and recipient are HLA-matched but are not
siblings or closely related, the HSPCT is termed “allogeneic”. Current indications for HSPCT
include leukaemias, myelomas, lymphomas, and non-malignant disorders such as bone
marrow aplasia and severe immunodeficiencies**. HSPCT facilitates bone marrow
reconstitution after ablation resulting from high-dose chemotherapy treatment. Donor HSPCs
take up residence in the recipient’s bone marrow in a process called “engraftment”,
whereafter a functional haematopoietic system is restored. HSPCT, similarly to organ and
tissue transplant, is often hampered by challenges such as the number of donors worldwide,

compounded by the relatively low probability of finding an unrelated tissue-matched donor*>

46

2.2.2.2.2 Sources of haematopoietic stem/progenitor cells for

haematopoietic stem/progenitor cell transplant

Mobilised peripheral blood (leukapheresis product) is currently the preferred HPSCT product,
and consists of HSPCs harvested in the mononuclear cell fraction from the peripheral blood
of patients. This harvest is performed after granulocyte colony-stimulating factor (G-CSF)

treatment to mobilise HSPCs from the bone marrow into the peripheral circulation’.
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However, UCB is emerging as an alternate source of HSPCs for transplantation purposes, with
the advantage of a lower associated risk of GvHd even with reduced HLA-matching®.
However, the HSPC yield from UCB is low due to the small volumes of blood typically present
in the umbilical cord. This means that single UCB units are not usually sufficient to achieve
therapeutic HSPC doses for transplantation®. Therapeutic doses are achieved by pooling UCB

units, which increases the risk of GvHd due to the use of multiple low HLA-matched units*®.

2.2.2.2.3 Haematopoietic stem/progenitor cell dose in

haematopoietic stem/progenitor cell transplant

HSPC dose refers to the total number of HPSCs present in the transplant product, and is
associated with engraftment success*® 4°, HSPCs are routinely quantified during patient and
donor evaluation prior to transplantation to ensure that sufficient HSPCs (> 5x10° per
recipient kilogram body weight)°° are transplanted for successful engrafment. The cluster of
differentiation (CD)-34 phosphoglycoprotein expressed on the surface of HSPCs, in
combination with the pan-leukocyte cell surface marker protein tyrosine phosphatase
receptor type C (PTPRC; CD45), are used to identify and enumerate HSPCs. The internationally
recommended cell surface phenotype for HSPC enumeration, developed by the International
Society for Cellular Therapy (ISCT) (previously known as the International Society for
Hematotherapy and Graft Engineering (ISHAGE)), is CD459™CD34*. The strategy for

enumerating CD459™CD34* HSPCs has become known as the ISHAGE protocol®?.

The success of matched-donor transplants contrasting with the chances of donor-recipient
matching from current bone marrow registries and the low HSPC yield from UCB units
coalesced into the field of ex vivo HSPC expansion®?>4. Expansion aims to increase the
absolute number of HSPCs while maintaining short- and long-term engraftment potential>>
6 to achieve therapeutically significant HSPC numbers from UCB. This would contribute to
alleviating donor insufficiency as HSPCT of UCB-derived HSPCs requires less stringently

matched donors.
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2.2.2.3 Haematopoietic stem/progenitor cells in gene therapy

The generation of functional blood and immune systems in patients previously afflicted by
haematopoietic disorders or disease by HSPCT shifted the paradigm of regenerative medicine
from restoration to reprogramming. Contrary to HSPCT, gene therapy approaches infuse
recipients with a purified HSPC population®’, usually isolated using techniques which rely on
identification of the cell-surface sialomucin stem cell marker, CD34°%. CD34* HSPCs are
isolated from the heterogenous HSPC-containing source by fluorescence-activated cell sorting
(FACS)*® or magnetic-activated cell sorting (MACS)®. A patient’s own cells could be harvested
by mobilisation, gene-edited, and gene-edited cells expanded to generate a transplanted
product which is non-immunogenic — eliminating the risk of GvHd — and curative in cases
where disease or cancer is the result of mutation in the HSPC populations. This has been
achieved with success in patients to treat adenosine deaminase severe combined
immunodeficiency (ADA-SCID)®!, X-linked SCID®?, sickle cell anaemia®, and cerebral
adrenoleukodystrophy®*. Gene therapies in development based on haematopoietic
reconstitution post-HSPCT include the generation of HIV resistance®® 572, and reconstituting

functional phenotype disrupted in thalassemia’?, and a subset of Fanconi anaemias’.

2.2.3 Phenotype and heterogeneity

The precise cell surface phenotype of self-renewing “true” HSCs is a matter of contention
owing in part to the long-standing dogma regarding CD34 cell surface expression. While CD34
is known as “the stem cell marker” and is associated with various types of stem cells®8, the
CD34* leukocyte population containing HSPCs is quite heterogenous*V 7> 76, For this reason,
CD34* “HSCs” are more accurately referred to as CD34* HSPCs, as the CD34* population
contains cells expressing various CD-markers including CD38%" 77, CD13378%, and CD908!.
These subpopulations of CD34* HSPCs have distinct differentiation potentials’® 80 82-85,

The heterogeneity of the HSPC population has been described transcriptomically and
phenotypically*- 80 81.86-88 The |evel of heterogeneity, coupled with functional similarities and

differences between phenotypes contributes to the challenges which come with selecting
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HSPC populations by phenotype. A summary of HSPC phenotypes in relation to potency and

haematopoiesis is illustrated in Figure 2.1.

In form, HSPCs resemble leukocytes, and are small, round cells with a single nucleus. HSPCs
from sources containing leukocytes, such as UCB, leukapheresis product, and bone marrow,
these cells are characterised first by CD45 expression. This protein is involved in

haematopoietic cell differentiation and activation, as well as homing and trafficking®°.

It is generally accepted that inclusion of lineage markers (Lin) expressed by terminally
differentiated haematopoietic cells assists in excluding late-stage progenitors of limited

potency and terminally differentated cells during HSPC characterisation.

CD34 has long been used as the positive marker for HSPC identification®, and the proportion
of CD34* HSPCs in transplant products are correlated to engrafment success in HSPCT*® 49, Its
function is largely dependent on tissue-specific post-transcriptional and post-translational

modifications which result in diverse functions depending on the tissue®..

The CD34* HSPC population is divided into primitive progenitors and committed progenitors
by the expression of CD38, a leukocyte activation marker effecting calcium signalling and
involved in signal transduction and cell adhesion®?. Co-expression of CD38 and CD34 denotes
less primitive HPCs committed to differentiation®!, observed on the single-cell phenotype,
function, and transcriptome level. The common lympoid progenitor (CLP) and common
myeloid progenitor (CMP) both express CD38, and are destined for differentiation into

lymphoid and myeloid cells, respectively (Figure 2.1).

Cell-surface expression of CD90 is mutually exclusive to CD38 expression, and indicates HSPC
primitivity (Figure 2.1). CD90 plays important but varied roles in intercellular interactions and
molecular signalling responses between cell types due to differential glycosylation®.
Expression of CD90 on CD34* HSPCs has been associated with improved long-term
engraftment and myeloid reconstitution success in mice®!. In addition to expression on

fibroblasts, keratinocytes, epithelial cells, and thymocytes®3, CD90 is a stem cell marker for
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MSCs®* and has been proposed as an identifying marker for the self-renewing HSPC in

combination with CD34 and absence of CD388% 82 (CD34*CD90*CD38).

CD133 is proposed as an alternate primitivity marker to be used in conjunction with 8" and
independently of CD3478 89,8595 to jdentify the self-renewing HSPC population. CD133 is also
expressed on a wide variety of cell types, most notably cancer stem cells’?, and appears to
have glycosylation-dependent functions including organising plasma membrane topology®®.
CD133 is reportedly expressed on most-primitive HSPCs’® 8587 CD117 is reportedly expressed
on most-primitive HSPCs for retention in the bone marrow niche, described in

2.2.4.1.2 Cytokine profile of the bone marrow niche.
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Figure 2.1: Classical model of haematopoiesis, compiled and adapted from literature® 35 97,

The model depicts unidirectional differentiation of an HSC into terminally differentiated

haematopoietic cells following asymmetric, self-renewing cell division through a series of
progenitors (HPCs). Cell surface phenotypes are indicated in blue; the dotted grey line

indicates trans-differentiation, where sufficient stimulus allows the CLP or CMP to overcome
lineage restriction to produce cells of the other lineage. The different markers supposed to
be expressed by the true, self-renewing HSC are CD34, CD133, CD90, and CD117, which are

under discussion in literature. The consensus is that all HSPCs are negative for lineage-
specific (Lin)-markers until well-committed to a particular lineage. The common lymphoid

progenitor (CLP) and common myeloid progenitor (CMP) are distinguished from more
primitive HSPCs by expression of CD38, and only after differentiation do lineage markers
become expressed.
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2.2.4 Haematopoiesis

2.2.4.1 Stem cell maintenance — the bone marrow niche

Haematopoiesis describes the genesis of all blood and immune cells from a single HSC
undergoing asymmetric cell division and subsequent clonal expansion and differentiation.
Through the process of haematopoiesis, a single HSC is responsible for the generation of
millions of terminally differentiated blood and immune cells of different lineages including T-
cells, natural killer (NK) cells, dendritic cells, monocyte/macrophages (Figure 2.1). The infinite
nuances of maintaining quiescent HSCs and nudging lineage-committed progenitors to their
eventual purpose is orchestrated by a complex system of cells, cytokines, and
microenvironment architecture in the bone marrow niche. Cytokines are small molecules

important in cell signalling, which effect cascades of intracellular processes®®.

2.2.4.1.1 Cellular profile of the bone marrow niche

The bone marrow niche can be crudely divided into endosteal and perivascular stem cell
niches in the long bones, vertebrae, and iliac crest of the hip (Figure 2.2). Different cell types
dominate in each niche region, which are involved in support and signalling to maintain HSC
quiescence and support HSPC mobilisation and differentiation. The endosteal niche is located
closest to the endosteum layer of bone enclosing the bone marrow, made up primarily of
osteoblasts and osteoclasts. Recent studies indicate that osteoblasts of the endosteal niche
play a supporting rather than pivotal role in HSC maintenance, but are key to the maintenance

and differentiation of lymphoid progenitors®® 10,

The perivascular niche refers to the cells surrounding blood vessels in the bone marrow,
including perivascular stem/stromal cells, endothelial cells, and nerve fibres includiing non-
myelinating Schwann cells'®" 192, These cells contribute to the direct maintenance of HSC
qguiescence and retention in the bone marrow niche through intercellular interaction and
paracrine (cell-to-cell) signalling. The perivascular niche is located closest to blood vessels

permeating the bone marrow, and consists of a perivascular stem/stromal cells, endothelial
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cells, and nerve cells. The endosteal and perivascular niches, while described separately, are

difficult to distinguish due to cell heterogeneity and vascularisation in the tissue.
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Figure 2.2: The bone marrow niche shown in windows of increasing resolution, used with
permission from the corresponding author!®®, The primary residential organ of HSCs is the
bone marrow, but they may also home to the liver and spleen (A). The bone marrow niche
consists of the endosteal and perivascular niches (B), which function to maintain HSC
quiescence and retain HSPCs in the bone marrow niche (C) through the maintenance of
critical cytokine gradients (D).

2.2.4.1.2 Cytokine profile of the bone marrow niche

Two cytokines in particular play a pivotal role in HSC maintenance in the bone marrow niche,
namely C-X-C motif chemokine ligand 12 (CXCL12), also known as stromal-derived factor 1
(SDF-1), and stem cell factor (SCF) (Figure 2.2D). Soluble SCF, secreted by perivascular
stem/stromal cells and endothelial cells, is a ligand for mast/stem cell growth factor receptor
(SCFR; CD117) on the surface of HSCs which activates anti-apoptotic pathways'. Cell
membrane-bound SCF facilitates CD117-mediated interaction between HSCs and niche cells,
providing a physical anchor to niche cells'%. Endosteal osteolineage cells facilitate HSC
mobilisation by expression of receptor activator of nuclear factor kappa-B ligand (RANKL)
which results in reduced cell-surface expression of SCF and the dissolution of SCF-CD117-

mediated anchoring of HSCs to niche cells®®.

CXCL12, produced by perivascular stem/stromal cells, CXCL12-abundant reticular (CAR) cells,

and sinusoidal endothelial cells is a ligand for C-X-C motif chemokine receptor type 4
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(CXCR4)1, Interaction between CXCR4 and CXCL12 induces HSC quiescence and facilitates
HSPC migration and homing* 4, Migration of CXCR4-expressing HSPCs along a positive
CXCL12 gradient induces quiescence with increasing local CXCL12 concentration, drawing
primitive HSPCs towards niche cells such as CAR cells and perivascular stem/stromal cells*0?,
In addition to molecular regulation, sympathetic nerve fibre synapsis on perivascular

stem/stromal cells regulates secretion of CXCL12 in a circadian fashioni,

Non-myelinating Schwann cells are also suspected to have niche modulation properties by
regulating transforming growth factor-beta (TGF-B) activation, which helps maintain HSC
quiescence and self-renewal'?. These regulatory networks allow for the proper cycling of
HSPCs in and out of quiescence, to bring about dynamic reconstitution of haematopoietic

cells.

Several other cytokines are reported to support HSC maintenance in the bone marrow niche,
including thrombopoietin (TPO) mainly synthesised in the liver and kidney, and pleiotrophin
produced by sinusoidal endothelial cells and CAR cells'%. Maintenance of HSC self-renewal
capacity by TPO is an example of exogenous niche regulation as only low levels are produced

by bone marrow stroma.

2.2.4.2 Haematopoiesis — dynamic reconstitution

Blood and immune cells are constantly replenished by the clonal expansion and
differentiation of HSCs through a discrete set of progenitors, with reducing potency as
terminal differentiation is approached!®. Although haematopoiesis is presented as a
unidirectional process with early, rigid lineage commitment (Figure 2.1), recent research
indicates that lineage commitment is suggestive rather than restrictive in more primitive
progenitors*! (Figure 2.1, dotted grey line). Lineage commitment is therefore proposed as a
function of probability with the probability of escaping lineage priming declining with
increased differentiation’>. For illustrative purposes, the classical model of haematopoiesis is

used throughout this dissertation (Figure 2.1).
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The self-renewing HSC divides asymmetrically, with one daughter cell maintaining quiescent
and being retained in the niche, and with the second daughter cell going on to clonal
expansion and differentiation'®. In this way, haematopoiesis is achieved while maintaining
the self-renewing HSC pool. The multipotent HPC undergoes transcriptomic lineage priming

towards lympoid or myeloid cell production, forming the CLP or CMP, respectively.

In the laboratory, the differentiation potential of lineage-primed progenitors can be assayed
by colony forming unit (CFU) assays, where single cells are seeded in semisolid medium where
they form colonies resulting from clonal expansion and differentiation in the presence of
defined cytokine cocktails?’. The variety of cells in each colony is determined by the potency

of the progenitor, which depends on the degree of lineage priming®!.

2.2.4.2.1 Haematopoiesis — a symphony of cytokines

Much like quiescence and self-renewal capacity in the bone marrow niche, HSPC
differentiation is orchestrated by a symphony of cytokines®” (Figure 2.3). Together with cell-
surface cytokine receptor expression (modulated by lineage priming) and degree of
mobilisation from the perivascular and endosteal niches (facilitated by SCF and CXCL12
regulation), cytokine stimulation effects lineage priming and differentiation of the HSPC pool.

Only cytokines relevant in CFU assays of HSPCs will be discussed here.

In addition to its role in niche homeostasis, SCF has been reported to accelerate cell cycling,
promote survival of HSPCs in vitro, and to synergise with other cytokines for HSPC
differentiation and proliferation®®. Colony-stimulating factors (CSF), originally grouped
together, include granulocyte-CSF (G-CSF), macrophage-CSF (M-CSF), and granulocyte-
macrophage-CSF (GM-CSF). These cytokines were found to stimulate the formulation of
granulocyte colonies (CFU-G), macrophage colonies (CFU-M), and granulocyte-macrohpage

colonies (CFU-GM) when culturing HSCs in semisolid media'® (Figure 2.3).

The category of CSF also includes interleukin-3 (IL-3), which is a prominent cytokine in
haematopoietic development!®. As a group, CSFs promote myeloid lineage priming in

multipotent HPCs, and facilitate clonal expansion and differentiation into granulocytes,
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monocyte/macrophages, megakaryocytes and erythrocytes'®. Although IL-3 has little effect
when added singly, it plays an important synergising role throughout myeloid differentiation
by enhancing cell proliferation prior to differentiation!!? 11 |n addition to its role in
haematopoiesis, G-CSF is also used in the clinic to mobilise HSPCs from the bone marrow to

peripheral blood circulation for transplant purposes, the mechanisms of which are not clear®’.

Erythropoietin (EPO) and TPO are responsible for the production of erythrocytes and
megakaryocytes respectively. These cytokines play a role only in the terminal stages of
differentiation into these lineages, and are crucial to the maintenance of erythrocytes and
megakaryocytes (and as a result, platelets) in the circulation®’. Genetic deletion of the genes
encoding EPO and TPO or their receptors proved lethal in the case of EPO, and resulted in

drastically reduced megakaryocyte production and thrombocytopenia in the case of TPO?’.

Interleukin-6 (IL-6) in the bone marrow niche plays a role in differentiating osteoblasts into
osteoclasts'?, and has also been critically implicated in the self-renewal and maintenance of
HSPCs in the bone marrow®®. Additionally, IL-6 plays a role in granulocyte-macrophage
differentiation!® and megakaryocyte maturation?*. Furthermore, expansion of UCB-derived
CD133* and CD34* HSPCs show improved maintenance of primitive HSPCs when using

cytokine cocktails including I1L-611> 116,

The first distinct step of lineage priming occurs with the cell-surface upregulation of CD38*
which correlates with transcriptomic priming towards myeloid (CMP) or lymphoid (CLP)
progenitors. The cytokine fms-like tyrosine kinase 3 ligand (FLT3-L) is thought to be
responsible for repression of myeloid lineage priming, resulting in production of the CLPY’,
Inclusion of FLT3-L in ex vivo expansion cocktails is used to encourage lymphoid lineage
priming. In addition to inducing CLP differentiation, FLT3-L synergises with interleukin-7 (IL-7)
to produce pro-B cells and natural killer (NK) cells'8. The lymphoid cytokine IL-7 is responsible
for the survival of lymphoid precursors and plays a supporting but synergistic role in lymphoid,

particularly T-cell, lineage priming and resulting differentiation®®°.

The capacity of the cytokine combinations described above to induce cytokine-specific

differentiation patterns in HSPCs is exploited in CFU assays. The CFU assay evaluates HSPC
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function by assessing the colony-forming capacity of HSPCs seeded in semisolid medium with
defined cytokine cocktails. Colonies are formed by clonal expansion and differentiation into
single-lineage colonies originating from lineage-restricted progenitors, or multi-lineage
colonies originating from progenitors with increased potency (Figure 2.3). The CFU assay is

explained in more detail below.
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Figure 2.3: Major haematopoietic cytokines and their roles in haematopoiesis, adapted for
re-use> 120 Cytokines are indicated in purple next to the differentiation path they
promote®” 1% Colonies produced in CFU assays of myeloid lineages are shown in green?®
FLT3-L and IL-7 facilitate the differentiation of HSPCs into lymphoid cells (natural killer cells,
and T- and B-lymphocytes) through the CLP. Myeloid differentiation is initiated in HSPCs by
IL-3, GM-CSF, and SCF stimulation, forming the CMP. The CMP forms multilineage colonies
consisting of granulocytes, erythrocytes, macrophages, and megakaryocytes (CFU-GEMM).
The CMP can differentiate into the granulocyte-macrophage (GM) progenitor with GM-CSF
stimulation, which form granulocyte-macrophage colonies (CFU-GM), or the megakaryocyte-
erythrocyte (ME) progenitor with SCF, IL-3, and GM-CSF stimulation. GM progenitors
stimulated with GM-CSF, IL-6, IL-3, and SCF can also produce single-lineage macrophage
(CFU-M) or granulocyte (CFU-G) colonies when additionally stimulated with M-CSF and G-
CSF, respectively. ME progenitors form either erythroid colonies in burst-forming units
(BFU-E) or CFUs (together called B/CFU-E), or megakaryocyte colonies (CFU-Mk) when
stimulated with EPO or TPO, respectively.
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2.2.4.2.2 Colony-forming unit assays

As previously mentioned, CFU assays are used to assess HSPC function for diagnostic and
research purposes. CFU assays are performed by plating HSPCs in a semisolid medium
composed of methylcellulose in Iscove’s Modified Dulbecco’s medium (IMDM) containing
growth factors important for cell proliferation, as well as salts, vitamins, minerals, amino
acids, and glucose?” 21, Cytokines are added to support differentiation appropriate to the

nature of the experiment (Figure 2.3).

Methylcellulose-based medium is viscous enough to support differentiating cells in a three-
dimensional space rather than in suspension as in liquid medium, preventing panmixia of
expanded cells. This results in discrete colonies being formed by clonal expansion and
differentiation of HSPCs. The seeding cell potency can be determined by the size of the colony
and the variety of cells that make up the colony (Figure 2.3). Such assays are useful in
potentially detecting the underlying causes of haematological abnormalities resulting from
HSPC dysfunction!??, and for determining the quality of HSPCs harvested for transplant

purposes!?3,

Colonies which can typically be identified using CFU assays are shown in Figure 2.3.
Multilineage colonies such as granulocyte-erythrocyte-macrophage-megakaryocyte colonies
(CFU-GEMM) and CFU-GM are produced by the multipotent CMP and GM progenitor,
respectively. Single-lineage colonies originate from cells which are more lineage-committed,
producing CFU-M, CFU-G, megakaryocyte colonies (CFU-Mk), and burst-forming unit (BFU) or
erythroid colonies (grouped together as B/CFU-E). The spread of colonies produced by HSPCs
evaluated using the CFU assay can be used to determine if heterogenous HSPCs are capable

of forming all myeloid lineages in culture, as a proxy for normal HSPC function.
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2.3 Human immunodeficiency virus and haematopoiesis

2.3.1 Human immunodeficiency virus — a global view

2.3.1.1 Background

HIV is a global problem, with almost 37 million people worldwide being infected in 2017
(according to the latest available statistic), of which less than 22 million were receiving
antiretroviral therapy (ART)?4. In 2018, approximately 7.5 million people in South Africa were
living with HIV1?>, Despite the efficacy of current ART in controlling viral load and improving

the lifespan of infected individuals, HIV is still incurable!?®.

Although the virus is relatively well-characterised, immune evasion, reservoir establishment,
and the evolution of drug resistance contribute to the persistence of HIV1?7-139, Since the
discovery of HIV as the causative agent of acquired immunodeficiency syndrome (AIDS) in the
early 1980s'3%:132 the virus is categorised into two types, HIV-1 and HIV-2, of which the former
is the most prevalent. HIV-1 has been divided into three groups (M, N, and O) and
approximately eight distinct clades within the main group (group M) based on sequencing,

with various circulating recombinant forms (CRF) also being documented?®3% 133,

2.3.1.2 Replication and persistence

2.3.1.2.1 Replication

HIV is classified as a single-stranded ribonucleic acid (ssRNA) lentivirus of the family
Retroviridae3* and is an intracellular virus requiring host cell machinery to replicate. The HIV
genome is relatively small, consisting of approximately 9.5 kilobases (kb) of RNA, with three

distinct reading frames of overlapping coding regions'3* (Figure 2.4).
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Figure 2.4: The HIV genome with three distinct reading frames. HIV proteins are indicated
as encoded in colour-coded genes, with links indicating the trans-frame protein-coding
regions. Figure used with permission?'35,

The HIV life cycle3® involves host cell receptor-dependent infection using viral envelope
proteins, fusion of the virion to the host cell and injection of the internal capsid containing
viral genetic material and proteins critical to viral replication (Figure 2.5). Receptor-mediated
entry is facilitated by the viral envelope glycoprotein gp120 binding to CD4 and either CXCR4
or C-C motif chemokine receptor type 5 (CCR5) present on the surface of subsets of T-cells,
macrophages, and dendritic cells. Receptor/gp120 binding activates the fusogenic properties

of the viral gp120 protein complex, resulting in the fusion of host cell and virus34.

Upon fusion, the viral capsid, containing the viral genome and consisting primarily of the viral
protein p24, is injected into the host cell cytoplasm?*3’. The capsid slowly disassembles as the
viral genome is reverse transcribed into double-stranded DNA (dsDNA), forming the proviral
genome. The proviral genome associated with viral integrases (forming the pre-integration
complex) is released into the cytoplasm when sufficient capsid disassembly has occurred®?’.
The pre-integration complex is imported into the nucleus by viral protein R (VPR)34, and the

proviral genome is inserted into the host cell genome®3® by the viral integrase.

Transcription of the provirus is encouraged by the viral trans-activator of transcription (Tat)
protein binding to the trans-activator-responsive (TAR) sequence located in the 5’-long
terminal repeat (LTR) region of the HIV genome, a strong promotor of transcription'34. Binding
of Tat to the TAR region recruits RNA polymerases and elongation factors required for the
production of long polyprotein-encoding messenger RNA (mRNA) transcripts from proviral

DNA?®3?, Polyprotein-encoding viral mRNAs are exported to the cytoplasm with the help of the
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viral protein Rev*? for translation into proteins using host ribosomes and processing into
functional proteins by proteases. A subset of full-length transcripts are enveloped in capsid
proteins, directed by Rev!#%, Release of the HIV particle occurs when packaged capsids reach
regions of the host cell membrane into which viral gp120 proteins have been inserted. Gag-
mediated recruitment of endosomal sorting complexes required for transport (ESCRT)
proteins is poorly understood, but is postulated to facilitate the fission of assembled viral
particles from the host cell plasma membrane!*l. ESCRT-mediated fission results in the
infectious viral particle budding off from the host cell membrane!4l, The host cell is lysed
when a critical mass of budding virions is released, and the host cell can no longer repair the
damage to the plasma membrane (Figure 2.5). The hallmark depletion of CD4* T-cells in the
peripheral blood of HIV-infected patients is therefore a consequence of the lytic cycle of HIV

replication.
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7. RELEASE

The new virus particle is
released from the host cell,
taking with it part of the cell’s
membrane, and capable of
infecting other cells.

1. BiNDING
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Figure 2.5: Representation of the HIV life cycle, designed by 5W Infographic and reused with
permission3¢, HIV-1 binding to target cell receptors CD4 and CCR5/CXCR4 begins the cycle
of replication consisting of reverse transcription of the viral genome to proviral DNA which
isintegrated into the host cell genome. Transcription and translation of the proviral genome
results in the assembly and release of newly-packaged virions by budding from the host cell
membrane.

2.3.1.2.2 Persistence

HIV persists in the host by evolution, facilitated by the error-prone reverse transcriptase
which is responsible for synthesising the proviral genome!*2. This results in a diverse viral
population within the host, termed quasispecies, which provide variance supporting evasion
of tropism restriction, and drug pressure!*3, Also critical to the evolution of escape
mechanisms is viral tropism, conferred by the affinity of gp120 for different host cell

receptor/co-receptor combinations44. Cells expressing receptor/co-receptor combinations
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to which a particular gp120 moiety can bind are therefore susceptible to infection. Viral
tropism changes throughout the course of infection from being primarily CD4/CCR5-utilising
virus (R5-tropic HIV), to a combination of alternate tropisms, among which is the CD4/CXCR4-
utilising virus (X4-tropic HIV)4>. Changes in tropism expand the pool of susceptible host cells,
which is a major driver of HIV persistence. Additionally to receptor-mediated infection, cell-
to-cell transfer of HIV facilitated by a variety of mechanisms including endocytosis of infected

cells by phagocytes and fusion of infected and uninfected cells'4¢ have been described.

Another driver of persistence is the ability of HIV to exist in cells in a latent form. These pools
of latently infected cells comprise the HIV reservoir. Cells of the reservoir harbour provirus
but do not produce HIV for long periods of time, and may be distributed throughout host
tissues'’. The reservoir includes the gastrointestinal mucosa, liver, central nervous system
(including the brain)'*’, and bone marrow!*10, Reservoir cells are not usually actively
dividing or transcribing proteins. Cells of the reservoir contribute to viral persistence when
they become transcriptionally active, which results in viral production. Dormant reservoir

cells can be extremely long-lived, adding to the need for life-long suppressive ART??,

2.3.2 Towards a cure: human immunodeficiency virus

gene therapy

Life-long suppressive ART is a short-term solution to a long-term problem, which is the
eradication of HIV. To date, the Berlin patient (Timothy Brown), has been completely cured
of HIV. This was achieved with allogeneic haematopoietic stem cell transplant (HSCT) from a
CCR5-null donor, homozygous for the loss-of-function A32 mutation in the CCR5 gene3® during
treatment of acute myeloid leukaemia. The reconstituted immune system of the Berlin
patient was resistant to R5-tropic HIV, who has since been screened for tissue reservoirs and
been found to be completely HIV-free in the absence of ART several years after the
transplant®®!. A second patient (the London patient) has recently been declared in remission
from HIV after 18 months of undetectable viral load (viral count in blood) in the absence of
ART, also following allogeneic CCR5-null HSCT, to treat Hodgkin’s lymphoma'®2. A third patient

(Dusseldorf patient), announced at the Conference on Retroviruses and Opportunistic

30



Infections (CROI) 2019, could also have been cured!>3. The Diisseldorf patient underwent
allogeneic CCR5-null HSCT five years ago to treat acute myeloid leukaemia, interrupted ART
four months ago. No viral load rebound has yet occured*>3. While this is too soon to declare
remission, this is promising for the future treatment of HIV patients. While gene therapy and
HSCT to treat HIV had been proposed prior to the success of the Berlin patient, proof of
principle brought the field to life. The prospect of a cure for HIV has seen important points
affecting the feasibility of the cure coming to the fore, specifically regarding viral load rebound
post-CCR5-null HSCT due to tropism switching from R5-tropic virus to X4-tropic virus*® >4, The
tropism switch from predominantly R5-tropic to X4-tropic virus has been correlated with

poorer patient prognosisi#>.

2.3.3 Human immunodeficiency virus and

haematopoietic stem/progenitor cells

The negative impact of HIV infection on haematopoiesis observed since 1987%°>, with
cytopenia (blood cell depletion) in vivo and deficient HPC growth in vitro being observed°®,
This led to the search for detectable HIV infection in CD34* HSPCs in vivo and in vitro, which

continues to yield conflicting reports.

2.3.3.1 Haematopoietic stem/progenitor cell susceptibility to

human immunodeficiency virus

Long-lived reservoirs of HIV contribute to viral persistence, as discussed previously.
Haematological abnormalities associated with HIV infection and the prospect of HSPC-based
gene therapy cures for HIV constitute two of the reasons for exploring HSPCs as an HIV

reservoir.

HIV diversity has contributed to the dialogue concerning the conflicting reports regarding the
susceptibility of HSPCs to HIV infection both in vivo and in vitro. Historically, HIV-1B was the
most studied viral subtype due to its geographic prevalence in Northern America and much

of Europe'3? 157158 'However, phylogeographic subtype distribution is becoming less defined
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with migration. Differences between subtypes in terms of virulence'?® 1>, drug

susceptibility’®®, and drug resistance have become more apparent with research??® 160 161,
and as a result, research into non-B subtypes is improving. The historically southern African
subtype, HIV-1C, is the most prevalent form of HIV occuring in sub-Saharan Africa and Asia'3?,
and is more recently occuring in recombinant forms with HIV-1B in South Americal®?,
Understanding the link between HIV-1 subtype and the likelihood of establishing certain
reservoirs, such as the HSPC reservoir, is important for understanding HIV-associated co-

morbidities in the clinic, and for the development of cell-based treatment strategies.

2.3.3.1.1 Human immunodeficiency virus-associated

haematological abnormalities

HIV-associated haematological abnormalities include a variety of conditions previously
termed “AlIDS-related complex” (ARC)!3, encompassing everything from myelodysplasia
(bone marrow defects) to various cytopenias (blood cell depletions). Considering the
complexities of maintaining bone marrow homeostasis and orchestrating HSPC
differentiation, it is not surprising that infiltration of the bone marrow niche has far-reaching

consequences.

Cytopenias are driven by cell depletion and/or deficient production, both of which are
multifactorial. With the progression of HIV disease, single- or multi-lineage cytopenias
manifest and can be the consequence of direct infection, indirect effects of infection, or due
to treatment. Leukopenia (white blood cell depletion) is the defining hallmark of HIV infection
as a result of the lytic cycle of HIV infection depleting CD4* T-cells. This depletion indirectly
increases naive CD8* T-cell proportions, which require CD4* T-cells for activation, hindering
the cytotoxic T-cell immune response. The three most common cytopenias that HIV-patients
present with are anaemia (erythrocyte depletion), thrombocytopenia (platelet deficiency),

and neutropenia (neutrophil depletion)®*; these are described below.

Anaemia in HIV patients remains a complex and persistent issue in managing HIV disease,
with causes ranging from myelosuppressive medication to haemolysis in the spleen®®,

Anaemia is associated with poor prognosis'®® and mortality in resource-poor settings!6”. 168,
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Thrombocytopenia is relatively common in HIV patients and can manifest early in HIV disease,
with bleeding episodes in severe cases resulting from platelet deficiency. This may also

contribute to pancytopenia (depletion of all blood lineages)*®°.

Megakaryocyte infection resulting in insufficient platelet production and accelerated platelet
clearance contribute to thrombocytopenia in infected patients, but are restored with azido-

deoxythymidine (AZT)-containing ART regimens’°,

The extent and severity of neutropenia in HIV patients is correlated with advanced disease
progressiont’l 172 Neutrophils are a subset of granulocytes which make up the majority of
blood cells and are pivotal in the first-line inflammatory response and antimicrobial immunity.
Neutropenia therefore results in impaired microbial immunity and infection with
opportunistic pathogens!’? such as Mycobacterium tuberculosis, the causative organism for

tuberculosis!’L.

In addition to cytopenias, HIV-associated haematological abnormalities include several
haematological cancers including B-cell lymphomas and leukaemias, as well as bone marrow
hyper- or hypo-cellularity’3. These abnormalities are more prevalent in late-stage HIV
disease, the biggest contributing factor being dysregulation of the bone marrow nichel’. As
treatment options and time to diagnosis improve, HIV-associated haematological normalities
decrease in frequency except in late-stage disease!®*. However, with the high burden of HIV
in resource-poor settings such as the South African public health sector, understanding the
prevalence and causes of HIV-associated haematological abnormalities is paramount to

sustained quality of life of our HIV patients.

2.3.3.1.2 Conflicting literature

Despite constitutive expression of CXCR4 on primitive HSPCs, and CD4 and CCR5 expression
on HSPCs in varying stages of differentiation, it remains unclear whether HSPCs are
susceptible to HIV infection. The susceptibility of HSPCs to HIV infection has been extensively

researched (Table 2.2), but variation in (i) experimental design, (ii) HSPC source and
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phenotype, and (iii) the nature of virus being examined, creates a discordant tapestry of

results.

General consensus (Table 2.2) indicates that less primitive progenitors (CMP and CLP;
CD34*CD38") are susceptible to infection, and can be directly associated with at least some
HIV-associated cytopenias. This alone has consequences for autologous HSCT proposed for
anti-HIV gene therapy, in that the CD34* fraction used for HSCT includes HIV-susceptible and
possibly infected cells. Determining whether or not primitive HSPCs are susceptible to
infection is vital, considering autologous HSPCT is practiced with HIV-infected patients as with
uninfected patients'’4. Infection of more primitive HSPCs would have a great capacity to re-
establish the HIV reservoir and contribute to viral load due to the clonal expansion capacity
of more primitive HSPCs compared to less primitive HSPCs. In HIV patients undergoing
autologus transplant for the purpose of gene therapy, viral load rebound and expansion of

the reservoir (resulting from increased viral load) are important concerns’>.
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Table 2.2: Summary of literature regarding HIV infection of HSPCs. Where HIV derived from patients was used but not evaluated for
subtype, the country in which patients were

recruited is stated if known.

Infection
Article Outcome in vivo or HSPCs HIV
in vitro
Davis et al., | HIV infection of CD34* HSPCs is ) Bone marrow-derived CD34* HSPCs . .
o In vivo . ) ] ] Patient virus (USA).
1991156 absent or rare in vivo. purified by immunomagnetic selection.
HIV infection inhibits HSPC
Louache et colony forming capacity, but . Bone marrow-derived CD34* HSPCs . .
. . ] In vivo N . . . Patient virus.
al., 1992176 direct infection was not purified by immunomagnetic selection.
detected.
A subset of HIV individuals had
detectable HIV in CD34* cells,
correlated with worsened . .
Stanley et _ ) . . Bone marrow-derived CD34* HSPCs Patient virus
al., 1992177 disease state. HIV infection In vivo purified by immunomagnetic selection i
’ suppresses HSPC colony ' (Zaire and USA).
formation regardless of CD34*
infection.
) A minority of primitive but not
Chelucci et ] ) ) ) HIV-1 HTL VIIIB and NL4-3 molecular
multipotent HSPCs are In vitro Peripheral blood-derived CD34* HSPCs.

al., 199578

susceptible to HIV infection.

clones (HIV-1B).
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Marandin
etal.,
199617°

Direct infection of CD34* HSPCs
is not likely responsible for
haematological disorders
observed in HIV patients,
although the CD34*CD38 and
CD34*CD90* primitive HSPC
fractions were significantly
reduced in HIV patients.

In vivo

Bone marrow-derived CD34*, CD34*CD38",
and CD34*CD90* HSPCs purified by
fluorescence-activated cell sorting (FACS).

Patient virus (France).

Weichold et
al., 1998180

Neither HIV-1 nor HIV-2 infect
primitive CD34*CD38 HSPCs in
vitro.

In vitro

Bone marrow-derived CD34*CD38" and
CD34*CD38* HSPCs purified by
immunomagnetic selection followed by
FACS

HIV-1 BAL and RF molecular clones
(HIV-1B), and HIV-2 ST and ROD
molecular clones. Two primary

isolates (MN and 571) were also used
in some experiments.

Shenetal.,
1999181

Despite expression of CCR5 and
CXCR4, quiescent CD34* HSCs
(Go) resist HIV infection through
pre-entry blocks. Less primitive
HSPCs (CD34*, not at Go) have
detectable proviral DNA after
infection.

In vitro
and in vivo

Bone marrow-derived CD34*CD38 and
CD34*CD38 HSPCs purified by
immunomagnetic selection and FACS.
Quiescent (Go) HSPCs derived from CD34*
HSPCs after 7 days in culture.

Bone marrow-derived Go HSPCs were
compared to bone marrow- and peripheral
blood-derived mononuclear cells from HIV-

infected patients.

HIV-1 BAL and 1lIB molecular clones
(HIV-1B), as well as vesicular
stomatitis virus G (VSV-G), HXB2,
Yu2, or 89.6 pseudotyped reporter
HIV construct pHIvec2.GFP
containing green fluorescence
protein (GFP).
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Redd et al.,
2007182

HSPCs can be infected in vivo
and in vitro by HIV-1C, but not
(or rarely) by HIV-1B. HSPC
infection with HIV-1C correlates
with anaemia.

In vitro
and in vivo

UCB-derived CD34* HSPCs, and peripheral
blood-derived CD34* HSPCs purified by
immunomagnetic selection from HIV-1C

infected patients (Botswana).

Molecular clones MJ4, MHX-13, and
HXB2RU3CI (HIV-1B). Lab-adapted
HIV-1B strain MN, and primary
isolates 30165, 92US657, 92US712,
92US714, and 92US727. Primary HIV-
1C isolates obtained from patients in
Botswana: BW-1841, BW-2031, BW-
2036, BW-2041, and BW-5042.

Carter et
al., 2010183

Multipotent HSPCs are
susceptible to HIV infection.
Downregulation of human
leukocyte antigen class | (HLA-1)
is observed in infected CD34*
HSPCs. Active HIV replication is
cytotoxic to HSPCs. CD34* HSPCs
can be infected in virally
suppressed patients.

In vitro
and in vivo

Bone marrow- and UCB-derived CD34",
CD133%, and Lin"CD34* CD133* CD38"
HSPCs purified by immunomagnetic

selection.

Bone marrow-derived CD34"* cells from
HIV-infected patients were purified by
immunomagnetic selection.

An HIV reporter construct, HIV-7SF-
GFP pseudotyped with the HIV-1B
89.6 envelope (R5X4-tropic).

Patient virus (USA).

Carter et
al., 201118

Multipotent HSPCs
(CD34*CD133") can be infected
with X4- and R5X4-tropic HIV,

but not by R5-tropic HIV.

In vitro

Bone marrow- and UCB-derived CD34*
HSPCs purified by immunomagnetic
selection.

An HIV reporter construct, HIV-7SF-
GFP was pseudotyped with the X4-
tropic envelope of HXB, the R5X4-
tropic envelope of 89.6, and the R5-
tropic envelopes of Yu2 (HIV-1B) and
ZM53M (HIV-1C) molecular clones.

Full-length molecular clones of NL4-3
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(X4-tropic; HIV-1B) and 94UG (R5-

tropic; HIV-1D) were also used.

Durand et
al., 20124

The bone marrow fraction
containing CD4"* T-cells is
infected with HIV, but purified
CD34* populations are not.

In vivo

Bone marrow-derived HSPCs and CD4* T-
cells purified by immunomagnetic
selection followed by FACS.

Patient virus (USA).

Josefsson et
al., 201218

fractions from patients on long-

Lin"CD34*and Lin"CD34 HSPC

term (>3 years) suppressive
therapy do not carry HIV.

Lin"CD4* cells from bone
marrow harbour HIV which is
genetically similar to HIV found
in peripheral blood lymphoid
cells, indicating exchange of
infected cells between bone
marrow and peripheral blood.

In vivo

Bone marrow-derived Lin"CD34, Lin"CD34*,
and Lin"CD4* HSPC fractions as well as
Lin*CD4* fractions purified by FACS.

Peripheral blood memory CD4* T-cell
fraction purified from peripheral blood by
FACS.

Patient virus (USA).

McNamara
etal.,
2012186

Multipotent CD133*CD34*
HSPCs are susceptible to HIV-1
infection and form part of the

latent reservoir.

In vitro

Bone marrow- and UCB-derived CD133*
cells purified by magnetic selection.

CD133*CD34*CD45*-CD38*- HSPCs sorted
from magnetically purified cells by FACS.

HIV-1B-derived reporter constructs
NL4-3-AGPE-GFP and HXB-ePLAP
pseudotyped with VSV-G or HXB

envelopes.
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Mullis et al.,
201218

HIV-1 subtypes A and D rarely
infect HSPCs in vivo.

In vivo

Peripheral blood mononuclear cells from
HIV-1A- and HIV-1D-infected patients.
Single-colony CFU assays were performed
to identify colony-forming HSPCs and test
for HIV infection.

Patient virus (Uganda).

McNamara
etal.,
2013188

HIV genomes can be harboured
in CD133* HSPCs in patients
with long-term (>6 months) viral
suppression.

In vivo

Bone marrow-derived CD133* HSPCs and
CD133-depleted bone marrow cell
fractions purified by immunomagnetic
selection.

Patient virus (USA).

Nixon et al.,
20131

Intermediate HPCs
(CD34*CD38") are susceptible to
HIV infection, and infection
results in impaired
haematopoietic potential in
vitro and in humanised mice.

In vitro
and in vivo

Foetal liver and UCB-derived CD34* HSPCs
purified by immunomagnetic selection.

An HIV reporter construct, NL4ysa-
eGrp, pseudotyped with the VSV-G
envelope, and HIV-1B molecular
clones 89.6, NL4-3, and JR-CSF
(HIV-1B).

Bordoni et
al., 20150

HIV-1 is harboured in CD34"Lin
HSPCs in the bone marrow of
ART-treated and -untreated

patients. The extent of infection

may be correlated with viral
load.

In vivo

Bone marrow-derived Lin"CD34* HSPCs
purified by immunomagnetic selection.

Patient virus.
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An HIV-1B-derived reporter
construct, NL4.3.mCherry.R".E

Griffin and CD34* HSPCs from UCB resist . . .
. ] . UCB-derived CD34* cells purified by pseudotyped with the VSV-G
Goff, HIV infection by means of a pre- In vitro . . .
) . immunomagnetic selection. envelope. The red fluorescent
2015 integration block. . ] .
protein mCherry was used to identify
infected cells.
HIV infects, integrates, and Bone marrow- and spleen-derived
Arainga et | transcribes in humanised mouse . CD34*Lin" HSPCs purified by . .
In vivo . . . HIV-1B isolate HIV-1 ADA (R5-tropic).
al., 2016%? bone marrow- and spleen- immunomagnetic selection followed by
derived CD34*Lin" HSPCs. FACS.
More primitive
(CD133*CD34*CD38*-CD90*") .
o Bone marrow-derived CD133*CD34*CD38*/"
and less primitive (CD34*
_ CD90*- and CD34*CD38*/-CD90*- HSPCs
Sebastian et CD38*-CD90*) HSPC ) -~ ) i ) ) )
. In vivo purified by immunomagnetic selection for Patient virus (USA).
al., 2017 populations that express CD4 )
] CD133* and CD34* HSPCs, respectively,
harbour R5- and X4-tropic
o followed by FACS.
provirus in subsets of HIV-
infected patients.
Infected HSPCs are a persistent )
) o Bone marrow-derived CD133* and
Zaikos et source of plasma virus in a ) . . .
In vivo CD34*CD133 HSPCs purified by Patient virus (USA).

al., 20181

subset of virally suppressed HIV-
1 patients.

immunomagnetic selection.
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2.4 Summary

The effects of HIV-1 infection on the haematopoietic system have devastating consequences
in HIV patients, including the risk of developing HIV-associated haematological cancers and
cytopenias which can be life-threatening. In addition, the development of AIDS further
suppresses immune responses to oncogenesis (cancer) and microbial, viral, fungal, and
parasitic infections. While HIV can be successfully treated with ART, HIV-associated

pathologies are often aggravated by ART and can severely impact quality of life.

In the interest of understanding haematological abnormalities which present in HIV patients,
and towards bringing HSCT gene therapy cures for HIV closer to the clinic, the effect of HIV
infection on HSPCs must be explored. Extensive research indicates that HIV infection
negatively impacts haematopoiesis, which could be caused by direct infection or as an indirect
consequence of infection. Literature reports both direct and indirect mechanisms of HIV-
mediated haematopoietic dysfunction, but there is still no consensus as to the susceptibility
of HSPCs to HIV, and whether susceptibility is confined to identifiable subsets of HSPCs.
Elucidating the direct and indirect effects of HIV infection on HSPCs is therefore important for
understanding the haematological abnormalities HIV patients present with, as well as having

consequences for anti-HIV gene therapy strategies.
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Chapter 3 Human immunodeficiency virus

detection, quantitation, and infectivity

3.1 Introduction

The HIV virus is a small particle® (Figure 3.1) which spends the bulk of its lifecycle inside a host
cell? (Figure 2.5). Detecting HIV is important for research and clinical purposes and can be
achieved by direct or indirect testing methods. Direct testing assays target viral proteins, viral
protein-encoding mRN transcripts3, and ssRNA/dsDNA forms of the viral genome?, where
indirect testing targets anti-HIV antibodies®. HIV-reporter cell lines can also be used to detect
HIVE8, Reporter cell lines, predominantly used in the research setting, are transgenic
immortalised cells which display virus-specific, measurable responses to the presence of HIV.
The ability to reliably detect and quantify virus is not only paramount for experiment

standardisation, but also an important endpoint in research studies®.

Reverse transcriptase

Integrase

Protein matrix
) Protein capsid (p24)
110 -146 nm <
\\
‘ ssRNA genome

Viral envelope

Envelope protein
(gp120)

\
\

Figure 3.1: An HIV virus particle, adapted from literature? 2 1%, indicating the size range of
HIV particles, and the location of various viral proteins and nucleic acids which can be used
to detect HIV.
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3.1.1 Viral genome detection

3.1.1.1 Background

Nucleic acids make up the genomes of all entities capable of self-mainenance, growth, and
adaptation. These nucleic acids are called DNA or RNA depending on the type of sugar linking
the nitrogenous base to the phosphodiester backbone®!. Nitrogenous bases, namely, adenine
(A), cytosine (C), guanine (G), and thymine (T; in DNA)/uracil (U; in RNA), comprise nucleic
acids'2. Each base is bound to a ribose sugar which may contain either an alcohol group
(ribose) or a hydrogen in its place (deoxyribose) to form a nucleotide. Nucleotides are bound
to each other through a phosphodiester bond linking the 5’-phosphate group of one
nucleotide to the 3’-hydroxyl (alcohol) group of another. The phosphodiester bonds occur in

a polar fashion, resulting in a 5’-end and 3’-end of a string of nucleotides?'3.

Base-pairing refers to hydrogen bonding between single strands (ss) of complimentary
nucleotides (A-T/A-U, and G-C) to form a double-stranded (ds) antiparallel nucleic acid
molecule!!. This ds-nucleic acid molecule is twisted into the characteristic helical shape
caused by the interplay of torsion and tension in the phosphodiester backbone and hydrogen

bonds between base pairs (bp)*.
3.1.1.1.1 Nucleic acid polymerisation

Nucleic acid polymerisation is important in cell replication, where the genome is duplicated
and split between two daughter cells'>. Nucleic acid polymerisation also features in genome
translations from RNA to DNA genomes such as reverse transcription of the HIV genome from
ssRNA to dsDNA. Polymerase enzymes synthesise nucleic acid polymers by sequestering
complementary deoxyribonucleic acid triphosphates (dNTPs) from solution, guided by a DNA
template®. DNA polymerases synthesise new dsDNA from a ssDNA template (cell division),
while RNA polymerases synthesise messenger RNA (mRNA) trancripts from a ssDNA template
(transcription)’. Nucleic acid polymerisation for the purposes of transcription and replication
is tightly regulated by genome architechture and molecular activation or suppression of

transcription or replication?’, but the enzymatic process is reasonably simple.
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3.1.1.2 Detecting human immunodeficiency virus nucleic acids

Replication polymerisation is only performed by DNA polymerases requiring a dsDNA
template, RNA to be amplified must first be converted to DNA before it can be amplified.
Conversion from RNA to DNA is facilitated by reverse transcriptase enzymes, which reverse
transcribe an RNA template to complementary DNA (cDNA). The polymerase chain reaction
(PCR), involves the amplification of DNA by DNA polymerase enzymes in the presence of
sufficient dNTPs and appropriate salt-containing buffers'®. This amplification allows the
detection of very small amounts of nucleic acids, either quantitatively (qPCR) or semi-
guantitatively (PCR). Amplified products can be detected by the incorporation of fluorescent
dyes'? or fluorescent dye-bound probes which bind to target sequences by base-pairing®°.
Detection of fluorescence can either be achieved by laser/detector systems, or by exposure

to ultraviolet (UV) light'® 20,

The HIV genome can be detected at two stages of replication using PCR techniques, namely
the ssRNA stage (free-floating virus), or the dsDNA stage (proviral genome inside infected

cells) (Figure 2.5) by targetted nucleic acid amplification®.

3.1.2 Viral protein detection

3.1.2.1 Background

Ribosomes in the cell cytoplasm translate mRNA transcripts into proteins by incorporating the
amino acids encoded by mRNA into a peptide?!. Peptides are folded into functional proteins
using amino acid-sequence specific cues to form active sites and functional domains
responsible for the unique activity of each protein??. Viral proteins are produced by host cell
ribosomes after viral mRNA is transcribed from the proviral genome (Figure 2.5). Some viral
proteins, such as the capsid protein p24, are transcribed in large amounts, while other
proteins, such as the integrase, are transcribed in smaller amounts. The amount of protein
synthesised depends on the (i) proximity of the viral gene to the LTR promoter, and (ii) relative
abundance of the protein in the packaged virion?2. Detection of viral proteins is therefore a

measure of productive infection rather than latent infection, as proteins are being produced
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for packaging into virions. Cells harbouring provirus and producing sufficient quantities of
viral proteins to package and release virions are termed “productively infected”. Latent

infection refers to cells harbouring provirus but not producing virus?.

3.1.2.2 Detecting viral proteins

Viral proteins can be detected on the infected cell surface, inside infected cells, and in virus-
containing suspensions such as blood or cell culture medium, using viral antigen-specific
antibodies. These antibodies bind to viral proteins of interest and can be detected

colorimetrically, using fluorescent tags, or enzymatically depending on the technique?* 2.

3.1.3 Indirect detection

Indirect detection of virus relies on detecting a variable which responds to viral presence’.
Indirect detection methods are often used in clinical settings for HIV diagnosis® (anti-HIV
antibody tests) and in research settings for a plethora of applications, including, but not
limited to functional HIV titration, efficacy testing of anti-HIV therapies, and functional HIV

tropism assesment.

Engineered, immortalised cell lines are valuable research tools when it comes to the indirect
detection of virus. Cell lines are clonally expanded, immortalised cells often derived from
primary cancer cells, which grow predictably and can be stably gene-edited to respond to
certain stimuli. A few examples are HIV reporter cell lines which express GFP (GHOST (3) cell
line®), luciferase (LuSIV cell line?), and B-galactosidase (TZM-bl cell line®), as detectable

reporter proteins in the presence of HIV.
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3.2 Ethical and safety considerations

3.2.1 Ethical approval

Research undertaken throughout this dissertation received approval from the Faculty of

Health Sciences Research Ethics Committee under protocol number 207/2016.

Written informed consent was obtained at the time of donation from anonymous peripheral
blood donors by qualified personel of the Clinical Research Unit (CRU) at the University of
Pretoria’s Prinshof Campus. Peripheral blood units were provided by the CRU staff after being
coded to preserve donor anonymity. Donors consented to donate 250 mL peripheral blood
collected into a sterile 450 mL blood bag (Jiaxing Tianhe Pharmaceutical Co. Ltd, China)
containing 60 mL citrate phosphate dextrose (CPD) as an anticoagulant. Only donors who

declared to be HIV-negative were included in the study.

3.2.2 Safety considerations

All HIV experiments described in this dissertation, with the exception of transformation and
culturing of bacteria and uninfected cells (Chapter 4 Human immunodeficiency virus
production), were performed under strict bio-safety level (BSL) 2+ conditions in a self-
contained BSL2+ facility. All HIV-contaminated waste was decontaminated in 1% Virkon™S
(Lanxess, Germany) as recommended by manufacturers and exposed to ultraviolet light for

15 min before being discarded in liquid biohazardous waste containers.

The BSL2+ Operations and Safety Manual and associated standard operating procedures
(SOPs) established and written during the completion of work described in this dissertation

are attached in Appendix | BSL2+ Operations and Safety Manual.
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3.3 Donor testing

Although HIV-negative donors (self reported) were included in the study, the Ethics
Committee, Faculty of Health Sciences, University of Pretoria requested confirmation of HIV
status prior to use of the cells in experiments. Donor samples were tested for HIV using the
GeneXpert® GX-1 (Cepheid, USA) instrument platform. The GeneXpert® GX-l is a closed-
system making use of self-contained reagent cartridges loaded with the appropriate test
material. HIV-1 Qual cartridges are validated for whole blood samples or rehydrated dry blood
spots. A cartridge consists of separate compartments containing reagents for (i) internal

quality controls (QC), (ii) sample amplification, (iii) detection of amplified products.

3.3.1 Principles

The GeneXpert® GX-l is a closed automated system that is able to detect the presence of HIV-1
nucleic acid in blood samples, with a limit of detection of approximately 203 copies of viral
nucleic acid per millilitre whole blood. The system detects both free-floating HIV (ssRNA
genomes) and HIV provirus inside infected cells using fluorescent dyes incorporated during
HIV-specific PCR, which are excited by in-built lasers and detector systems. This microfluidic
test allows small volumes of sample to be tested using small amounts of reagents compacted
in the form of dry beads. Dry reagent beads in different chambers of the cartridge are

rehydrated by sample moving through these chambers as the test is being performed.

3.3.2 Test and quality control

3.3.2.1 Sample preparation

HIV-1 Qual cartridges were loaded by dispensing 700 uL loading buffer (supplied with the
cartridges) into the loading chamber, and carefully layering 100 uL whole blood sample on
top of the buffer as per manufacturer’s instructions. Bubbles in the loading chamber were
removed after adding each component to the loading chamber using a sterile 10 uL pipette
tip, as bubbles disrupt the fluidics and result in QC step failures. Once loaded, the cartridge

was placed inside the docking bay of the GeneXpert® GX-I instrument and the test was run.
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3.3.2.2 Quality control steps

Several QC steps are built into the The GeneXpert® GX-I platform, and are performed with

each cartridge (Table 3.1). Failure at any of the QC steps is indicated in the test report

generated for each cartridge run, and results in an invalid test result. Three QC parameters

are measured over the course of the test: sample volume adequacy, probe check control, and

the sample processing control which contains the positive reaction control 2°.

Table 3.1: GeneXpert in-built QC steps, what they control for, and the reasons for failure,
measured with each test run.

QC step

Control measure

Reason(s) for failure

Sampe volume
adequacy

Ensures that the sample volume is
adequate. Inadequate sample volume
introduces bubbles into the
microfluidics system of the cartridge
and compromises the test.

Inadequate volume.

Probe check
control

Internal control to ensure that the
probe and detectors on the instrument,
and the reagents in the cartridge are
functional.

Reagent bead rehydration
inadequate.

Nucleic acid detection dyes not
stable.

Reaction microtube not filling.
Probe integrity compromised.

Fluorescence detectors on
instrument not working.

Sample
processing
control

Built-in positive control in the form of
Armoured RNA® dry beads (HIV-RNA
packaged in bacteriophage coat
proteins)?’. Verifies lysis, successful PCR
reagent rehydration, RT-PCR and
fluorescence detection in sample.

Positive control compromised
and does not amplify.
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3.4 P24 Enzyme-linked immunosorbent assay

3.4.1 Introduction

Absolute titre and productive infection were measured with p24 enzyme-linked
immunosorbent assay (ELISA) using the Lenti-X™ Rapid Titre p24 ELISA kit (ClonTech, USA).
The p24 protein is a lentiviral capsid protein used a a proxy for virion assembly and is often
used as a marker of productive infection. This is because HIV must have achieved entry,
reverse transcription, nuclear presence, transcription, translation, and polyprotein processing
for p24 to be detected. According to the Lenti-X™ Rapid Titre p24 ELISA kit manufacturers,
1 ng of p24 protein is stoichiometrically equivalent to approximatey 1.25x10’ lentiviral
particles in suspension. This correlation allows the number of viral particles in a suspension

to be estimated using a standard curve.

P24 ELISAs were performed during optimisation and modification of HIV propagation
according to standard protocols, and were performed according to the manufacturer’s

instructions.

3.4.2 Principles

In a sandwich ELISA such as the Lenti-X Rapid Titre p24 ELISA kit, p24 is quantified based on
p24-specific antibodies recognising and binding p24 antigen, followed by a colorimetric assay
guantifying secondary-antibody binding. The bottoms of the Lenti-X™ plate wells are pre-
coated with anti-p24 primary antibody (capture antibody) which binds p24 protein present in
lysed cell or virus suspensions. Unbound proteins and cell/virus lysates are removed by
washing. A secondary biotin-conjugated anti-24 antibody (detection antibody) is added and
incubated to allow for binding, after which unbound detection antibody is removed by
washing. A streptavidin-horse radish peroxidase (HRP) conjugate is then added, and binds

with high specificity to the biotin conjugate on the p24-bound detection antibody (Figure 3.2).

The HRP substrate, 3,3’,5,5’-tetramethylbenzidine (TMB; colourless) is added, in excess,

resulting in the HRP-catalysed reduction of hydrogen peroxide to water. This reaction forms
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3,3’,5,5’-tetramethylbenzidine diimine (blue-green). The reaction is time-sensitive and is
halted by the addition of a “stop solution” containing sulphuric acid. The “stop solution” stops
the reaction and results in a colour change, converting the blue-green colour into yellow. The
optical density (OD) of the yellow reaction product is analysed by spectrophotometry at
450 nm. The p24 concentration in the test sample is estimated using a standard curve

prepared with known concentrations of p24 protein.

Streptavidin-HRP

Anti p24-Biotin

Y/

?\ i;} p24
3 Anti-p24 coated well

Figure 3.2: Schematic representation of the Lenti-X™ Rapid Titre p24 ELISA kit; image
available from the Lenti-X™ Rapid Titre p24 ELISA kit user manual.

3.4.3 Methods

3.4.3.1.1 Enzyme-linked immunosorbent assay protocol

The Lenti-X™ Rapid Titre p24 ELISA kit plate consists of convenient, separable 8-well strips,
which were used individually as required. Before each use, 20 x wash buffer provided with
the kit was diluted to 1 x wash buffer in distilled water. Positive p24 controls were prepared
by diluting the p24 protein standard provided with the kit to 12.5 pg/mL (low concentration
control) and or 200 pg/mL (high concentration control) respectively, in Roswell Park Memorial
Institute-1640 medium (RPMI; ThermoFisher Scientific, USA). A standard 8-well strip layout is

indicated in Figure 3.3, showing the position of the blank, known concentration p24
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standards, and samples. Undiluted samples and 1/10 dilutions of samples were subjected to
p24 ELISA to ensure that p24 could be detected. Undiluted samples were assayed to make
sure that low-levels of p24 could be detected, and 1/10 dilutions (in RPMI) were used to avoid
insufficient conversion of the TMB reaction product (blue-green) to the yellow product

(partially seen in Figure 3.3 sample C) in wells with high concentrations of p24.

1 2 3 4 5 6 7 8
RPMI 12.5 200 Sample Sample Sample Sample Sample
(blank) pg/mL | pg/mL A A B B C
p24 p24 (1/10) (1/10)

Figure 3.3: Typical sample layout in an 8-well strip of Lenti-X™ Rapid Titre p24 ELISA Kkits.

Two hundred microlitres (200 uL) of sample, followed by 20 uL of lysis buffer, was added to
each well. Lysed cells or virus particles released p24 protein, which then bound to anti-p24
capture antibodies by incubating the 8-well strips at 37°C for 60 min. After incubation, cell
lysates were removed by tipping the 8-well strip over onto paper towel. The wells were
washed six times by adding 200 pL per well wash buffer and then tipping the buffer out.
Capture antibody-bound p24 was tagged with detection antibody by adding 100 pL
biotinylated anti-p24 detection antibody per well, and incubating the 8-well strip at 37°C for
60 min. Unbound detection antibody was removed by tipping the wells once again, followed
by washing six times with 200 uL wash buffer per well as described above. Streptavidin-HRP
conjugate (100 pL per well) was added to each well and incubated at room temperature for

30 min. After incubation, wells were again emptied and washed six times as described above.

Colorimetric detection of p24 was initiated by adding 100 uL TMB substrate to each well, and

incubating the wells in the dark for 20 min to allow substrate binding and prevent light-
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mediated degradation of the reaction product (3,3’,5,5’-tetramethylbenzidine diimine; blue-
green). After 20 min incubation, the reaction was stopped by adding 100 uL stop solution to
each well. The OD of the end products were measured at 450 nm on a PowerWaveX

spectrophotometer (Bio-Tek, USA).

3.4.3.1.2 Standard curve preparation

A standard curve for p24 was established for each ELISA kit received, using serial dilutions of
the p24 protein standard provided with the kit. Serial dilutions were prepared in RPMI. The
p24 ELISA was performed as described in 3.4.3.1.1 Enzyme-linked immunosorbent assay
protocol, and the ODs measured by spectrophotometry at 450 nm. OD values obtained were

used to set up the p24 standard curve shown in Table 3.2 and Figure 3.4.

Table 3.2: An example of results obtained during setup of a standard curve for the Lenti-
X™ Rapid Titre p24 ELISA (kit lot number KCLO5161; plate lot number P1094).

Well p24 (pg/mL) oD Normalised

1 0 0.17 0

2 12.5 0.244 0.074
3 25 0.292 0.122
4 50 0.454 0.284
5 100 0.649 0.479
6 200 1.208 1.038
7 400 2.263 2.093
8 600 3.026 2.856
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p24 Standard curve

3.5
y = 0.0049x + 0.0237
3 R?=10.9966

Normalised OD

0 100 200 300 400 500 600 700
P24 (pg/mL)

Figure 3.4: p24 Standard curve generated using the Lenti-X™ Rapid Titre p24 ELISA kit (lot
number KCL0O5161; plate lot number P1094). The equation of the line of best fit (dotted line)
used to estimate p24 concentrations relative to the standard curve is shown on the graph.

3.4.4 Data processing

A report was prepared for each p24 ELISA performed, containing qualitative data (photograph
of 8-well strip), absorbance values obtained (ODs), and normalised absorbance values.
Absorbance values were normalised to 0 by subtracting the blank OD from the measured OD.
Normalised OD values were used to estimate the absolute amount of p24 (and thus absolute

HIV titre) using the standard curve (Figure 3.4).

According to the manufacturer’s instructions, valid ELISA results require OD readouts of
< 0.10 for the blank (negative control), and > 0.60 for the 100 pg/mL p24 standard. However,
these values were validated using Dulbecco’s modified Eagle medium (DMEM; ThermoFisher
Scientific, USA) as a diluent. In this setting, p24 ELISAs were performed on HIV produced in
cells cultured in RPMI. Therefore, the blank cut-off value were adjusted to 0.15 < x <0.18,

based on the reproducibility of successive blank readings obtained using RPMI instead of

DMEM as the blank.
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3.5 Nucleic acid detection

3.5.1 Introduction

3.5.1.1 Background

PCR, first described for target DNA amplification in 1985 by Mullis and colleagues?’, is
summarised in Figure 3.5. Today, various forms of PCR principles are routinely used for the
detection and sequencing of nucleic acid targets. The technique exploits the DNA replication
enzyme DNA polymerase to replicate specific segments of DNA by the binding of sequence-
specific DNA primers. The principles of nucleic acid polymerisation explained in
3.1.1.1.1 Nucleic acid polymerisation apply to the PCR technique. Reactions to amplify DNA
of interest contain heat-stable DNA polymerase, sufficient quantities of pure DNA template,
an abundance of dNTPs and a salt-balanced buffer containing divalent chloride salts like MgCl,

which enhance DNA polymerase activity?2.

Short ssDNA oligonucleotides, known as primers, are required to give the DNA polymerase
starting points for DNA synthesis. Forward (5’- 3’) and reverse (3’- 5’) target-sequence-specific
primers constitute the 5’ and 3’ boundaries of the region of interest. The region of interest is
amplified by DNA polymerase on both the sense (5’- 3’) and antisense (3’- 5’) DNA strands.
These ssDNA amplicons hybridise by complementation to form dsDNA amplicons of interest.
PCR is achieved by thermocycling, which rapidly brings the reaction mixture to specific
temperatures to achieve annealing of primers and denaturation of dsDNA complexes in cycles
of amplification and re-priming (Figure 3.5). In this way, a specific length of DNA is
exponentially amplified for downstream applications included specific target detection (such

as HIV), sequencing, transcript quantification, or cloning.
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Figure 3.5: A schematic representation of the principles of PCR, used with permission?®,
Cycles of denaturing DNA templates followed by primer annealing and polymerisation
(elongation) of target DNA regions selected by primers is shown.

3.5.1.2 Amplicon analysis

To determine whether amplification has taken place, reaction products are subject to agarose
gel electrophoresis, where an electric current is applied to PCR products loaded in wells cast
into an agarose gel (Figure 3.6). This causes the negatively charged DNA to migrate through
pores in the gel matrix towards the positive terminal®®. This allows separation of linear DNA
fragments by length, as longer fragments take longer to migrate through the gel matrix pores
than shorter fragments. Resolution of amplicons of different sizes in the gel allows estimation

of fragment size relative to known-size fragments in commercial DNA ladders®.
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Figure 3.6: PCR amplicon analysis by agarose gel electrophoresis. The direction of DNA
migration is from the negative terminal to the positive terminal, as a result of the applied
electric current. Over time, colorimetric tracking (blue band near positive terminal)
indicates that the DNA amplicons have migrated through the length of the gel and will likely
be resolved. Visualisation by UV light shows DNA amplicons stained by fluorescent dyes on
the gel not visible with the naked eye.

3.5.2 Primer design

In order to perform PCR, oligonucleotide primers specific to the region of interest must be
designed in silico and validated by showing that PCR performed using those primers amplifies
only the region of interest with high specificity. Primers targetting various regions of the HIV
genome were designed using CLC Main Workbench 7 v7.9.1 (QIAGEN, Germany). Primer
sequences were analysed for specificity and suitability using the National Centre for
Biotechnology Information (NCBI) Primer-BLAST3%, OligoCalc version 3.273!, and the

Integrated DNA Technologies (IDT) OligoAnalyzer online tools.

3.5.2.1 Important factors in primer design

Priming, the binding of primers to DNA in a sequence-specific manner, requires primers to be
long enough to confer target sequence specificity, but short enough to not require extreme
annealing temperatures to bind to target DNA. Primer pairs should have (i) similar melting

and annealing temperatures, (ii) high specificity at the elongation end (3’- end), and (iii)
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limited ability to form secondary structures3?. Primer nucleotide composition influences each

of the aforementioned criteria, and is important to consider during primer design.

3.5.2.1.1 Melting temperatures

Melting temperature (Twm) refers to the temperature at which hydrogen bonds between
complementary nucleotides in dsDNA are dissociated33. Ty therefore depends on factors
which increase the number of hydrogen bonds in a fragment of dsDNA, namely GC content,
and the length of the fragment33. This is because base-pairing between G and C forms three
hydrogen bonds, which are more stable than the two hydrogen bonds formed by A-T base-
pairing. Optimal PCR primers have 40-60% GC content3? 3*, Priming fidelity in a PCR reaction
is linked to Tm in that the annealing temperature in the thermocycling process is selected
based on the temperature which disrupts interactions between non-complementary bases,
but not more stable interactions between complementary bases34. To maintain priming
fidelity, Tm for each primer in a pair should be similar. This avoids potential non-specific

priming for the primer with the highest Tw..

3.5.2.1.2 Secondary structures

Secondary structures are formed by ssDNA primers when self-complementation or
complementation with other primers occurs. Self-complementation (hairpin or dimerisation;
Figure 3.7) or complementarity between primers in a primer pair prevents primers from
binding to the target sequence, unless the secondary structure has a lower Ty than the
primer-target complex3*. Hairpin secondary structures are formed by primers binding
partially to themselves, and dimerisation occurs when primers of the same sequence can bind
to each other. Primers which can form secondary structures with overhangs should be
avoided as DNA polymerase cannot distinguish between primer secondary structures and
primer-target complexes, resulting in amplification of secondary structures (Figure 3.7B and
D). Polymerisation of secondary structures uses up nitrogenous bases in the form of dNTPs in
the PCR reaction and produces short non-target amplicons which can limit the efficacy of
target amplification. In order to increase specificity and prevent mis-priming, it is

recommended that the last three to five nucleotides on the 3’-end contain a GC clamp, which
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is a combination of two to three nucleotides in a row being G or C32. This helps to prevent

non-target amplification which, as explained earlier, contributes to reaction exhaustion and

sub-optimal amplification.

A B

\ "
/ ; @ '
" @ . :
C
! /
[ @ w
G . ¢ 5 y
! ]
! / o
Cc
. G a
. / \ / ® . 4
/ T ! /
®
A \ / .
/ G
" — e 7
T [ T c
\ T / \
A / a 3-
\ . y
c Vs -
~ T = e
G \ \
.
5" 5°
5' CGATGTAGCCTTTTGGCTAC 5' CGATGTAGCCTTTTGGCTAC
REEEN prrnn |11111!| Elongation
e e e 3" TGACTGCTACCGATGATCGACTG

Figure 3.7: Examples of primer secondary structures, generated using the IDT OligoAnalyzer
online tool. (A) Hairpin structure which does not result in elongation but prevents primer
from binding to target. (B) Hairpin structure with a 3’-overhang which will result in
elongation. (C) Homodimer between primers of the same sequence with a 3’-overhang which
could result in elongation. (D) Heterodimer between two primers in a primer pair with a 3’-

overhang which will result in elongation.

3.5.2.2 In silico primer design

Primers were manually designed for HIV-1C isolates by generating multiple sequence
alignments of HIV-1 genes and genomes in CLC Main Workbench. HIV-1 gene and genome

sequences were obtained from the Los Alamos National Laboratory HIV Sequence Database
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(available from https://www.hiv.lanl.gov/content/sequence/HIV/mainpage.html). Curation

of search results was performed by selecting one sequence per patient derived from full-
length or near full-length sequence deposits. Primers were first designed on the consensus
sequence exported from the alignment, and then queried on the alighnment. Primers which
matched at least 90% of aligned HIV-1 sequences were evaluated for secondary structure
formation, Tm, and specificity using the online tools mentioned previously in 3.5.2 Primer

design.

Target specificity was determined using the Primer-BLAST tool, which queries the primer pair
against a user-selected database (in this case, RefSeq mRNA) to determine off-target
annealing. Figure 3.8 shows the Primer-BLAST output of a primer pair designed to target the
V3-loop of the HIV-1C gp120 protein complex responsible for conferring HIV tropism. The Twm
difference between the primers in the pair was within three degrees of each other, and the
GC content was similar, as is desirable. The primer pair was predicted to be specific to the
consensus HIV-1C consensus input sequence, with no off-target priming using the Refseq

MRNA database as a reference.
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1 |si8 |tk 1,508 |2k 2508 [z 2580 4K |4.598 sk 5508 s |s.588 [FK [7.598 |2k
Query_1: 1..8.8K (8.8kbp) " ¥ Track
| - -
Detailed primer reports
Primer pair 1
Sequence (9'-»3) Template strand Length Start Stop Tm GC%  Self complementarity Self 3' complementarity
Forward primer GGACCATGCAATAATGTCAGC Plus 21 6180 6200 5764 4762 4.00 2.00
Reverse primer GTGTTGTAATTTCTAGGTCCCC Minus 2 6585 6564 5642 4545 400 1.00

Product length 406

Figure 3.8: Example output of NCBI primer analysis (Primer-BLAST) using the full-length
consensus sequence for HIV-1C generated in CLC Main Workbench for a primer pair
designed to amplify a portion of the HIV-1C Env gene. (A) Specificity of primers to target
relative to the Refseq mRNA database, and the location of the amplicon resulting from
PCR using these primers is shown. (B) Primer details returned in the same primer analysis
report, indicating the amplicon (product) length, and Twm, GC-content, and self-
complementarity values of the primer pair. The values for self- and self-3’-
complementarity correspond to the propensity for self-complementation. Lower values
(£3) are therefore preferred.

Primer design parameters, such as secondary structure formation, Tm, and specificity, are
illustrated in Figure 3.9. OligoAnalyzer and OligoCalc both make use of the BLAST function
(linked to the NCBI) to determine specificity. Secondary structure was analysed primarily in
OligoAnalyzer and OligoCalc, as the Primer-BLAST tool output is not as detailed. OligoAnalyzer
shows Twm for hairpins, which was useful in determining whether the secondary structure

would impede primer binding during the annealing step in the thermocycling reaction.
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Figure 3.9: OligoAnalyzer and OligoCalc primer analysis tool outputs for the forward primer
indicated in Figure 3.8B, as a supplement to Primer-BLAST analysis. Within-primer potential
secondary structures best illustrated by the OligoAnalyzer tool (A), ranked from most likely
to least likely. Potential self-annealing (B) and primer specifics (C) calculated by OligoCalc
show similar results to both Primer-Blast and OligoAnalyzer outputs.
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3.5.2.3 Primer design output

Primers designed and synthesised for validation purposes adhered to the suggested criteria
previously discussed. Primers were 18-28 nucleotides, and PCR amplicon lengths ranged
between 400 and 1000 bp. Self-complementarity on the 3’-end was negligible (< 4 on
PrimerBLAST, and none on OligoCalc for the criteria shown in Figure 3.9). Hairpins returned
by the OligoAnalyzer tool were expected to denature at temperatures at least 15°C lower

than Twm calculated for the primer binding to its complementary target.

The primers selected for future experiments are shown in Table 3.3. Primers amplifying a
portion of the gpl0-encoding env gene responsible for conferring tropism (V3 loop) were
included for possible sequencing applications to confirm the tropism of primary HIV-1C

isolates. Primers spanning the LTR-gag region were included to detect the presence of HIV.

The reverse primer for the LTR-gag primer pair used for HIV detection was obtained from
literature3>. The primer was originally used as a forward primer for a gag-pol primer pair, and
was reverse-complemented to obtain the primer ts5’-Gag_R, which was modified at single

bases to bind to HIV-1C isolate CM9 and HIV-1B molecular clone 89.6 (Table 3.3).
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Table 3.3: Primer pairs and sequences for detecting HIV nucleic acids. Primers highlighted
in grey indicate primers taken from or adapted from literature.

Primer HIV isolate Product
Sequence (5’- 3’) e . Ta(°C) | .
name specificity size (bp)
V3_fwd2 GGACCATGCAATAATGTCAGC CcM9
58 406
V3 rvsl.2 GTGTTGTAATTTCTAGGTCCCC CMm9
V3_fwd3 GGACCATGCCATAATGTCAGC SW7
58 551
V3 rvs2 CCTACCCCCTGCCACATG SW7
LTR_fwd5 CCCTCAGATGCTGCATATAAGCAGC Yu2; 89.6
ts5'Gag_R TCTTTTAACATTTGCATGGCTGCTTG Yu2; NL4-3; SW7
LTR_fwd5
N[4 3 CCCTCAGATGCTACATATAAGCAGC NL4-3
58 978-988
ts5’Gag_R
89.6 TCTTTTAACATTTGCATGGCTGCCTG 89.6
LTR _fwd6 | CCCTCAGATGCTGCATATAAGCAGCTGC CM9; SW7
ts5’Gag_R
M9 TCCTTTAACATTTGCATGGCTGCTTG CMm9

Primer validation and determination of annealing temperatures shown in Table 3.3 is

described in 3.5.3 Primer validation.
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3.5.3 Primer validation

3.5.3.1 Introduction

Primer validation was performed by PCR and gel electrophoresis. Proviral DNA was assayed
by extracting DNA from HIV-exposed GHOST cells. The GHOST HIV-permissive cell line was

cultured and infected with HIV as described in 3.6.6.2.2 Infection.

3.5.3.2 Primer synthesis

Primers were synthesised by Inqaba Biotec™ (Ingaba Biotechnical Industries, South Africa).
Lyophilised primers were resuspended in the volume of molecular grade distilled water
(QIAGEN, Germany) recommended by manufacturers to obtain a 100 uM stock solution.
Working solutions of 10 uM were made for each primer with molecular grade water, which

were used to set up PCR reactions. Primer working solutions were stored at -20°C.

3.5.3.3 Sample material preparation

CD4hieh GHOST cells were resuscitated from liquid nitrogen at low passage and cutured in T75
flasks until confluence in complete DMEM supplemented with puromycin, hygromycin, and
G418 as described in 3.6.2 Cell culture and maintenance. GHOST cells were enzymatically
dissociated and seeded at 3x10° cells per well in a 6-well plate (Greiner Bio-One, Austria) and
allowed to adhere overnight at 37°C, 5%CO,. After overnight incubation, cells were infected
with HIV CFS containing approximately 5x10° IU of the appropriate HIV isolate (indicated in
Table 3.4), as determined by functional titration using the GHOST GFP assay. GHOST cells were
exposed to approximately 5x10° IU of neat HIV CFS for 2 hr before topping up the medium to
2 mL complete DMEM. After 24 hr exposure to virus, the medium was aspirated from wells
and replaced with 2 mL DMEM and incubated for another day. Exact virus to cell ratios were
not considered here as the only requirement was the presence of infected cells. Cells were

enzymatically dissociated as described in 3.6.2.2.1 Enzymatic dissociation.
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3.5.3.4 DNA extraction and quantification

DNA extraction was performed according to QlAamp DNA Micro kit (QIAGEN, Germany)

according to manufacturer’s instructions.

3.5.3.4.1 QlAamp DNA micro kit reagent preparation

Before the first use, buffer AW1 and AW2 were reconstituted by the addition of 25 mL and
30 mL absolute ethanol (Sigma-Aldrich, USA) respectively. Lyophilized carrier RNA (cRNA) was
dissolved in AE buffer to a final cRNA concentration of 1 pg/uL, and aliquoted for storage at -
20°C until use. ATL and AL buffers may form precipitates over time. Therefore, precipitates
were dissolved by heating the buffers to 70°C with agitation before each use. All reagents

were inverted several times to mix before use.

3.5.3.4.2 DNA extraction procedure

Cells for DNA extraction were pelleted in 1.5 mL Safe-Lock microcentrifuge tubes
(microcentrifuge tubes; Eppendorf, Germany) by centrifugation at 300 x g for 10 min and
resuspended in 50 pL PBS. ATL buffer was added to each sample to a final volume of 100 pL.
To lyse cell membranes and digest proteins which could influence optimal DNA extraction,
10 pL proteinase K and 100 pL AL buffer containing 0.1 pug/uL cRNA and guanidine thiocyanate
were added to each sample. Samples were vortexed and incubated for 10 mins in a 56°C pre-
heated water bath to allow for proteinase K digestion. To precipitate proteins, 50 uL absolute
ethanol was added and samples were incubated for 3 min. Lysates and precipitated proteins
were transferred to QlAamp MinElute columns in 2 mL collection tubes and centrifuged at

6000 x g for 1 min.

Flow-through containing buffer remnants and proteins was discarded. AW buffer (1500 uL)
was applied to the silica membrane of the column and centrifuged for 1 min at 6000 x g to
wash bound nucleic acids. The column was washed once more with 500 uL AW2 buffer.
Column silica membranes were dried by centrifuging columns for 1 min at 14 000 x g in a new
2 mL collection tube. DNA was eluted by applying 20-50 puL nuclease-free water (supplied with

the kit) to the membrane and incubating for 5 min, followed by centrifugation for 1 min at
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14 000 x g. The eluate was placed back on the membrane for 1 min and centrifuged again for

1 min at 14 000 x g to increase DNA recovery from the membrane.

3.5.3.4.3 Nucleic acid quantification by NanoDrop®

DNA concentrations and purity analyses were determined by NanoDrop® ND-1000
(NanoDrop®; ThermoFisher Scientific, USA) spectrophotometry (Table 3.4). Absorbance is a
measure of OD, defined as the amount of light of a given wavelength which is not transmitted
through a liquid sample. Different types of molecules achieve maximal absorbance at unique
wavelengths, where absorbed light can be related to the absolute amount of substance3®.
Therefore, classes of molecules such as nucleic acids and proteins can be quantified in relation
to contaminants by spectrophotometry. The maximal light absorbance of nucleic acids is
achieved at 260 nm, proteins at 280 nm, and salts and small molecule contaminants at 230
nm?3®, Ratios of light absorbance at these three wavelengths indicate the proportion of nucleic
acids to protein (Azs0/A280), and nucleic acids to contaminating salts and small molecules
(A260/A230), respectively. Both these measurements are used as indicators of DNA purity and
consequently sucessful DNA extraction. Generally, A2s0/A230 values of approximately 1.8 and
Az60/A230 values approaching 2 are considered adequate for downstream applications such as
PCR, although higher ratio values are better tolerated than lower ratio values. DNA
extractions with Azeo/Azso ratios > 1.8 and Azeo/Az30 ratios > 2 were accepted for PCR purposes.

DNA extraction concentrations and purity values are indicated in (Table 3.4).
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Table 3.4: Concentrations, protein purity (A2so/a280 ratio), and salt purity (Azs0/230 ratio)
of HIV-exposed GHOST DNA extracted for HIV-1 primer validations.

DNA concentration . .
Sample ID Aze0/A2s0 ratio Az60/A230 ratio
(ng/uL)
HIV exposed Ghost DNA
19.08 2.25 2.02
CM9-290118
HIV exposed Ghost DNA
55.97 2.09 2.18
SW7-010818
HIV exposed Ghost DNA
70.31 2.10 2.16
Yu2-041217
HIV exposed Ghost DNA
115.62 2.09 2.14
89.6-041217
HIV exposed Ghost DNA
102.14 2.05 2.21
NL4-3-041217

3.5.3.5 Polymerase chain reaction

3.5.3.5.1 Reaction preparation

PCR reactions to detect HIV proviral DNA were set up in thin-walled Corning® Thermowell
GOLD 0.2 mL PCR tubes (PCR tubes; Corning Inc., USA) on ice. The 2 x Kapa Tag ReadyMix PCR
kit (Kapa RM; Kapa Biosystems, USA) PCR reagent system was used. The Thermus aquaticus
(Taq)-derived heat-stable DNA polymerase is provided already optimally buffered with MgCl,
and containing dNTPs. In a final volume of 25 uL, 12.5 pL Kapa RM was supplemented with
0.75 pL of each relevant forward and reverse primer, 50 ng DNA template of interest (variable
volumes), and molecular grade water (variable volumes). Isolate-specific primers for both
LTR-gag and V3 primer pairs (Table 3.3) were used to set up reactions for each DNA extract

(Table 3.4).

80




3.5.3.5.2 Thermocycling specifications

Annealing temperature optimisation was simultaneously performed by preparing reaction
cocktails for PCR in multiple thermocyclers along a gradient of annealing temperatures (Figure
3.10, blue). Annealing temperatures ranged between 54°C to 64.5°C increasing in 1.5°C
increments. Thermocycling was performed using two GeneAmp™ PCR System 9700 machines
(GeneAmp™; ThermoFisher Scientific, USA). Amplification of target DNA usually occurs
between twenty five to thirty cycles of denaturation, primer annealing, and elongation (Figure
3.10) depending on the amount of target template expected?®. As the DNA template of
interest (HIV proviral genome) was only present in infected cells and the DNA extract is from
a mixture of infected and uninfected cells, a higher number of denaturation/primer

annealing/elongation cycles was preferred.

Initial . Primer . Final ..
. Denaturation . Elongation . Finish
denaturation annealing extension
94°C 94°C Primerpair 500 72°C 4°C
specific
Hold (2 min) 30s 30s 1 min 10 min Hold («)
30 cycles

Figure 3.10: Thermocycling conditions and their respective descriptions applied during PCR
reactions.

3.5.3.6 Agarose gel electrophoresis

3.5.3.6.1 Gel preparation

To prepare the agarose gel, 1% mass-by-volume molecular grade agarose LE (agarose;
Benchmark Scientific Inc., USA) was dissolved in 1 x Tris-acetate-ethylenediaminetetraacetic

acid (EDTA) (TAE) buffer. TAE (1 x) was prepared from UltraPure™ 10 x TAE buffer
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(ThermoFisher Scientific, USA) by diluting with distilled water. Agarose was dissolved in TAE
buffer by heating and swirling until completely clear and homogenous. To visualise DNA,
ethidium bromide (EtBr; Promega, USA) was diluted 1:20 000 from 10 mg/mL stock in the
agarose gel immediately prior to casting. Gels were cast in a casting tray containing well-
moulds. EtBr is a fluorescent small molecular DNA intercalator which binds between bp of
dsDNA which can be visualised under UV light. As the DNA migrates through pores of the
agarose gel matrix, EtBr cast in the gel matrix binds to the DNA. Once set, the opaque gel
was placed in a gel electrophoresis tank filled with 1 x TAE and samples were immediately

loaded in the wells.

3.5.3.6.2 Sample preparation for gel loading

To prepare samples for agarose gel electrophoresis, 10 x Blueluice™ Gel Loading Buffer
(BlueJuice™; ThermoFisher Scientific, USA) was diluted to 1 x concentration by adding to PCR
reactions. Each well of the agarose gel was loaded with 15 plL BlueJuice™/PCR reaction
(sample). In addition to facilitating colorimetric tracking, BlueJuice™ contains glycerol which
makes DNA heavy enough to sink to the bottom of the wells while loading. This prevents
sample DNA from floating out of the wells once loaded'®. FastRuler™ Low-range DNA ladder
(FastRuler™ LR; ThermoFisher Scientific, USA) was loaded in the first lane of each set of wells

for amplicon size estimation.

3.5.3.6.3 Electrophoresis

Agarose gel electrophoresis was performed by applying a constant voltage of 90 V for 60 min,
to the gel tank (Figure 3.6) causing DNA to migrate through the gel from the negative terminal
where the wells are located, towards the positive terminal. Electrophoretic separation of DNA
is possible due to the net negative charge on the DNA backbone?®. Like-charge repulsion
forces DNA to migrate through pores formed by the set agarose gel matrix, which provide
resistance to migration proportional to the length of DNA fragments. Longer fragments

therefore migrate slower than smaller fragments.
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3.5.3.6.4 Visualisation and interpretation of gel images

Gel-stained DNA was visualised under UV light in a Gel Doc™ XR+ Gel Documentation System
(Gel Doc™; Bio-Rad Laboratories Inc., USA). Gel images for the validation of primers (Table

3.3) targetting HIV are shown in Figure 3.11.

C
1.2 3 #5560

2903 4 56 78 9

1 2 3 45 678887

H FastRuler™ Low-

range DNA ladder
234 656 789

Figure 3.11: HIV LTR-gag and V3 primer validation and annealing temperature optimisation. (H)
The FastRuler™ LR loaded in lane 1 for each gel, indicating known fragment sizes of 1500, 850,
400, 200, 50 bp. (A-G) Lanes 2-9 for each gel show PCR products generating using annealing
temperatures 54 (lane 2), 55.5 (lane 3), 57 (lane 4), 58.5 (lane 5), 60 (lane 6), 61.5 (lane 7), 63
(lane 8), and 64.5°C (lane 9) respectively. DNA extracted from GHOST cells exposed to the
following HIV-1 isolates: Yu2 (A), 89.6 (B), NL4-3 (C), SW7 (D), and CM9 (E) was amplified using
isolate-specific primers against the LTR-gag region of the HIV proviral genome. DNA extracted
from GHOST cells exposed to only primary HIV-1C isolates SW7 (F) and CM9 (G) was amplified
using isolate-specific primers against the V3-encoding region of the HIV proviral genome.
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Primer validation (Figure 3.11) indicated that both the LTR-gag and V3 primer pairs amplified
the expected products in GHOST cells infected with the corresponding virus. These amplicon
sizes were approximately 978-988 bp for all LTR-primer containing reactions (Figure 3.11A-E),
approximately 551 bp for SW7-infected-, and approximately 406 bp for CM9-infected-GHOST
cell DNA amplified with V3-loop primers specific to SW7 and CM9, respectively.

Respective amplicon sizes were estimated relative to the FastRuler™ LR ladder (Figure 3.11H).
Single amplicons in each lane indicate good specificity of the primer pair to the target. The
difference between the gel images in terms of the brighness of bands observed is due to the
amount of amplicon, which relates back to the amount of target (HIV) DNA present in DNA
extractions from HIV-exposed GHOST cells. Brighter bands on the same gel indicate
temperatures at which amplification was more successful (Figure 3.11B, lane 5 and Figure
3.11C, lanes 5-8). This could be due to the small volumes of target DNA added resulting in
different amounts of HIV DNA per reaction (pipetting error), or due to more efficient
amplification at certain temperatures!® 34, Alternatively, it could be due to efficacy of viral
entry into GHOST cells being reduced in isolates where dimmer bands are observed, resulting
in fewer infected cells being present than in stocks with a greater efficacy of entry. As GFP
was not analysed for the infected cells before DNA extraction, the true reasons for the

differences in amplicon intensity cannot be resolved without further experimentation.

The annealing temperature selected for future amplifications using all primer pairs validated
above was 58°C. This was selected as the amplicons in lanes 4 and 5 for each image
(corresponding to PCR at annealing temperatures of 57 and 58.5°C, respectively) amplified
well in cases of poor amplification, such as against NL4-3 (Figure 3.11B), and good

amplifcation, such as SW7 (Figure 3.11D).
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3.5.4 Limit of detection determination

3.5.4.1 Rationale

The limit of detection describes the lower limit of an assay to detect its target3’. This is an
important qualifier when presenting results, as failure to detect target may be a limitation of
the assay rather than indicating absolute absence of target. In the case of PCR, template DNA
and primer concentrations, cycle number, and DNA polymerase specifications all contribute

to the limit of detection.

Determining the limit of detection can be approached in two ways, either by setting a lower
limit and optimising reaction conditions to achieve the limit, or by running the assay with
different amounts of target and determining where target is no longer detectable. Isolate-
specific primers may have resulted in slightly different optimal reaction conditions being
required for HIV-detection PCR. In order to avoid using different PCR conditions to detect
different HIV isolates, different ratios of HIV-infected (GFP*) to HIV-uninfected (HIV-
unexposed) GHOST cells were used to establish the limit of detection. The pre-established

PCR protocol for which the limit of detection was investigated is described in 3.5.3.5 P.

3.5.4.2 Method

3.5.4.2.1 Sample material preparation

CD4hieh GHOST cells were thawed, cultured, and enzymatically dissociated as described in
3.6.2 Cell culture and maintenance. GHOST cells were seeded at 3x10° cells per well of a 6-well
plate, and were allowed to adhere by overnight incubation at 37°C, 5% CO,. After overnight
incubation, GHOST cells were infected with 2x10° IUs of the appropriate HIV isolates (Table
3.3) as described in 3.5.3.3 Sample material preparation. The following HIV CFS stocks were
used in this series of experiments: CM9-020518, SW7-010818, Yu2-041217, 89.6-041217, and
NL4-3-041217.
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Three days post-infection, cells were enzymatically dissociated as described in
3.6.2.2.1 Enzymatic dissociation and prepared to sort GFP* (from HIV-exposed GHOST cells)
and GFP" (from HIV-unexposed GHOST cells) GHOST cells by FACS. Sample preparation for
FACS and sorting was performed as described in 3.6.3.6 GHOST cell sorting. Since HIV-infected
GHOST cells express GFP, 10°> GFP* HIV-exposed GHOST cells were sorted from each tube of
HIV-infected cells, into 15 mL Falcon™ centrifuge tubes (15 mL centrifuge tubes; Corning Inc.,

USA) containing 2 mL PBS.

Sorted GFP* and GFP GHOST cells were pelleted by centrifugation at 300 x g for 10 min. The
supernatant was aspirated and the pellets were resuspended in PBS to a final concentration
of 1000 cells/uL. Different proportions of sorted GFP* GHOST cells relative to HIV-unexposed
GFP- GHOST cells were prepared by adding the correct volume of the respective cells to

1.5 microcentrifuge tubes as shown in Table 3.5. Each tube was made up to 100 uL with PBS.

Table 3.5: Cell ratios for each set of HIV-infected (GFP+) sorted GHOST cells to HIV
unexposed GHOST cells for DNA extraction.

0.1% HIV+ | 1% HIV+ 5% HIV+ | 10% HIV+ | 20% HIV+
GFP* GHOST cells 100 1000 5000 10 000 20 000
HIV unexposed GHOST cells 99 900 99 000 95 000 90 000 80 000

3.5.4.2.2 DNA extraction

DNA was extracted and quantified (as described in 3.5.3.4 DNA extraction and quantification)
from each HIV* proportion described in Table 3.5 for each HIV isolate described in
3.5.4.2.1 Sample material preparation. NanoDrop® results for these extractions are shown in

Table 3.6.
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Table 3.6: Concentrations, protein purity (A260/A280 ratio), and salt purity (A260/A230
ratio) of GHOST cell DNA extracted to determine the limit of detection of the in-house
PCR protocol.

Sample ID DNA concentration Az60/Azs0 ratio Az60/A230 ratio
(ng/ul)

Yu2 0.1% HIV+ cells 40.99 2.69 1.52
Yu2 1% HIV+ cells 47.57 2.46 1.14
Yu2 5% HIV+ cells 48.32 2.77 2.01

Yu2 10% HIV+ cells 51.83 2.8 1.61

Yu2 20% HIV+ cells 56.6 2.62 1.8

89.6 0.1% HIV+ cells 47.65 2.4 1.2
89.6 1% HIV+ cells 36.72 3.11 1.51
89.6 5% HIV+ cells 43.13 2.75 0.96

89.6 10% HIV+ cells 51.39 2.7 1.6

89.6 20% HIV+ cells 51.95 2.66 1.77

NL4-3 0.1% HIV+ cells 41.74 2.79 1.56

NL4-3 1% HIV+ cells 35.06 3.25 1.27

NL4-3 5% HIV+ cells 42.28 3.02 1.91

NL4-3 10% HIV+ cells 43.9 2.81 1.86

NL4-3 20% HIV+ cells 14.97 2.48 0.68

CM9 0.1% HIV+ cells 53.47 2.41 1.72
CM9 1% HIV+ cells 55.26 2.64 2.23
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CM9 5% HIV+ cells 44.08 2.74 1.93
CM9 10% HIV+ cells 49.91 2.42 1.38
CM9 20% HIV+ cells 51.5 2.47 1.87
SW7 0.1% HIV+ cells 53.92 2.5 1.98

SW7 1% HIV+ cells 54.14 2.29 1.62

SW7 5% HIV+ cells 57.04 2.35 1.53
SW7 10% HIV+ cells 51.71 2.66 1.08
SW7 20% HIV+ cells 58.54 2.24 1.56

3.5.4.2.3 Limit of detection polymerase chain reaction

The limit of detection PCR was set up as described in 3.5.3.5.1 Reaction preparation using
50 ng DNA per reaction and the appropriate HIV isolate-specific LTR-gag primer pair indicated
in Table 3.3. HIV-unexposed GHOST DNA (Table 3.4) was included for each isolate-specific
primer pair and served as a negative control. The negative control showed that the target
amplified by PCR was specific to HIV-infected cells. No-template controls (NTC), where
molecular grade water replaced the DNA volume, were not prepared for each primer pair.
This was because the HIV unexposed control served the same purpose, showing that

amplification was not due to contaminated PCR reagents.

A positive PCR control containing primers targeting the human large ribosomal subunit (L32)
was included for HIV unexposed DNA extracted previously (Table 3.3), to confirm the integrity
of the DNA and to show that the Kapa RM was still functioning after freeze-thawing. Primer
sequences for the L32 primer pair were obtained from Dr Patrick Salmon’s Lentiviral Vectors

Lab at the University of Geneva, Switzerland. The forward primer sequence is 5'- GTG AAG

88




CCCAAG ATCGTCAA -3’ (L32F), and the reverse primer sequence is 5'- TTG GTG ACT CTG ATG

GCC AG -3’ (L32R), available from http://lentilab.unige.ch/mycoplasmaassay.html.

3.5.4.2.4 Agarose gel electrophoresis

Agarose gel electrophoresis was performed as described in 3.5.3.6 Agarose gel
electrophoresis. In summary, a 1% agarose gel (w/v) was prepared in 1 x TAE supplemented
with EtBr for visualisation. Gels were run at 90 V for 60 min prior to analysis on the GelDoc™.
Samples were prepared for electrophoretic analysis as described in 3.5.3.6.2 Sample
preparation for gel loading. Wells were loaded with 10 pL (small gel) or 15 uL (large gel)
sample, and DNA ladder lanes (Figure 3.12) were loaded with the same volume of FastRuler™

Middle-range DNA ladder (FastRuler™ MR; ThermoFisher Scientific, USA).

3.5.4.3 Results and interpretation

Gel images for the limit of detection PCR are shown in Figure 3.12. Gel image quality could
not be improved due to malfunctioning of the focus function on the GelDoc™ system. Due to
the number of wells in each row, the image for HIV-1B isolates (Figure 3.12A) was edited to
include the HIV-unexposed DNA PCR reaction for the NL4-3-specific LTR-gag primer pair in
the same image (Figure 3.12A, well 20).

The limit of detection for the in-house HIV-detection PCR reaction was established using
LTR-gag-targetting HIV-specific primers. The limit of detection was found to be 5000 infected
cells in 10° total cells, corresponding to 5 HIV proviral genome copies per 100 cells, and thus

1 copy in 20 cells. Bands are highlighted in the grey boxes in Figure 3.12.

Primer dimers can reduce the limit of detection if the primers are not added in excess. The
intensity of the primer dimer bands (approximately 100 bp) is comparable across HIV
proportions for each isolate (Figure 3.12 A and C). This suggests that the amplification of
primer dimers did not reduce amplification here, as the intensity of primer dimer bands did

not noticably reduce with increasing amplification of HIV target.
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Figure 3.12: Limit of detection PCR gel images. Grey boxes in each image indicate where
amplification of the LTR-gag region was observed. (A) Limit of detection PCR reactions for
HIV-1B isolates. FastRuler™ MR ladder (D) was loaded in lanes 1 and 21, and the L32
positive amplification control for HIV negative DNA was loaded in lane 2. Lanes 3-7 were
loaded with 0.1%, 1%, 5%, 10%, 20% Yu2-infected GHOST cell LTR-gag PCR product
respectively, and lane 8 with the HIV unexposed GHOST cell LTR-gag PCR product. The
same pattern was repeated for 89.6-infected GHOST cell LTR-gag PCR products (lanes 9-
14) and NL4-3-infected GHOST cell LTR-gag PCR products (lanes 15-19). HIV-unexposed
PCR products for the LTR-gag amplification was loaded in lane 20 as the negative control.
(B & C) Limit of detection PCR reactions for HIV-1C isolates SW7 (B) and CM9 (C). Lanes 1
and 10 were loaded with FastRuler™ MR, lane 2 was loaded with the no template control
for each primer pair, and lane 3 was loaded with the L32 positive amplification control
performed on HIV-unexposed GHOST cell DNA. Lanes 4-9 were loaded with the respective
isolate-specific LTR-gag PCR products containing 0.1%, 1%, 5%, 10%, 20%, and no HIV-
infected cell DNA respectively.
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3.6 GHOST green fluorescent protein assay

3.6.1 Introduction

The infectivity of each HIV isolate was determined after every production using the GHOST
HIV-reporter cell line. The GHOST (3) cell line is a plastic-adherent osteosarcoma-derived HIV
reporter cell line used for HIV titration and infection studies. The value of these cells lies in
their expression of GFP upon infection with HIV, as they are stably transduced with an HIV-1
Tat-responsive HIV-2-LTR-driven GFP reporter gene8. GHOST cells are stably transduced with
GFP under the control of the HIV-2-derived LTR, responsive to the HIV-1 transcription factor
Tat. Upon HIV infection, the Tat protein of infecting virus activates expression of GFP in
infected GHOST cells, which can be detected by fluorescence microscopy and flow
cytometry®. GHOST (3) cells used in this study have been genetically modified to express HIV
receptor/coreceptors CD4, CXCR4, and CCR5, and are therefore denoted GHOST (3) R5X4,
referred to hereafter as “GHOST cells”. The Ghost cell line was obtained through the National
Institutes of Health (NIH) AIDS Reagent Program, Division of AIDS, NIAID, NIH from Dr V.N.

KewalRamani and Dr D.R. Littman.

Infectivity of each HIV isolate was determined after every production using the GHOST GFP
assay. Functional titration (using the GHOST GFP assay) rather than absolute titration was
used to maintain consistency between virus production techniques (PBMC-propagated versus
molecular cloning). Functional titration refers to the titration of infectious virus, which
excludes non-infectious virus present due to deliterious mutation or packaging. In contrast,
absolute titration refers to the viral load per volume of virus-containing suspension, and thus
includes infectious and non-infectious virus. Absolute titre and functional titre are therefore
not necessarily equal. One of the main advantages of functional titration is the potential for

reproducibility in downstream infection experiments.
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3.6.2 Cell culture and maintenance

During the culture and maintenance of GHOST cells, the cell surface phenotype was checked
by flow cytometry. This resulted in sorting low-passage GHOST cells expressing high levels of
CD4, denoted CD4"& GHOST cells, which were used in HIV experiments. This was to maintain
a GHOST population with uniform HIV receptor and coreceptor expression, allowing for
reproducible titration of HIV. The culture and maintenance of GHOST cells described below

applies to both sorted (CD4"e") and unsorted GHOST cells.

3.6.2.1 GHOST cell thawing

Cryopreserved GHOST cells were obtained from the NIH and stored in liquid nitrogen until
use. GHOST cells were frozen in freezing medium made up of 90% foetal bovine serum (FBS)
and 10% dimethyl sulfoxide (DMSQO). Cryoprotectants, such as DMSO, are miscible in water
and reduce the formation of damaging ice crystals by disrupting the crystal structure of pure
water38, However, DMSO is toxic to metabolising cells and should be removed as soon as

possible after thawing to prevent loss of viability32.

GHOST cell stocks (2x10® GHOST cells per cryovial) were thawed in 50 mL pre-warmed DMEM
in 50 mL Falcon™ centrifuge tubes (50 mL centrifuge tubes; Corning Inc., USA) and pelleted
by centrifugation at 300 x g for 10 min. The supernatant containing DMSO was aspirated,
before seeding the cells in T75 culture flasks (Greiner Bio-One, Austria) at 2x10° cells per flask,
in 8 mL complete DMEM (DMEM with 10% FBS (ThermoFisher Scientific, USA) and 2%
penicillin and streptomycin cocktail (pen/strep; ThermoFisher Scientific, USA)). Complete
DMEM was supplemented with 1 pug/mL puromycin (Sigma-Aldrich, USA), 100 pg/mL
hygromycin (Sigma-Aldrich, USA), and 500 pg/mL G418 (Roche, Switzerland) to drive the CCR5
and CXCR4 expression cassettes and select CD4-expressing cells, as per the supplier’s
instructions. GHOST cells were cultured to confluence at 37°C and 5% CO2 in a Forma® Series

Il water jacketed CO; incubator (ThermoFisher Scientific, USA).
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3.6.2.2 GHOST passaging

Passage number (P) of GHOST cells increased by 1 each time cells were dissociated from

culture vessels, and was recorded on cells returned to liquid nitrogen storage.

3.6.2.2.1 Enzymatic dissociation

At confluence, GHOST cells were dissociated from the culture plate surface by aspirating the
culture medium, rinsing the flask with phosphate-buffered saline (PBS; 137 mM NaCl, 2.7 mM
KCl, 4.3 mM NazHPOgs, 1.47 mM KH;POg4; Sigma-Aldrich, USA), and adding 4 mL pre-warmed
0.25% Trypsin-EDTA (trypsin; ThermoFisher Scientific, USA) to the flask. GHOST cells were
incubated at 37°C with trypsin until visibly detached (approximately 5 min). To neutralise the
proteolytic activity of trypsin which could damage proteins on the cell surface, 4 mL complete
DMEM was added to the flask of dissociated cells. Dissociated GHOST cells were collected into
15 mL centrifuge tubes. The flasks were washed with 4 mL PBS to collect any remaining cells,
which were pooled with the dissociated GHOST cell suspensions in the 15 mL centrifuge tubes.
Cells were pelleted by centrifugation at 300 x g for 10 min, and the supernatant was aspirated.
The cells were resuspended in 2 mL complete DMEM per T75 flask dissociated for

enumeration by flow cytometry as described in 3.6.3.3 Enumeration.

3.6.2.2.2 Non-enzymatic dissociation

For certain experiments (3.6.4.4 Effect of dissociation and detection method on CD4
phenotype), GHOST cells were thawed and grown to confluence as described above, and
dissociated with non-enzymatic dissociation buffer (NEDB; Sigma-Aldrich, USA) instead of
trypsin. Cells were dissociated by aspirating the culture medium, rinsing the flask with 5 mL
PBS, and adding 5 mL pre-warmed NEDB to the flask. Cells were incubated with NEDB at 37°C
for 5 min, after which the culture flasks were tapped firmly to dislodge the cells. The
dissociation buffer contains EDTA, which compromises cell viability with lengthy exposure. To
minimise loss of viability, 5 mL complete DMEM was added to the flask after 5 min with NEDB
and stubborn cells were dislodged by gentle pipetting across the culture surface. Dislodged

cells were transferred to 50 mL centrifuge tubes and the flask was rinsed with 10 mL cold PBS
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to collect any remaining cells. The PBS was added to the cell suspension in the 50 mL
centrifuge tube. Cells were pelleted by centrifugation at 300 x g for 10 min and resuspended
in 2 mL complete DMEM per T75 flask dissociated for enumeration by flow cytometry as

described in 3.6.3.3 Enumeration.

3.6.2.3 GHOST cell cryopreservation

After enumeration and seeding for experiments, remaining GHOST cells were pelleted by
centrifugation at 300 x g for 10 min, after which the supernatant was aspirated. Cells were
resuspended in 1 mL freezing medium (FBS containing 10% DMSO (Sigma-Aldrich, USA)) per
2x108 GHOST cells. Aliquots of 1 mL cell suspension were transferred to 1.5 mL cryovials on

ice (Greiner Bio-One, Austria) and stored in liquid nitrogen.

3.6.3 Flow cytometry

3.6.3.1 Introduction

Flow cytometers use a hydrodynamic, focussed liquid stream to analyse the characteristics of
individual cells as they move past a light source, usually a laser, in single file. There are two
types of flow cytometers, namely benchtop analyzers, and cell sorters. Both of these types of
flow cytometers operate on the same principles. The only difference is that cell sorters have
the ability to break the core stream into micro-droplets containing cells. FACS involves the
separation of these droplets by charged plates, deflecting droplets containing the cells of
interest into collection tubes. Cells are identified and/or sorted based on detected emission
spectra of laser-excited dyes. These dyes (fluorochromes) are often conjugated to protein
antigen-specific antibodies. Lasers of different wavelengths have the capacity to excite
different fluorochromes, each of which emit unique spectra upon excitation. Emission spectra
are detected by optic and computational components of the instrument and are interpreted
using software linked to the instrument. Cells can be stained with a panel of antibodies, each
conjugated to a fluorochrome with a unique emission spectrum. Fluorochrome-conjugated

antibodies specific to the cell surface protein(s) of interest are typically monoclonal, meaning

94



they bind with high specificity to a single epitope of a protein antigen. This allows single-cell

analysis or sorting of discrete cell populations based on selected cell-surface phenotypes®°.

Cell surface phenotypes are determined by immunofluorescent staining, whereby
fluorochrome-conjugated antibodies bound to specific cell-surface protein antigen are
detected using laser excitation as described above3®®. These fluorochrome-labelled protein
(antigen)-antibody complexes allow for quantitative or semi-quantitative analysis of
phenotype. The two measurements that can be obtained from a flow cytometer are (i) an
indication of the proportion (%) of cells with a specific phenotype (based on binding of the
antibodies to the cells; quantitative) and (ii) an indication of the relative number of epitopes
present on the cell surface of a specific cell (mean fluorescence intensity (MFI); semi-
quatitative)*°. The more protein of interest is present on the cell surface, the more antibody
will bind, the more fluorescence will be emitted upon laser-excitation, which corresponds to

a higher MFI.

3.6.3.2 Instruments

3.6.3.2.1 Instruments and configurations

Flow cytometry was performed using a Gallios™ 3 Laser 10 Colour flow cytometer (Table 3.7;
Gallios™; Beckman Coulter, USA) to phenotype and enumerate cells and conduct GFP assays.
Flow-Check™ Pro fluorospheres (Beckman Coulter, USA) were used to verify optical alignment
and instrument performance prior to sample analysis. Flow-Check™ Pro consists of
fluorescent 10 um polystyrene microspheres with fluorescence emission in the range 525 nm
to 700 nm when excited at 488 nm. Cell sorting and some of the phenotypic analysis was
performed on a BD FACSAria™ Fusion cell sorter (FACSAria™; BD Biosciences, USA). The
FACSAria™ is equipped with 6 lasers (of which 4 can be used simultaneously) and 18 detectors.
The additional detectors available on the FACSAria™ allow for the optimal detection of some
of the monoclonal antibodies used for phenotypic characterization. Cells stained with
fluorochrome-conjugated monoclonal antibodies not compatible with the detectors available

on the Gallios™ were analysed on the FACSAria™.
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The FACSAria™ laser/detector configuration used during sorting and phenotyping of GHOST
cells is shown in Figure 3.13. A neutral density (ND)-1 filter was used to visualise the cells on
forward scatter (FS) versus side scatter (SSC) plots. Different ND filter configurations may be
used on the FACSAria™ cell sorter. Selection of the appropriate ND filter depends on the
characteristics of the cells to be analysed, particularly their size. The function of a ND filter is
to adjust the FS signal generated by the scattering of light, to allow for optimal display on FS
versus SSC plots. This was necessary because FS can vary greatly between different cell types

analysed, as it is a function of the amount of light scattered due to cell size®°.

Table 3.7: Gallios™ laser and filter configurations including fluorescent detection
channels (FL) used to detect emission spectra of laser-excited fluorochromes.

Laser Filter Channel
525/40 FL1
575/30 FL2
620/30 FL3
695/30 FL4
755 LP FL5
660/20 FL6
725/20 FL7
755 LP FL8
450/40 FL9
550/40 FL10
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Figure 3.13: FACSAria™ laser/detector configuration used for GHOST cell phenotype and
sorting experiments. (A) The blue laser excites fluorochromes at 488 nm and was used to
detect FITC and GFP on B, and SSC on C. (B) The yellow/green laser excites fluorochromes
at 561 nm and was used to detect PC7 on A and 7-AAD on B. (C) The violet laser excites
fluorochromes at 407 nm and was used to detect BV605 on D. (D) The red laser excites
fluorochromes at 633 nm and was used to detect APC on C.
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3.6.3.2.2 Protocols

Flow cytometry acquisition protocols were set up using Kaluza version 1.0 (Beckman Coulter,
USA) software for acquisition on the Gallios, and FACSDiva™ version 8.0 (BD Biosciences, USA)

software for acquisition on the FACSAria™.

Generally, FS Lin and SSC Log two-parameter plots were used to distinguish cells from debris,
and cells of different size and complexity from each other. Membrane-permeable 7-
aminoactinomycin D (7-AAD; Beckman Coulter, USA) was used to determine cell viability by
negative staining, as live cells with intact membranes are not permeable to the DNA-
intercalating dye, preventing the dye from entering cells and binding to dsDNA. Protocols for
each type of experiment were kept consistent between runs post-set up. Post-acquisition
analysis was performed using Kaluza Analysis version 2.1. Protocol set-up, gating strategies

followed, and antibody staining protocols are described for each cell type used.

3.6.3.3 Enumeration

3.6.3.3.1 General sample preparation

Aliquots of samples (100 pL unless stated otherwise) were stained with relevant fluorochome-
conjugated antibodies or fluorescent stains for at least 10 min in the dark prior to flow
cytometric analysis. When absolute cell count enumeration assays were required, the same
volume of Flow-Count™ fluorospheres (Beckman Coulter, USA) as sample volume (100 puL
unless stated otherwise) was added to the flow cytometry tube, followed by the addition of
400 pL PBS. The Gallios™ flow cytometer is know to have a dead volume, referring to the
volume between the bottom of the sample tube and the end of the sample pick-up probe.
The addition of PBS was therefore to ensure that adequate sample was aspirated by the probe

during analysis.
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3.6.3.3.2 General enumeration

Flow-Count™ fluorospheres are flourescent beads of uniform size (10 um) and have an
emission spectrum ranging between 525 nm and 700 nm when excited by the 488 nm (blue)
laser. This means that Flow-Count™ is detectable in any of the first four blue laser detection
channels (FL1-FL4) of the Gallios™ flow cytometer. Thus, during flow cytometer protocol
setup, an unused blue laser detection channel can be used to detect Flow-Count™ beads. As
Flow-Count™ fluorospheres are similar in size to some cells, the beads can overlap with the
cells in FS versus SSC plots, compromising results. Flow-Count™ beads were therefore
removed from analysis of cells using a Boolean gating strategy. A Boolean gating strategy
allows a selected population to be included or excluded from subsequent plots in sequential
gating strategies, depending on the character string used to set up the gating strategy. Flow-
Count™ fluorospheres were captured in a region labelled “BEADS” on a single-parameter plot,
appearing as a relatively tight peak (due to uniform size) to the right (due to brightness) of
plots used to visualise Flow-Count™ fluorospheres. A Boolean gate “NOT BEADS” allowed
subsequent plots to exclude Flow-Count™ fluorospheres appearing in the region BEADS from

the gated plot, removing the beads during down-stream data analysis.

Flow-Count™ serves as a concentration calibrator to calculate the number of cells per unit
volume. Lot number-specific calibration (Cal) factors are provided with each vial of Flow-
Count™ fluorospheres. This is an important parameter when calculating absolute counts on
non-volumetric flow cytometers, in which the aspiration volume is difficult to quantify. The
absolute count calculation is based on the assumption of equal-volume distribution of Flow-
Count™ flourospheres and cell suspension to be analysed. Absolute counts (cells/uL) were
obtained on the Gallios by relating number of cells in a gated region (events in region of
interest) to the number of Flow-Count™ beads (cal region) of known concentration per unit
volume (cal factor). The equation used to calculate absolute count (Equation 3.1) is illustrated

below with an example calculation (Figure 3.14).
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Equation 3.1: Cell enumeration using the Flow-Count™ calibrator.

Number of events inregion of interest
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Figure 3.14: Enumeration of GHOST cells using Flow-Count™ fluorospheres. (A) 10 022

intact, viable GHOST cells are selected in the region GHOST cells. (B) 7085 Flow-Count™
beads are detected in the Cal region.

The lot number-specific calibration factor supplied with this batch of Flow-Count™ was 1002.
The number of GHOST cells counted on the Gallios™ flow cytometer was 10 022, and the
number of Flow-Count™ beads which were counted at the same time as the cells was 7085.

To obtain the absolute cell count per unit volume in the cell suspension, Equation 3.1 was

applied as follows.

Count per pL cell suspension = ((10 022) / (7085)) x 1002 = 1417.36 cells/uL.

Count in total volume (2 mL) = 1417.36 x 2000 (uL in 2 mL) = 2.83x10° viable GHOST cells in

2 mL cell suspension.
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3.6.3.4 Post-sort purity

Post-sort purity was evaluated for each sort by sorting a small number of cells into a plate or
tube maintaining the same sort set-up and experiment layout, resuspending the sorted cells
in PBS, and re-analysing the sorted population. This was done to ensure the sort setup was
optimal before proceeding with experiments. Post-sort purities above 95% were considered

acceptable in most applications.

3.6.3.5 GHOST cell gating strategies

3.6.3.5.1 Sample preparation

A single protocol was used to obtain absolute counts of viable GHOST cells, and to determine
the proportion of GHOST cells (i) expressing CD4, and (ii) expressing GFP after being
challenged with HIV (Figure 3.15). Methods used in HIV exposure are described in section

3.6.6 GHOST green fluorescent protein assay — method.

Phenotyping and enumeration

One (enumeration) or two (phenotyping) 100 ulL aliquots of GHOST cells were stained as
outlined in 3.6.3.3.1 General sample preparation with 3 pL 7-AAD added to each aliquot. For
phenotyping, one aliquot was then stained with mouse anti-human CD4 conjugated to
allophycocyanin (APC) (CD4-APC; clone 13B8.2; Beckman Coulter, USA), and the second
aliquot was stained with the appropriate isotype control (CD4-APC iso; mouse IgG1; Beckman
Coulter, USA). Cells were stained for 10 min in the dark before adding 100 pL Flow-Count™

fluorospheres and 400 pL PBS for volume, and then analysed on the Gallios™.

GFP expression analysis

Flow cytometry was used to determine the proportion of HIV-exposed cells infected with HIV,
and therefore that expressed GFP. GHOST cells exposed to HIV were prepared for flow

cytometry as described in 3.6.6.3 Green fluorescent protein detection.
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3.6.3.5.2

Gating strategy

The sequential gating strategy of GHOST cells is shown in Figure 3.15. To enumerate GHOST

cells, plots A-C (Figure 3.15) were used, for CD4-phenotyping, plots A-E (Figure 3.15) were

used, and for HIV infection experiments, plots A,B, and F/G (Figure 3.15) were used. The CD4+

region was set according to the isotype control, and the GFP+ region was set relative to an

HIV-unexposed control, or according to HIV-exposed cells not expressing GFP (Figure 3.15G).
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Figure 3.15: Gating strategy routinely used for GHOST cell enumeration, CD4 phenotype, and GFP
expression. (A) A FS Lin versus 7-AAD two-parameter plot with Flow-Count™ beads excluded was
used to select viable cells, which stain negative for 7-AAD and are indicated in the VIABLE region.
(B) A two-parameter FS Lin versus SSC Log plot gated on the “VIABLE” region to identify viable,
intact cell GHOST cells (GHOST cells region). (C) A two-parameter plot of Flow-Count versus time,
with the number of beads captured indicated in the Cal region. (D & E) Two-parameter FS Lin
versus CD4-APC plots gated on “GHOST cells” were used to enumerate CD4* GHOST cells. (D)
GHOST cells stained with CD4-APC iso, used to set the “CD4+” region. (F) GHOST cells stained
with CD4-APC. (F) A two-parameter FS Lin versus GFP plot of HIV-unexposed GHOST cells which
do not express GFP. (G) The same two-parameter plot as in F showing HIV-exposed GHOST cells
expressing GFP.

3.6.3.6 GHOST cell sorting

3.6.3.6.1 Purpose

GHOST cells were independently sorted by FACS for GFP and CD4 expression for experimental
purposes. GFP* GHOST cells were sorted from HIV-exposed GHOSTs prepared as described in
3.5.4.2 Method for HIV nucleic acid detection experiments. CD4"8" GHOST cells were sorted
from HIV-unexposed GHOST cells cultured for the purpose of obtaining a population with
uniform CD4 expression for HIV titration, discussed in detail in 3.6.4.1 GHOST cell CD4

expression.
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3.6.3.6.2 Sample preparation

CD4 sort

GHOST cells were sorted for CD4 expression using CD4-APC in two instances. The first instance
was in the optimisation of the GHOST GFP assay, described in 3.6.4 GHOST green fluorescent
protein assay setup and optimisation. The second instance was after determining that CD4"ih
GHOST cells should be used for functional titration of HIV, when a single low-passage stock
was sorted for CD4 expression as described below. CD4M&" GHOST cells sorted in the second

instance were used to titrate virus and were used for all experimental purposes.

Low-passage (PO) GHOST cells were resuscitated from liquid nitrogen and cultured for one
passage as described in 3.6.2 Cell culture and maintenance. GHOST cells were non-
enzymatically dissociated as described in 3.6.2.2.2 Non-enzymatic dissociation.
Approximately 20x10° GHOST cells at P1 were stained with 2 uL 7-AAD and 2 pL CD4-APC per
10° cells in 100 uL PBS, and incubated for 10 min in the dark. Cells were pelleted by
centrifugation at 300 x g for 10 min to remove unbound and weakly-bound (resulting from

non-specific staining) antibody, and resuspended in 1 mL PBS for sorting.

A post-sort purity of 98.07% viable, intact CD4"8" GHOST cells was achieved (Figure 3.16E and
F) for the CD4"e" GHOST cells used for functional titration after optimisation experiments
(described in 3.6.4 GHOST green fluorescent protein assay setup and optimisation). CD4"ih
GHOST cells were seeded at 5x10° cells per T75 flask in complete DMEM with puromycin,
hygromycin, and G418 as described in 3.6.2 Cell culture and maintenance for one passage.
Cells were then dissociated enzymatically as described in 3.6.2.2.1 Enzymatic dissociation

before cryopreservation, as described in 3.6.2.3 GHOST cell cryopreservation.

GFP sort

HIV-exposed and -unexposed GHOST cells (3.5.4 Limit of detection determination) were
prepared by centrifugation at 300 x g for 10 min and resuspended in 100 pL and 200 uL PBS
for HIV-exposed and HIV-unexposed GHOST cells, respectively. A post-sort purity of 99.95%

viable, intact, GFP~ HIV-unexposed GHOST cells was achieved.
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3.6.3.6.3 Gating strategy

GHOST cells were sorted into 15 mL centrifuge tubes containing 2 mL DMEM for CD4-sorted
cells, or 1 mL PBS for GFP-sorted cells. The flow cytometry protocol and sequential gating

strategies used during sorts are indicated in Figure 3.16.
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Figure 3.16: Flow cytometry and gating strategies used for GHOST cell sorts. (A) A two-parameter
FS Lin versus 7-AAD was used to select viable (7-AAD negative) GHOST cells, captured in the
“VIABLE” region. (B) A two-parameter FS Lin versus SSC plot gated on viable GHOST cells
(“VIABLE” region) was used to capture intact GHOST cells. (C) A two-parameter FS Lin versus GFP
plot gated on “GHOST cells” was used to sort GFP- GHOST cells (“GFP-“region) from HIV-
unexposed GHOST cells. (D) The same two-parameter FS Lin versus GFP plot without the “GFP-“
gate was used to sort GFP* GHOST cells (“GFP+”) from HIV-exposed GHOST cells. (E) A two-
parameter FS Lin versus CD4-APC plot gated on “GHOST cells” was used to sort CD4"g" [ow-

passage GHOST cells. (F) Representative post-sort purity achieved after sorting CD4"&h GHOST
cells.
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3.6.4 GHOST green fluorescent protein assay setup

and optimisation

3.6.4.1 GHOST cell CD4 expression

3.6.4.1.1 Introduction

Immunophenotyping of GHOST cells used in GFP assays was introduced as a quality control
step to monitor possible changes in phenotype as the cells approach the passage range (P10-
P15) where the transgenic construct expression could become unstable according to suppliers
(GHOST (3) R5X4 datasheet — NIH). Construct destabilisation could result in unstable
expression of CD4, CXCR4, and CCR5, which are required for HIV entry and reliable functional
titration. Initial phenotyping of CD4, CXCR4, and CCR5 showed stable expression of CCR5 and
CXCR4, but CD4 was not detectable by flow cytometry using the reagents initially available.
The apparent lack of expression of CD4 (Figure 3.17D) using mouse anti-human CD4
conjugated to fluorescein isothiocyanate (FITC) (CD4-FITC; clone Okt 4; BioLegend, USA) was
investigated by procuring a new CD4 detection antibody with a different fluorochrome (CD4-

APC), and by assessing the expression of CD4 on the transcriptomic level.

3.6.4.2 GHOST cell phenotype

3.6.4.2.1 Sample preparation for phenotype

Unsorted GHOST cells were resuscitated from liquid nitrogen and cultured to confluence in
complete DMEM supplemented with puromycin, hygromycin, and G418 (described in
3.6.2 Cell culture and maintenance). Cells were enzymatically dissociated as described in
3.6.2.2.1 Enzymatic dissociation, pelleted by centrifugation at 300 x g for 10 min, and
resuspended in 5 mL complete DMEM for immunophenotyping. Two 100 uL aliquots were

prepared for staining as follows.

One of the 100 pL aliquots of GHOST cell suspension was stained with 3 pL of each of the
following: 7-AAD; CD4-FITC; rat anti-human CCR5 conjugated to phycoerythrin- (PE)-cyanine-
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7 (Cy7) (PC7) (CCR5-PC7; clone 359106; BioLegend, USA); and mouse anti-human CXCR4
conjugated to Brilliant Violet 605™ (CXCR4-BV605; clone 12G5; BioLegend, USA). The second
100 pL aliquot was stained with 3 pL of each of the following: 7-AAD; rat IgG;b conjugated to
PC7 (CCR5-PC7 iso; BioLegend, USA); and mouse 1gG,a conjugated to Brilliant Violet 605™
(CXCR4-BV605 iso; clone 12G5; BioLegend, USA).

The second tube served as the non-specific/unstained control containing the appropriate
isotypes for CXCR4-BV605 and CCR5-PC7. The appropriate CD4 isotype was not available at
the time and was thus not added to the tubes. Unbound and weakly-bound antibody was
washed off by adding 1 mL PBS to each tube and pelleting cells by centrifugation at 300 x g
for 10 min. Cells were resuspended in 500 ul PBS before analysing on the FACSAria™ cell

sorter.

3.6.4.2.2 Results and outcome

Figure 3.17 shows the co-expression of CCR5 and CXCR4 on GHOST cells (using the same
gating strategy to obtain viable GHOST cells as in Figure 3.16A and B) relative to the
corresponding isotype controls. The isotype tube did not contain an isotype control for CD4.
Consequently, the negative/positive delineation was set up using autofluorescence emitted
by the cells in the FL1 channel (Figure 3.17C). Figure 3.17D shows negligible difference
between the unstained control sample (Figure 3.17C) and stained sample in terms of CD4-

FITC detection.

From Figure 3.17B, 2% of GHOST cells did not express either CXCR4 or CCR5 (Figure 3.17B
“CXCR4- CCR5-“region). This could be explained by partial construct breakdown in these cells,
or, more likely, that construct-driving antibiotics could have been replaced more frequently
in culture. More than 80% of the GHOST cells expressed both CCR5 and CXCR4 (Figure 3.17B
“CXCR4+ CCR5+” region), and less than 15% expressed one co-receptor but not the other. This
could, again, be due to partial construct breakdown, or the depletion of construct-driving

antibiotics during culture resulting in these constructs being lost during rapid cell division.
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Reliable titration of HIV on GHOST cells using the GHOST GFP assay requires the cells to be
susceptible to HIV, ie. the majority (>80%) of the cells should express CCR5, CXCR4, and CDA4.
While CCR5 and CXCR4 were repeatedly shown to be satisfactorily expressed on GHOST cell
surfaces, the proportion of GHOST cells expressing CD4 varied between 0% and 60% (see
Figure 3.23 showing CD4-FITC phenotypes of five GHOST cell stocks), despite culturing the
cells in construct-driving antibiotics. The apparent lack of CD4 expression was concerning and
was investigated in follow-up experiments. Construct stability was assessed by CD4 mRNA
expression, protein stability during culture was assessed by testing dissociation methods and
protein recovery, and flow cytometric detection of protein was compared using different

fluorochromes.
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Figure 3.17: GHOST cell phenotype analysis using CCR5-PC7, CXCR4-BV605, and CD4-FITC. (A) A
representative two-parameter plot of CXCR4-BV605 versus CCR5-PC7 of GHOST cells stained with
the isotype combination used to set the four quadrants indicated on the plot. (B) Same plot as
A, representing data obtained for GHOST cells stained with CXCR4-BV605 and CCR5-PC7. Sub-
populations of GHOST cells with different co-receptor expression profiles are shown. (C) A
representative two-parameter plot of SSC Log versus CD4-FITC for the isotype tube (unstained
for CD4-FITC) used to set the “CD4+” region. (D) Same plot as C for GHOST cells stained with
CD4. GHOST cells expressing CD4 should have appeared in the “CD4+"” region.

3.6.4.3 CD4 messenger RNA expression

In order to determine whether expression of CD4 was compromised in GHOST cells due to
construct destabilisation, mRNA was isolated to perform reverse-transcription (RT)-PCR.
TZM-bl cells (HelLa-derived cells known to express high levels of CD4) and peripheral blood
mononuclear cells (PBMCs) were used as positive controls. GHOST cells of a single frozen
stock were thawed, cultured, and non-enzymatically dissociated before sorting into CD4high

and CD4"" fractions using the CD4-APC antibody (described in 3.6.3.5 GHOST cell gating
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strategies) procured for this experiment, as described in 3.6.3.6 GHOST cell sorting. Briefly,
dissociated cells from one T75 flask were stained with 7-AAD and CD4-APC as described in
3.6.3.6 GHOST cell sorting. Sorting was performed according to the sequential gating strategy
shown in Figure 3.18. CD4'°" GHOST cells were sorted with a purity of 96.36%, and CD4"gh
GHOST cells with a purity of 81.13%. Approximately 2x10% GHOST cells were sorted for each

fraction, into 15 mL centrifuge tubes containing 1 mL PBS.

The CD4-APC monoclonal antibody was initially procured to establish whether the relative
brightness of the fluorochrome could be responsible for the lack of CD4 detection using CD4-
FITC (Figure 3.17C and D). Dim fluorochromes (such as FITC) are suitable when adequate
resolution of the positive population is expected due to the abundance of target protein.
Brighter fluorochromes (such as APC) should be used when the protein of interest is not
necessarily abundant*!. The CD4-APC iso antibody was procured at a later stage. It was found
that detection of CD4 using CD4-APC was markedly better when compared to CD4-FITC,
discussed in 3.6.4.4.3 Fluorochrome comparison and CD4-recovery over time. For these

reasons, CD4-APC was used to sort different GHOST cell sub-populations based on CD4

expression.
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Figure 3.18: Sequential gating strategy used to sort CD4"&" and CD4'°" GHOST cells for mRNA
evaluation. (A) Viability of GHOST cells negative for 7-AAD captured in the “Viable” region on
a FS Lin versus 7-AAD two-parameter plot. (B) Viable, intact GHOST cells were selected in the
region “GHOST cells” on a two-parameter FS Lin versus SSC Log plot. (C) The pre-sort CD4
population shown on a two-parameter SSC Log versus CD4-APC plot. The regions “CD4 low”
(pink) and “CD4 high” (purple) were sorted. (D) Post-sort purity for CD4'°Y GHOST cells is shown
on the same plot as in C. (E) The same two-parameter plot as in C shows the post-sort purity
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of CD4"&h GHOST cells.

3.6.4.3.1 RNA extraction

RNA was isolated from TZM-bl cells (positive control), HEK293T cells (negative control),
PBMCs (positive control), CD4'"% GHOST cells, and CD4"e" GHOST cells. Extractions were
performed using the QIAGEN RNeasy Mini Kit (QIAGEN, Germany) according to the
manufacturer’s instructions. Prior to each use, RLT buffer was prepared by adding PB-
mercaptoethanol (Sigma-Aldrich, USA) to a final concentration of 1%, as per manufacturer’s

instructions.

Approximately 2x10° cells of each type were transferred to 1.5 mL microcentrifuge tubes and
pelleted by centrifugation at 300 x g for 10 min. The supernatant was discarded and the
pellets each resuspended in 350 uL RLT buffer per extraction, followed by vortexing for 1 min
to homogenise. RLT buffer contains B-mercaptoethanol and guanidine thiocyanate to lyse
cells and inactivate nucleases. To precipitate proteins from the cell lysates, 350 puL 70%
ethanol was added to a final concentration of 35%. Cell lysate and precipitated proteins were
transferred to the silica membrane of RNeasy spin columns assembled in 2 mL collection

tubes and centrifuged for 15 s at 8000 x g to remove liquids.
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Flow-though containing buffer remnants and proteins was discarded, and 700 uL RW1 buffer
was applied to each column. The columns were centrifuged for 15 s at 8000 x g to wash
membrane-bound nucleic acids. Flow-through was discarded once again and the silica
membranes washed twice with 500 pL RPE buffer by incubating the tube for 1 min at room
temperature to allow salts to dissolve in the buffer followed by centrifugation for 15 s and 2
min at 8000 x g. The salt-containing flow-through was discarded and the columns were placed
in sterile 2 mL microcentrifuge tube. RNAse-free water (20 — 30 uL) provided with the kit was
incubated on the column membranes for 2 min prior to elution by centrifugation for 1 min at
8000 x g. The eluates were placed back on the respective column membranes, incubated for
1 min, and eluted again by centrifugation for 1 min at 8000 x g. This was done to improve the

RNA yield.

RNA concentrations and purity analyses were determined by NanoDrop® as previously
described in 3.5.3.4.3 Nucleic acid quantification by NanoDrop®, and are summarised in Table
3.8. Preferred purity values for reverse transcription of RNA to cDNA before PCR were Azs0/280
and Ajeo/230 ratios 2 2. Samples not meeting this criteria (PBMCs and HEK293T cells) were
converted to cDNA on the basis that the purity values were very close to 2 (PBMCs), or that

the RNA concentration was high and protein purity met the criteria (HEK293T cells).

Table 3.8: RNA concentrations, protein purity (Az60/280), and salt purity (Az2s0/230) for RNA
extracted from PBMCs, TZM-bl cells, GHOST cells sorted for low- and high-CD4
expression, and HEK293T cells.

Sample [RNA] (ng/uL) A260/280 A260/230
PBMCs 436.9 1.98 1.95
TZM-bl 1109.9 2.04 2.24
Ghosts (CD4high) 1021.19 2.07 1.87
Ghosts (CD4'v) 1388.99 2.06 2.05
HEK293T 1487.91 2.07 0.50
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3.6.4.3.2 Reverse transcription

RNA (Table 3.8) was reverse transcribed to cDNA using the Bioline SensiFast cDNA Synthesis
kit (Meridian Life Sciences, Inc, USA) according to manufacturer’s instructions. Reactions were
set up on ice in PCR tubes as summarized in Table 3.9. A NTC and no reverse transcriptase
control (NRC) were included (Table 3.9). Approximately 1 ug RNA was added per reaction,
which were set up in thin-walled 0.2 mL PCR tubes on ice. The SensiFAST cDNA reagent kit
uses a high-fidelity (HiFi) reverse transcriptase enzyme and optimised buffer systems which

maximise the activity of the enzyme even in the presence of enzyme inhibitors such as salts.

GeneAmp™ thermocycler conditions for reverse transcription were as follows: 25°C for 10
min to anneal primers; 42°C for 15 min for reverse transcription; 85°C for 5 min to inactivate

reverse transcriptase; 4°C hold to prepare for sample storage.
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Table 3.9: Reverse transcription reactions set-up using the SensiFAST cDNA reverse
transcription kit.

Sx TransA Reverse Nuclease-free
x TransAm
Sample ID P Transcriptase RNA (uL) water
buffer (uL)
() (Vs 20pL)
NTC 4 1 _ 15
NRC 4 - 1 (TZM-bl RNA) 15
PBMCs 4 1 5 13
TZM-bl 4 1 1 1
Ghosts (CD4Meh) 4 1 1 14
Ghosts (CD4'v) 4 1 0.7 143
HEK293T 4 1 0.7 14.3

*The purpose of the NRC was to confirm removal of genomic DNA during the RNA isolation, and to
ensure that reagents used to prepare reverse transcription reactions were not contaminated with
cDNA synthesis kit reagents. Since all the RNA extractions were performed in one isolation, the RNA
isolation with the highest Axeo/280/A260/230 ratio combination (TZM-bl cells) was used for this control.
The high ratios were used to select the NRC RNA sample as the higher ratios indicate greater potential
for genomic DNA contamination of the RNA during isolation. Genomic DNA contamination would
result in the amplification of CD4-targetting PCR reactions from the DNA rather than mRNA-derived
cDNA, and would not be useful in determining whether CD4 is differentially expressed between CD4"e"
and CD4"°% GHOST cells.
3.6.4.3.3 CD4 messenger RNA detection polymerase chain

reaction

Forward (CD4F) 5’- GTC CCT TTT AGG CAC TTG CTT CT -3’ and reverse (CD4R) 5’- TCT TTC CCT
GAG TGG CTG CT -3’ primers for a region of CD4 mRNA previously described for gPCR were
obtained from literature*? and manufactured by IDT (Integrated DNA Technologies, Inc, USA).
Lyophilised primers were resuspended in molecular grade water to 100 pM stocks as
recommended by manufacturers and diluted to 10 uM working stocks in molecular grade

water.
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PCR reactions for amplification of CD4 from cDNA were set up as described in 3.5.3.5 Pon ice.

All reactions (shown in Table 3.10) were set up using the CD4F and CD4R primer pair, except

the L32 PCR control which contained the L32F and L32R primer pair previously described in

3.5.4.2.3 Limit of detection . Reactions were prepared with 1 uL cDNA as approximately 1 pg

RNA was used for the preparation of cDNA. Uniform, efficient conversion of 1 ug RNA to

approximately 1 ug cDNA in each 20 plL reverse transcription reaction was assumed, which

would result in a concentration of approximately 50 ng/uL cDNA per reaction. The PCR

protocol described in 3.5.3.5 P requires 50 ng DNA per reaction, and therefore 1 uL cDNA was

used per PCR reaction (Table 3.10). Thermocycling was performed as indicated in Figure 3.10,

with primer annealing temperatures for CD4-amplifying reactions set at 65°C, and the

annealing temperature for the L32 primer pair set at 55°C. Controls for the PCR include NTC

for the PCR and an L32 positive PCR control.

Table 3.10: PCR reactions set up for CD4 mRNA detection.

sample ID 2x Kapa RM F.orward I?everse ¢DNA (L) Distilled

(L) primer (pL) | primer (uL) water (uL)
NTCpcr (PCR control) 12.5 0.75 0.75 - 11
L32 (PCR control) 125 0.75 0.75 1 10
NTCrr (cDNA control) 12.5 0.75 0.75 1 10
NRC (cDNA control) 12.5 0.75 0.75 1 10
TZM-bl 12.5 0.75 0.75 1 10
PBMCs 12.5 0.75 0.75 1 10
Ghost CD4"ih 12.5 0.75 0.75 1 10
Ghost CD4'ow 12.5 0.75 0.75 1 10
HEK293T 12.5 0.75 0.75 1 10
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3.6.4.3.4 CD4 polymerase chain reaction amplicon analysis

Amplicons were analysed by agarose gel electrophoresis (described in 3.5.3.6 Agarose gel
electrophoresis), using 1% agarose gels made with TAE. Samples were prepared for
electrophoretic analysis as described in 3.5.3.6.2 Sample preparation for gel loading, and
wells were loaded with 10 uL of PCR reactions. Electrophoresis was performed by applying
90V for 80 min. Band sizes were estimated relative to 5 pL FastRuler™ LR DNA ladder loaded

in lanes 1 and 11 (Figure 3.19).

3.6.4.3.5 Results and interpretation

None of the three negative reaction controls (NTCpcr, NTCrr, and NRC) produced any
amplicons, as expected. The NTCpcr controlled for PCR reagent contamination with DNA
fragments, the NTCgr controlled for reverse transcription reagent contamination with RNA

fragments, and the NRC controlled for genomic DNA contamination in the RNA preparation.
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Figure 3.19: Gel image of CD4 cDNA PCR to assess the CD4-expressing construct in
GHOST cells. (A) Lanes 1 and 11 were loaded with FastRuler™ LR DNA ladder shown in
B for amplicon size estimation. Lanes 2 and 3 were loaded with the NTCpcrand L32 PCR
positive controls respectively. Lanes 4 and 5 were loaded with the NTCrr and NRC
reverse transcription controls respectively. Lanes 6-10 contained CD4 PCR products for
TZM-bl (lane 6), PBMC (lane7), Ghost CD4"¢" (lane 8), Ghost CD4'°Y (lane 9), and
HEK293T (lane 10) cells.
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The CD4 PCR was expected to yield a single amplicon of 67 bp from mRNA transcripts. Bands
observed in TZM-bl cells, PBMCs, CD4"8" Ghosts, and CD4'°" GHOST cells were of the expected
size (Figure 3.19). The CD4 expression negative control, HEK293T cells, did not amplify the
desired band, although a feint band was observed ~200 bp. This additional ~200 bp band was

also present in PBMCs.

The CD4 primers span the exon 2/intron/exon 3 boundary of the CD4 gene (Figure 3.20),
which is a region of 186 bp including the intron and 67 bp excluding the intron. The band of
approximately 200 bp in length fits with the size of the amplicon including the intron. It is
therefore likely that the approximately 200 bp amplicons originate from transcripts which
have not been completely processed. This is possible in cells producing low-levels of
transcripts which are not translated into proteins*? (possibly HEK293T cells), or in cells with a
high turnover of CD4 resulting in abundant CD4 transcripts in varying stages of processing.

The heterogenous population of PBMCs could fall into either category.
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Figure 3.20: In silico CD4 mRNA transcript prediction explaining the presence of the 186 bp
amplicon observed in HEK293T and PBMC mRNA pools assayed by RT-PCR.

Similar intensities of CD4 amplicons were observed for CD4'°% and CD4Meh GHOST cells,
suggesting that insufficient expression of CD4 on the cell surface observed by flow cytometry

was not due to CD4 construct destabilisation.
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3.6.4.4 Effect of dissociation and detection method on CD4

phenotype

Since the GHOST cells sorted for CD4Me" and CD4'°" showed comparable expression of CD4
MRNA, the effect of cell culture treatment and detection methods on CD4 expression was
investigated. The effects of cell culture and detection methods on CCR5 and CXCR4 were not
explored as stable expression was observed regardless of GHOST cell stock and dissociation

method used.

3.6.4.4.1 Dissociation method investigation - rationale

Virtual cleavage of the CD4 protein by trypsin (used in enzymatic dissociation) was performed
using PeptideCutter** (open source: ExPASy, Swiss Institute of Bioinformatics, Switzerland).
Trypsin is predicted to cleave human CD4 at 57 sites with probability of higher than 80%, and
62 sites in total based on protein sequence analysis using the SwissProt human CD4 protein
sequence (ref: P01730). Two dissociation methods were investigated, enzymatic dissociation
(described in 3.6.2.2.1 Enzymatic dissociation) and non-enzymatic dissociation (described in
3.6.2.2.2 Non-enzymatic dissociation). Preliminary results comparing enzymatic and non-
enzymatic dissociation on multiple GHOST cell stocks using CD4-FITC indicated that
trypsinised cells expressed less CD4. However, this preliminary finding was obscured by poor

resolution of positive and negative populations using CD4-FITC.

3.6.4.4.2 Detection method investigation — rationale

As previously mentioned (3.6.4.2.1 Sample preparation for phenotype), detection of CD4
using CD4-FITC showed that positive and negative populations could not be resolved using an
unstained control to set the positive region. As CD4 expression at the mRNA level and the
protein expression level was discordant, the fluorochrome used to detect CD4 on GHOST cells
was investigated. The discrepancy in detection of CD4 on aliquots of the same unsorted
GHOST cells using CD4-FITC and CD4-APC is shown in Figure 3.21. The sequential gating

strategy described in 3.6.3.5 GHOST cell gating strategies (Figure 3.15) was used to obtain the
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data below. CD4-FITC was detectable using that same protocol as FITC is detected in the same

channel as GFP on the Gallios™ (FL1).
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Figure 3.21: The discrepancy in CD4 detection between unsorted GHOST cells stained with CD4-
FITC and CD4-APC. (A) Two-parameter FS Lin versus CD4-FITC plot unstained for CD4-FITC, used
to set the “CD4-FITC+” region. (B) The same plot as A, using cells stained with CD4-FITC. (C) Two-
parameter FS Lin versus CD4-APC plot unstained for CD4-APC used to set the “CD4-APC+” region.
(D) The same plot as C, using cells stained with CD4-APC and the “CD4-APC+” region set on the
unstained control. (E) The same plot as D, with the “CD4-APC+” region set on the division
between the two populations of CD4-APC expression, as the “CD4-FITC+” region divides the two
populations. The difference between D and E illustrates the need for an isotype control for CD4-
APC, in order to correctly resolve the CD4* population from the CD4" population.
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3.6.4.4.3 Fluorochrome comparison and CD4-recovery over

time

Following preliminary results indicating that detection of CD4 on enzymatically dissociated
GHOST cells was reduced compared to the detection of CD4 on non-enzymatically dissociated
GHOST cells using CD4-FITC, a multi-parameter experiment was designed. This experiment
simultaneously compared FITC and APC fluorochromes for the detection of CD4 on GHOST
cells, and determined how long CD4 expression on trypsinised cells takes to recover. The rate
of CD4 recovery on trypsinised GHOST cells was measured using CD4-FITC and CD4-APC in

24 hr intervals until a plateau in CD4 expression was reached.

Method

Five replicates of GHOST cells from different sources(Table 3.11) resuscitated from liquid
nitrogen at different passages were analysed, including two replicates donated for this
purpose by Dr Janine Scholefield (Council for Scientific and Industrial Research (CSIR), South

Africa).

Table 3.11: Biological replicate (BR) designation of different GHOST cell stocks for the
CD4 recovery and fluorochrome detection experiment.

Replicate Passage Source Date frozen
BR1 P5 ICMM 09/03/2017
BR2 P8 ICMM 23/07/2017
BR3 P6 ICMM 29/06/2016
BR4 P15 CSIR 01/2017
BR5 P12 CSIR 08/09/2014
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GHOST cells were thawed and cultured for one passage in 1 xT75 flask per culture as
described in 3.6.2 Cell culture and maintenance in complete DMEM supplemented with
puromycin, hygromycin, and G418. GHOST cells were then dissociated enzymatically as
described in 3.6.2.2.1 Enzymatic dissociation. Cells were pelleted by centrifugation at 300 x g
for 10 min, resuspended in 2 mL complete DMEM, and enumerated as described in
3.6.3.5 GHOST cell gating strategies. GHOST cells from each replicate were seeded at a
density of 1.5x10° cells per well in 12-well plates, in 1 mL complete DMEM per well. Every
24 hr, two wells (R1 and R2) of each biological replicate were non-enzymatically dissociated
as described in 3.6.2.2.2 Non-enzymatic dissociation. Dissociated cells were pelleted by
centrifugation at 300 x g for 10 min, and resuspended in 200 uL per tube (corresponding to
each well). Each 200 uL GHOST cell suspension was divided into two 100 pL aliquots. One
aliquot was stained with 3 uL each of 7-AAD and CD4-FITC, and the other aliquot was stained
with 3 pL each of 7-AAD and CD4-APC. The CD4-APC-stained tube was used as an unstained
tube for CD4-FITC, and vice-versa, to set the regions “CD4-FITC+” and “CD4-APC+”,
respectively. The gating strategy used to perform flow cytometric analysis was described in
3.6.3.5 GHOST cell gating strategies and 3.6.4.4.2 Detection method investigation — rationale
(Figure 3.21).

Results and outcome

The average CD4 recovery over time assessed by CD4-APC (Figure 3.22) and CD4-FITC (Figure
3.23) illustrates (i) improved detection of CD4 with a brighter fluorochrome (APC), (ii) CD4
expression recovers post-trypsinisation, and (iii) that non-enzymatic dissociation is an
alternative to enzymatic dissociation which retains cell surface CD4 for flow cytometric

detection.

Contrasting the detection of CD4 based on unstained controls for two fluorochromes
highlights the importance of selecting fluorochromes specific to the sample of interest. CD4-
FITC analysis indicated that GHOST cells expressing CD4 peaked between 20-60%, where CD4-
APC analysis indicated that GHOST cells expressing CD4 was not significantly reduced by

enzymatic dissociation and reached plateaus above 99%.
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Figure 3.22: CD4 recovery on five biological replicates (BR) of GHOST cells post-
trypsinisation, detected using CD4-APC.
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Figure 3.23: CD4 recovery on five biological replicates (BR) of GHOST cells post-
trypsinisation, detected using CD4-FITC.
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3.6.4.5 Validation of CD4 expression on CD4"9" GHOST cells

Low-passage CD4Meh GHOST cells were resuscitated, cultured, and sorted as described in
3.6.3.6 GHOST cell sorting for all future GHOST GFP assays and HIV experiments using GHOST
cells. The stability of CD4 expression on CD4"8" GHOST cells during culture and dissociation
was validated using a slightly modified version of the CD4 recovery over time assay (described
in 3.6.4.4.3 Fluorochrome comparison and CD4-recovery over time). CD4"e" GHOST cells were
thawed and cultured for one passage (described in 3.6.2 Cell culture and maintenance), and
dissociated enzymatically prior to enumeration as described in 3.6.3.5 GHOST cell gating

strategies.

3.6.4.5.1 Effect of dissociation method on CD4"ieh GHOST cell
CD4

Method

One hundred and fifty thousand (1.5x10°) dissociated CD4"8" GHOST cells per well were
seeded at P3 in complete DMEM (3 mL complete DMEM per well) in a 6-well plate. After three
days in culture in complete DMEM at 37°C, 5% CO,, three wells were dissociated
enzymatically using 500 uL trypsin, and the remaining three wells were dissociated non-
enzymatically using 500 uL NEDB. Trypsinised and NEDB-dissociated CD4"8" GHOST cells were
pooled by dissociation method, and cells were pelleted by centrifugation at 300 x g for
10 min. The pellets were each resuspended in 1 mL complete DMEM, and analysed for CD4
expression as described in 3.6.3.5 GHOST cell gating strategies. Two 100 uL aliquots were
stained for each dissociation method. The first aliquot was stained with 3 pL each of 7-AAD
and CD4-APC iso, and the second was stained with 3 puL each of 7-AAD and CD4-APC as

described in 3.6.3.5.1 Sample preparation.

Results and outcome

Figure 3.24 shows the difference between enzymatically (Figure 3.24C and D) and non-
enzymatically (Figure 3.24A and B) dissociated CD4"&"h GHOST cells. There was no significant

difference in detection of CD4* CD4Meh GHOST cells dissociated enzymatically or non-
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enzymatically, although CD4 on non-enzymatic dissociated cells was more clearly not affected

by dissociation.

CD4 expression on CD4"e" GHOST cells shows two distinct subpopulations. While the reasons
for the presence of these subpopulations were not experimentally explored, these
populations could result from recently divided cells (less CD4) and cells about to divide (more
CD4) due to the accumulation of forced CD4 expression. To evaluate this, CD4 expression and

cell cycling could be co-analysed using a nuclear stain or proliferation-associated proteins.
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Figure 3.24: Effect of dissociation method on CD4 detection of sorted CD4"&" GHOST cells.
(A) A two-parameter FS Lin versus CD4-APC plot used to set the “CD4+” region on non-
enzymatically dissociated CD4"&" GHOST cells stained with CD4-APC iso. (B) The same two-
parameter plot asin A, for non-enzymatically dissociated CD4"8" GHOST cells stained with
CD4-APC. (C) A two-parameter FS Lin versus CD4-APC plot used to set the “CD4+” region
on enzymatically dissociated CD4"&" GHOST cells stained with CD4-APC iso. (D) The same
two-parameter plot as in C, for enzymatically dissociated CD4"¢" GHOST cells stained with
CD4-APC.
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3.6.4.5.2 CD4 recovery in culture on sorted CD4"eh GHOST

cells

Method

Enzymatically dissociated CD4M&" GHOST cells remaining from 3.6.4.5.1 Effect of dissociation
method on CD4high GHOST cell CD4 were seeded at 1.5x10° cells per well in 3 mL complete
DMEM in a 6-well plate. At three time points post-trypsinisation and seeding (24 hr, 48 hr,
and 72 hr), two wells were non-enzymatically dissociated using 500 pL NEDB (described in
3.6.4.4.3 Fluorochrome comparison and CD4-recovery over time). Dissociated cells were
pelleted by centrifugation at 300 x g for 10 min and resuspended in 200 pL PBS per tube, and
split into two 100 pL aliquots. The first aliquot was stained with 3 pL each of 7-AAD and CD4-
APC iso, and the second aliquot was stained with 3 pL each of 7-AAD and CD4-APC, as
described in 3.6.3.5 GHOST cell gating strategies. The proportion of CD4* CD4"e" GHOST cells

was determined by flow cytometry as described in 3.6.3.5.2 Gating strategy.

Results and outcome

The results of the CD4 recovery assay on CD4"8" GHOST cells are shown in Table 3.12. While
enzymatic dissociation (trypsinisation) does have an effect on the CD4 expressed by CD4high
GHOST cells, more than 90% of these cells still express CD4. Furthermore, the expression of
CD4 on CD4"e&h GHOST cells recovers to an average of 98.16% within 24 hr, 99.24% within
48 hr, and 98.97% within 72 hr of trypsinisation. CD4"8" GHOST cells are therefore validated
for stable CD4 expression despite enzymatic dissociation, and are optimal for use in GHOST
GFP assays for HIV titration within 24 hr of seeding post-trypsinisation. All GHOST cell
experiments were therefore performed with CD4Me" sorted GHOST cells thawed, cultured,
and passaged as described in 3.6.2 Cell culture and maintenance, and phenotyped for CD4 as
described in 3.6.3.5 GHOST cell gating strategies prior to seeding for experiments. The
acceptable level of viable, intact CD4-expressing CD4"8" GHOST cells was >90% for CD4high

GHOST cells seeded for experiments.
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Table 3.12: CD4 recovery (indicated as %) post-trypsinisation of CD4"&" GHOST cells.

Time post-trypsinisation
0 hr 24 hr 48 hr 72 hr
R1 93.44 97.88 99.32 99.11
R2 NA 98.44 99.15 98.83
Average NA 98.16 99.24 98.97

*R1 and R2 indicate two replicate wells dissociated at each time point.

3.6.5 GHOST green fluorescent protein assay

optimisation

3.6.5.1 Introduction

The GHOST GFP assay is used for HIV titration and functional HIV tropism studies, and the
protocol is quite standard® #°. Fundamentally, protocols recommend seeding 2.5x10* GHOST
cells per well of 12-well plates in 1 mL complete DMEM per well. GHOST cells are allowed to
adhere for 24 hr prior to infection, which are performed in duplicate serial dilutions. To
sediment virus, it is recommended that infections are performed in the presence of 20 pg/mL
Polybrene® for 2-18 hr, in a final volume of 300-500 pL. It is advised that the medium be
changed to complete DMEM when the 2-18 hr exposure time is over. Protocols recommend
that GFP expressed by HIV-infected cells be assayed 48-72 hr after exposure, by enzymatically
dissociating HIV-exposed cells and pooling duplicate wells. Infectious titre is then determined

by Equation 3.2, using a cell count obtained on the day of assaying GFP® 6,

Starting with the susceptibility of GHOST cells exposed to HIV for the purpose of functional
titration (described in 3.6.4.1 GHOST cell CD4 expression), the GHOST GFP assay described in
the literature was dissected to improve the reliability of functional titration. Aspects of the
GHOST GFP assay which could contribute to variance between titrations were identified from
Equation 3.2 to improve the statistical confidence in infectious titre estimations. These

aspects included pooling of technical replicates, Polybrene® concentrations, and cell counts
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and seeding density. The optimised GHOST GFP assay is described in 3.6.6 GHOST green

fluorescent protein assay — method.

3.6.5.2 Dissection of variables

3.6.5.2.1 Replicates and pooling

GHOST GFP assay protocols recommend pooling duplicate wells exposed to the same virus
dilution on the day of assay. Practically, this pooling is a way of averaging data before analysis
to compensate for differences between wells of the same dilution. However, pooling cells
before analysis could mask human error and skew results of the GHOST GFP assay. To improve
confidence in GHOST GFP assay titrations with statistical measures such as standard
deviation, infections were performed in triplicate and GFP assayed separately for each well.
This way, outliers in the triplicate could be excluded from further analyses and the titre would
not be skewed due to averaging prior to analysis. At least two wells of each dilution were

required to calculate infectious titre, otherwise the GHOST GFP assay was repeated.

3.6.5.2.2 Polybrene® concentrations

Polybrene concentrations were adjusted from 20 pg/mL to 5-10 pg/mL, as literature reported
that the plateau of Polybrene® efficiency on adherent cell lines was between 5-10 pg/mL*".
Molecular clones of HIV-1B produced in HEK293T cells (4.3 Molecular clone production) were
titrated in the presence of 5 pg/mL Polybrene® as the initial infection volume was halved
compared to PBMC-propagated HIV-1C isolates. PBMC-propagated HIV-1C isolates were
titrated in 500 pL initial volume with 10 pg/mL Polybrene®. Visibly less cell death was
observed in the uninfected control wells on day 3 of the GHOST GFP assay when Polybrene®

concentrations were adjusted lower than recommended by standard protocols.

3.6.5.2.3 Cell counts and seeding density

Calculating infectious titre according to Equation 3.2 rests heavily on the number of cells

exposed to virus dilutions. Error in infectious titre estimation due to assumptions made by
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standard protocols are the result of two factors, namely seeding density, and cell proliferation

between seeding and GFP detection.

While establishing the GHOST GFP assay and learning to culture the cells, it was observed that
GHOST cells seeded in 12-well plates at densities of 2.5x10* and 1.5x10° cells per well reached
similar levels of confluence over the same time course. This observation suggested that a
lower seeding density may correspond to an increased proliferation rate in GHOST cells
seeded for the GHOST GFP assay. Cell proliferation is a source of compound error in functional
titrations as the rate of cell division between neighbouring cells is not necessarily similar. This
error is exponentially increased in wells seeded at lower densities which reach similar
confluence over three days as wells seeded at higher densities due to increased proliferation
which must have occurred to achieve this. To limit error as a result of cell proliferation, the
higher seeding density (1.5x10° cells per well) was used to seed CD4"&" GHOST cells for GHOST

GFP assays.

As a consequence of cell proliferation between seeding cells for the GHOST GFP assay and the
day of GFP analysis, the absolute count used to calculate infectious titre, and the day of GFP
analysis was explored. The absolute cell count used in Equation 3.2 reflects the number of
cells which could have been infected by virus to be titrated. This was determined to be on the
day of infection rather than the day of GFP assay, hence the introduction of “count” wells (see
3.6.6.2 Day 1 count and infection). The day of assay was determined by independently
establishing growth curves for two stocks (A and B) of GHOST cells over a four-day time

course.

GHOST stocks were thawed, cultured for one passage, and enzymatically dissociated as
described in 3.6.2 Cell culture and maintenance. Dissociated cells were enumerated as
described in 3.6.3.5 GHOST cell gating strategies and seeded at 1.5x10° cells in 1 mL DMEM
per well of 12-well plates. Triplicate wells of each seeding stock were enzymatically
dissociated (described in 3.6.2.2.1 Enzymatic dissociation) at 24 hr, 72 hr, and 96 hr post-
seeding (day 1, 3, and 4 post-seeding) and enumerated by flow cytometry as described in
3.6.3.3.2 General enumeration. Briefly, dissociated cells were pelleted by centrifugation at

300 x g for 10 min and resuspended in 100 pL PBS. Cells were stained with 3 puL 7-AAD for
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5 min in the dark before adding 100 uL Flow-Count™ and 400 uL PBS and analysing on the
Gallios™. Table 3.13 shows the absolute counts of live, intact GHOST cells obtained as

described in 3.6.3.5 GHOST cell gating strategies.

Figure 3.25 shows growth curves for GHOST cell stock A, B, and an average of A and B, derived
from Table 3.13. The reproducibility of absolute counts between seeding stocks up to day 3
indicated reliability of the growth curve. The standard deviation reported for each triplicate
is lower for day 1 and day 3 counts than for day 4 counts, where the absolute cell counts are
visibly different between triplicates (Figure 3.25). For the GHOST GFP assay, enough time
should be allowed for (i) HIV-infected cells to produce GFP, while (ii) maintaining
reproducibility based on growth curves. For this reason, the latest time point where absolute

counts were reliable (day 3 post-seeding) was used for GFP detection in the GHOST GFP assay.
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Table 3.13: GHOST cell proliferation assayed in triplicate at three time points for two
stocks of GHOST cells.

DAY ID Cells/well Average count Standard deviation
A R1 222 333.64

DAY 1 A_R2 197 170.46 218 884.82 20 221.84
A R3 237 150.34
A_R1 630 890.97

DAY 3 A_R2 910 010.55 815 671.77 160 036.7
A_R3 906 113.80
A_R1 808 543.99

DAY 4 A _R2 1012 043.90 828 221.82 174 815.8
A_R3 664 077.56
B_R1 248 382.76

DAY 1 B_R2 251 736.89 249792.49 1739.82
B_R3 249 257.81
B_R1 788 995.97

DAY 3 B_R2 724 352.04 803 153.50 8675.02
B_R3 896 112.48
B_R1 893 374.37

DAY 4 B_R2 873 234.67 972 687.37 155142.8
B_R3 1151 453.08

*R1, R2, and R3 are triplicate wells assayed assayed individually at each time point.
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Figure 3.25: GHOST cell growth curves for GFP assay optimisation showing average cell
counts of triplicate wells for two stocks (A and B) of GHOST cells assayed at three time

points.

3.6.6 GHOST green fluorescent protein assay —

method

Functional titration of HIV using the GHOST GFP asssay was achieved by making serial
dilutions of viral preparations and exposing HIV-susceptible CD4"&" GHOST cells to the various
viral suspension dilutions (Figure 3.26). Infectious titre was determined by relating the
number of infected GHOST cells expressing GFP across dilutions, to the dilution factor. As the
limiting dilution is approached, the accuracy of titration is improved as viral particles rather
than cell number become the limiting factor. Both primary isolates of HIV-1C and molecular

clones of HIV-1B were titrated using the GHOST GFP assay.
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Figure 3.26: Functional titration of HIV on GHOST cells by limiting dilution, based on GFP
expression in HIV-infected GHOST cells. (A) Functional titration of HIV by exposing a
known number of GHOST cells to known dilutions of virus (dilution 1 being the least dilute
and dilution 4 being the most dilute. HIV-infected cells are detected by the expression of
GFP (green cells), detectable 48 hr post-infection. (B) Transcription of the HIV-2 LTR-
driven GFP transgene in GHOST cells, activated by the binding of Tat from infecting HIV-1
to the HIV-2 LTR, resulting in the expression of GFP in HIV-infected cells.
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3.6.6.1 Preparation of CD4"9" GHOST cells for infection

CD4hieh GHOST cells were thawed, cultured to confluence for one passage, and enzymatically
or non-enzymatically dissociated as described in 3.6.2 Cell culture and maintenance. Cells
were enumerated as described in 3.6.3.3 Enumeration and 3.6.3.5 GHOST cell gating
strategies. The GHOST GFP assay was performed in 12-well plates (Greiner Bio-One, Austria)
at a seeding density of 1.5x10° cells per well in 1 mL complete DMEM. Seeded CD4"&" GHOST
cells were allowed to attach for 24 hr prior to infection. The plate layout for the GHOST GFP

assay is indicated in Figure 3.27.
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Figure 3.27: GHOST GFP assay plate layout. Dilutions of HIV to be added to each well are
indicated in the wells. Empty wells contained 1 mL PBS. R1-3 represent technical replicates.

3.6.6.2 Day 1 count and infection

3.6.6.2.1 Day 1 count

The absolute counts of three wells seeded for the GHOST GFP assay (“Count” wells; Figure
3.27) were determined on day 1 of the GHOST GFP assay (day of infection). The cells in the
“Count” wells were dissociated by aspirating the culture medium, rinsing the wells with
500 pL PBS, aspirating the PBS, and dissociated with 200 pL trypsin per well as described in

3.6.2.2.1 Enzymatic dissociation. Dissociated cells were pelleted by centrifugation at 300 x g
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for 10 min, and the pellet was resuspended in 100 uL PBS for enumeration as described in

3.6.3.3 Enumeration and 3.6.3.5 GHOST cell gating strategies.

3.6.6.2.2 Infection

After day 1 counts were done, infections were performed overnight in the presence of
Polybrene® (Sigma Aldrich, USA). Polybrene® is a branched cationic polymer which is used as
an infection- or transduction-enhancing reagent*8. The mechanism of action is two-fold, the
first being charge-shielding on the target cell membrane, and the second being aggregation
of virus particles, facilitating their sedimentation*’. Multiple branches of positive charges
allow Polybrene® to interact with the net negative charge on the plasma membrane of cells,
resulting in regions of reduced negative charge. These islands of reduced negative charge
facilitate the adsorption of negatively charged virus particles to the plasma membrane
because of reduced like-charge repulsion between viral particles and the cell plasma
membrane. This adsorption improves access to cell-surface receptors required for receptor-
mediated virus entry*’. High molecular weight branched cationic polymers such as
Polybrene® serve as sedimentation agents by interacting with negatively charged virus and
forming virus/Polybrene® aggregates with sufficient molecular weight to sink down towards
cells in suspension, which sink to the bottom of culture ware over time*’. This critically
reduces the distance between virus and cells, which would otherwise be separated by volume
due increased sedimentation of larger, heavier cells compared to much smaller, lighter virus.
The use of Polybrene® as a sedimentation agent eliminates the requirement for spinoculation

(centrifugation to bring cells closer to virus) or agitation during infection?’.

Infections were conducted in triplicate using HIV cell-free supernatant (HIV CFS), of which 1/4
serial dilutions were prepared in 15 mL centrifuge tubes. Serial dilutions ranged from neat
(undiluted) virus to 1/256 dilutions (Figure 3.27). An HIV-unexposed control was also included
in triplicate (“Cntrl” wells, Figure 3.27). The preparation of serial dilutions is summarised in
Figure 3.28. To perform infections, medium was aspirated from GHOST GFP assay wells and
replaced with the appropriate volume of HIV serial dilution as described below. Cells were
incubated with the indicated volumes of HIV dilutions for 2 hr at 37°C, 5% CO; before topping

the volume up to a final volume of 1 mL with complete DMEM.
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The production protocols for HIV-1B molecular clones and HIV-1C primary HIV isolates
differed (Chapter 4 Human immunodeficiency virus production). HIV-1B isolates were
harvested in 8 mL batches of CFS, whereas HIV-1C isolates were harvested in 20-60 mL
batches of CFS. In order to maximise smaller harvests, HIV-1B was titrated in half the volume
compared to HIV-1C, reflected in Figure 3.28. Polybrene® concentrations were therefore
halved in HIV-1B titrations, as half the sedimentation effect was required due to the initial
infection volume being halved. Infections were performed in the presence of 20 pg/mL
Polybrene® for 2 hr, and reduced to 5 ug/mL for HIV-1B and 10 pg/mL for HIV-1C isolates
respectively, when the medium was topped up to 1 mL. Furthermore, dilutions for HIV-1B and
HIV-1C GHOST GFP assays were performed in DMEM and RPMI, respectively. This was
because HIV-1B molecular clones were harvested from cells grown in DMEM, and HIV-1C

primary isolated were harvested from cells grown in RPMI.

At 24 hr post-infection, HIV-containing supernatants were aspirated from wells and replaced
with 1 mL complete DMEM. Due to the susceptibility of GHOST cells to HIV, 24 hr is the
recommended exposure time for virus entry to occur®®. Remaining non-infectious viral
particles were removed after 24 hr as they may still contain Tat which can penetrate cells

without infection and cause GFP expression in uninfected GHOST cells*°.
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Dilution series:

Tube 1 Tube 2 Tube 3 Tube 4 Tube 5 Tube &
Dilufion factor Neat 1/4 1/16 1/64 1/256 Cnfrl
1875uL/ 1875uL/ 1875uL/ 1875uL/ 2500uL/
Volume medium
937.5uL 937.5pL 937.5uL 937.5uL 1250puL
2500uL/
Starting volume HIV
1250puL
625uL/ 625uL/ 625uL/ 625uL/
Volume HIV fransferred
312.5uL 312.5uL 312.5uL 312.5uL
1875uL/ 1875uL/ 1875uL/ 1875uL/ 2500puL/ 2500uL/
Final volume
937.5uL 937.5uL 937.5uL 937.5uL 1250uL 1250uL
stock) 0.94uL 0.94puL 0.94puL 0.94uL 1.25uL 1.25uL
500pL/ 500uL/ 500uL/ 500uL/ 500uL/ 500uL/
Volume per well (x3)
250uL 250uL 250uL 250uL 250uL 250uL

Figure 3.28: lllustration of the preparation of dilution series employed for the GHOST GFP
assay. Blue values indicate volumes used for HIV-1C primary HIV-1 isolate titrations, and
green values indicate volumes used for HIV-1B molecular clone titrations. Dilution series
were prepared by adding medium to each tube (2-6) as indicated, then adding the starting
volume of HIV to tube 1, and transferring the volumes of HIV indicated from tube 1 to tube
5 (illustrated by the dilution series tube transfer diagram). Polybrene® was added to a
concentration of 20 ug/mL, and the volumes of each dilution (last row) were dispensed into
the corresponding wells illustrated in Figure 3.27.

3.6.6.3 Green fluorescent protein detection

GFP expression in HIV-exposed GHOST cells was analysed on day 3 of the GHOST GFP assay
(48 hr post-infection). Culture medium (supernatant) was collected into separate, labelled
2 mL microcentrifuge tubes (Eppendorf, Germany). Cells were dissociated enzymatically as
described in 3.6.2.2.1 Enzymatic dissociation and 3.6.6.2.1 Day 1 count and pooled with their

corresponding supernatants. Each well was rinsed with 400 pL PBS to collect any remaining
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dissociated cells, which was pooled with the matching cell suspension. Cells were pelleted by
centrifugation at 300 x g for 10 min. The supernatants were aspirated, and the cells were fixed
by resuspending each pellet in 300 puL of 0.22 um sterile-filtered intracellular (IC) fixation
buffer (fixation buffer; ThermoFisher Scientific, USA). Cell suspensions were fixed by

incubation for 10 min at 4°C, as per manufacturer’s instructions.

Fixation buffer contains formaldehyde which penetrates cells and cross-links proteins, which
preserves proteins from degradation over time and preserves protein localisation at the time
of fixation% >, Cells were fixed prior to analysing to (i) preserve GFP present in cells at the
time of fixation, and (ii) render any possible HIV particles non-infectious due to the cross-
linking of envelope proteins required for infection. After incubation, the fixation butter was
removed by adding 1 mL PBS to each tube, followed by centrifugation at 300 x g for 10 min.
The supernatants were aspirated, and cells were resuspended in 400 uL PBS per tube before
transferring the cell suspensions to correspondingly-labelled flow cytometry tubes (Beckman
Coulter, USA). Fixed GHOST cells were evaluated for GFP expression by flow cytometry as

described in 3.6.3.5.2 Gating strategy.

3.6.7 Results, calculations, and statistical

considerations

3.6.7.1 Flow cytometry

The gating strategy used for counts and GFP analysis was described in 3.6.3.5 GHOST cell

gating strategies (Figure 3.15).

3.6.7.2 Statistical considerations

Percentage GFP* GHOST cells were averaged over triplicates for each dilution, excluding data
points which caused the standard deviation to be greater than 10% of the mean. Means per
triplicate were related to titre for each dilution by Equation 3.2. An average titre, measured
in infectious units (IU) per unit volume of HIV CFS, was calculated using three consecutive

dilution means where the calculated IU/mL fall within the same log value. The day 1 count

137



calculations (described in 3.6.6.2.1 Day 1 count) are summarised in Table 3.14. A breakdown
of the IU/mL spreadsheet calculation is shown in Table 3.15, and an example of IU/mL

determination of HIV-1C isolate SW7-010818 is shown in Table 3.16.

Equation 3.2: Infectious titre calculation using the GHOST GFP assay. IU refers to
infectious units of virus.

1IU  cells 9 %GFP positivity
mL ~ mL 100

X dilution factor
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Table 3.14: Calculations used to obtain Day 1 absolute counts of HIV-unexposed GHOST cells. GHOST count, number of beads, and
calibration factor were obtained as described in 3.6.3.5 GHOST cell gating strategies (Figure 3.15). Absolute counts were calculated
according to Equation 3.1 as described in 3.6.3.3.2 General enumeration.

Absolute

Mean

Number of Calibration . Standard %
GHOST count Cells/pL | Suspension cell absolute L.
beads factor deviation Standard
ID volume count count o
(A] (D] (ul) deviation
[B] [C] [G] of mean
[E] [F]
Events in ] Number of
Day 1 Events in Cal A
GHOST cell . beadsperpulL | (=) xC 100 D x 100
CountR1 . region B
region Flow-Count™
Dav 1 Eventsin Events in Cal Number of p £ c
a vents in Ca
y GHOST cell i beadsperuL | (=) xC 100 D x 100 M —x 100
Count R2 . region B n F
region Flow-Count™
Eventsin . Number of
Day 1 Events in Cal A
GHOST cell i beadsperpulL | (=) xC 100 D x 100
Count R3 . region B
region Flow-Count™

*R1, R2, and R3 refer to three technical repeats; n refers to the number of technical repeats used in calculations.
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Table 3.15: Breakdown of calculations performed on Day 3 to obtain IU/mL (derived from Equation 3.2) from functional titration in the

GHOST GFP assay.

%GFP/100 Mean Normalised Dilution U U/mL
ID ° mean factor Mean 1U/mL
[a] [b] [c] [d] [e] [f]
Day 3 Control/Dilution
QaRr1
R1 o Average of two to three
Dilution . I .
Day 3 Control/Dilution Xla] factor (1, 4 F X consecutive dilutions (if
Yy HUTI a R1.R2.R3 C Bt C . . .
a - s bl —[b exXv ossible) yielding an IU/ mL
R2 R2 n [ ] [ ]control 16, 64, or % d p e )y g /
within one Log of each
256)
Day 3 Control/Dilution other.
QRs3

R3

* v refers to the proportion of 1 mL in which the initial 2 hr infection was performed; V.18 = 1000 pL / 250 pL = 4; vyy-1c = 1000 pL / 500 pL = 2. n indicates
the number of technical repeats used to calculate the mean. F refers to the mean absolute count of GHOST cells exposed to HIV (Table 3.14).
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Table 3.16: Example of an IU/mL calculation with real data obtained for the GHOST GFP assay of HIV-1C primary isolate SW7_010818. The
green block indicates the mean day 1 cell count used in further calculations, pink blocks indicate the three closest IU/mL values used to
calculate the average, and blue blocks indicate values excluded from further calculations.

PART 1: Day 1 Count

GHOST count Cal Cal factor Cells/uL ul Abs count Mean Stdev
Day 1 count R1 10178 7085 1014 1456.67 100 145667
Day 1 count R2 10058 5734 1014 1778.66 100 177866 179398.56 2167.97
Day 1 count R3 9978 5592 1014 1809.32 100 180932
PART 2: Day 3 GFP Assay
%GFP %f::/ Mean Normalised mean | Stdev (norm) | Dilution factor 5(I)L(j){,|_ IU/mL

Day 3 control R1 0.13 0.0013
Day 3 control R2 0.08 0.0008 0 0 0 0.00 0 0
Day 3 control R3 0.13 0.0013

Day 3 neatR1 52.96 0.5296

Day 3 neat R2 54.28 0.5428 0.54438 0.54 0.02 1 97742.32 | 195484.63

Day 3 neat R3 56.21 0.5621

Day 31/4R1 36.83 0.3683

Day 31/4R2 32.24 0.3224 0.3503 0.35 0.02 4 251349.34 | 502698.68

Day 3 1/4R3 36.01 0.3601
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Day 31/16R1 6.84 0.0684
Day 31/16 R2 7.06 0.0706 0.0727 0.07 0.01 16 208580.73 417161.45
Day 31/16 R3 7.90 0.0790
Day 31/64 R1 1.94 0.0194
Day 3 1/64 R2 2.06 0.0206 0.0215 0.02 0.00 64 246852.42 493704.84
Day 3 1/64 R3 2.45 0.0245
Day 3 1/256 R1 0.75 0.0075
Day 3 1/256 R2 0.71 0.0075 0.0071 0.01 0.00 256 324543.95 649087.91
Day 3 1/256 R3 0.66 0.0066
Part 3: lU/mL
Mean IU/mL Stdev IU/mL
4.71x10° 4.7x10%

*R1, R2, and R3 refer to three technical repeats; Stdev refers to standard deviation.

*Day 1 count R1 was excluded from further calculations due to unacceptable deviation from the mean, which could have resulted from (i) human error during

seeding, or (ii) unstable fluidics of the flow cytometer during sample analysis which was not corrected in time.
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3.7 Summary
HIV detection for experimental purposes was achieved by optimising direct detection

methods (PCR and p24 ELISA). An indirect detection method was instituted and optimised for

the functional titration of HIV produced for experimental purposes (GHOST GFP assay).
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Chapter 4 Human immunodeficiency virus

production

4.1 Introduction

HIV is a ssRNA virus, which requires reverse transcription to a dsDNA proviral genome prior
to integration into the host cell genome for propagation! (Figure 2.5). Transcription and
translation of HIV proteins facilitated by host cell mechanisms results in the production and

packaging of HIV in transcriptionally active cells? 3.

To produce HIV, the in vivo replication cycle is exploited in a cell culture setting by exposing
activated, susceptible cells to infected cells or infectious virus preparation. Virus production
leads to host cell lysis due to budding of a critical mass of virions leaving the host cell unable
to repair its cell membrane3. The depleted host cell population is then replaced with fresh
activated susceptible cells at strategic intervals to ensure continued virus production.
Released virus is harvested in cell culture supernatant®. PBMCs are often used as host cells to

propagate HIV*.

An alternative strategy to produce HIV is to clone the relatively small HIV proviral genome
(approximately 9 kb) into a plasmid which is replicated in bacteria and transferred to
mammalian cells by transfection®. Successfully transfected cells produce virus from plasmid-
encoded HIV proviral genomes without the requirement of reverse transcription or
integration into the host genome®. Replication-competent HIV is then harvested in
transfected cell supernatant. Figure 4.1 outlines primary virus and molecular clone production

strategies.
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Figure 4.1: Outlines of strategies for the production of primary virus (propagation in PBMCs,
pink) and molecular clones (molecular clone production, purple). Functional titration of
virus produced by both strategies is described in 3.6.6 GHOST green fluorescent protein
assay — method.

4.1.1 Virus used for experimental purposes

Three tropisms of HIV-1 (X4-tropic, R5-tropic, and R5X4-tropic) of two subtypes (HIV-1B and

HIV-1C) were produced as outlined in Figure 4.1 for experimental purposes.
4.1.1.1 Primary human immunodeficiency virus-1C isolates

The following primary isolates of HIV-1C (Table 4.1) were propagated in
phytohaemagglutinin-P (PHA-P)-activated PBMCs according to the Montefiori Laboratory
protocol entitled “Protocol for HIV-1 Isolation by PBMC Co-culture”?, which was modified to

increase yield and decrease production time (4.4 Propagation of HIV in ). Primary isolates of

149



HIV-1C were kindly provided by Professor Lynn Morris from the National Institute for

Communicable Disease (NICD).

Table 4.1: Details of HIV-1C primary isolates produced in PBMCs.

HIV-1C Isolate Accession numbers Tropism Primary reference
cm1’ AY505003 R5 Cilliers et al. (2003)
Ccm9’ AF411967 R5X4 Cilliers et al. (2003)
Sw7’ AF411966 X4 Cilliers et al. (2003)

Du422F8 AY043175.1 R5 Williamson et al. (2003)
Du1562 AY529660 R5 Williamson et al. (2003)
Du1238 AF544007 R5 Williamson et al. (2003)
coT1°® DQ235624 R5 Choge et al. (2006)

4.1.1.2 Human immunodeficiency virus-1B molecular clones

Molecular clones of HIV-1B (Table 4.2) were produced by transformation into E.col,
transfection of HEK293T cells, and harvested in cell culture supernatant. Plasmids were kindly
donated by Professor Roberto Speck (University Hospital Zurich, Switzerland), originally

obtained from the NIH AIDS Reagents Program.

Molecular clones of HIV are replication-competent HIV-moieties which have been cloned into
plasmids capable of containing full-length HIV genomes. These plasmids encode the proviral
(DNA) genome of HIV and are used to generate large amounts of clonally identical infectious
HIV virions when transfected into a suitable cell line for packaging®. Plasmid-based production
reduces the proportion of non-infectious, or replication-incompetent viral quasispecies
present in PBMC-propagated stocks by bypassing the error-prone reverse transcription and

integration steps in the life cycle of primary HIV isolates °.
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Table 4.2: Details of HIV-1B molecular clones produced in this study.

Yu2 NL4-3 JRCSF 89.6
Plasmid
pYu-2 pNL4-3 pYK-JRCSF p89.6
name
HIV
. R5 X4 R5 R5X4
tropism
Plasmid
pTZ19R pUC18 pBRN/B pUC19
vector
Plasmid
. ~12 000 14 825 14 607 12 214
size (bp)
Antibiotic I i I I
] Ampicillin Ampicillin Ampicillin Ampicillin
resistance
Accession
M93258 AF324493 M38429 U39362
number
NIH AIDS Reagent NIH AIDS Reagent
o NIH AIDS Reagent o NIH AIDS Reagent
Program, Division e Program, Division o
Program, Division Program, Division
of AIDS, NIAID, of AIDS, NIAID,
NIH of AIDS, NIAID, ) of AIDS, NIAID,
NIH, from Dr. NIH, from Dr. Irvin
reference . NIH, from Dr. NIH, from Ronald
Beatrice Hahn and ) SY Chen and Dr.
Malcolm Martin . . G. Collman, MD
Dr. George Shaw Yoshio Koyanagi
(cat# 114). (cat# 3552).

(cat# 1350).

(cat# 2708).
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4.2 Ethical considerations

Donors consented to donate 250 mL peripheral blood collected into a sterile 450 mL blood
bag (Jiaxing Tianhe Pharmaceutical Co. Ltd, China) containing 60 mL CPD as an anticoagulant.
Donor HIV-negative status was confirmed by testing an aliquot of donated whole blood on
the GeneXpert® platform using Xpert® HIV-1 Qual cartridges before the isolated cells were
used (described in 3.3 Donor testing). Ethical approval for consenting donors and collecting
blood at the CRU was granted by the Faculty of Health Sciences Research Ethics Committee

at the University of Pretoria under protocol number 204/2016.

4.3 Molecular clone production

4.3.1 Overview

Molecular clones of HIV-1B were obtained from Professor Speck’s laboratory in the form of
plasmid dry spots on blotting paper. Plasmids were recovered by cutting the dry spots out of
the blotting paper using a new razor blade for each spot. One spot per plasmid was cut up
into small pieces and transferred to a sterile 1.5 mL microcentrifuge tube and immersed in
100 pL molecular grade nuclease-free water overnight at room temperature. Recovered

plasmids were stored at -20°C until use.

Plasmids were transformed into MAX Efficiency™ Stbl2™ E.coli competent cells (Stbl2™;
ThermoFisher Scientific, USA), and transfected into HEK293T cells donated by Dr Iman van
den Bout’s laboratory (Centre for Neuroendocrinology, Department of Physiology, University
of Pretoria). Packaged, infectious virus was harvested from transfected HEK293T cells.
Protocols for transformation and transfection were supplied by Mrs Erika Schlapfer
(University Hospital Zurich, Switzerland) during a research visit to Zurich, and modified to suit
available equipment. Troubleshooting and optimisation of molecular clone production is

explained in 4.3.6 Molecular clone production optimisation.
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4.3.2 Transformation

4.3.2.1 Introduction

Stbl2™ are competent bacterial cells (capable of taking up foreign plasmid DNA), which have
been modified to clone unstable genomes containing frequent single-bp or short sequence
repeats!?, such as lentiviral sequences. Bacteria contain recombinase enzymes which result
in homologous recombination of plasmid sequences during replication. Homologous
recombination results in repeat sequences of plasmids being joined together, as a
consequence of the separating sequences being cut out. This is deleterious to the insert of
interest, which is why recombinase modifications such as the recA loss-of-function mutation

of StbI2™ are useful for cloning notoriously unstable retroviral genomes?!! such as HIV.

Transformed StbI2™ (containing HIV-1-B-encoding plasmids) were selected by ampicillin
resistance. StbI2™ which did not take up plasmid would not be able to grow in the presence
of ampicillin, but successfully transformed Stbl2™ would. Transformation was performed to
produce large quantities of HIV-1B encoding plasmid, which were used to produce infectious

HIV-1B in transfected HEK293T cells.

4.3.2.2 Medium preparation

Stbl2™ were cultured in both liquid and agar forms of Luria-Bertani (LB) medium. LB medium
was prepared by dissolving 10 g tryptone (Neogen, USA), 5 g yeast extract (Neogen, USA), and
10 g NaCl (Sigma-Aldrich, USA) in 1 L distilled water. LB agar was prepared by adding 15 g agar
(Thermo Fisher Scientific, USA) per litre LB medium. Both LB medium and LB agar were

sterilised by autoclaving, which also activated the polymerisation activity of the agar.

When cool to the touch, sterile LB agar and LB medium used for selecting transformants was
supplemented with 100 pug/mL ampicillin (Sigma-Aldrich, USA). LB agar plates were prepared
by pouring 12-15 mL LB agar into 15 mm bacterial culture plates (Lasec, South Africa) while

still warm enough to pour, and allowed to set overnight. LB agar plates were stored inverted
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at 4°C until use. LB plates and medium were used within seven days of antibiotic

supplementation.

4.3.2.3 Method

Stbl2™ were provided as frozen competent cell stocks which had to be transformed upon
thawing otherwise competence would have been lost. Transformation of Stbl12™ with HIV-1B-
encoding plasmids (Table 4.2) was performed according to manufacturer’s instructions.

Transformation reactions were set up on ice in pre-cooled 1.5 mL microcentrifuge tubes.

Transformation reactions were prepared by dispensing 50 pg of pUC19 control plasmid
(transformation control; supplied with Stbl2™), or 10 ng of HIV-1B plasmid, or 5 uL of
molecular grade distilled water (untransformed control) to 30 uL aliquots of Stbl2™
competent cells thawed on ice. Transformation reactions were mixed by gently tapping the
bottom of the microcentrifuge tubes to avoid mechanical shearing of plasmid DNA which can
occur with more vigorous mixing. After mixing, transformation reactions were incubated on

ice for 30 min to allow plasmids to associate with Stbl2™ competent cells.

To encourage StbI2™ uptake of the plasmid in each transformation reaction, transformation
reactions were heat-shocked for 25s in a water bath pre-heated to 42°C. Heat shock
facilitates plasmid uptake by competent cells by increasing bacterial membrane fluidity which
results in “gaps” between membrane lipids. These gaps reduce the cell membrane potential,
allowing plasmid DNA to approach (due to reduced electrostatic repulsion) and cross (due to
spaced between lipids) competent cell membranes!?. After heat-shock, transformation
reactions were incubated on ice for 2min to increase the retention of plasmid.
Transformation reactions were then transferred to 15 mL centrifuge tubes containing 400 plL
super optimal broth with catabolite repression (SOC) medium (supplied with Stbl2™) pre-
warmed to 30°C. The addition of SOC medium has been reported to improve transformation
efficiency®3. The transformation reaction cultures were then incubated overnight in a Labtech
LSI-3016A shaking incubator (Delta Systech, Romania) at 300 rpm, 30°C, with tube lids loosely
screwed on to allow gaseous exchange. Overnight cultures were stored at 4°C until plasmid

DNA was successfully extracted.
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4.3.2.4 Transformant selection and culture

4.3.2.4.1 Selecting transformants

Transformed StbI2™ were selected by growing 1:10 and 1:50 dilutions of overnight cultures
(prepared in afinal volume of 100 uL LB medium) on LB agar. Dilutions were plated on LB agar
plates supplemented with ampicillin (prepared as described in 4.3.2.2 Medium preparation)
by pipetting the 100 pL of overnight culture dilutions onto the centre of the agar and
spreading using a flamed glass hockey stick. Glass hockey sticks were sterilised by dipping in
70% ethanol and passing through the flame of a bunsen burner before, between, and after
uses, and cooled by pressing into the agar at the edge of the LB plate before spreading

bacteria. LB agar transformation cultures were incubated inverted overnight at 30°C.

Success of transformations was determined by (i) the untransformed control (water) failing
to grow on ampicillin-supplemented LB agar overnight, and (ii) the transformation control
(pUC19) and transformations (HIV-1B-encoding plasmids) producing bacterial colonies on
ampicillin-supplemented LB agar overnight. If lawns of growth rather than single colonies
were produced by both plated dilutions of overnight transformation culture (1:10 and 1:50),
then overnight cultures were further diluted to 1:100 and 1:1000. These dilutions were also
prepared in a final volume of 100 pyL LB medium, plated on LB agar supplemented with

ampicillin, and incubated inverted overnight at 30°C as before.

When single colonies were obtained by dilution and plating on LB agar supplemented with
ampicillin, colonies were picked to inoculate starter cultures. At least one plate with good
resolution of colonies per transformation was stored inverted at 4°C in the event that
sufficient material was not picked for inoculation. Two colonies per plate were picked using
sterile pipette tips, and dropped into 10 mL LB medium supplemented with ampicillin in 50
mL centrifuge tubes. Starter cultures were incubated with shaking at 300 rpm, 30°C, with the
centrifuge tube lids loosely screwed on to allow gaseous exchange. Turbidity (cloudiness) of
overnight starter cultures within 30 hr of inoculation was used as a measure of successful

inoculation. Cultures which had not grown by this time were terminated using bleach.
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Plasmid DNA was extracted from a small volume of starter cultures (described in

4.3.3.1 NucleoSpin® Plasmid Miniprep plasmid DNA extraction) for troubleshooting purposes.

4.3.2.4.2 Transformant culture

Starter cultures were used to inoculate large-volume cultures by adding 1 mL of starter
culture to 200-500 mL sterile LB medium supplemented with ampicillin in 500 mL or 1 L glass
Erlenmeyer flasks pre-autoclaved with foil strips to seal the mouths. The remaining volume
of starter cultures was stored at 4°C until the success of large-volume cultures was confirmed
by turbidity (as for starter cultures). Cultures were incubated overnight for a maximum of
30 hr with shaking at 300rpm, at 30°C prior to plasmid extraction (described in
4.3.3.2 NucleoBond® Xtra Maxi EF plasmid DNA extraction).

4.3.2.4.3 Transformed Stbl2™ cryopreservation

Succesfully transformed Stbl2™ from large-volume cultures were cryopreserved for future
plasmid productions. Glycerol was used as a cryoprotectant for bacterial stocks, as freezing
cells in glycerol results in a “softer” frozen product!* from which small pieces can be easily
scraped rather than thawing the whole cryovial. Pure glycerol (Sigma-Aldrich, USA) was
diluted to 80% in distilled water, autoclaved to sterilise, and allowed to cool to room
temperature before use. Glycerol stocks were prepared by aliquoting 750 pL large-volume
cultures into 1.5 mL cryovials, and adding 750 uL 80% glycerol to a final concentration of 40%
glycerol. Glycerol stocks of transformed StbI2™ were stored at -80°C until required. When
needed, a small volume of still-frozen glycerol stock of the required transformant was scraped

into 5 mL pre-warmed LB broth supplemented with ampicillin using a sterile 1 mL pipette tip.
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4.3.3 Plasmid DNA extraction

4.3.3.1 NucleoSpin® Plasmid Miniprep plasmid DNA extraction

Plasmid DNA was extracted from starter cultures using the NucleoSpin® Plasmid DNA
Miniprep plasmid extraction kit (NucleoSpin®; Macherey-Nagel, USA) according to the

manufacturer’s instructions.

4.3.3.1.1 Reagent preparation

Prior to first use

Wash Buffer A4 was prepared by adding 48 mL absolute ethanol (Sigma-Aldrich, USA) to the
concentrated A4 buffer supplied in the kit. RNAse A (provided with the kit) was reconstituted
in 1 mL Buffer A1, mixed by vortex, and transferred back to the Buffer Al bottle before mixing

thoroughly. Buffer Al containing RNase A was stored at 4°C until use.

4.3.3.1.2 NucleoSpin® plasmid DNA extraction procedure

Bacterial cells were collected by sequential centrifugation from up to 5 mL of starter cultures.
This was performed by adding 1 mL bacterial culture to a 1.5 mL microcentrifuge tube and
centrifuging at 11 000 x g for 30 s and removing as much supernant as possible, before adding
another 1 mL of culture and repeating the centrifugation step. Bacterial cell pellets were
resuspended in 250 pL Buffer Al (containing RNase A) and mixing by vortex until no clumps
remained. Cells were then lysed by adding 250 uL Buffer A2, containing sodium dodecyl
sulphate (SDS) which disrupts cell membranes, and LyseControl, which measures
neutralisation of alkalinity caused by Buffer A2. The lysis mixtures were mixed by gentle
inversion and incubated for 5 min at room temperature. To neutralise the alkaline pH caused
by Buffer A2 (alkaline lysis), 300 uL Buffer A3 was added. Neutralisation was measured by
LyseControl changing from blue (alkaline pH) to colourless (neutral pH), to prevent damage

to plasmid DNA.
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Following the addition of Buffer A3, cell lysates were mixed by gentle inversion to ensure
complete neutralisation. Incomplete neutralisation could result in incomplete protein
precipitation, which would contaminate the plasmid DNA extract. Completely neutralised cell
lysates were clarified by centrifugation at 11 000 x g for 5 min, which was repeated if the
lysate was not completely clear. A maximum of 750 uL of clarified lysate was removed at a
time and applied to NucleoSpin® plasmid columns assembled in 2 mL collection tubes. The
column-collection tube assembly was centrifuged at 11 000 x g for 1 min and the flow-
through discarded before applying the remaining clarified lysate to the column and repeating

the centrifugation step.

Plasmid DNA bound to the silica membrane of NucleoSpin® columns was washed by applying
500 pL Buffer AW to the column and centrifuging at 11 000 x g for 1 min. The membrane was
then washed with 600 pL Buffer A4, containing ethanol, and centrifuged at 11 000 x g for
1 min. The flow-through was discarded and the columns placed back into empty collection
tubes. Residual buffers were removed by centrifuging the column-collection tube assemblies
at 11 000 x g for 2 min. Plasmid DNA was eluted into sterile 1.5 mL microcentrifuge tubes by
transferring the columns to microcentrifuge tubes before adding 50 uL Buffer AE and
incubating at room temperature with the column lid closed for 1 min. Elution was achieved
by centrifation at 11 000 x g for 1 min. Plasmid DNA was quantified by NanoDrop® as
described in 3.5.3.4.3 Nucleic acid quantification by NanoDrop®) (Table 4.3) and stored at -

20°C until required.
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Table 4.3: NucleoSpin® plasmid DNA extraction concentrations, protein purity (Az2s0/A2s0
ratio), and salt purity (Azs0/A230 ratio).

Sample ID DNA concentration Az60/Azs0 ratio Az60/A230 ratio
(ng/uL)

pYu2 (1) 282.73 1.85 2.22
pYu2 (2) 287.24 1.85 2.25
pNL4-3 (1) 382.55 1.85 2.25
pNL4-3 (2) 330.44 1.85 2.28
pYK-JRCSF (1) 146.06 1.85 2.19
pYK-JRCSF (2) 125.40 1.84 2.24
p89.6 (1) 93.57 1.82 1.73
p89.6 (2) 94.23 1.83 1.97

*Two plasmid extractions ((1) and (2)) were performed for each transformation reaction to ensure
that sufficient plasmid DNA was obtained for storage purposes.

4.3.3.2 NucleoBond® Xtra Maxi EF plasmid DNA extraction

Plasmid DNA was extracted from large-volume cultures using the NucleoBond® Xtra Maxi EF
Plasmid DNA Miniprep plasmid extraction kit (NucleoBond®; Macherey-Nagel, USA) according
to the manufacturer’s instructions. This kit was used to isolate and purify large quantities of
endotoxin-free (EF) plasmid from large-volume cultures. Endotoxins are produced by bacteria
such as E.coli and are toxic to mammalian cells used in downstream transfection and infection

experiments?®.

4.3.3.2.1 Reagent preparation

Prior to first use

Endotoxin-free 70% ethanol was prepared by adding 80 mL absolute ethanol to endotoxin-

free water supplied with the kit. RNase A (provided with the kit) was reconstituted in Buffer
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RES-EF to a final concentration of 60 pug/mL. Buffer RES-EF containing RNase A was stored at

4°C until use.

Prior to each use

Buffer LYS-EF was examined for SDS precipitation (white precipitate) before each use. If SDS
precipitation had occurred, Buffer LYS-EF was warmed to 37°C and stirred until SDS had

dissolved.

4.3.3.2.2 NucleoBond® plasmid DNA extraction procedure

Cells from large-volume cultures were pelleted in 50 mL centrifuge tubes by sequential
centrifugation at 5000 x g for 10 min at 4°C and the supernatant carefully discarded. Another
50 mL of the large-volume culture was added to the pellet and centrifuged as before. The
supernatant was removed and the process was repeated until all the bacteria from the large-

volume cultures were pelleted.

Bacterial pellets were thoroughly resuspended in 12 mL Buffer RES-EF (containing RNase A)
and vortexed until no clumps remained. Cells were alkaline-lysed by adding 12 mL Buffer
LYS-EF (blue, containing LyseControl) and gently mixed by inversion to avoid DNA shearing
and resulting contamination of plasmid DNA with genomic DNA. The blue cell lysis suspension
was incubated at room temperature for no more than 5 min. During this time, Nucleobond®
Xtra Columns were assembled by inserting the filter into the column and placing the column
on a waste collection tube, and equilibrated. Equilibration was achieved by applying 35 mL of
Buffer EQU-EF in 10-15 mL relays slowly to the funnel-shaped rim of the filter ensuring that

the entire filter was wet. The column was allowed to empty by gravity flow.

After the lysis suspension had been incubated for 5 min, 12 mL Buffer NEU-EF was added to
each tube and mixed by gentle inversion to neutralise the lysis solution. The suspensions
were considered to be neutralised when no traces of blue remained. Crude lysates were then
incubated on ice for 5 min to increase protein precipitate. Lysates were homogenised by
gentle inversion and clarified by centrifugation at 5000 x g for 10 min. The clear liquid lysate

containing plasmid DNA was carefully aspirated and applied to equilibrated NucleoBond®
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columns. The filter and column were washed with 10 mL Buffer FIL-EF by applying Buffer FIL-
EF to the filter rim (as for equilibration). The filters were removed and discarded, and the silica
membrane of the column washed once with 90 mL Buffer ENDO-EF and allowed to empty by
gravity. This was followed by washing once with 45 mL Buffer WASH-EF and allowing the

column to empty by gravity flow.

Plasmid DNA was eluted into 50 mL centrifuge tubes by applying 15 mL Buffer ELU-EF to the
column membranes and allowing them to empty by gravity flow. To precipitate plasmid DNA,
10.5 mLisopropanol (Sigma-Aldrich, USA) at room temperature was added to each tube and
vortexed to mix. Precipitated plasmid DNA was collected by centrifugation at 5000 x g for
30 min at 4°C, carefully aspirating the supernatant, and washing each pellet in 5 mL
endotoxin-free 70% ethanol. Plasmid DNA was again pelleted by centrifugation at 5000 x g
for 30 min at 4°C. Plasmid DNA pellets were dried by removing as much ethanol as possible
without disrupting the pellet and allowing the pellets to air-dry at room temperature. Dried
plasmid DNA pellets were reconstituted in 1 mL Buffer TE-EF and transferred to 1.5 mL
microcentrifuge tubes. Plasmid DNA was quantified by NanoDrop® as described in
(3.5.3.4.3 Nucleic acid quantification by NanoDrop®) (Table 4.4) and stored at -20°C until

required.
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Table 4.4: NucleoSpin® plasmid DNA extraction concentrations, protein purity (Az2s0/A2s0
ratio), and salt purity (Azs0/A230 ratio).

DNA concentration . .
Sample ID Az60/Azso ratio Aze0/A230 ratio
(ng/pL
pYu2 762.36 1.89 2.35
pNL4-3 764.42 1.89 2.34
pYK-JRCSF 59.72 1.91 2.44
p89.6 219.52 1.89 2.36

4.3.4 Transfection

4.3.4.1 Background

Transfection refers to the transfer of plasmid DNA into mammalian cells, which then
transcribe and translate proteins from the foreign DNA. This technique is used to produce and
package viruses such as HIV from plasmid DNA. This bypasses infection, reverse transcription,
and integration in the normal viral lifecycle!® %7, in order to produce infectious virus. This
results in a clonal population of viruses (hence the name molecular clones) which are not
subject to mutations introduced by the error-prone reverse transcription ultimately

contributing to non-infectious virus in infection-driven virus replication?°,

The HEK293T cell line is commonly used for transfection, as it is stably transduced with simian
virus 40 (SV40) large tumour antigen (LTag). The transgene is selectable by neomycin or G418
supplementation in culture!®. The presence of the SV40 LTag transgene contributes to
increased protein production from plasmids bearing the SV40 origin of replication and
improved lentiviral packaging in HEK293T cells compared to the parental (HEK293) line?®.
HEK293T cells were donated by Dr Iman van den Bout’s laboratory (Centre for

Neuroendocrinology, University of Pretoria).
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4.3.4.2 HEK293T cell culture and maintenance

4.3.4.2.1 HEK293T cell culture and passaging

Thawing

HEK293T cells were resuscitated from liquid nitrogen as described for GHOST cells in section
3.6.2.1 GHOST cell thawing. Briefly, 5x108 frozen HEK293T cells were thawed in 30 mL DMEM,
and pelleted by centrifugation at 300 x g for 10 min to wash off toxic DMSO used as a
cryoprotectant. Cells were resuspended in complete DMEM and seeded at 2.5x10° cells per

T75 flask in 8 mL complete DMEM supplemented with 500 pg/mL G418.

Culture

HEK293T cells were cultured by incubation at 37°C, 5% CO; until confluent. Medium was
replaced once with 8 mL complete DMEM supplemented with 500 ug/mL G418 when the
medium turned orange. Further medium changes were performed with complete DMEM
(without G418). DMEM contains phenol red, a pH indicator which turns orange/yellow when
the medium becomes acidic as a result of nutrient depletion. The first few days in culture
(from thawing) with G418 served to select HEK293T cells still containing the SV40 LTag
transgene, to ensure maximum yield for transfections. Medium was changed by aspirating
medium from the flask and replacing with 8 mL pre-warmed complete medium. Typically,

confluence was reached within 4 days.

Passaging

HEK293T cells were passaged when confluent by aspirating supernatant and adding 3 mL
trypsin per T75 flask, followed by incubation at 37°C for 20-30 seconds or until visibly
detached. Trypsin was neutralised with 3 mL complete DMEM and dissociated cells were
pelleted by centrifugation at 300 x g for 10 min. Cells were either resuspended in 1 mL
complete DMEM per T75 flask for enumeration, or in 4 mL complete DMEM to split the cells
for further expansion. In the case of splitting for expansion, 1 mL of the 4 mL cell suspension

was added to each of four T75 flasks containing 7 mL complete DMEM (1:4 split). The required
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number of HEK293T cells was typically achieved within one passage from thawing, and were
enumerated by flow cytometry as described in 4.3.4.2.2 HEK293T cell enumeration by flow

cytometry prior to seeding for experiments or cryopreservation.

Cryopreservation

Dissociated, enumerated HEK293T cell suspensions remaining after seeding for experiments
were pelleted by centrifugation at 300 x g for 10 min. The supernatant was aspirated and cells
were resuspended in 1 mL freezing medium (FBS, 10% DMSO) per 5x10°® HEK293T cells.
Aliquots of 1 mL cell suspension were dispensed into 1.5 mL cryovials and stored in liquid

nitrogen until further use.

4.3.4.2.2 HEK293T cell enumeration by flow cytometry

Enumeration of viable HEK293T cells was performed on the Gallios™ flow cytometer (Table
3.7) using FL3 (blue laser excitation) to detect Flow-Count™, and FL4 (blue laser excitation) to

detect 7-AAD.

Sample preparation

HEK293T cells were enumerated as described in 3.6.3.3 Enumeration. Samples were prepared
for enumeration by staining 100 pL cell suspension with 3 uL 7-AAD in the dark for 5 min.
Before analysing on the Gallios™ flow cytometer, 100 pL Flow-Count™ and 300 uL PBS were

added to the sample.

Gating strategy

The sequential gating strategy used for HEK293T cell enumeration is illustrated in Figure 4.2.
A two-parameter FS Lin versus SSC Log plot was used to identify intact HEK293T cells. After
identifying intact HEK293T cells (HEK293T region), viable HEK293T cells (7-AAD negative;
“VIABLE” region) were selected using a 7-AAD Log versus FS Lin plot. The respective sizes of
Flow-Count™ beads and HEK293T cells overlap, resulting in both beads and cells being

captured in the same “HEK293T cells” region. In order to prevent overestimation of HEK293T
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cells, Flow-Count™ were excluded from the HEK293T cells region by applying the “NOT

BEADS” Boolean gate to the plot, post-acquisition. Viable HEK293T cells were enumerated by

applying Equation 3.1 to the cells in the “Viable” region (Figure 4.2B) and the number of Flow-

Count™ bead events in the “Cal” region (Figure 4.2C), as described in 3.6.3.3 Enumeration.
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Figure 4.2: Sequential gating strategy for HEK293T cell enumeration. (A) A two-parameter FS Lin
versus SSC Log plot was used to identify intact HEK293T cells (“HEK293T cell” region). A “NOT
BEADS” Boolean gate was applied to this plot to exclude Flow-Count™ beads from HEK293T cells
in the region “HEK293T cells”. (B) Viable HEK293T cells were captured in the “VIABLE” region on
a two-parameter FS Lin versus 7-AAD plot. (C) A two-parameter Flow-Count versus TIME plot was
used to enumerate the Flow-Count™ beads analysed (“Cal” region).

4.3.4.3 Transfection - method

4.3.4.3.1 HEK293T cells

HEK293T cells were prepared for transfection by seeding 2.5x10° cells per T75 flask, or 5x108

cells per T150 flask (Greiner Bio-One, Austria), in 8 mL or 16 mL complete DMEM respectively,

and allowed to reach 50-60% confluence by incubating the cells at 37°C, 5% CO,. Once this

level of confluence was reached, the medium on HEK23T cells was aspirated and replaced

with 3 mL complete DMEM (T75 flask) or 6 mL complete DMEM (T150 flask) and incubated

for 2 hr at 37°C, 5% CO. Transfection was commenced after the 2 hr incubation period.
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4.3.4.3.2 Preparation of transfection reactions

During the 2 hr HEK293T cell incubation, transfection reactions were prepared as indicated in
Table 4.5, mixed by vortex, allowed to stand for 10 min at room temperature, and mixed again
by vortex before applying to cells. Transfection was performed in the presence of 1 mg/mL
polyethyleneimine (PEI; Sigma-Aldrich, USA), which is a stable cationic polymeric transfection
reagent which forms positively charged complexes with negatively charged nucleic acids. The
net positive charge on PEI-DNA complexes facilitates the endocytosis of DNA following
adsorption to the net negative charge on cell membranes®®. Transfection reactions were
performed in 15 mL centrifuge tubes, and components were added from left to right as
indicated in Table 4.5. Transfection reactions were prepared for each HIV-1B-encoding

plasmid from which HIV-1B infectious molecular clones were required.

Table 4.5: Transfection reaction setup for T75 and T150 flasks of HEK293T cells.

DMEM (puL) Plasmid DNA (ug) PEI (pL)
T75 flask 600 32 64
T150 flask 3200 64 128
4.3.4.3.3 Transfection of HEK293T cells

After the 2 hrincubation of HEK293T cells and preparation of transfection reactions, HEK293T
cells were transfected. Each HIV-1B-encoding plasmid transfection reaction was added to a
separate flask of HEK293T cells, so that each flask produced one isolate of HIV-1B molecular
clone. Transfections were performed by pipetting the appropriate transfection reaction into
the medium of prepared HEK293T cells, followed by swirling to evenly expose the cells to the
transfection reaction. Cells were exposed to transfection reactions for 18 hrin 5 mL (T75 flask)
or 10 mL (T150 flask) complete DMEM total volume by incubating at 37°C, 5% CO..
Transfection reactions were removed after 18 hr by aspirating medium and replacing with
8 mL (T75 flask) or 20 mL (T150 flask) complete DMEM. Transfected cells were incubated at

37°C, 5% CO,, and virus-containing medium was harvested every three days until confluence
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(two harvests). After the first harvest, medium was replaced with 8 mL (T75 flask) or 20 mL

(T150 flask) complete DMEM.

4.3.5 Human immunodeficiency virus-1B molecular

clone harvest

HIV-1B infectious molecular clones were harvested every three days from transfected
HEK293T cells by collecting the virus-containing culture medium. Medium was syringe-filtered
through 0.22 um Millex-HV syringe filter units (Merck, Germany) to remove cells and cell
debris. Harvested HIV CFS was then aliquoted into 1.5 mL microcentrifuge tubes and stored
at -80°C until use. After two HIV CFS harvests, transfected HEK293T cells were terminated by
overnight incubation in sufficient volumes of 1% Virkon™S (prepared as described in

3.2.2 Safety considerations) to cover the culture surface.

4.3.6 Molecular clone production optimisation

4.3.6.1 Number of harvests

Molecular clones of HIV-1B were produced by standard protocols (described in 4.3 Molecular
clone production). Only the number of harvests yielding infectious HIV CFS from transiently
transfected HEK293T cells was explored to increase yields. This was achieved by transfecting
HEK293T cells (as described in 4.3.4.3.3 Transfection of HEK293T cells) using HIV-1B-encoding
plasmid DNA (extracted as described in 4.3.3.2 NucleoBond® Xtra Maxi EF plasmid DNA
extraction) produced by cloning in transformed Stbl2™ E.coli (as described in

4.3.2 Transformation).

HIV CFS was pooled and harvested every three days (as described in 4.3.5 Human
immunodeficiency virus-1B molecular clone harvest) from two flasks of HEK293T cells
transfected with the same HIV-1B-encoding plasmid. At confluence, transfected HEK293T
cells were enzymatically dissociated as described in 4.3.4.2.1 HEK293T cell culture and
passaging and pelleted by centrifugation at 300 x g for 10 min. Cell pellets were resuspended
in 2 mL complete DMEM, and 1 mL was transferred to each of two T75 flasks containing 7 mL
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complete DMEM. One further round of HIV CFS harvesting was conducted three days post-
split, which yielded non-infectious virus for two of the three molecular clones (Table 4.6).
Virus infectivity was determined as described in chapter 3 GHOST GFP assay, and the results
are summarised in Table 4.6. Based on these findings, the harvest limit was set at two harvests
post-transfection. As molecular clone production is sustained by the presence of HIV-1B-
encoding plasmid, declining titres are an indication of plasmid loss. This was expected as

transfection of HEK293T cells is transient.

Table 4.6: Functional titrations of three consecutive HIV CFS harvests from HIV-1B
molecular clones produced by HEK293T transfection. Non-infectious titres are shown in
purple.

Harvest date Clone NL4-3 (IU/mL) Clone Yu2 (1lU/mL) Clone 89.6 (IU/mL)
12/10/2018 3.57x10% 6.09x10° 6.01x10*
15/10/2018 4,19x10% 3.53x10° 2.66x10%
18/10/2018 6.16x103 3.54x10% 5.08x103

4.3.6.2 Virus-encoding plasmid integrity and infectious yield

The comparatively low titres of HIV-1B isolate 89.6 were reconciled with the banding pattern
observed when undigested plasmid was analysed by gel electrophoresis (Figure 4.4A).
Fortunately, emtpy pUC19, the backbone for the p89.6 plasmid encoding the 89.6 molecular
clone, was provided with Stbl2™ and elecrophoretic analysis could therefore be performed to

postulate the origin of the smaller bands.

4.3.6.2.1 Agarose gel electrophoresis

Three plasmid preparations of each of the following plasmids, pYu2, pNL4-3, and p89.6, from
different DNA isolations were made by adding 0.5 uL Blueluice to 100 ng plasmid and making
up to a final volume of 5 uL with molecular grade water. Details of plasmid DNA extractions

by date are shown in Table 4.7, performed as described in 4.3.3 Plasmid DNA extraction.
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pUC19 DNA was obtained from the original vial supplied with Stbl2™. All 5 uL of each sample
was loaded into separate wells of a 1% agarose gel prepared as described in 3.5.3.6 Agarose
gel electrophoresis using TAE. The gel contained EtBr for DNA visualisation. Lanes containing
DNA ladders (FastRuler™ HR and FastRuler™ MR) were loaded with 5 uL of the ladder. The
band sizes of each ladder are indicated in Figure 4.4B and C. Electrophoresis was performed

by applying 90 V for 60 min, and the gel image is shown in Figure 4.4A.

Table 4.7: Plasmid DNA preparations used to evaluate plasmid DNA integrity.

11/11/2017 extracts 20/11/2017 extracts 03/10/2018 extracts

NucleoBond® NucleoBond®
ucleoBon

Plasmid DNA | NucleoSpin® extraction . extraction from large-
. . } extraction after the
isolation after the first successful ] volume cultures
] first successful large- )
method transformation. inoculated from

volume culture.
glycerol stocks.

4.3.6.2.2 Results and interpretation

Two sets of three clustered bands were obtained for p89.6, one high up, and one lower down,
suggesting the presence of three forms of a large plasmid in the size range of the other

molecular clone plasmids, and three forms of a smaller plasmid.

Undigested plasmid is expected to reveal three bands when analysed by gel electrophoresis,
which correspond to different forms of plasmid DNA. These plasmid forms are: closed-circular
(supercoiled), linear, and open-circular (nicked) forms?° (Figure 4.3). Supercoiled plasmid is
tightly coiled in a super-helix, and is therefore more compact than linear DNA, which results
in more rapid migration through the agarose gel matrix. Open-circular plasmid is circular,
where one strand has been nicked to create a single-strand break. This relaxes tension in the
plasmid DNA and prevents super-helix formation. The open-circular form migrates slower
than both supercoiled and linear plasmid, as the shape is unweildy in moving through the gel
pores?°. Although supercoiled is the native form of plasmid DNA and therefore the most
prevalent, all three forms of plasmid are expected to appear in the undigested control lanes?°

(Figure 4.3).
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Open-circular (nicked)
Linear
Closed-circular (supercoiled)

Figure 4.3: Representation of the migration of three plasmid forms of p89.6 to illustrate the
migration of the three forms of plasmid DNA. Ladders are not shown as the largest band on
available ladders was smaller than p89.6, at 10 000 bp.

Analysis of Figure 4.4A with respect to lanes containing p89.6 (lanes 9-11) reveals 6 bands per
lane, the smallest of which were very similar in migration to emtpy pU19 (lane 12). This
suggests that the p89.6 plasmid preparations contained significant proportions (comparing
band intensity) of plasmids in which parts of the insert have been lost. The most likely reason
is homologous recombination which took place sometime during plasmid cloning, and failure
to purify plasmids. This could contribute to the low titres produced by p89.6-transfected
HEK293T cells. To rectify this, bands of p89.6 supercoiled plasmids should be excised from
agarose gels, and the plasmid DNA present in excised bands should be purified from the gel.
Fresh Stbl2™ will then need to be transformed with the purified p89.6 plasmid, from which
plasmid DNA can be extracted and used to transfect HEK293T cells. Such transfections would
likely yield HIV CFS of greater titres as a greater proportion of the transfected DNA will encode
full-length HIV-1B isolate 89.6. Due to time constraints, plasmid purification and

transformation using purified plasmid was not performed in this study.

In contrast, low titres of pNL4-3 cannot be explained by plasmid degradation, as the three
plasmid forms of a single plasmid appear on the gel (Figure 4.4A, lanes 3-5). Low titres could,
however, result from poor uptake of plasmid DNA during transfection. Further investigation

is required to determine the cause for low titre achieved using pNL4-3. pYu2 was the best-
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performing plasmid in terms of viral titre, and did not indicate degradation when analysed by

agarose gel electrophoresis (Figure 4.4A, lanes 6-8).

12 3 45 6 7 8 9101112131415
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Figure 4.4: Gel image and DNA ladders used for electrophoretic analysis of plasmids from
different stocks for comparative purposes. (A) Lanes 1 and 15 were loaded with FastRuler™
HR DNA ladder, and lanes 2 and 14 were loaded with FastRuler™ MR DNA ladder. Lanes 3-5
were loaded with pNL4-3 preparations in the order (left to right) depicted in Table 4.7. Lanes
6-8 were loaded with pYu2 preparations in the same order, and lanes 9-11 contain p89.6
DNA. Lane 12 was loaded with pUC19 DNA. (B) FastRuler™ HR DNA ladder band sizes, loaded
in lanes 1 and 15 of (A). (C) FastRuler™ MR DNA ladder band sizes, loaded in lanes 2 and 14
of (A).
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4.4 Propagation of HIV in peripheral blood mononuclear

cells

4.4.1 Cell stocks

4.4.1.1 Peripheral blood mononuclear cell isolation from

peripheral blood

PBMCs were isolated within 2 hrs of peripheral bood donation by density-gradient
centrifugation on Histopaque-1077 (histopaque; Sigma-Aldrich, USA). Separation of
mononuclear cells (MNCs) from granulocytes, red blood cells, and platelets was achieved by
carefully layering 30-35 mL whole blood on 15 mL histopaque in 50 mL centrifuge tubes,
followed by centrifugation at 1700 rpm for 30 min with no brake. The plasma layer was
aspirated from the top, and the fuzzy, white MNC layer containing PBMCs was collected using
a Pasteur pipette. Collected MNC layers were pooled and split into 20-25 mL aliquots between
50 mL centrifuge tubes and washed by topping up the volume to 50 mL with 0.22 um filter-
sterilised TP buffer (PBS (pH7.4) supplemented with 10 pg/mL human albumin (Sigma-Aldrich,
USA) and 2 mM EDTA (Sigma-Aldrich, USA)). PBMCs were pelleted by centrifugation at 300 x g
for 10 min, and the pellets were pooled and resuspended in 30 mL 0.22 um filter-sterilised
ammonium chloride lysis solution (0.155 M NH4Cl (Sigma-Aldrich, USA), 0.0119 M NaHCO3
(Sigma-Aldrich, USA), 0.25 mM EDTA, pH 7.4). Residual red blood cells were lysed by
incubation with ammonium chloride lysis solution for no more than 30 min at 4°C. After a
maximum of 30 min incubation, ammonium chloride lysis solution was removed by

centrifugation at 300 x g for 10 min to pellet the cells.

PBMC pellets were resuspended in 30 mL TP buffer to wash residual ammonium chloride from
the cells, and remove platelets. Activated platelets can internalise infectious agents (such as
HIV)?!, which would compromise HIV production in PBMCs. Therefore, platelets were
removed by centrifugation at 100 x g for 10 min without brake (platelet spin) and aspiration
of the supernatant down to 1 cm from the pellet. Platelets are smaller and lighter than PBMCs,

and therefore remain in suspension (supernatant) during slow centrifugation without brake.
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The cells were washed once more by topping up the volume to 30 mL TP buffer, and pelleted
by centrifugation at 300 x g for 10 min. PBMC pellets were resuspended in 10 mL TP buffer
for enumeration by flow cytometry as described in 4.4.1.2 Peripheral blood mononuclear cell
enumeration by flow cytometry and cryopreserved as described in 4.4.1.3 Peripheral blood

mononuclear cell cryopreservation.

4.4.1.2 Peripheral blood mononuclear cell enumeration by flow

cytometry

Phenotyping and enumeration of PBMCs isolated for HIV propagation was performed by flow
cytometry using the Gallios™ flow cytometer. The laser and filter configuration is shown in
Table 4.8, indicating the channels used to detect fluorochromes relevant to PBMC
phenotyping and enumeration (described in 4.4.1.2 Peripheral blood mononuclear cell

enumeration by flow cytometry).

Table 4.8: Gallios™ laser and filter configuration used for PBMC phenotyping, showing
the relevant antibodies or stains and the respective detection channels.

Laser Filter Channel Antibodies + Fluorochromes
525/40 FL1 CD4-FITC
575/30 FL2 Not used
620/30 FL3 Flow-Count™
695/30 FL4 7-AAD
755 LP FL5 Not used
660/20 FL6 Not used
725/20 FL7 Not used
755 LP FL8 Not used
450/40 FL9 Not used
550/40 FL10 CD45-KO
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4.4.1.2.1 Sample preparation

Two aliquots of 100 uL were used to phenotype and enumerate PBMCs prior to
cryopreservation for HIV production. One aliquot (tube 1) was stained with 3 pL each of 7-
AAD, CD4-FITC (3.6.4.1 GHOST cell CD4 expression), mouse anti-human CD45 conjugated to
Krome Orange™ (CD45-KO; clone J33; Beckman Coulter, USA) for 10 min in the dark. Before
analysis, 100 pL Flow-Count™ and 300 pL PBS were added to the flow tube. Phenotyping for
CD4 was performed for parallel projects performed by other students using the same

samples.

4.4.1.2.2 Gating strategy

The sequential gating strategy used for PBMC phenotype and enumeration is shown in Figure
4.5. Intact PBMCs were identified in a two-parameter FS Lin versus SSC Log plot, in the
“PBMCs” region (Figure 4.5A). As explained in 4.3.4.2.2 HEK293T cell enumeration by flow
cytometry, Flow-Count™ beads were removed from the FS Lin versus SSC Log plot using a
“NOT BEADS” Boolean gate. Viable (7-AAD negative) PBMCs were selected in the “VIABLE”
region (Figure 4.5B) of a two-parameter SSC Log versus 7-AAD plot gated on PBMCs. Viable
PBMCs expressing the panleukocyte marker CD45 were captured in the “Leukocytes” region
(Figure 4.5C), which were then used to identify CD45*CD49™ monocytes (Figure 4.5D, red
population), and CD45*CD4* T cells (Figure 4.5D, purple population). Monocytes and T cells
were distinguished based on (i) relative CD4 expression, and (i) relative complexity (SSC Log)?2.

A representative plot for the capture of Flow-Count™ beads is shown in Figure 4.5E.

Cells in the “PBMCs” region (Figure 4.5A) were enumerated by relating the number of cells in
the PBMC region and the number of Flow-Count™ beads in the “Cal” region to the calibration

factor provided with the Flow-Count™ vial by Equation 3.1.
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Figure 4.5: Sequential gating strategy used to phenotype and enumerate PBMC stocks for HIV
propagation. (A) A two-parameter FS Lin versus SSC Log plot was used to identify intact PBMCs,
captured in the “PBMCs” region, gated on the Boolean gate “NOT BEADS” to exclude Flow-Count™
beads from cell analyses. (B) Viable PBMCs were identified using a two-parameter SSC Log versus
7-AAD plot gated on PBMCs based on negative staining for 7-AAD, indicated by the “VIABLE”
region. (C) Viable PBMCs expressing the panleukocyte marker CD45 (leukocytes) were identified
using a two-parameter SSC Log versus CD45-KO plot gated on viable PBMCs. Leukocytes
identified by expression of CD45 were captured in the “Leukocytes” region, which were then
used to identify monocytes and T-cells from the remaining leukocytes. (D) A two-paramater plot
showing SSC Log versus CD4-FITC (gated on “Leukocytes”) was used to distinguish monocytes
(CD45*CD4%™, moderate to high SSC; red population) and CD4* T-cells (CD45*CD4*, moderate SSC;
purple population). (E) Flow-Count™ bead events were captured in the “Cal” region for
enumeration purposes.

4.4.1.3 Peripheral blood mononuclear cell cryopreservation
After enumeration, PBMCs were pelleted once more by centrifugation at 300 x g for 10 min

and resuspended in 1 mL freezing medium (described in 4.3.4.2.1 HEK293T cell culture and
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passaging) per 10x10® PBMCs, after which 1 mL aliquots were tranferred to 1.5 mL cryovials

and stored in liquid nitrogen until required.

4.4.2 Propagation of human immunodeficiency virus

in peripheral blood mononuclear cells

4.4.2.1 Overview

Propagation of HIV-1Cisolates (Table 4.1) was performed according to an in-house adaptation
of the Montefiori method* for HIV production in PBMC cultures (Figure 4.6). This involved
culturing HIV CFS or previously cryopreserved HIV-infected PBMCs with PHA-P-activated
PBMCs. Details of establishing the adapted method are described in 4.4.3 Primary virus

propagation optimisation.

4.4.2.2 Human immunodeficiency virus propagation in peripheral

blood mononuclear cells — method

——
_DAY1: | -3 FEED 1: FEED 2: _
Initial infection - | Split led Pool infected HARVEST:
30 x 108 piit pooled co- ool Intected co- Pool co-cultures Pool and freeze
. culture and fresh cultures and ) )
activated timulated frosh stimulated and spin down CFS; pool and
PBMCs + HIV* P;I\Illn(])u a ﬁ " PEMC pelloter cells freeze HIV* co-
co-culture/CFS pe’els pefiets; cultured cells
between 2 flasks pre-concentrate
stock
| =3 3
—

Figure 4.6: In-house modified strategy for HIV propagation in PHA-P/IL-2-stimulated PBMCs.
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4.4.2.2.1 Peripheral blood mononuclear cell thawing

PBMCs were resuscitated from liquid nitrogen by diluting cryopreserved cells into pre-
warmed RPMI, followed by centrifugation at 300 x g for 10 min. The supernatant (containing
DMSO) was aspirated and cells were resuspended in 1 mL activation medium (explained in
4.4.2.2.2 Peripheral blood mononuclear cell activation) per 10° thawed PBMCs. Details of the
thawing/activation schedule and number of PBMCs thawed during propagation are described

in Table 4.9.

4.4.2.2.2 Peripheral blood mononuclear cell activation

Mitogenic stimulation with PHA-P causes mitosis by cross-linking cell surface proteins causing
intracellular signalling pathways to trigger cell division and activation?3. T-cell viability during
and post-activation was maintained by culture with interleukin-2 (IL-2)**. PBMCs were
activated prior to infection for HIV production as transcriptionally active cells more easily

support HIV replication?®.

Thawed PBMCs were immediately activated using activation medium, called IL-2 growth
medium (IL-2GM; RPMI supplemented with 5% recombinant human IL-2 (Roche, Switzerland),
20% FBS, and 2% pen/strep) supplemented with 5 pg/mL PHA-P (Sigma-Aldrich, USA). The
number of PBMCs required (Table 4.9) were incubated in 1 mL IL-2GM + PHA-P per 10°
thawed PBMCs for 24 hr in an upright T75 flask at 37°C, 5% CO..

After 24 hr incubation, the activation medium was removed by centrifugation at 300 x g for
10 min, and replaced with 1 mL IL-2GM per 106 PBMCs. Activated PBMCs were cultured after
replacing the medium to allow the cells to replicate before feeding to the HIV/PBMC co-
culture. This was performed by incubating the flasks upright at 37°C ,5% CO», for 48 hr after
replacing IL-2GM + PHA-P with IL-2GM.
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Table 4.9: A summary of the schedule of events for the propagation of R5-, R5X4-, and
X4-tropic HIV-1C primary isolates. Details of the number of PBMCs required to initiate
propagation experiments and for the various feed cycles are included.

Activity R5- and R5X4-tropic HIV-1C isolates X4-tropic HIV-1C isolates
Initial
L. ©: Thaw 30x10° PBMCs ©: Thaw 30x10° PBMCs
activation
Activations . "
©: Thaw 20x10° PBMCs ©®: Thaw 40x10° PBMCs
for feeds
Day 1 Day 1
Infection ® 30x10°activated PBMCs © 30x10°activated PBMCs
‘@ 30 mL RPMI (2% pen/strep) @ 30 mL RPMI (2% pen/strep)
Day 4 Day 3
‘©- 20x10°activated PBMCs ‘©: 40x10°activated PBMCs
Feed 1 _ _
@ 15 mL RPMI (2% pen/strep) ©: 20 mL RPMI (2% pen/strep)
@ Split into two T75 flasks ® Split into two T75 flasks
Day 7 Day 5
@ 20x10° activated PBMCs © 40x10° activated PBMCs
Feed 2
© 10-12 mL RPMI (2% ® 12-15 mL RPMI (2%
pen/strep)/flask pen/strep)/flask
Day 10 Day 7
@ Pool and filter supernatants © Pool and filter supernatants
Harvest © Pool HIV* PBMCs ‘© Pool HIV* PBMCs
@ Aliquot and freeze HIV CFS and ©®  Aliquot and freeze HIV CFS and

HIV* PBMCs

HIV* PBMCs

*The differences in feeding schedule and cell numbers for X4-tropic HIV compared to R5- and R5X4-

tropic HIV are important to note. These differences result from the optimisation of PBMC-propagation

of X4-tropic HIV, explained in detail in 4.4.3 Primary virus propagation optimisation.
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4.4.2.2.3 Infection

The initial infection (Table 4.9) was performed by pelleting activated PBMCs (24 hr activation
and 48 hr culture; see 4.4.2.2.2 Peripheral blood mononuclear cell activation) by
centrifugation at 300 x g for 10 min and resuspending the cells in 2 mL pre-warmed RPMI (2%
pen/strep). The cells were exposed to HIV by incubation with 1 mL HIV* PBMCs from a
previous HIV production, or HIV CFS provided by the NICD, for 2 hr at 37°C, 5% CO2 in 50 mL
centrifuge tubes. The initial infections were performed in small volumes to increase the
potential for contact between activated PBMCs and virus without the use of a sedimentation
agent such as Polybrene®. Polybrene® was not used in PBMC-propagation experiments to
encourage the propagation of only the most infectious, efficient virus which did not require

the assistance of a sedimentation agent to infect cells.

After incubation, the HIV-exposed PBMCs were topped up to 30 mL total volume with RPMI
(2% pen/strep) per 30x10° HIV-exposed PBMCs, and transferred to T75 flasks. These flasks
were incubated upright at 37°C, 5% CO; until feed days, which differed for HIV-1C viruses
depending on tropism (Table 4.9). The optimisation of R5- and R5X4-tropic HIV productions,

X4-tropic HIV productions, is discussed in 4.4.3 Primary virus propagation optimisation.

4.4.2.2.4 Feeds

The number of PBMCs required for each feed (Table 4.9) were thawed as described in
4.4.2.2.1 Peripheral blood mononuclear cell thawing, and activated as described in
4.4.2.2.2 Peripheral blood mononuclear cell activation. On each feed day, activated PBMCs
were pelleted by centrifugation at 300 x g for 10 min, and resuspended in 2 mL RPMI (2%
pen/strep) to prepare for feeding. HIV/PBMC co-cultures of the same HIV-1C isolate were
pooled (if necessary) in 50 mL centrifuge tubes, pelleted by centrifugation at 300 x g for

10 min, and resuspended in 2 mL RPMI (2% pen/strep).

Feed 1

The first feed was performed by pooling the activated PBMCs and HIV/PBMC co-culture

prepared for feeding, resulting in a total volume of 4 mL RPMI (2% pen/strep). The pooled
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freshly-activated PBMC/HIV co-culture was split (2 mL co-culture per flask) between two T75
flasks per 30x10° freshly-activated PBMCs used in the initial infection. The volume in each
flask was topped up to 15 mL (R5- and R5X4-tropic isolates) or 20 mL (X4-tropic isolates) RPMI
(2% pen/strep) per flask, as indicated in Table 4.9. The HIV/PBMC co-cultures were incubated
in upright T75 flasks at 37°C, 5% CO2 until feed 2 (Table 4.9).

Feed 2

The second feed was performed by pooling HIV/PBMC co-cultures and PBMCs activated for
feed 2 in a total volume of 2 mL RPMI (2% pen/strep), as described for feed 1. The freshly-
activated PBMC/HIV co-culture was split between the same number of flasks as seeded from
feed 1, and the volume topped up to 10-12 mL (R5- and R5X4-tropic isolates) or 12-15 mL (X4-
tropic isolates) RPMI (2% pen/strep) per T75 flask (Table 4.9). The medium volumes for feed
2 were reduced compared to feed 1 to pre-concentrate HIV CFS before harvesting. The
HIV/PBMC co-cultures were incubated in upright T75 flasks at 37°C, 5% CO2, until harvest
(Table 4.9).

4.4.2.2.5 Cell-free supernatant and infected peripheral blood

mononuclear cell harvest

HIV CFS, pre-concentrated in feed 2 by adding less medium, was harvested on the day
indicated in Table 4.9, by splitting PBMCs and HIV-containing supernatant. This was achieved
by transferring the cell suspension to a 50 mL tube and centrifuging at 300 x g for 10 min.
Supernatants containing virus of the same isolate were carefully collected and pooled in
50 mL centrifuge tubes. Cells and debris were removed from virus-containing supernatant by
filtration through 0.22 um filters. HIV CFS was then dispensed into 1.5 mL microcentrifuge
tubes in 500 pL and 1 mL aliquots, and immediately transferred to -80°C until required. HIV*
PBMCs were resuspended in 1 mL freezing medium per T75 flask. Aliquots of 1 mL HIV* PBMCs

were dispensed into 1.5 mL cryovials and also transferred to 80°C until required.
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4.4.2.2.6 Control medium for experiments

PBMC-conditioned medium (CM) was harvested from activated PBMCs in the same way as
PBMC-propagated HIV, without infecting the cells. CM was harvested every three days after
the “infection” day, 0.22 um-filtered, and stored at -80°C in 1.5 mL cryovials until required.
This was prepared and stored to control for the effects of PBMC-conditioned medium in HIV
CFS to isolate the effects of conditioned medium from the effects of HIV in HIV experiments

using HIV CFS.

4.4.3 Primary virus propagation optimisation

Establishment and optimisation of the experimental protocol was performed using HIV-1C
R5-tropic primary isolate CM1, and R5X4-tropic primary isolate CM9 (Table 4.1). Initially,
propagation was performed by exposing 30x10° PBMCs (in 1 mL RPMI) activated using PHA-
P/IL-2 (as described in 4.4.2.2.2 Peripheral blood mononuclear cell activation) to 1 mL HIV CFS
or 1 mL HIV* PBMC co-culture for 2 hr in 2 mL total volume. The cell suspension (2 mL) was
then added to 28 mL RPMI (2% pen/strep) in a T75 flask which was incubated upright at 37°C,
5% CO> until feeding. Feeding was performed every 3 days with 10x10° activated PBMCs, and
HIV CFS was harvested every three days from day 10 to day 28 as described in the Montefiori

protocol for primary HIV production?.

The protocol described above was adjusted to optimise (i) the number of PBMC stocks used
per production, (ii) establish the optimal harvest points resulting in peak-production harvests
containing the most possible virus, and (iii) attempt to optimise infectious HIV titre. With
primary virus produced in vitro by infection rather than cloning, the requirement for reverse
transcription introduces additional challenges, such as deleterious mutations contributing to
the production of significant proportions of non-infectious HIV. Various aspects of the

Montefiori protocol were evaluated to improve viral production.
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4.4.3.1 Harvest cycles

To begin with, two harvests of HIV CFS were performed per production, at day 10 and day 14.
Comparison of p24 ELISA results (performed as described in 3.4 P24 ) between consecutive
harvests showed that day 10 harvests contained more virus than day 14 harvests (Table 4.10).
For this reason, HIV CFS was harvested on day 10 only (after 2 feeds) for future productions.
Complete RPMI (10% FBS, 2% pen/strep) rather than RPMI without additives was erroneously
used as the negative control for the p24 ELISA, possibly contributing to the negative control
being out of range for the assay. However, as the 200 pg/mL standards were reproducible

between the two wells, the p24 ELISAs were not discarded as invalid.

The limit of linearity of the p24 ELISA could not be established due to the limited quantity of
p24 protein standard provided with the kit. The limit of linearity refers to the point at which
correlation between OD and p24 concentration ceases to be linear, and begins to plateau out.
For this reason, the 1/10 dilutions were considered more reliable when the difference

between the neat HIV CFS and the 1/10 dilution of the same harvest was not 10-fold.

Table 4.10: p24 ELISA results comparing day 10 and day 14 HIV CFS harvests for CM 1.

Sample ID Raw OD Normalised
Negative control (complete RPMI) 0.322 0
12.5 pg/mL p24 0.866 0.544
200 pg/mL p24 1.611 1.289
200 pg/mL p24 (repeat) 1.59 1.268
CM1 (10/10/2016 —24/10/2016) day 10 3.824 3.502
CM1 (10/10/2016 — 24/10/2016) day 10 (1/10 dilution) 1.271 0.949
CM1 (10/10/2016 — 24/10/2016) day 14 2.514 2.192
CM1 (10/10/2016 —24/10/2016) day 14 (1/10 dilution) 0.594 0.272
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Following the outcome of the p24 ELISA indicating that day 10 harvests contain more virus
than day 14 harvests from the same production, a single harvest on day 10 was performed
for future harvests. Selecting a single harvest day per production also limited the number of
viral replication cycles until viral-containing supernatant was harvested. This was in an
attempt to reduce the accumulation of non-infectious HIV moieties arising due to mutation

resulting from error-prone reverse trancription during HIV replication'® 2¢,

4.4.3.2 Feeding cycles

Successful propagation of HIV in PBMCs can be grossly simplified into Equation 4.1. The
amount of infectious HIV in generation n+1 (HIVs.:) is considered as a function of the
availability of susceptible activated host cells, the amount of infectious HIV in generation n
(HIVn), and the probability (Pr) of replication competence of HIV, (Pr(replication
competence)). In order to generate sufficient quantities of infectious virus, the probability of
generating replication competence should be high (ie. approaching 1), and susceptible host
cells should outnumber infectious HIV,. The chance of replication competence of any given
virion of HIV, is determined by a host of factors including fidelity of reverse transcription,

2730 From

completeness of integration, and evasion of host cell defence mechanisms
Equation 4.1, the only factor which could be manipulated in the laboratory was the availability

of host cells.

Equation 4.1: Simplified representation of HIV propagation in PBCMs.

susceptible host cells

HIV, 1 =
1T HIV, x Pr(replication competence)

4.4.3.2.1 Feed 1 co-culture split

Splitting the HIV/PBMC co-culture into two flasks on the first feed was introduced to improve
the ratio between PBMCs and HIV, while minimising the volume in the flask separating the
cells (which sink to the bottom) and the virus (which remains in suspension). The reduced
volume in each flask was a critical point as there should be contact between virus and cells

for infection to occur.

183



Feeding the split flasks the same amount of PBMCs as would be fed to the single flask (from
the initial protocol) theoretically reduced the chance of susceptible host cell availability being
depleted, and thus being a limiting factor in the production. Cell death during HIV propagation
in PBMCs also impacts the availability of host cells, as cell death reduces the number of cells

available to be infected in the next infection cycle.

Host cell turnover was particularly high for propagation of the X4-tropic HIV-1C isolate SW7,
which induced syncytia in PBMCs. Syncytium formation describes the HIV-induced fusion of
many cells into a single, multinucleated structure3! which ultimately decreases the number of
PBMCs available to be infected in the next round. In the case of SW7 which exhibited this high
turnover, three days between feeds proved too long for cell survival and HIV propagation. In
order to mitigate the effects of this turnover on HIV production, flasks were fed every two
days rather than every three days, with twice the number of activated PBMCs per feed. In
order to maintain consistency with R5- and R5X4-tropic productions which were fed twice
before harvest, the X4-tropic HIV was also fed twice before harvest, and was consequently

harvested on day 7 of HIV production.

4.4.3.2.2 Upscaling virus production

Having adjusted PBMC numbers for feeding, the cycle of feeding, and the harvest time,
production was up-scaled by doubling each component. Each aspect of the production
protocol was doubled, and co-cultures of the same HIV-1C isolate were pooled before
feeding. This resulted in twice the number of HIV CFS on the day of harvest, but more
importantly, provided a means to improve propagation despite the loss of infectivity due to
replication-driven mutation. This principle is illustrated in Figure 4.7, showing the flask-
specific changes that may occur to HIV in each flask (represented by different colour virions)
despite starting from the same initial infection. These different viral species (quasispecies) are
transmitted to other flasks by pooling during feeding, ensuring that a portion of replication-
competent virus is present in each flask which is provided with new activated cells and hence

the opportunity to replicate.
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The viral quasispecies phenomenon (shown in Figure 4.7) describes the diversity of viral
sequences in a population of virus from the same source (production flask, or patient)
resulting from mutations accumulated during viral replication3?. The quasispecies
phenomenon is well-described for HIV3? 33, and was applied to the development of our in-
house HIV production protocol to attempt to maximise the production of infectious virus
between flasks. Further testing of this hypothesis is recommended, comparing the fitness of
virus produced in the Montefiori method with virus produced in the up-scaled in-house

method.
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Figure 4.7: Hypothetical illustration of HIV quasispecies formation during HIV propagation.
Different coloured virions in each flask represent different populations of HIV which abide
in each flask due to mutation resulting from reverse transcription. Each vertical flask series
represents a step in HIV production, namely initial infection, feed 1, and feed 2. Grey dotted
arrows represent points of pooling, before each feed and before harvesting.
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4.4.3.3 Peripheral blood mononuclear cell-propagated virus loses

virulence over time

Due to mutations incurred during the error-prone viral replication process, unpredictable loss
of virulence in HIV populations is observed with replication (over time), and is well
described?® 34 Unfortunately, this unpredictable loss of infectivity with successive
productions resulted in the rapid depletion of infectious stocks of virus which could not,
despite our efforts, be replenished by further productions. In future, molecular clones of
HIV-1C should be considered for experiments requiring infectious virus, as stable, predictable

viral production can then be achieved.

Functional titres obtained using the GHOST GFP assay (described in 3.6.6 GHOST green
fluorescent protein assay — method) for successive productions of representative HIV-1C
isolates are shown in Table 4.11. Titres lower than 10* IU/mL were considered non-infectious.
This was based on the volume of any virus stock which would be required to infect 10° cells
in a reasonable volume (10 mL or less). Table 4.11 illustrates the loss of virulence over time
for PBMC-propagated virus, resulting in insufficient IUs generated to complete experiments

with each tropism of HIV for this study.

Table 4.11: Functional titres for successive productions of HIV-1C primary isolates CM9
and SW7 showing a gradual decrease in infectivity over time. Non-infectious harvests
(IU/mL < 10%) are shown in purple.

Isolate Harvest date IU/mL
290118 9.47x10°
CM9 (R5X4-tropic) 190218 5.15x10°
250918 4.74x10°
240618 3.04x10°
SW7 (X4-tropic) 010818 4.71x10°
220918 7.90x103
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4.5 Summary of virus produced

Table 4.12 below summarises the viruses and their infectious titres produced during this

study, and their respective functional titres as determined by the GHOST GFP assay (as

described in 3.6.6 GHOST green fluorescent protein assay — method).

Table 4.12: Representative HIV-1B and HIV-1C HIV CFS stocks and their functional titres
generated by the GHOST GFP assay.

Functional

Functional

Standard Standard

HIV-1B stock ID titre L. HIV-1C stock ID titre L.
deviation deviation

(1u/mL) (1u/mL)

89.6-041217 5.80 x10% 3.04 x10% CM1-250217 1.60 x10° 5.18 x104
89.6-121018 6.01 x10% 1.23 x10* CM1-110618 1.20 x10° 5.60 x10%
89.6-151018 2.66 x10% 1.28 x104 CM9-290118 9.47 x10° 2.47 x10°
89.6-181018 5.08 x10° NA CM9-280218 P 2.39 x10° 3.20 x104
NL4-3-041217 3.16 x10% 1.70 x104 CM9-020518 1.05 x10° 6.28 x10°
NL4-3-121018 3.57 x10% 1.10 x104 CM9-270618 3.60 x10° 2.25 x10°

NL4-3-151018 4.19 x10* 1.15 x104 CM9-250918 4.74 x10° NA
NL4-3-181018 6.16 x10° 2.94 x10° SW7-240618 7.74 x10* 2.72 x104
Yu2-041217 5.80 x10° 3.61 x10% SW7-110718 2.87 x10° 1.26 x10°
Yu2-121018 6.09 x10° 3.27 x10° SW7-010818 4.71 x10° 4.70 x10*
Yu2-151018 3.53 x10° 2.15 x10° SW7-220918 7.90 x103 6.34 x10?
Yu2-181018 3.54 x10% 3.41 x10° Du422F-240718 2.60 x10* 5.95 x10°3

*NA indicates that functional titres were calculated using only the neat virus-infected wells. These

isolates were not used in further experiments.
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Chapter 5 Haematopoietic stem/progenitor cell

isolation and purification

5.1 Introduction

Haematopoiesis, the process of reconstituting all blood and immune cells, is achieved by the
differentiation of HSPCs in response to a specific cytokine stimulus®. HSPCs reside in the bone
marrow, in specialised niche environments which maintain quiescence or initiate
differentiation and mobilisation from the bone marrow as required by the body?. The cell
surface marker CD34 is used as a proxy for the stem cell population for transplantation
purposes, and is widely used to isolate HSPCs in research settings, as the phenotype of the
“true” self-renewing HSC remains unknown3>. The CD34* HSPC population is heterogenous,
including cells which express differentiation markers indicating lineage priming, such as
CD38°%, and markers indicating quiescence, such as CD90 (Figure 5.1)3. However, extensive
research has shown that the CD34* population is important for engraftment in HSCT, contains

long-term repopulating cells, and can form multilineage colonies in vitro’-%0.
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Figure 5.1: Haematopoiesis and the expression of HSPC surface markers3 % & 11 The self-
renewing HSC divides asymmetrically to produce a self-renewing HSC and HPC, which will
differentiate as directed by cytokine signalling. The heterogenous CD34* HSPC population is
outlined by the blue dotted line.

For applications which require pure populations of HSPCs, the HSPC population must be
teased out of the MNC population, which can be purified from enucleated cells and
granulated or multinucleated cells by centrifugation. Purification of HSPCs from MNCs is most
often achieved by selection of the CD34* HSPC population, which expresses low to
intermediate levels of CD45 (CD45%™)12 depending on the source. Cell surface phenotype can
be exploited to remove non-target cells or isolate target cells, using cell surface marker-
specific monoclonal antibodies. These antibodies tag target cells (direct selection) or non-
target cells (indirect selection) and can be used to separate the population of interest. This is
termed cell sorting, and can be achieved using a cell sorting flow cytometer, where selection
is based on fluorescent antibody-based tagging'?, or by magnetic separation, where selection

is based on magnetic microbead-based tagging'#

Bone marrow aspirates, UCB, and mobilised peripheral blood (leukapheresis product) are the

sources of CD34* HSPCs most frequently used for research and clinical purposes® 6. Bone
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marrow aspirates are obtained by inserting a needle into bones containing marrow (such as
the iliac crest of the hip), and removing small volumes (10-20 mL) of bone marrow. Bone
marrow aspiration is invasive and painful and is not performed without clinical indication.
Leukapheresis product is obtained by mobilising HSPCs from the bone marrow into circulation
by administering a mobilising agent such as G-CSF'’. Mobilised HSPCs are collected with
peripheral blood cells by apheresis from a donor, concentrating the cells into an apheresis
collection bag, and re-infusing the donor with the remaining plasma in a closed system. This
is most often performed to harvest CD34* HSPCs for transplantation purposes'’. UCB is the
least invasive source of CD34* HSPCs as blood is collected from the umbilical cord immediately
after childbirth, which would otherwise be discarded as medical waste. Bone marrow is
reported to be the richest source of CD34* HSPCs, at 5.6% * 4.6 of harvested cells, compared
to leukapheresis product at 1.9% * 2.6 and UCB at 1.7% + 2.6 of harvested cells*®. However,
leukapheresis product outweighs both UCB and bone marrow with regard to cell number, and

is therefore the preferred source of HSPCs in the clinical setting.

5.2 Ethical considerations

5.2.1 Sample collection

Umbilical cord blood (UCB) and leukapheresis products were used as sources of HSPCs in this
study. Written informed consent for donation of UCB was obtained from patients scheduled
for caesarean section at Netcare Femina Hospital, Pretoria, South Africa. Leukapheresis
products were donated by the Alberts Cellular Therapy (ACT) unit at Netcare Pretoria East
after consent and approval was obtained to donate products for research purposes. The use
of UCB- and leukapheresis-derived HSPCs for the purposes described herein was approved by
both the Faculty of Health Sciences Research Ethics Committees (in accordance with the
Declaration of Helsinki; protocol number 207/2016) and the Netcare Research Ethics
Committee. Samples were anonymised by using a sample ID which identifies the source, and
the date on which it was collected/donated/thawed. Donors from the same day were

separated by adding an additional numerical epithet. To illustrate, UCB samples harvested in
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the afternoon of 02/04/2018 but processed the morning of 03/04/2018 would be labelled
CB030418, and leukapheresis samples received on 12/11/2018 would be labelled AP181112.

5.2.2 Human immunodeficiency virus testing

Only HIV-negative samples were included for experimental purposes due to the nature of the
experiments. Since HIV testing is routinely performed for pregnancy and transplant purposes,
patient files were used to pre-screen potential UCB donors. Leukapheresis donor HIV negative
status was provided by ACT staff. UCB sample HIV-status was confirmed by GeneXpert testing
(described in 3.3 Donor testing) prior to the initiation of experiments. Leukapheresis donor
samples could not be reliably tested by GeneXpert, which is not validated for testing samples

other than whole blood.

5.3 Sample processing

5.3.1 Umbilical cord blood processing

5.3.1.1 Sample collection and storage

During scheduled caesarian sections, UCB was collected from the umbilical vein into a sterile
250 mL cord blood collection bag (Jiaxing Tianhe Pharmaceutical Co. Ltd, China) containing
20 mL of the anticoagulant CPD. Collection was done by attending obstetricians and/or

theatre nurses. Samples were stored at 4°C and used within 24 hr of collection.

5.3.1.2 Isolation of umbilical cord blood-derived mononuclear

cells containing haematopoietic stem/progenitor cells

Isolation of MNCs from UCB was performed by layering 30 mL of whole blood on 15 mL
histopaque, followed by centrifugation at 1700 rpm for 30 min with no brake. Cells of different
size and weight were separated by the density gradient (Figure 5.2). After centrifugation the
top plasma layer containing platelets and proteins was aspirated, and the UCB-MNC layer

carefully collected using a Pasteur pipette. Collected UCB-MNCs were washed by topping up
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the volume to 50 mL with TP buffer, followed by centrifugation at 300 x g for 10 min.
Remaining red blood cells were lysed by resuspending the cell pellet in 20 mL 0.22 pum
sterile-filtered ammonium chloride lysis solution (pH 7.4) and incubating for 15-20 min at 4°C.
The ammonium chloride and red blood cell debris were removed by aspirating the
supernatant after centrifugation at 300 x g for 10 min. The MNC pellet was resuspended in

5 mL TP buffer for enumeration of CD34* HSPCs prior to their isolation.

Plasma
Blood Cenftrifuge at 1700 rom for
30 min without break Histopaque
Histopaque

Granulocytes
+ erythrocytes

Figure 5.2: Histopaque density-gradient centrifugation facilitates separation of MNCs from
granulocytes, erythrocytes, and platelets.

5.3.2 Leukapheresis processing

5.3.2.1 Sample receipt and storage

Leukapheresis products were obtained from storage in liquid nitrogen, in cryobags containing
10% DMSO as a cryoprotectant. Leukapheresis products signed off with informed consent for
use in research were collected from the ACT and transferred to the Institute for Cellular and
Molecular Medicine (ICMM) between layers of dry ice to prevent thawing during transit. On

arrival, products were immediately catalogued and transferred to liquid nitrogen storage.
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Leukapheresis products were supplied already de-identified except for HIV-status and
whether the samples were intended for autologous or allogeneic HSCT. Sample identifiers

were assigned based on date of receipt.

5.3.2.2 lLeukapheresis thawing and processing

5.3.2.2.1 Leukapheresis thawing

Leukapheresis products were thawed using a thawing protocol supplied by the ACT with
minor modifications. The protocol supplied is routinely used by the ACT during preparation
of the cell therapy product for HSPC transplant. Apheresis collection bags were removed from
liguid nitrogen and placed on the bench at room temperature for precisely 2 min to prevent
the bag from cracking. The sample bag was then transferred to a 2 L glass beaker containing
1.6 L 1% NaCl (Sigma-Aldrich, USA) which was put into a water bath pre-heated to 37°C. The
leukapheresis product was thawed for no more than 2 min in by alternately submerging the
bag for 10 s and massaging the bag gently for 5 s. The sample was considered thawed when
a manageable, icy slush consistency was achieved, typically between 30 s and 1 min of

thawing in the water bath.

5.3.2.2.2 Thawed leukapheresis processing

Thawed bags were sprayed with 70% ethanol and wiped down before cutting a small corner
of the bag using 70% ethanol-sterilised scissors and aliquoting 10 mL leukapheresis product
into pre-cooled 50 mL centrifuge tubes containing 40 mL 4°C (approximately) PBS. Tubes were
mixed by inversion as soon as leukapheresis product was aliquoted and centrifuged at 300 x g
for 10 min at 4°C to prevent loss of viability due to the presence of DMSO. Cell pellets were
resuspended in TP buffer supplemented with 40 pg/mL human albumin (TP4 buffer) and
strained through 70 um Falcon™ cell strainers (Corning Inc., USA). Additional human albumin
was added to TP buffer to reduce clotting®® caused by aggregation of necrotic cells which form
mucous-like clots, trapping a signicant number of viable cells. Cells were pelleted once more
by centrifugation at 300 x g for 10 min after which up to four pellets were pooled in 50 mL

RPMI supplemented with 2% pen/strep for HSPC enumeration. An aliquot of this cell
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suspension was used for HSPC enumeration as described in 5.4.2.2 Leukapheresis product-

derived samples.

The TP4 buffer wash and strain was performed to save on RPMI and remove necrotic cell
clumps sequestering viable cells. However, it was observed that TPs buffer resulted in
increased non-specific staining with isotype reagent (Figure 5.3B) provided with the Stem-Kit
enumeration kit which was not seen in leukapheresis-derived cells stained in RPMI (Figure
5.3A). The suspected increase in non-specific staining observed when staining for the Stem-
Kit isotype control in TP4 buffer was due to non-specific binding of antibodies to human
albumin in the buffer. This could compromise the detection of CD349™ HSPCs, leukapheresis

product-derived cells were therefore stained and enumerated for CD34* HSPCs in RPMI.

A B

[Leukocytes] CD34-PE / SSC [Legk‘ocytes] CD34-PE / SSC
. "|CD34+ HSPCs: 0.01% e -|CD34+ HSPCs: 0.09%

1000. .

SSC
SSC

10 10° 10 10% 163 10 10° 10! 10% 163
CD34-PE CD34-PE

Figure 5.3: Effect of staining medium on isotype control staining (Stem-Kit) during
leukapheresis-derived HSPC enumeration. Stemkit iso staining of AP181122-01 cells stained
in RPMI (A) versus AP181122-01 cells stained in TP4 buffer (B).
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5.4 Haematopoietic stem/progenitor cell enumeration

5.4.1 Flow cytometer and configuration

Viable CD34* HSPCs were enumerated in processed leukapheresis or UCB samples using the
Gallios flow cytometer. This was (i) to determine whether the HSPC content was sufficient to
continue with CD34* HSPC isolation, and (ii) to stain with the correct volumes of antibodies
for CD34* HSPC isolation. The laser/filter configuration for the Gallios flow cytometer is
presented in Table 5.1, with antibodies and their fluorochromes relevant to this chapter

indicated next to the appropriate channels.

Table 5.1. Summary of Gallios flow cytometer laser and filter configuration, channel
designations and fluorochromes (used in this series of experiments)

Laser Filter Channel Antibodies + Fluorochromes
525/40 FL1 CDA45-FITC (Stem-Kit)
575/30 FL2 CD34-PE (Stem-Kit)
620/30 FL3 Flow-Count beads
695/30 FL4 7AAD
755 LP FL5 Not used
660/20 FL6 Not used
725/20 FL7 Not used
755 LP FL8 Not used
450/40 FL9 Not used
550/40 FL10 Not used
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5.4.2 Sample preparation for enumeration

5.4.2.1 Umbilical cord blood-derived samples

UCB-MNCs isolated from UCB, described in 5.3.1.2 Isolation of umbilical cord blood-derived
mononuclear cells containing , were enumerated by staining 50 uL cell suspension with 3 pL
7-AAD and 3 L of a ready-to-use monoclonal antibody cocktail containing mouse anti-human
CD34 conjugated to PE (CD34-PE; clone 581) and mouse anti-human CD45 conjugated to FITC
(CD45-FITC; clone J33). The 7-AAD and CD34/CDA45 cocktail both form part of the Stem-Kit
HSC enumeration kit (Beckman Coulter, USA). Cells were incubated for 10 min in the dark
prior to the addition of 50 puL Flow-Count™ and 300 uL PBS. Samples were analysed on the
Gallios flow cytometer, and absolute counts were calculated as described in
3.6.3.3 Enumeration. Isotype control staining was not performed for each UCB-derived
sample for the enumeration of CD34* HSPCs as the Stem-Kit reagents are used routinely at
the ICMM and previous work has shown that the CD34* HSPC population from UCB was well-
defined. When isotype control staining was performed, 50 pL cell suspension was stained with
3 uL 7-AAD and 3 pL of the Stem-Kit isotype control (provided with the Stem-Kit HSC
enumeration kit) cocktail containing CD45-FITC and mouse 1gG1 conjugated to PE as the CD34
isotype control. Staining was performed for 10 min in the dark before adding 50 uL
Flow-Count™ and 300 puL PBS, after which samples were analysed on the Gallios flow

cytometer.
5.4.2.2 lLeukapheresis product-derived samples

Aliquots of 100 L cell suspension (processed as described in 5.3.2.2.2 Thawed leukapheresis
processing) were stained for enumeration. One aliquot was stained with 5 pL 7-AAD and 5 plL
Stem-Kit CD34/CD45 cocktail, and the second aliquot was stained with 5 uL 7-AAD and 5 pL
Stem-Kit CD34 isotype/CDA45 cocktail, for 10 min in the dark. Flow-Count™ (100 pL) was added
only to the aliquot stained with the Stem-Kit CD34/CD45 cocktail as the isotype control tube
was only used to set the CD34+ HSPCs region. Samples were analysed on the Gallios flow

cytometer, and absolute counts were calculated as described in 3.6.3.3 Enumeration.
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5.4.3 Gating strategy

The gating strategy emloyed for the enumeration of CD34* HSPCs (Figure 5.4) is an adaptation
of the ISHAGE CD34* HSPC enumeration protocol suggested by the ISCT*2. The four-parameter
gating strategy outlined by ISHAGE is described as four sequentially gated plots'2. Plot 1:
ungated SSC Lin versus CD45-FITC two-parameter plot as shown in Figure 5.4B with a defined
region indicating CD45+ cells. Plot 2: SSC Lin versus CD34-PE two-parameter plot gated on the
“Leukocytes” region created in plot 1 as shown in Figure 5.4 with a defined region indicating
CD34* cells. Plot 3: CD45-FITC versus SSC Lin two-parameter plot gated on CD34+ cells with a
region of low to intermediate CD45 expression defined (CD45 dim). Plot 3 was not used in our
setup, but colour tracing (purple CD34* HSPCs, Figure 5.4B and D) confirmed that the CD34*
HSPCs displayed lower levels of CD45 expression. Plot 4: FS Lin versus SSC Lin two-parameter
plot gated on CD45 dim with a region of low to intermediate SSC and FS defined, as HSPCs
lack intracellular complexity and are relatively small. This plot was also not used in our setup,
as two-parameter plots with SSC Lin on the y-axis were used for leukocyte and CD34* HSPC

identification.

Dead cells staining positive for 7-AAD were excluded in the “VIABLE” region (SSC Lin versus
7-AAD Log; Figure 5.4A). Viable cells expressing the panleukocyte marker CD45 were selected
in the “Leukocyte” region (SSC Lin versus CD45-FITC Log; Figure 5.4B). Leukocytes expressing
CD34 were captured in the region labelled “CD34+ HSPCs” (SSC Lin versus CD34-PE Log; Figure
5.4D). Flow-Count™ fluorospheres were enumerated in the Cal region of the Flow count (FL3)
versus Time plot and were used to calculate absolute numbers of leukocytes and CD34* HSPCs

as described in 3.6.3.3 Enumeration.
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Figure 5.4: ISHAGE-derived gating strategy applied to the enumeration of CD34* HSPCs
derived from both UCB and leukapheresis products. Plots represent UCB-MNCs. (A) Viable
cells were selected based on negative 7-AAD staining. (B) Viable leukocytes were selected
on CD45 expression (“Leukocytes”) in the two-parameter SSC Lin versus CD45-FITC plot
gated on the “Viable” region. (C and D) The “CD34+ HSPCs” region was confirmed in
random samples using the Stem-Kit isotype control (C), using a SSC Lin versus CD34-PE
two-parameter plot. (D) Viable leukocytes expressing CD34 (CD34+ HSPCs) were captured
in the “CD34+ HSPC” region. (E) Flow-Count™ beads were identified in the “Cal” region
and used to calculate absolute cell numbers.
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5.5 Optimisation of leukapheresis processing

Initial attempts to thaw cryopreserved samples yielded low viability, resulting in low CD34*
HSPC cell numbers. Isolation of CD34* HPSCs using both magnetic-activated cell sorting
(MACS) and FACS are antibody-based, which can bind non-specifically to dead cells. In
addition, clotting caused by dead cell aggregation clogs up the sample pick-up line of the
FACSAria™ cell sorter as well as the magnetic columns employed in MACS. It was therefore
necessary to improve sample viability prior to HSPC isolation. The optimised protocol is
described in 5.3.2.2.2 Thawed leukapheresis processing. The initial protocol was adjusted
systematically in terms of (i) working temperature, (ii) resuspension medium, and (iii) dead

cell removal in order to improve post-thaw viability.

5.5.1 Working temperature

Initially, leukapheresis products were thawed in a warming incubator set to 37°C which took
anything from five to ten minutes. This was reduced to less than four minutes using the
waterbath protocol from the ACT described in 5.3.2.2.1 Leukapheresis thawing, already
improving post-thaw viability. The initial processing procedure was carried out at room
temperature or using solutions pre-heated to 37°C. This encouraged cell metabolism
compared to working cold, which increased cytotoxicity from DMSO exposure. Lower working
temperatures during sample processing were therefore investigated as an avenue to improve

post-thaw viability.

A validation experiment was planned to determine whether processing the leukapheresis
product on ice or using cold (4°C) solutions and keeping cells at 4°C between steps, would

further improve viability post-thaw.
5.5.1.1 Method

Two leukapheresis products from different donors were independently thawed in a 37°C
water bath as described in 5.3.2.2.1 Leukapheresis thawing. The first product (AP181010) was

diluted on ice into PBS, centrifuged at 300 x g for 10 min at 4°C, and the pellets resuspended
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in TP4 buffer on ice before counting. The second product (AP180823) was diluted into PBS
pre-cooled to approximately 4°C, centrifuged at 300 x g for 10 min at 4°C, and the pellets
resuspended in cold (~4°C) TP4 buffer.

Viability was assessed by staining 100 uL cell suspension with 3 pL each of 7-AAD and Stem-Kit
CD34/CDA45 antibody cocktail. A second 100 L cell suspension aliquot was stained with 3 pL
each of 7-AAD and Stem-Kit isotype control. Aliquots were stained for 10 min in the dark and
enumerated by flow cytometry as described in 5.4 Haematopoietic stem/progenitor cell

enumeration.

5.5.1.2 Results and outcome

Post-thaw viability was significantly improved when working at temperatures around 4°C
compared to working on ice (Figure 5.5). It is important to note that working temperature
was improved using two independently thawed samples from independent donors rather
than a single donor product used to test the two methods concurrently. While this could
explain some of the improvement, the trend in increased viability was sustained since
switching from working on ice to working at approximately 4°C. A working temperature of
approximately 4°C was therefore adopted for leukapheresis sample processing, and yielded

sample viability of between 70-80% in subsequent leukapheresis product thaws.
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Figure 5.5: Effect of working temperature on post-thaw viability of leukapheresis-derived
cells. (A) Viability of cells (AP181010) processed and resuspended on ice contrasted with
(B) the viability of cells (AP180823) processed and resuspended using pre-cooled (4°C)
solutions.

5.5.2 Post-thaw resuspension medium

Different post-thaw resuspension media were also tested in our quest to improve sample
viability. The viability of cells resuspended in RPMI and TP4 buffer respectively during sample
processing was tested. RPMI, formulated for the growth and maintenance of suspended cell
cultures, was compared to TP4 buffer to determine whether nutrient-rich medium would

improve viability compared to buffer supplemented only with albumin protein.

5.5.2.1 Method

A single bag of leukapheresis product (AP181122-01) was thawed as described in
5.3.2.2.1 Leukapheresis thawing. After the first centrifugation (300 x g, 10 min, 4°C) in cold
PBS to wash off DMSO, the supernatant was aspirated from each tube. Cell pellets collected
from four tubes were resuspended and pooled in 50 mL cold RPMI, and pellets from the
remaining four tubes were resuspended in 50 mL cold TP4 buffer. Since the measure of
viability would be expressed as percentage of total cells rather than absolute count, splitting
the number of pellets equally between the two resuspension media was deemed adequate.

Each suspension was strained through 70 um cell strainers and 100 pL aliquots were taken for
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flow cytometric analysis. Sample viability was determined as described in
5.4.2.2 Leukapheresis product-derived samples. The procedure was repeated using a second

biological replicate (AP181211).

5.5.2.2 Results and outcome

Representative results shown in Figure 5.6 and Table 5.2 indicate that there is no significant
trend of increased viability (7-AAD negative population) between RPMI and TP4 buffer.
However, a greater spread of the 7-AAD positive population was observed with TP4 buffer-
resuspended cells (Figure 5.6B), which may indicate that cell membranes of neutrophils (more
complex and therefore higher on SSC Lin) were more compromised compared to RPMI-
resuspended cells (Figure 5.6A). The TP4 cells were not pelleted and resuspended in RPMI
prior to counting (described in 5.3.2.2.2 Thawed leukapheresis processing), as cells could be
lost by the additional centrifugation. The same gating strategy was employed for both TPa-
and RPMiI-resuspended cells. In light of these results, RPMI was used as the resuspension

medium in future experiments.

Table 5.2: Percent viabilities for leukapheresis products processed with different post-
thaw resuspension media.

Post-thaw resuspension
i RPMI TP4 buffer
medium
AP181122-01 87.91% 87.04%
AP181211 75.31% 89.17%
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Figure 5.6: Effect of post-thaw resuspension buffer on post-thaw viability. (A) Viability of
cells resuspended in RPMI. (B) Viability of cells resuspended in TP4 buffer.

5.5.3 Dead cell removal

Dead cell removal was explored to improve yield during CD34* HSPC isolation from
leukapheresis products. Two methods, namely histopaque and a slow spin akin to the platelet
spin described in 4.4.1.1 Peripheral blood mononuclear cell isolation from peripheral blood,
were compared for removing dead cells. The same leukapheresis products (AP181122-01 and
AP181211) thawed and used to test the post-thaw resuspension medium were used directly

after testing post-thaw resuspension medium to test dead cell removal strategies.

5.5.3.1 Density-gradient centrifugation

After viability estimation (as described in previous section), cells resuspended in RPMI were
pelleted by centrifugation at 300 x g for 10 min at 4°C. Cells were resuspended in 10 mL RPMI
and carefully layered on 5 mL histopaque. RPMI was used as the carrier medium as density-
gradient centrifugation previously performed with TP4 buffer did not produce the MNC layer

— presumably because the density of the cell suspension was not sufficient to support
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separation. Density-gradient separation was performed by centrifugation for 30 min at 1700
rom without brake. The white, fuzzy MNC layer (Figure 5.7) was collected as described in
5.3.1.2 Isolation of umbilical cord blood-derived mononuclear cells containing and diluted to

a final volume of 10 mL with RPMI.

|__Platelets and
debris

MNC layer

L Granulocyte
layer

3 I Dead cells
o’

Figure 5.7: Post-centrifugation density gradient of leukapheresis-derived cells in RPMI
loaded on histopaque.

5.5.3.2 Slow centrifugation

Cells resuspended in TP4 buffer (from 5.5.2 Post-thaw resuspension medium) were
centrifuged at 300 x g for 10 min without brake in an attempt to separate debris (light,
therefore remains in supernatant) and intact cells (heavier, therefore pellet). The supernatant

was aspirated and resuspended in 10 mL RPMI for enumeration.
5.5.3.3 Results and outcome

Both sample viability and CD34+ HSPC proportion were assessed to ensure that the CD34*
HSPCs were not lost in either method. Two aliquots of 100 uL were taken from each method
and stained for enumeration, as described in 5.4.2 Sample preparation for enumeration.
Representative results showing the difference between the two dead cell removal methods
investigated are shown in Figure 5.8, and results comparing post-thaw proportions to post-

histopaque and post-slow centrifugation cells are shown in Table 5.3. Viability was not
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improved using either dead cell removal technique, and no significant effect on the respective
leukocyte or CD34+ HSPC proportions were observed. Additional biological replicates would
be required to establish trends, as it seems that layering cells on histopaque may be useful
for CD34+ HSPC enrichment in some cases (Table 5.3; AP181211). Absolute cell counts will be
included for future optimisation, to measure absolute cell loss as well as the proportions
indicated in Table 5.3. For this study, dead cell removal strategies were not included in the

leukapheresis processing protocol.

Table 5.3: Percentage viability, and leukocyte and CD34+ HSPC proportions post-thaw
compared to dead cell removal strategies.

. Leukocytes | CD34+ HSPCs

Sample ID Stage Viability (%)
(%) (%)
Post-thaw (RPMI) 87.91 76.60 0.08
Post-thaw (TP4 buffer) 87.04 69.51 0.03

AP181122-01
Post-histopaque 92.67 89.96 0.08
Post-slow centrifuge 88.38 78.04 0.02
Post-thaw (RPMI) 75.31 91.18 0.05
Post-thaw (TP4 buffer) 89.17 87.50 0.13
AP181211

Post-histopaque 76.14 87.22 0.65
Post-slow centrifuge 72.57 92.42 0.24
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Figure 5.8: Effect of dead cell removal technique on viability and CD34-recovery. (A) The
viability of cells subjected to density-gradient centrifugation on histopaque was compared
to (B) the viability of cells subjected to slow centrifugation. (C) The SSC Lin profiles

compared to CD45 expression

is indicated for post-histopaque,

and (D) post-slow

centrifugation. (E) The percentage of CD34* HSPCs after dead cell removal by layering on
histopaque was compared to (F) slow centrifugation.
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5.6 CD34* haematopoietic stem/progenitor isolation

As previously mentioned, the proportion of HSPCs in the MNC fraction of UCB and
leukapheresis is small. In order to work with pure populations of HSPCs, immunoselection of

cells expressing the HSPC marker CD34 (Figure 5.1) was performed by MACS and/or FACS.

5.6.1 Magnetic-activated cell sorting

5.6.1.1 Introduction

MACS column-based selection is achieved by antibody selection using cell-surface marker-
specific antibodies conjugated to magnetic beads!®. Magnetically-labelled cells are then
loaded onto a column inside a magnetic field, where unlabelled cells are washed from the
column and labelled cells are retained in the column matrix due to the magneticfield. Labelled
cells are released from the column by removing the column from the magnetic field and cells
were flushed out of the column using the kit-provided plunger. MACS can be used to purify
specific populations by direct selection, where the cells of interest are magnetically labelled
and non-target cells are removed in the flow-through, or indirect selection, where non-target
cells are magnetically labelled and the cells of interest are collected in the flow-through. An
example of direct selection is the isolation of CD34" cells, and an example of indirect selection
is the isolation of Lin™ cells, where Lin* cells are labelled with a cocktail of lineage-specific
magnetic bead-conjugated monoclonal antibodies, resulting in the retention of lineage-

committed cells in the column. Basic principles of MACS are illustrated in Figure 5.9.
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Figure 5.9: Principles of direct selection by MACS.

56.1.2 Method

Direct selection of CD34-labelled cells was achieved using the MACS CD34 MicroBead kit
(Miltenyi Biotec, Germany) and LS columns (Miltenyi Biotec, Germany), according to
manufacturer’s instructions. Up to 2x10° total cells can be loaded on an LS column. Cell
suspensions were prepared as described in 5.3.1 Umbilical cord blood processing and
5.3.2 Leukapheresis processing, after which cells were enumerated as described in
5.4 Haematopoietic stem/progenitor cell enumeration. Total cell counts were estimated by
ungating the CD45-FITC plot, and extending the Leukocytes region to include all cells (Figure
5.4B). This was performed to obtain a total cell count, which was used to calculate the volume

of magnetic beads required for staining.
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5.6.1.2.1 Magnetic labelling

Aliquots of cell suspensions were magnetically labelled in no more than 3 mL TP buffer per
10° live leukocytes, as greater volumes resulted in inadequate staining and poor recovery of

labelled cells.

First, 100 pL FcR blocking reagent was added per 108 total cells and incubated at 4°C for 10
min to minimise non-specific binding of anti-CD34 microbeads. Cells were then labelled with
anti-CD34 microbeads by adding 100 pL of anti-CD34 microbeads per 102 total cells and
incubating for 30 min at 4°C. Excess bead-conjugated antibodies were washed off by topping
up the volume to 10 mL with TP buffer, followed by centrifugation at 300 x g for 10 min. The
supernatant was aspirated and the cells resuspended at a concentration of approximately

2x107 cells per 100 pL in TP buffer.

5.6.1.2.2 Column-based magnetic separation

LS columns were slotted into the indents of a QuadroMACS separator (Miltenyi Biotec,
Germany) and primed by passing 3 mL cold TP buffer through the column and allowing it to
empty by gravity into a waste collection tube. The labelled cell suspensions were applied to
LS columns in the magnetic field of the QuadroMACS separator by passing the cells through a
30 um pre-separation filters (Miltenyi Biotec, Germany), moving to a new primed
column/filter set up as soon as saturation of the column was suspected. As dead cells and cell
debris could clog both the filter and the column, spreading the labelled cell suspension across
multiple columns was required for sufficient enrichment and recovery of CD34* cells . Flow-
through containing unlabelled cells was collected into waste tubes (Figure 5.9). Each column
was washed three times (while in the magnet) with 3 mL cold TP buffer, allowing the column

to empty by gravity flow before applying the next wash volume.

5.6.1.2.3 Eluting labelled cells

CD34-labelled cells were eluted from the column by removing LS columns from the
QuadroMACS separator and firmly plunging 3 mL and then 2 mL cold TP buffer through the

column into a fresh collection tube. Cells were pelleted by centrifugation at 300 x g for 10 min
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and pooled and resuspended in 2 mL TP buffer. Cells were enumerated as described in
5.4 Haematopoietic stem/progenitor cell enumeration, using 50 pL cell suspension to assess

the purity and enumerate CD34* HSPCs in the enriched product.

5.6.1.3 Purity and yield evaluation

5.6.1.3.1 Purity

Representative purity and enrichment results of post-MACS cell suspensions compared to
post-processing suspensions (prior to enrichment) are shown in Figure 5.10. Results of
magnetic isolations performed on UCB-MNCs and leukapheresis-derived cells are shown in
Table 5.4. CD34* HSPCs were enriched in all cases, with purities ranging from 53.27% to
91.65%.

Table 5.4: Paired post-processing and post-MACS viability and purity results for UCB-
MNCs and leukapheresis-derived cells.

Sample ID Viability (%) Leukocytes (%) CD34+ HSPCs (%)

CB190418 (post-processing) 96.20 61.83 1.92
CB190418 (post-MACS) 96.13 81.04 78.55
CB100518-02 (post-processing) 95.11 80.66 2.92
CB100518-02 (post-MACS) 89.15 90.06 76.68
CB100518-03 (post-processing) 92.57 80.10 3.14
CB100518-03 (post-MACS) 85.17 60.11 53.27
CB100518-05 (post-processing) 94.45 93.36 4.00
CB100518-05 (post-MACS) 77.59 80.48 62.46
AP180823 (post-processing) 75.81 70.16 1.36
AP180823 (post-MACS) 92.82 87.92 91.65
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Figure 5.10: Post-thaw (A; C; E) and post-MACS (B; D; F) comparison in terms of viability,
leukocyte proportion, and CD34+ HSPC enrichment. (A) The viability of AP180823 post-processing
is contrasted with (B) the viability post-MACS indicated by negative staining for 7-AAD. (C) The
proportion of leukocytes post-processing compared to (D) post-MACS is indicated by positive
staining for CD45. (E) The proportion of CD34+ HSPCs post-processing is compared to (F) the
enriched proportion of CD34+ HSPCs post-MACs.

5.6.1.3.2 Yield

Enrichment for the CD34* HSPC population achieved by MACS was sufficient as a pre-
enrichment step for FACS, where purities of 97-100% of the CD34* HSPC population were
typically achieved. However, the yield of CD34* HSPCS (post-MACS) recovered from the
column compared to the CD34* HSPCs (post-processing) applied to the column was not
sufficient for experiments when UCB was used as the HSPC source. This was, in part, due to
the small volumes of UCB obtained, of which only a small proportion are CD34* HSPCs.
Recovery of UCB-derived CD34* HSPCs post-MACS was unpredictable, and ranged between 6-
74%.
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Leukapheresis product was therefore used as an alternate source of HSPCs, where the cell
numbers per bag exponentially outnumber the number of cells per UCB unit collected.
Switching sources of HSPCs from UCB to leukapheresis was done in an effort to ensure that a

sufficient number of cells were obtained post-MACS.

5.6.2 Fluorescence-activated cell sorting

Depending on the experiments planned, FACS was used to sort viable CD34*Lin" HSPCs directly
from UCB-MNCs, from pre-enriched post-MACS cells, or from HIV-infected purified HSPC

populations.

5.6.2.1 Instrument configuration

Sorting was performed on the FACSAria™ cell sorter using either a 70 um or 100 pum nozzle,
and an ND1 filter. The 488 nm, 561 nm, 633 nm, and 405 nm lasers were used, and the

laser/detector configurations are summarised in Figure 5.11.
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Figure 5.11: FACSAria Fusion laser/detector configuration for HSPC sorting experiments. (A)
The blue laser excited fluorochromes at 488 nm and was used to detect SSC on C and FITC
on B. (B) The violet laser excites fluorochromes at 407 nm and was used to detect Zombie
Violet™ on F. (C) The yellow/green laser excites fluorochromes at 561 nm and was used to
detect 7-AAD on B, PC7 on A, and PE on E. (D) The red laser excites fluorochromes at 633 nm
and was used to detect APC-Cy7 on A, and APC on C.
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5.6.2.2 Sample preparation and gating strategies

5.6.2.2.1 Haematopoietic stem/progenitor cell sorts from

umbilical cord blood-derived mononuclear cells

Rationale for phenotypic staining

In order to sort more primitive populations of HSPCs from the heterogenous CD34* HSPC
population without selecting particular subpopulations, Lin and CD38 were included for
sorting purposes (Figure 5.1). These markers separate primitive from lineage-committed
HSPCs without selecting a particular sub-population of primitive CD34* HSPCs, as would be

the case if CD90 or CD133 for example were used instead (Figure 5.1).

As mentioned in 2.2.3 Phenotype and heterogeneity, CD38 is an HSPC activation marker which
is expressed during differentiation®® from the CD34*CD38" primitive progenitor to lineage-
committed CD34*CD38* CMP and CLPs and beyond® %°. The lineage cocktail contains mouse
anti-human antibodies against CD3 to detect T cells, CD14 to detect
monocytes/macrophages, neutrophils, and eosinophils, CD16 to detect natural killer (NK)
cells, activated monocytes/macrophages and neutrophils, CD19 and CD20 to detect B cells,

and CD56 to detect NK cells.

Sample preparation

Colony forming unit (CFU) assays were optimised by sorting viable, lineage-marker negative,
CD34* cells from UCB-MNCs prepared as described in 5.3.1 Umbilical cord blood processing.
An aliquot of at least 10° CD34* HSPCs (obtained from HSPC enumeration, described in 5.4
Haematopoietic stem/progenitor cell enumeration) were stained for sorting. Aliquots were
stained with 2 pL antibody or stain per 10° total cells with the following: 7-AAD, Stem-Kit
CD34/CDA45 cocktail, mouse anti-human CD38 conjugated to a tandem dye consisting of APC
and Cy7 (CD38-APC-Cy7; clone HIT2; BioLegend, USA), and a cocktail of anti-human lineage-
specific markers conjugated to APC (Lin-APC; BioLegend, USA) for 20 min at 4°C in the dark.
After staining, the cell suspension volumes were topped up to 400 pl total volume with TP
buffer prior to sorting.
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Gating strategy

Viable cells of the following populations were sorted at 100 cells/well into 24-well plates
(Greiner Bio-One, Austria) containing semisolid medium: CD459™CD34*; Lin"CD459™CD34*;
Lin"CD459MCD34*CD38; Lin"CD459mCD34*CD38*; and Lin"CD459™mCD34*CD38™. The
sequential gating strategy used is shown in Figure 5.12. An example of post-sort purity of the

Lin"CD459™CD34* population is shown in Figure 5.12E and F, indicating 100% purity post-sort.
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Figure 5.12: Sequential gating strategy for sorting HSPC sub-populations from UCB-MNCs,
and resulting post-sort purity of the CD34*Lin- HSPC population. (A) Dead cells were
excluded by positive staining for 7-AAD. (B) Viable leukocytes expressing low levels of
CD45 were selected in the CD45 dim region. (C) Viable, CD45 dim cells already expressing
lineage-specific markers were excluded in the Lin- region. (D) The co-expression of CD34
and CD38 on viable, CD45%™Lin" HSPCs is shown, where CD38°, CD38¢™, and CD38*
populations also expressing CD34 are indicated. Post-sort purity of the viable,
CD459mCD34*Lin" sorted population (E and F), indicating 100% purity of the sorted
population. (E) The viable, CD45%™Lin" population post-sort purity (pre-sort population
shown in C). (F) The viable, CD45%™Lin"CD34* population post-sort purity (pre-sort
population indicated by CD34* populations in D).

5.6.2.2.2 Haematopoietic stem/progenitor cell sorts from

leukapheresis

MACS CD34-enriched leukapheresis-derived cells were sorted by FACS for HIV experiments,

which were exposed to various conditions and then sorted by FACS again for CFU assays. The
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CDA45 marker was not included as all CD34* HSPCs dimly expressed CD45, determined during
enumeration using the Stem-Kit CD34/CD45 antibody cocktail.

Sample preparation

Cells suspended in TP buffer were stained for sorting with 2 pL of mouse anti-human CD34
conjugated to PC7 (CD34-PC7; clone 581; Beckman Coulter, USA) and 2 pL of 7-AAD per 10°
total cells for MACS-enriched cells, or 3 pL of each for cells from HIV experiments. Cells were
stained for 15 min in the dark at 4°C, and sample volumes were increased to at least 300 pL
total volume with TP buffer (post-MACS cells) or TP4 buffer (HIV experiment cells) prior to

sorting.

Gating strategy

Viable, post-MACS CD34*-enriched cells (HSPCs) were sorted into 15 mL centrifuge tubes
containing 2 mL pre-warmed StemSpan™-ACF (StemSpan™; STEMCELL Technologies, Canada)
medium specifically designed for stem cell culture, supplemented with 2% penstrep. Sorted
cells were plated in 2 mL stemspan (2% penstrep) in a 6-well plate (Greiner Bio-One, Austria)
and incubated at 37°C, 5% CO; overnight. These cells were destined for HIV experiments. Cells
from HIV experiments for CFU assays were sorted directly into a 24-well plate containing
500 pL semisolid medium, at 100 viable CD34"* cells/well and distributed by vortex before
incubation as required for CFU assays. The gating strategy employed for sorting viable CD34*

HSPCs for or from HIV experiments is shown in Figure 5.13.
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Figure 5.13: Sequential gating strategy for sorting CD34* HSPCs from CD34-enriched
populations. Cell debris was excluded by selecting intact cells (A), which were sorted for

viability by negative staining for 7-AAD (B). Live cells expressing CD34 are encompassed
in the region CD34+ (C), and viable, CD34* sorted cells are indicated in the region Sorted

CD34+ cells.

5.7 Summary

The isolation of CD34* HSPC populations from UCB and leukapheresis product was

successfully achieved by MACS, FACS, or a combination of the two sorting techniques. The

CD34* HSPC populations obtained by sample processing and sorting were used in the

experiments described in Chapter 6 Haematopoietic stem/progenitor cell colony-forming unit

assays and human immunodeficiency virus infection.
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Chapter 6 Haematopoietic stem/progenitor cell
colony-forming unit assays and human

immunodeficiency virus infection

6.1 Introduction

The effect of HIV on the haematopoietic system is well described, resulting in a variety of
haematological abnormalities such as cytopenias® and haematological cancers?, described in
detail in 2.3.3 Human immunodeficiency virus and haematopoietic stem/progenitor cells.
These abnormalities can result from HIV-associated dysregulation of haematopoiesis, or from
direct infection of bone marrow niche cells and/or HSPCs. The susceptibility of HSPCs to
infection has yet to be conclusively determined, indicated by the summary of research studies

shown in Table 2.2.

The question of HSPC susceptibility to HIV infection and determining whether haematological
abnormalities are a direct or indirect consequence of HIV infection also has implications for
anti-HIV HSPCT-based gene therapy. Proof-of-concept for an HSPCT-based HIV cure was
provided by Hiitter and colleagues in the Berlin patient, who has been cured of HIV by means
of allogeneic HSPCT with donor cells resistant to R5-tropic HIV (CCR5-null)?. Autologous
transplant of an HIV* patient’s own, CCR5-null engineered HSPCs and T-cells is an expanding
field of research, currently showing promising results in murine models*’. When harvesting
HSPCs for autologous transplant, it is important to know whether these cells can potentially
be infected with HIV, and what effect HIV has on HSPC function. This is because direct
infection of HSPCs would result in the gene editing and infusion of infected cells back into the
patient, resulting in proliferation and a resultant spike in viral load®. Additionally, if HSPCs
harbour HIV, there is the risk that HIV replication may be activated in differentiating HSPCs

during patient conditioning and/or post-transplantation.

The effects of HIV infection on HSPC function can be evaluated by CFU assays, which rely on

the clonal expansion and differentiation properties of HSPCs to produce identifiable colonies
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when seeded in semisolid medium containing cytokines to support differentiation. These
colonies give an indication of the capacity of the seeded HSPCs to differentiate into all the
lineages assayed (determined by which cytokines are in the medium). Haematopoietic
colonies and the cells from which they are derived in a typical multilineage CFU assay are
shown in Figure 6.1. The self-renewing HSCs asymmetrically divide to form an HSC and a HPC
with the potential to become either a CLP or CMP. The CLP can differentiate into cells of the
lymphoid lineage, namely NK cells, T-lymphocytes, and B-lymphocytes. The CMP results in
mixed myeloid colonies of granulocytes, macrophages, erythroblasts, and megakaryocytes
(GEMM), forming CFU-GEMM. The CMP can differentiate into the granulocyte/macrophage
(GM) progenitor, forming CFU-GM colonies, or the megakaryocyte/erythroblast (ME)
progenitor. The GM progenitor can differentiate into granulocytes, forming CFU-G, or
macrophages, forming CFU-M. The ME progenitor can differentiate into megakaryocytes,

forming CFU-MK, or erythroblasts, forming B/CFU-E.

: Lin-
HSC AS’I'lrgr.n?T”C CD34*
cell division ~ ~15..,
(self-renewal) ~pop+2
CDI117+-2
Linm HPC

CD34*
CD133*"

NK cell

Thymus ” > Bone marrow \._)

Q O

T-lymphocyte B-lymphocyte Granulocyte Macrophage Erythrocyte Megakaryocyte

Figure 6.1: Schematic representation of haematopoiesis (adapted from literature®1'?),
showing HSC and HSPC phenotype markers (blue), CFUs (green), and colony images
relevant to CFU assays. Colony images were obtained from the CFU assay resource “The
Human Colony Forming Cell (CFC) Assay Using Methylcellulose-based Media” protocol
(R&D Systems) available at https://www.rndsystems.com/resources/protocols/human-
colony-forming-cell-cfc-assay-using-methylcellulose-based-media.
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6.2 Colony-forming unit assay set up and optimisation

6.2.1 Background

The CFU assay, although widely used, is susceptible to subjectivity if standardisation in colony
counting is not instituted. It is therefore important to ensure that the researcher performing
the CFU assay is trained to recognise and differentiate between the various haematopoietic
colonies. To aid in standardisation, a CFU atlas was compiled using colony morphology, colour,
cell size, and colony heterogeneity as reference points for colony differentiation. The CFU
atlas was used as a reference guide during CFU counting and identification, and was compiled
concurrently with CFU assay optimisation to ensure that real data could be applied to the

theoretical framework of the atlas.

CFU assays are typically performed in 6-well plates or 35 mm culture dishes by adding a known
volume of cell suspension to semisolid medium supplemented with cytokines before
plating!®. In this study, HSPCs were sorted by FACS directly into 500 pL pre-warmed
Methocult™ SF H4436 (Methocult™; STEMCELL Technologies, Canada) per well in 24-well
plates. Methocult™ SF H4436 is a serum-free semisolid medium supplemented with
recombinant human (rh) SCF, rh GM-CSF, rh IL-3, rh IL-6, rh G-CSF, and rh Epo. These cytokines
support differentiation into granulocytes, macrophages, erythrocyte progenitors, and
megakaryocytes, which can be identified as colonies. Lymphoid colonies were not evaluated
by the CFU assay as IL-7, a critical cytokine supporting lymphoid differentiation'®, was not

present in the medium (Figure 2.3).

Optimisation of the CFU assay specifically included the non-standard plate size (24-well) and
seeding method (sorting directly into medium by FACS). These changes to standard
protocols'? 3 necessitated the optimsation of (i) seeding cell density, (ii) post-sort distribution

of cells, and (iii) scoring and counting conventions.
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6.2.2 Method optimisation

6.2.2.1 Colony-forming unit assay method framework

All CFU assays were performed according to the following protocol framework. Outcomes of

optimisation experiments were implemented for subsequent experiments.

UCB-derived MNCs were isolated as described in 5.3.1 Umbilical cord blood processing and
prepared for sorting as described in 5.6.2.2 Sample preparation and gating strategies.
Samples were sorted as described in 5.6.2.2.1 Haematopoietic stem/progenitor cell sorts from
umbilical cord blood-derived mononuclear cells into wells of 24-well plates containing 500 pL
pre-warmed Methocult™ per well. Cells seeded in Methocult™ were incubated for 14 days at
37°C, 5% CO; for colonies to form as a result of clonal expansion and differentiation of seeded
HSPCs. After the 14 day culture period, colonies were counted using light microscopy on a

Zeiss Axio Vert Al (ZEISS, Germany) light microscope.

6.2.2.2 Cell seeding density

Seeding density plays an important role in the success of colony counting, as three
dimensional HSPC expansion in semisolid medium may result in colonies overlapping and
becoming impossible to count when seeded at high densities. In contrast, too few seeding
cells results in a poor representation of differentiation as not all of the seeded HSPCs will

necessarily differentiate.

To determine the optimum HSPC seeding density, 100, 150, 200, and 250 viable UCB-derived
CD34* HSPCs were sorted into Methocult™ as described in 5.6.2.2.1 Haematopoietic
stem/progenitor cell sorts from umbilical cord blood-derived mononuclear cells. After 14 days
incubation at 37°C, 5% CO,, colonies were counted and identified by light microscopy. It was
determined that 100 cells/well consistently yielded colonies with sufficient resolution to be

counted with confidence, while still producing between 15-30 colonies per well.
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6.2.2.3 Post-sort distribution

Sorting HSPCs by FACS directly into Methocult™ was problematic as all the sorted cells remain
in the zone of the well that the FACS stream strikes during sorting, usually close to the middle
of the well. Distribution of cells post-sort therefore required optimisation as Methocult™ is
viscous and difficult to work with without losing medium and cells. Pipetting the Methocult™-
cell suspension to mix the sorted cells and medium to achieve a more even distribution of
cells resulted in a layer of HSPC-containing medium on the inside of the pipette tip which was
impossible to recover. Given that any mechanical distribution using an implement to move
the medium resulted in similar loss of the viscous medium containing HSPCs, the plates were
agitated by vortex. The plates were vortexed by placing the centre of the plate, followed by
each corner, on the vortex for 15 seconds directly after sorting. PBS was then added to empty
wells to prevent the semisolid medium from drying out during incubation, which would

compromise the assay.

Over-mixing by vortex resulted in all the colonies forming on the edges of the wells, making
colony counting impossible due to the Methocult™ meniscus resulting in a curved edge which
obscured colonies evaluated by light microscopy. Adequate distribution of cells after each

vortex cycle was therefore confirmed by microscopy before incubation for the CFU assay.

6.2.2.4 Grid-scoring and counting conventions

6.2.2.4.1 Grid-scoring

In order to prevent counting one colony more than once, a tracking system was required to
keep record of which colonies had already been counted. A grid was drawn (using a
permanent marker) onto the bottom of the plate or the plate lid, or onto a cover slip which
could be moved over each well while counting. None of these inventions were successful, as
the lines were out of focus when colonies were in focus. However, a 3x3 grid scored on the
bottom of the plate using a scalpel and ruler worked well. This was achieved by turning the
empty plate upside down and tracing straight lines dividing the wells into three segments

horizontally and vertically so that each well had nine blocks (Figure 6.2).
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3A| 3B | 3C
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Figure 6.2: Counting grid scored onto the bottom of each well of 24-well plates, showing the
grid block positions used for colony counting.

6.2.2.4.2 Colony counting conventions

Colonies which overlapped between blocks were recorded in the block containing the bulk of

the colony.

Overlapping colonies were another challenge which required a solution for the purpose of
standardising the CFU assay. An exerpt from the CFU atlas is shown in Figure 6.3, which was

used as a guideline for counting overlapping colonies and identifying colony boundaries.

Overlapping colonies were either resolved or grouped by evaluating the planes of focus where
the colonies were situated. Colonies of the same type, in the same plane of focus, and that
had more than 30% overlapping area were grouped as multiple lobes or nodes of one colony.
Colonies of the same type in different planes of focus were counted as separate colonies.

Planes of focus were defined by focusing on cells as close to the centre of a colony as possible.
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Figure 6.3: Single/multiple colony designation from the CFU atlas for colony counting
standardisation. Images above were adapted from the STEMCELL Technologies technical
manual (version 4.2.0) for human CFU assays using Methocult!®, and the STEMVision
automated colony counter technical manual. Circles indicate how colonies were counted.
(A) Overlapping CFU-GM (blue circle) and B/CFU-E (red circle) were counted as separate
colonies. (B) Well-resolved colonies, with a CFU-GEMM encircled in blue and B/CFU-E in red.
The granulocyte/macrophage “halo” in the CFU-GEMM is noteworthy as it distinguishes the
CFU-GEMM from the B/CFU-E. (C) Two nodes of a single CFU-GM colony are encircled in
yellow, indicating that two overlapping nodes of the same colony type in the same plane
are counted as one colony. (D) The difference between CFU-M (green circle) and CFU-GM
(blue circle) is shown, with good resolution between the colonies. (E) Multiple lobes of a
single CFU-GEMM are encircled in orange, distinguishable from a B/CFU-E by the
granulocyte/macrophage halo. (F) A single large BFU-E with multiple lobes (and no
granulocyte/macrophage halo) is shown in contrast to a single small BFU-E (G), which show
the resolution which can be used to count erythroid colonies as a single colony.
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6.2.2.5 Establishing the colony-forming unit atlas

6.2.2.5.1 Colony recognition

Haematopoietic colonies were identified by systematic classification as shown in Table 6.1.
Cell variety, shape, density, colour, and constituent cell size were considered for each colony,
and categorised for easy stratification accoding to a picture atlas (Figure 6.4). The specific
cytokine cocktail present in Methocult™ is optimised for the differentiation of HSPCs into
CFU-GEMM, CFU-GM, CFU-G, CFU-M, CFU-E, BFU-E, and CFU-Mk (Figure 6.1). As CFU-E are
infrequently formed from UCB-derived HSPCs, CFU-E and BFU-E were counted together as
B/CFU-E. Although CFU-Mk are rare and difficult to distinguish from CFU-M without staining,
CFU-Mk are comprised of cells which are slightly larger than the cells making up CFU-M, in
smaller, sparser colonies than CFU-M?4, Cell size relative to CFU-M and colony size and density

were used to identify CFU-MKk.

Table 6.1: Haematopoietic colony classification criteria and categories.

Cell variety Colony shape Colony density Colour Cell size
. Multiple
Different cell
¢ lobes/close Sparse cluster Brown/red Small cells
es
vp clusters
Uniform cell i .
) Single cluster Dense cluster | White/transparent Large cells
ype

Table 6.1, in conjunction with a picture atlas (Figure 6.4) with key points for quick
identification of colonies, was kept on-hand during counting for consistent evaluation of
colony types. This atlas was compiled from literature!? ¥ 16, online resources®3, and CFU

assays performed for optimisation.
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CFU-GEMM:

Variety: multi-lineage progenitors (erythroid,
granulocyte, macrophage, & megakaryocyte lineages)
Shape: mulfiple poorly defined lobes

Density: large colonies; >500 cells; varying densities
throughout colony

Colour: red/brown and uncoloured portions

Cell size: mixed

B/CFU-E:

Variety: single lineage progenitors

Shape: multiple closely clustered bursts
Density: high density clusters; >200 erythroblasts
Colour: red/brown colour

Cell size: small (7-15 ym)

CFU-G:

Variety: single lineage progenitors

Shape: closely clustered colony, generally small
Density: medium density

Colour: white to fransparent

Cell size: small fo medium cells (12-17 pm)

CFU-M:

Variety: single lineage progenitors
Shape: sparse clusters

Density: medium to low density clusters
Colour: white/beige to transparent
Cell size: medium to large (17-20 um)

CFU-GM:

Variety: multilineage progenitors
(granulocyte/macrophage)

Shape: closely clustered centre with irregular shapes;
may be multilobed

Density: medium density in cenfre; sparse edges; >40
cells

Colour: white/beige to fransparent

Cell size: mixed (12-20 um) with two distinct sizes
observed

Figure 6.4: Picture atlas for haematopoietic colony recognition with key points for easy
identification of colonies characterised (Table 6.1). (A) Characteristics of CFU-GEMM
colonies. (B) Characteristics of B/CFU-E colonies. (C) Characteristics of CFU-G colonies. (D)
Characteristics of CFU-M colonies. (E) Characteristics of CFU-GM colonies. Colony images
were obtained from the CFU assay resource “The Human Colony Forming Cell (CFC) Assay
Using Methylcellulose-based Media” protocol (R&D Systems) available from
https://www.rndsystems.com/resources/protocols/ human-colony-forming-cell-cfc-
assay-using-methylcellulose-based-media.
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6.2.2.5.2 Counting tools

Counting sheets for accurate data tracking and representation were developed to capture

data while counting and during processing.

During counting, single wells were counted using a laminated per-well counting sheet (Table
6.2) and an erasable marker. Colonies were tallied by type for each grid block (Figure 6.2). The
“total” column was used as a secondary colony scoring control measure. Once the colonies
per well had been identified and tallied, the number of total colonies in the well were counted

again to confirm that colonies were not missed during counting.

The data captured on the per-well sheet was transferred to the per-plate sheet (Table 6.3),
where the totals of each colony type per grid block were tallied. This was recorded as a
representation of spread and distribution of colonies in a well and between wells. Data was
transferred from the per-well sheet to the final data translation sheet (Table 6.4) as hard
copies before electronic transcription. The CFU assay performed using CB240118-02 was used

as an example of data capture and transfer.
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Table 6.2: Per-well counting sheet laminated for recording colonies of a single well while counting. Colonies of each type were counted
per grid block (Figure 6.2). Example values are filled in. The CFU assay for CB240118-02, well A2 was used as an example (green).

Grid block CFU-GEMM CFU-GM CFU-G CFU-M B/CFU-E CFU-Mk Total
1A 0
1B 1 1 2 2 6
1C 0
2A 2 1 1 4
2B 2 3 2 2 9
2C 1 1
3A 2 2
3B 2 1 3
3C 1
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Table 6.3: Per-plate counting sheet used to record colonies in each grid block (blue numbers) of each well (black numbers) of 24-well
plates. Well numbers were adjusted according to the plate layout specific to the experiment. The CFU assay for CB240118-02, well A2 are

used as an example (green).

1GEMM

1GM2Mm 1A 1B 1C 1A 1B 1C 1A 1B 1C
2E
»eM1G | 2GEMM
A2 1E 3GM2Mm im A3 2A 2B 2C A4 2A 2B 2C A5 2A 2B 2C
2G
2GEMM | 2GM 1E 1€ 3A 3B 3C 3A 3B 3C 3A 3B 3C
1A 1B 1C 1A 1B 1C 1A 1B 1C 1A 1B 1C
B2 2A 2B 2C B3 2A 2B 2C B4 2A 2B 2C BS 2A 2B 2C
3A 3B 3C 3A 3B 3C 3A 3B 3C 3A 3B 3C
1A 1B 1C 1A 1B 1C 1A 1B 1C 1A 1B 1C
Cc2 2A 2B 2C c3 2A 2B 2C c4 2A 2B 2C Cc5 2A 2B 2C
3A 3B 3C 3A 3B 3C 3A 3B 3C 3A 3B 3C
1A 1B 1C 1A 1B 1C 1A 1B 1C 1A 1B 1C
D2 2A 2B 2C D3 2A 2B 2C D4 2A 2B 2C D5 2A 2B 2C
3A 3B 3C 3A 3B 3C 3A 3B 3C 3A 3B 3C
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Table 6.4: Final consolidation of experimental data for CFU assay data capture. The data
captured in this sheet was recorded for each 24-well plate. Wells were adjusted
according to the plate layout specific to the experiment. . The CFU assay for CB240118-

02, wells A2-A5 are used as an example (green).

Well

CFU-GEMM

CFU-GM

CFU-G

CFU-M

BFU/CFU-E

Total

A2

5 omk

8

5

26

A3

7 1vk

10

25

A4

9 amk

35

A5

8 vk

13

34

B2

B3

B4

B5

C2

C3

ca

C5

D2

D3

D4

D5
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6.3 CD34* haematopoietic stem/progenitor cell colony-

forming unit assays

6.3.1 Rationale

The CD34" population is transcriptomically and phenotypically heterogenous!’°. In order to
evaluate the effects of HIV infection on the function of a heterogenous population of HSPCs,
the seeding population should produce similar, reproducible results between biological
replicates. For this reason, additional cell surface markers were included which do not select
for a particular subpopulation of HSPCs, but ensure the exclusion of less primitive, lineage-

restricted (committed) CD34* progenitors.

CD38 and a cocktail of lineage-specific (Lin) markers were included as additional phenotype
selection markers for HSPCs seeded for CFU assays. Cells expressing lineage-specific markers
(Lin* cells) were excluded as they already express markers which indicate lineage
commitment. CD38 was included as it is an activation marker which increases expression as
HSPCs proceed to terminal differentiation. It is well-reported that primitive HSPCs do not
express CD38%022, therefore Lin"CD38CD34* HSPCs were sorted for CFU assays. The
expression of CD34, Lin markers, and CD38 on HSPC populations during clonal expansion and
differentiation of self-renewing HSCs to terminally differentiated haematopoietic cells are

shown in Figure 6.1 and Figure 6.5.
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Clonal expansion and differentiation

HSC HPC HPC
(self-renewing) (uncommitted) ([committed)

Figure 6.5: Schematic representation of clonal expansion and differentiation of HSPCs into
terminally differentiated cells and the expression of key cell surface markers over time. The
blue block indicates the range of phenotypes selected for CFU assays performed in this
study.

6.3.2 Method

6.3.2.1 Sample preparation

UCB-derived MNCs were isolated from UCB as described in 5.3.1 Umbilical cord blood
processing, enumerated by flow cytometry (as described in 5.4.2.1 Umbilical cord blood-
derived samples), and prepared for sorting as described in 5.6.2.2.1 Haematopoietic
stem/progenitor cell sorts from umbilical cord blood-derived mononuclear cells. Absolute

leukocyte and CD34*CD45%™ HSPC counts are shown in Table 6.5.
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Table 6.5: Absolute (total cell) counts for UCB-derived MNCs from which CD34* HSPC sub-
populations were sorted.

samble ID Viability (%) Leukocytes (absolute CD34*CD45%™ HSPCs
P y e count) (absolute count)
CB300817 94.02 1.08 x 107 1.94 x 10°
CB060917-02 96.81 7.22 x 10’ 3.37 x 10°
CB041017 95.82 2.81 x 10’ 5.18 x 10°
CB171117 93.49 2.38 x 10/ 9.62 x 10°
CB240118-02 96.41 6.46 x 10’ 4.27 x 10°
CB240118-04 97.31 1.60 x 108 9.86 x 10°
CB070318 99.11 1.74 x 108 1.37 x 108
CB290318 97.39 7.09 x 10’ 2.39 x 10°

6.3.2.2 Haematopoietic stem/progenitor cell sorting

CD459mCD34* (referred to as CD34*), CD459™CD34*Lin" (referred to as CD34'Lin’),
CD459MCD34*Lin"CD38* (referred to as CD34*Lin"CD38*), CD459™CD34*Lin"CD389™ (referred
to as CD34*Lin"CD38% ™M), and CD459™CD34*Lin"CD38" (referred to as CD34*Lin"CD38") cells
were sorted into Methocult™-containing wells as described in 5.6.2.2.1 Haematopoietic
stem/progenitor cell sorts from umbilical cord blood-derived mononuclear cells. In 24-well
plates, no less than triplicate wells were sorted for each population into 500 uL Methocult™,
at a density of 100 cells/well. A typical plate layout is shown in Figure 6.6. To prevent
dehydration of Methocult™ during culture, 1 mL PBS supplemented with 2% pen/strep was
added to empty wells (Figure 6.6 column 1 and 6). Cells were distributed in the semisolid
medium by vortex as described in 6.2.2.3 Post-sort distribution. Colonies were counted after
14 days using the conventions and tools described in 6.2.2.4 Grid-scoring and counting

conventions and 6.2.2.5 Establishing the colony-forming unit atlas.
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Figure 6.6: Typical HSPC population sort plate layout. The sorted population phenotypes
are shown in each well. Unlabelled wells contained 1 mL PBS or PBS supplemented with
2% pen/strep.

6.3.2.3 Data capture and processing

6.3.2.3.1 Data capture

Colonies were identified using the CFU atlas as described in 6.2.2.5.1 Colony recognition and

counted using the tools described in 6.2.2.5.2 Counting tools.

6.3.2.3.2 Data processing

Data was transferred to MS Excel spreadsheets from the final data translation sheet. The data
was grouped by sorted population and transferred to GraphPad Prism7 (GraphPad Software
Inc., USA) which was used to perform statistical analysis. The variance between biological
replicates for each sorted population was investigated by graphing the average of technical

repeats and the associated standard deviations (Figure 6.7). The variance between sorted
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populations was investigated by combining technical and biological replicates for each sorted
population to determine the capacity of the different HSPC subpopulations to form the

various colonies (Figure 6.8).

6.3.2.3.3 Statistical analysis

The Shapiro-Wilk test for normality was used to test the normality of the data. Non-
parametric stastical analysis was performed, recommended by both the normality test and

the sample size of the data.

Variance within sorted populations

For each sorted population, the mean and standard deviation of colony types were calculated
using two to four technical repeats of five to eight biological replicates. Data is graphed in

Figure 6.7.

Variance between sorted populations

The technical repeats for each of the five biological replicates with data for all five sorted
HSPC populations were compiled into a table to compare the variance between colony types
and total colonies for each sorted population. A two-way analysis of variance (ANOVA) was
performed (Friedman two-way ANOVA) with Tukey correction for multiplicity, applied due to
the number of biological replicates used to perform the analysis. Adjusted p-values < 0.05

were reported as statistically significant. Data is shown in Figure 6.8, and Table 6.6.

6.3.3 Results and outcome

6.3.3.1 Variance within sorted populations

Five graphs (Figure 6.7A-E) show the data for within-sorted population variation between (i)
technical replicates, and (ii) biological replicates. The mean colony number for each type of

colony (CFU-GEMM (GEMM), CFU-GM (GM), CFU-G (G), CFU-M (M), CFU-E (E), CFU-Mk (Mk),
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and total colonies (Total)) for each biological replicate is shown. The standard deviation

between technical repeats is indicated by the error bars.

The CD34* sorted population (Figure 6.7A) showed a good distribution of colony types across
biological replicates. This means that most colony types were represented in each biological
replicate, the notable exceptions being B/CFU-E, and CFU-Mk. Single-lineage B/CFU-E are not
commonly formed by UCB-derived HSPCs'3, therefore the absence of these colonies was not
surprising. Erythroid potential can be ascertained using the abundance of CFU-GEMM, which
contain haemoglobinised (red) erythroid cells. CFU-Mk are not common using Methocult™
H4436, although it contains the cytokines allowing for the formation of CFU-Mk3. The
sporadic distribution of CFU-Mk was therefore not concerning. As with erythroid potential,
megakaryocytic potential can also be determined using CFU-GEMM as a proxy, even though
the presence of megakaryocytes is less identifiable in CFU-GEMM than the red colour
produced by erythroid progenitors. As is expected for primitive subsets of HSPCs, multilineage
CFU-GEMM and CFU-GM colonies were the most common colony types in general. The
standard deviation between technical replicates was low to moderate between wells, which
is good for reproducibility of colony distribution in technical repeats. In addition to
reproducible colony distribution between technical replicates, the colony distribution
between biological replicates was similar. This indicates that in spite of expected biological

variance, most colonies are represented between UCB donors for the CD34* HSPC population.

The same trends were true for the CD34*Lin" (Figure 6.7B), CD34*Lin"CD38* (Figure 6.7C), and
CD34*Lin"CD38Y™ (Figure 6.7D) sorted HSPC populations. Technical repeats were
reproducible, indicated by low to moderate standard deviations. The distribution of colony
types indicated that each of the above-mentioned sorted populations were capable of
multilineage and single-lineage colony formation. Biological replicates showed similar trends
in terms of colony distribution between sorted populations, indicating that the four above-

mentioned sorted populations were highly similar in colony forming capacity.

In contrast, CD34*Lin"CD38 sorted HSPCs (Figure 6.7E) rarely formed colonies, and the colony
type distribution between biological replicates was not representative of multilineage and

single-lineage potential. In addition to low colony forming capacity, a number of CD34*Lin
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CD38-sorted wells contained round, intact cells after 14 days in culture, which appeared inert
or very slowly dividing. This phenomenon was attributed to the primitivity of UCB-derived
CD34*Lin"CD38 HSPCs compared to HSPCs of the same phenotype from adult sources such as
bone marrow?°. Interestingly, colony formation of CD34*Lin"CD38 HSPCs could not be
predicted by high colony-forming capacity of other sorted HSPC populations within the same
biological replicate. This suggests that the colony-forming capacity of CD34*Lin"CD38  HSPCs
is highly donor-dependent.

Considering the reproducibility of colony distribution within and between biological replicates
for each sorted HSPC population, and the similarity in colony-forming capacity of CD34*Lin
(Figure 6.7B), CD34*Lin"CD38"* (Figure 6.7C), and CD34*Lin"CD389™ (Figure 6.7D) sorted HSPC
populations, the CD34* population was selected for future CFU assays. Important to note is
that most UCB-derived CD34* HSPCs are Lin™ on the day of isolation (observed during several
isolations), therefore the CD34*Lin" population and CD34"* population are essentially the same
population. For HSPCs derived from non-UCB sources, the Lin cocktail would be included for

sorting of CFU assays.
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Figure 6.7: Average number of colonies counted for each sorted HSPC population, per
biological replicate. Error bars represent the standard deviation of technical repeats.
GEMM indicates CFU-GEMM (granulocyte, erythrocyte, megakaryocyte, macrophage)
colonies, GM indicates CFU-GM (granulocyte-macrophage) colonies, G indicates CFU-G
(granulocyte) colonies, M indicates CFU-M (macrophage) colonies, E indicates B/CFU-E
(erythroid) colonies, and Mk indicate CFU-Mk (megakaryocyte) colonies. (A) CD34*
HSPC colonies; (B) CD34*Lin" HSPC colonies; (C) CD34*Lin"CD38* HSPCs colonies; (D)
CD34*Lin"CD38Y™ HSPC colonies; (E) CD34*Lin"CD38  HSPC colonies.

6.3.3.2 Variance between haematopoietic stem/progenitor cell

populations

The variance between sorted HSPC populations in terms of each colony type and total
colonies is represented in a box-and-whisker plot (Figure 6.8). The whiskers indicate the
highest and lowest colony numbers for each colony type, and the mean is indicated by the
box bisector. Significance is indicated by the asterisks. Table 6.6 shows the outcomes of the
Friedman two-way ANOVA with Tukey correction for multiplicity in terms of significance

(adjusted p-values).

Sorted HSPC populations were compared by combining all technical repeats of each biological

replicate within sorted populations, and performing an ANOVA. A box-and-whisker plot was
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selected to represent the mean and distribution of colony types between sorted populations.
From Figure 6.8, CFU-GEMM (GEMM) and CFU-GM (GM) are the most well-represented of all
colony types. This was expected as primitive HSPCs were selected by sorting Lin~ cells,
resulting in multilineage colonies having the highest frequency. Single-lineage CFU-G (G)
colonies were the least frequent, although similar distributions of CFU-G were observed
between sorted HSPC populations. Single-lineage CFU-M (M) were the most frequent single-

lineage colony type.

Comparing sorted populations (Figure 6.7), the variance within colony types between sorted
populations (Figure 6.8) was expected. However, the only statistically significant (p < 0.05)
variance between sorted populations was detected in Total colonies. The CD34*Lin"CD38"
sorted population was a clear outlier (although lacking statistical significance) compared to
the other sorted populations particularly in multilineage colony forming capacity (GEMM and
GM). The CD34*, CD34*Lin", CD34*Lin"CD38*, and CD34*Lin"CD38%™ populations were not
significantly different from each other in their capacity to form multilineage or single-lineage
colonies, although the CD34*Lin"CD38*, and CD34*Lin"CD38Y™ populations appear to have
increased multilineage colony-forming capacity resulting in increased total colonies for these

populations.

Each of the CD34*, CD34*Lin°, CD34*Lin"CD38*, and CD34*Lin"CD38™ populations was
significantly different from the CD34*Lin"CD38" sorted population (indicated by asterisks). The
CD34*Lin"CD38* HSPCs were the most significantly different from the CD34*Lin"CD38" sorted
population in terms of colony-forming capacity. This was not surprising, as CD38 is a well-
described activation marker and is associated with HSPC lineage commitment. This serves to
further confirm that CD38 would be a good marker to sort more primitive HPSCs from less
primitive HSPCs. Unfortunately, due to the relatively low colony-forming capacity of UCB-
derived CD34*Lin"CD38 HSPCs in most biological replicates, sorting CD34*Lin"CD38  HSPCs for
CFU assays may not be useful for evaluating the effects of HIV infection of HIV infection on

HSPC colony formation.
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Figure 6.8: Colony variance between HSPC populations, and distribution of colony types for
each sorted HSPC population, displayed in a box-and-whisker plot. The data represents five
biological replicates. The lowest and highest values are indicated by the whiskers, and the
mean number of colonies is indicated by the line bisecting each box. Significance tested by
two-way ANOVA with Tukey correction for multiplicity is indicated by asterisks; *p<0.05,
**¥p<0.01, ***p<0.001, ****p<0.0001.

Due to the lack of significant difference between CD34*, CD34*Lin,, CD34*Lin"CD38*, and
CD34*Lin"CD38Y™ sorted HSC populations shown in Figure 6.8 and Table 6.6, we recommend
using the CD34*/CD34*Lin" HSPC populations (CD459™CD34*/CD459™CD34*Lin" populations)
for CFU assay sorts in future experiments. As most UCB-derived CD34* HSPCs were Lin" on the

day of sorting, a distinction between the CD34* and CD34"Lin populations could not be made.

248



Table 6.6: Comparison of total colonies between sorted HSPC populations using a two-
way ANOVA with Tukey correction for multiplicity. Significance indicated by asterisks
denotes adjusted p-values as follows: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

Comparison (total colonies) Significance Adjusted p-value
CD34+ vs. CD34+Lin- ns 0.8542
CD34+ vs. CD34+Lin-CD38+ ns 0.1272
CD34+ vs. CD34+Lin-CD38dim ns 0.6630
CD34+ vs. CD34+Lin-CD38- * 0.0258
CD34+Lin- vs. CD34+Lin-CD38+ ns 0.6432
CD34+Lin- vs. CD34+Lin-CD38dim ns 0.9969
CD34+Lin- vs. CD34+Lin-CD38- A 0.0009
CD34+Lin-CD38+ vs. CD34+Lin-CD38dim ns 0.8397
CD34+Lin-CD38+ vs. CD34+Lin-CD38- oAk <0.0001
CD34+Lin-CD38dim vs. CD34+Lin-CD38- A 0.0002

6.3.3.3 Outcome

CD34*Lin'CD38 HSPCs infrequently formed colonies and were therefore the only HSPC
population which significantly differed from any of the other four sorted populations in
colony-forming capacity. The CD34*Lin"CD38 population was thus to be found unsuitable for
determining changes in HSPC function in future experiments. Since the addition of the Lin
cocktail and CD38 did not result in HSPC sub-populations with statistically greater or lesser
colony-forming capacity compared to the CD34* population, the CD34* population was
selected for future experiments. However, phenotypic data showed that the majority of UCB-
derived CD34* HSPCs were Lin™ on the day of isolation and sorting (= 95%; unpublished data).
For this reason, the Lin status of non-UCB sources should be evaluated before sorting CD34*

HSPCs for CFU assays.
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6.4 Effect of human immunodeficiency virus infection on

haematopoietic stem/progenitor cell colony formation

6.4.1 Introduction

After establishing and developing competence in performing the CFU assay, experiments to

determine the effect of HIV-infection on HSPC colony formation were commenced.

HSPCs were originally sourced from UCB, however, the cell numbers required for HIV
experiments (upwards of 5x10% CD34* HSPCs) far exceeded what could be isolated from one
UCB unit. Three to five UCB units were therefore pooled to determine whether enough CD34*
HSPCs could be obtained. The logistical challenges of obtaining multiple UCB units for
experiments at any given time and sorting sufficient CD34* HSPCs from pooled units for
experiments contributed to the abandonment of UCB as a source of HSPCs for HIV
experiments. Leukapheresis products donated for research purposes were therefore adopted

as the source of HSPCs for HIV experiments.

Unfortunately, due to time constraints, only a single pilot experiment was performed to
evaluate the effects of HIV-infection on HSPC colony formation. A single R5X4-tropic HIV-1C
isolate (CM9) was used to perform this experiment, as multiple virus comparisons would have
required more HSPCs than we were able to isolate for the experiment. This pilot experiment
failed due to massive cell death during the experiment, described in detail in 6.4.3 Methods

and outcomes and 6.4.4 Limitations.
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6.4.2 Optimisation of haematopoietic

stem/progenitor cell infection strategy

Prior to performing the final pilot experiment, an HIV infection strategy was required. Strategy
development and optimisation of HSPC infection with HIV was performed using UCB-derived
HSPCs. Multiplicity of infection (MOI), exposure time, and infection medium were all
evaluated towards developing a strategy for HSPC infection with HIV. MOI refers to the ratio

of infectious virus particles to cells used in experiments.
6.4.2.1 Experimental design

A single experiment was designed to test two MOIs (MOI3 and MOI5), two exposure times
(24 hr and 48 hr), and the effect of cytokine stimulation on HSPC susceptibility to infection.
Comparing HSPCs infected in medium with or without cytokine supplementation was
included because in vitro infection of HSPCs has previously been performed both with?3-28 and
without?®3! cytokines by different research groups. This inconsistency, and the inconsistency
in cytokine cocktails used, could contribute to the lack of consensus regarding the

susceptibility of HSPCs to HIV infection (Table 2.2).

For this experiment, viable CD34*CD45%™ UCB-derived HSPCs were isolated from UCB as
described in 5.3.1 Umbilical cord blood processing, and purified by FACS as described in
5.6.2.2.1 Haematopoietic stem/progenitor cell sorts from umbilical cord blood-derived
mononuclear cells. Two hundred thousand (2x10°) viable CD459™CD34* UCB-derived HSPCs
were sorted per well into 500 pL RPMI (2% pen/strep, 10% human albumin) in each of 16
wells of a 24-well plate. Eight wells were supplemented with 100 ng/mL of each of the
following cytokines: FLT3-L (STEMCELL Technologies, Canada), SCF (STEMCELL Technologies,
Canada), and TPO (STEMCELL Technologies, Canada). This cytokine cocktail was derived from
previous studies on UCB-derived HSPC expansion performed at the ICMM forming part of
Juanita Mellet’s PhD study. In a separate plate, a control group of unexposed cells was
prepared by sorting 4x10° UCB-derived, viable CD34*CD45%™ HSPCs into 1 mL RPMI (2%

pen/strep, 10% human albumin) per well in 8 wells of a 24-well plate. Four of the eight control
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wells were also supplemented with the cytokine cocktail as described above. Both plates were

incubated overnight at 37°C, 5% CO; to recover.

6.4.2.2 Infection

After isolation, sorting, and overnight incubation in medium, cells from each well were
transferred to 1.5 mL microcentrifuge tubes and pelleted by centrifugation at 300 x g for
10 min, after which the supernatant was aspirated. Cell pellets were pooled per plate by
cytokine condition (CYT+ or CYT-) by resuspending pellets in 1 mL of the appropriate medium
as follows. HIV-exposed wells (from plate sorted with 2x10° cells/well) were resuspended in
CM9-241016 HIV CFS (5.155x10° IU/mL; produced as described in 4.4 Propagation of HIV in ),
and HIV-unexposed wells were resuspended in CM (produced as described in

4.4.2.2.6 Control medium for experiments).

The purpose of the PBMC-conditioned medium (CM) HIV-unexposed control was to control
for effect of PBMC-conditioned medium in which HIV CFS was harvested. This resulted in four
pooled suspensions each in 1 mL total volume: CYT+ resuspended in HIV CFS, CYT-
resuspended in HIV CFS, CYT+ resuspended in CM, and CYT- resuspended in CM. Each
suspension was divided in four, by aliquoting 250 uL into labelled, upright T75 flasks. Each
flask was topped up to the volume indicated in Table 6.7 with the medium indicated. Once

topped up with HIV CFS or CM, the flasks were incubated upright at 37°C, 5% CO..

Half the volume of each flask was collected 24 hr post-HIV-exposure after gentle pipetting to
ensure a homogenous cell suspension, and the other half was collected in the same way 48 hr
post-exposure. Cells collected at each time point were pelleted for DNA extraction by

centrifugation at 300 x g for 10 min.
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Table 6.7: Final volumes of HIV CFS (HIV-exposed) or CM (HIV-unexposed) for each flask

in the HSPC infection optimisation experiment.

HIV CFS final volume HIV-unexposed .
HIV-exposed flasks CM final volume (puL)
(L) flasks
MOI3 CYT+ 4656 HIV- MOI3 CYT+ 4656
MOI3 CYT- 4656 HIV- MOI3 CYT- 4656
MOI10 CYT+ 15518 HIV- MOI10 CYT+ 15518
MOI10 CYT- 15518 HIV- MOI10 CYT- 15518

6.4.2.3 DNA extraction

DNA was extracted from cells using the Zymo Quick-gDNA™ microprep kit (Zymo Research,
USA) according to manufacturer’s instructions. At first opening, 250 uL B-mercaptoethanol

was added to 50 mL Genomic Lysis buffer to a final concentration of 0.5%.

DNA extraction from 24 hr and 48 hr post-exposure harvests was performed immediately
after pelleting post-harvest. The supernatants were aspirated and cells were resuspended in
100 pL PBS before being transferred to 1.5 mL microcentrifuge tubes. To lyse cells, 400 uL
Genomic Lysis buffer was added to each tube and mixed by vortex, before incubating at room
temperature for 5 min. Cell lysates were transferred to Zymo-Spin™ IC columns assembled in
2 mL collection tubes and centrifuged at 10 000 x g for 1 min. The flow-through was discarded
and columns placed in new collection tubes. Salts and protein were washed from the
membrane by adding 200 uL DNA Pre-wash buffer and removed by centrifugation at
10 000 x g for 1 min. The flow-through was discarded and membrane-bound DNA was washed
a second time with 500 uL gDNA Wash buffer per column followed by centrifugation at
10 000 x g for 1 min. Collection tubes and flow-through were discarded, and the columns
were placed in sterile 1.5 mL microcentrifuge tubes for elution. DNA was eluted from column

membranes by adding 25 pL nuclease-free water (QIAGEN, Germany), incubating at room
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temperature for 5 min, and centrifugation for 30 s at 14 000 x g. DNA conentrations and purity

were determined by NanoDrop®, shown in Table 6.8.

Overall, the concentrations seemed to be high for the number of cells from which DNA was
extracted. Protein contamination, indicated by A2so/A2s0 ratios, were mostly within range, but
salt and small molecule contamination, indicated by Azeo/A230 ratios, was significantly higher
than is generally acceptable for PCR applications (3.5.3.4.3 Nucleic acid quantification by
NanoDrop®). In an attempt to overcome this, 10 ng/uL stocks of each DNA isolation were
made with molecular grade water, effectively diluting contaminating salts and small
molecules. As a further cautionary measure, the amount of DNA per PCR reaction was
reduced from 50ng to 20 ng of 10 ng/ul dilutions, again to reduce the amount of

contaminants which could inhibit PCR.
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Table 6.8: DNA concentrations and purity ratios for HSPC MOI optimisation experiments.

DNA concentration

Sample ID Aze0/A2s0 ratio Az60/A230 ratio
(ng/pL)

HIV- MOI3 CYT+ 24 hr 26.38 2.11 0.14
HIV- MOI3 CYT- 24 hr 12.37 1.43 0.23
HIV- MOI10 CYT+ 24 hr 26.37 1.96 0.12
HIV- MOI10 CYT- 24 hr 11.23 1.58 0.17
MOI3 CYT+ 24 hr 30.92 1.70 0.26
MOI3 CYT- 24 hr 34.73 1.72 0.16
MOI10 CYT+ 24 hr 24.45 1.76 0.63
MOI10 CYT- 24 hr 28.24 1.78 0.46
HIV- MOI3 CYT+ 48 hr 17.89 1.88 0.05
HIV- MOI3 CYT- 48 hr 15.44 1.85 0.09
HIV- MOI10 CYT+ 48 hr 21.15 1.98 0.07
HIV- MOI10 CYT- 48 hr 33.24 2.05 0.10
MOI3 CYT+ 48 hr 16.23 2.10 0.05
MOI3 CYT-48 hr 19.05 1.94 0.08
MOI10 CYT+ 48 hr 23.31 1.80 0.05
MOI10 CYT- 48 hr 27.83 1.98 0.09
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6.4.2.4 Human immunodeficiency virus detection polymerase

chain reaction

HIV detection PCR was performed after diluting the DNA as described above to dilute
contaminants. Reactions for HIV detection by PCR were prepared as described in 3.5.3.5 P
with the amount of DNA modified from 50 ng per reaction to 20 ng per reaction, using the
LTR primer pair which generates a 297 bp amplicon. The following controls were included:
PCR control (HIV- CYT- MOI10 48 hr DNA with L32 primers), NTC for both L32 and LTR primer
pairs, HIV-unexposed PB-01 DNA as an HIV-negative control for LTR primer pair specificity,
and CM9-infected PBMC DNA as an HIV-positive control. Thermocycling was performed as
described in 3.5.3.5.2 Thermocycling specifications. Amplicons were analysed by gel
electrophoresis as described in 3.5.3.6 Agarose gel electrophoresis, using 1% agarose gels
made up with TAE at 100 V for 60 min with EtBr for visualisation. Sample preparation for
electrophoresis was performed as previously described in 3.5.3 Primer validation, and wells

were loaded with 10 pL of loading dye/PCR product solution.

A compiled gel image showing the complete data set for 24 hr post-infection samples and the
respective controls are shown in Figure 6.9. Amplification was observed for MOI3 CYT+,
MOI10 CYT+, and MOI10 CYT- DNA using LTR primers. From Figure 6.9, it can be deduced that
cytokines are required to achieve infection at low MOI, as MOI3 CYT- (Figure 6.9, lane 8) did
not amplify. However, the presence of cytokines is not required for infection using a high MOI,

as both CYT- and CYT+ conditions exposed to MOI10 produced LTR-amplicons.

The gel image for 48 hr post-infection is not shown as no amplification was observed. As the
DNA extraction concentration and Azso/A230 and Azso/Azs0 ratios were equally variable
between 24 hr and 48 hr extractions, the quality of DNA extractions was not likely to explain
the lack of amplification. It is possible that HSPCs harbouring HIV proviral genomes died
between 24 hr and 48 hr of incubation with virus, as exposure of HSPCs to the HIV-1 or HIV-1
envelope protein gp120 has been shown to reduce DNA content in cells, which is an apoptotic

trait32.
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Figure 6.9: Compiled gel image of HIV detected in CYT+ and CYT- UCB-derived CD34* sorted
HSPCs at MOI3 and MOI10, 24 hr post-infection. (A) Lane 1 was loaded with the FastRuler™
LR DNA ladder (shown in B). Lanes 2 and 4 were loaded with NTC for the L32 (lane 2) and
LTR (lane 4) primer pairs. Lane 3 was loaded with the PCR products amplified using the
L32 primer pair and HIV- CYT- MOI10 DNA as the positive reaction control. To show LTR
primer specificity, a positive control (CM9-infected PBMC DNA, lane 5) and negative
control (HIV-unexposed PB-01 DNA, lane 6) were loaded. Lanes 7-10 were loaded with the
PCR products for MOI3 CYT+, MOI3 CYT-, MOI10 CYT+, and MOI10 CYT- respectively,
amplified using LTR primer pair. Lanes 11-14 were loaded with the PCR products for HIV-
MOI3 CYT+, HIV- MOI3 CYT-, HIV- MOI10 CYT+, and HIV- MOI10 CYT- respectively, amplified
using the LTR primer pair. The grey block indicates where amplification was observed.

6.4.2.5 Outcome

From these experiments it was determined that exposure of HSPCs to HIV for 24 hr was
sufficient for adequate detection of HIV proviral DNA in HSPCs, and was therefore used as the
HIV-exposure time for future experiments. It was also determined that HIV DNA could be
detected in HSPCs exposed to moderate (MOI3) and high (MOI10) quantities of virus,
although cytokine stimulation appeared to play a role in HIV infection at low MOI. For this

reason, MOI3 was proposed for use in HSPC infection experiments.

6.4.3 Methods and outcomes

6.4.3.1 CD34* haematopoietic stem/progenitor cell isolation

One leukapheresis product bag (AP181122-03) was thawed and process as described in
5.3.2 Leukapheresis processing and enumerated as described in 5.4.2.2 Leukapheresis
product-derived samples. Post-thaw enumeration indicated that 75.81% of the cells were

viable after processing, and the frequency of viable CD459™CD34* HSPCs in the sample was
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1.36%. In total, the sample contained 4.24x10° viable leukocytes, and 3.02x107 viable
CD459MmCD34* HSPCs, resuspended in a final volume of 100 mL RPMI.

CD34* HSPCs were enriched from the processed leukapheresis product by MACS as described
in 5.6.1 M. CD34*CD45%™ HSPCs were enumerated post-MACS as described in
5.4.2.2 Leukapheresis product-derived samples, which indicated that 92.82% of the CD34-
enriched cells were viable. The proportion of CD34* HSPCs in the sample was enriched to
91.58%. From the enriched product, 3.7x10° viable CD34* HSPCs were sorted by FACS as
described in 5.6.2.2.2 Haematopoietic stem/progenitor cell sorts from leukapheresis. Sorted
cells in 2 mL StemSpan™ (2% pen/strep) were incubated overnight at 37°C, 5% CO, to recover

from the strenuous sorting methods.

6.4.3.2 Haematopoietic stem/progenitor cell infection

After overnight recovery (approximately 18 hr), the purified CD34* HSPC population
(described in 6.4.3.1 CD34+ haematopoietic stem/progenitor cell isolation) was divided into
aliquots of 6x10° CD34* HSPCs per infection condition, and transferred to 2 mL

microcentrifuge tubes.

An adequate number of tubes of frozen CM and HIV CFS of the isolate CM9-020518 (1.05x10°
IU/mL) were thawed at 37°C. HSPCs were exposed to the relevant infection condition in 2 mL
microcentrifuge tubes at an MOI of 2, requiring 1143 pL HIV CFS. Consequently, 1143 uL CM
or RPMI was added to the CM-exposed and Control HSPC aliquot, respectively. Due to low
volumes of virus available and subsequent propagations resulting in non-infectious virus
being produced, the MOI was lowered from 3 (determined in 6.4.2.5 Outcome) to 2. Given
the level of HIV proviral DNA detected during optimisation using MOI3 (described in 6.4.2
Optimisation of haematopoietic stem/progenitor cell infection strategy), this was to be a

reasonable choice.

For the initial exposure, all three tubes (HIV CFS, CM, Control) were incubated in a rotating
incubator at 37°Cin 2 mL microcentrifuge tubes for 2 hr, to ensure adequate contact between

cells and virus. After the initial 2 hr incubation, aliquots were split in half and plated into a 6-
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well plate (Figure 6.10). Pre-warmed StemSpan™ (2% pen/strep) was added to a final volume

of 1.5 mL per well for each well.

To one of the two wells of each infection conditions, 100 ng/mL of each of the following
cytokines was added: SCF, TPO, FLT3-L, IL-3 (STEMCELL Technologies, Canada), and G-CSF
(STEMCELL Technologies, Canada). The resulting plate layout is shown in Figure 6.10. This
cytokine panel contains two additional cytokines (IL-3 and G-CSF) compared to the minimal
cytokine panel previously used (6.4.2 Optimisation of haematopoietic stem/progenitor cell
infection strategy). This was because expansion of HSPCs exposed to the three infection
conditions using the above five-cytokine cocktail was to be performed for Juanita Mellet’s
PhD project (not part of this dissertation). The cells were incubated at 37°C, 5% CO; for 24 hr

after infection.

>
..—‘
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Figure 6.10: Plate layout for CD34* HSPC exposure to three infection conditions, towards
evaluating the effects of HIV infection on HSPC colony formation. CFS refers to HIV CFS-
exposed cells, control refers to cells mock-infected in RPMI, and CM refers to cells mock-
infected with conditioned medium. CYT+ indicates cells incubated overnight with
cytokines, and CYT- indicates cells incubated overnight without cytokines.
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6.4.3.3 Colony-forming unit assay and polymerase chain

reaction

6.4.3.3.1 Colony-forming assay

Method

After the 24 hr incubation post-infection, the cells from each well (Figure 6.10) were collected
into separate 2 mL microcentrifuge tubes. Each well was washed with 400 uL PBS to collect
any remaining cells, and the PBS was transferred to the corresponding tubes. Cells were
pelleted by centrifugation at 300 x g for 10 min, the supernatants were discarded, and each
pellet was resuspended in 300 pL TP4 buffer. Of this volume, 200 pL was used for Juanita
Mellet’s experiment, and 100 pL was stained to sort for CFU assays. Each 100 ulL aliquot was
stained for sorting with 3 puL CD34-PC7 and 3uL 7-AAD as described in
5.6.2.2.2 Haematopoietic stem/progenitor cell sorts from leukapheresis. The Lin marker was
excluded from sorting as 97% of the viable, intact cells in this sample were found to be Lin"

based on data generated by Juanita Mellet (PhD student) in an independent study in the

group.

Viable CD34* HSPCs were sorted in triplicate into wells of a 24-well plate containing 500 plL
Methocult™ per well, at a density of 100 cells/well as described in 5.6.2.2.2 Haematopoietic
stem/progenitor cell sorts from leukapheresis. The plate layout of sorted cells is shown in
Figure 6.11. The plate was incubated for 14 days as described in 6.2.2.1 Colony-forming unit

assay method framework.

260



4

(D
()
()
O

R EXD-
0000]
0000)]
0000
ORED-

Figure 6.11: Plate layout for CFU assay of pilot experiment, seeded 24 hr post-infection.
HIV CFS refers to HIV CFS-exposed cells, control refers to cells mock-infected in RPMI,
and CM refers to cells mock-infected with conditioned medium. CYT+ indicates cells
incubated overnight with cytokines, and CYT- indicates cells incubated overnight without
cytokines. Empty wells contained 1 mL PBS (2% pen/strep).

Results

Unfortunately, the seeded cells did not produce any colonies after 14 days in culture. This
could be due to a massive decrease in viability from the day of sorting HSPCs from MACS-
enriched cells (74.47%) to the day of infection (7.77%), and viabilities ranging between 2.07%
to 10.49% on the day of sorting for CFU assays. As membrane permeability occurs in the later
stages of apoptosis33, it is possible that the apparently viable (7-AAD") cells were undergoing
intracellular apoptosis pathways which occur prior to the membrane being compromised.
This could explain the cells being impermeable (pre-apoptotic) to 7-AAD on the day of sorting,
and permeable (apoptotic) on the day of infection (24 hr after sorting) after being incubated
overnight in culture medium. Viable cells were sorted nonetheless in the hope that the cells

would recover in culture, which was not the case.
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6.4.3.3.2 Polymerase chain reaction

Sample preparation

Cells remaining from CFU sorts were pooled with cells of the same infection condition
remaining from phenotyping for DNA extraction. The cells were pelleted in 1.5 mL
microcentrifuge tubes by centrifugation at 300 x g for 10 min. The supernatant was aspirated,

and the pellets were snap-frozen at -20°C until DNA extraction.

DNA extraction

DNA was extracted from snap-frozen cell pellets by thawing on ice and resuspending in 50 pL
PBS. DNA was extracted using the QlAamp DNA Micro kit as per manufacturer’s instructions,
described in 3.5.3.4.2 DNA extraction procedure. DNA concentration and purity (A2eo/A2s0 and

Az60/A230) ratios determined by NanoDrop® are shown in Table 6.9.

Table 6.9: Pilot HIV experiment HSPC DNA concentrations, protein purity (A2e0/a280 ratio),
and salt purity (Az60/230 ratio).

Sample ID DNA concentration Az60/Azs0 ratio Az60/A230 ratio
(ng/uL)
Control CYT - 19.92 3.72 0.72
Control CYT + 21.50 3.32 0.79
CM CYT - 22.38 3.63 0.76
CM CYT + 23.85 3.01 0.87
HIV CFS CYT - 27.86 2.85 0.89
HIV CFS CYT + 22.55 3.09 0.51
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The Azeo/Azs0 ratios were rather high and the Ajso/Az30 ratios rather low, but DNA
concentrations in general were reasonable given the low number of cells from which DNA
was extracted (less than 10° cells). High Aaso/A2s0 ratios indicate high nucleic acid
concentrations relative to proteins. This could be attributed to the addition of cRNA during
DNA extraction to assist in DNA recovery from the silica membrane. It is not possible to
determine the proportion of cRNA in the nucleic acid extracts using the NanoDrop®. Low
Az60/A2s0 ratios indicate that salt and small molecule contamination of the DNA product is
high, which make the DNA extractions unsuitable for PCR. This salt contamination could result
from insufficient washing of DNA on the silica membrane during DNA extraction, or from

reagent imbalance relative to starting material.

DNA purification

To attempt to purify the extracted DNA, ethanol precipitation was performed to remove
contaminants3. Briefly, 3 M sodium acetate (NaAc; pH 5.2; Sigma-Alrich, USA) was added
1:10 volume-by-volume to each sample (2.8 uL per sample). Ice-cold absolute ethanol (70 pL;
2.5 x total volume) was added to each tube and gently vortexed to mix without shearing DNA.
The solutions were incubated at -20°C for 1 hr. This incubation allowed salts and protein
contaminants to dissolve in the NaAc solution, and the DNA to precipitate in the absolute
ethanol. The DNA was pelleted by centrifugation at 14 000 rpm for 30 min, after which the
supernatant (containing contaminants) was removed. The DNA pellets were washed with 100
uL 70% ethanol prepared with nuclease-free distilled water, and centrifuged again for 30 min
at 14 000 rpm. As much supernatant as possible was removed without disturbing the tube.
The remaining ethanol was removed by air-drying in a heating block set to 50°C for 10-15 min.
Dried pellets were resuspended in 25 ulL nuclease-free water before quantifying by

NanoDrop®. DNA concentrations and purity post-precipitation are shown in Table 6.10.
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Table 6.10: Post-precipitation pilot HIV experiment HSPC DNA concentrations, protein

purity (Az260/a280 ratio), and salt purity (Az60/230 ratio).

DNA concentration

Sample ID Aze0/A2s0 ratio Az60/A230 ratio
(ng/uL)
Control CYT - 2.71 2.07 0.93
Control CYT + 13.92 2.07 2.05
CM CYT - 1.35 22.09 1.36
CM CYT + 3.46 2.24 1.48
HIV CFS CYT - 13.08 2.31 1.89
HIV CFS CYT + 1.90 1.60 1.12

Ethanol precipitation of DNA to improve quality was partially successful as it resulted in lower

Aze0/A2s0 ratios and increased Azeo/A230 ratios, respectively. Unfortunately, a significant

amount of the DNA was lost during precipitation, therefore HIV detection by PCR could not

be performed. The low DNA concentrations after purification lends credence to the

suggestion that cRNA from the extraction procedure contributed significantly to the DNA

concentration measurements post-extraction.
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6.4.4 Limitations

Due to time constraints, the failed pilot experiment could not be repeated. Failure of the
experiment was likely due to the loss of viable cells. The loss of viability occurred between
the day of FACS sorting of MACS-enriched CD34* cells and the day of infection. The reason for
the large decrease in cell viability requires further investigation before the pilot experiment
is repeated. Avenues to explore include repeating the procedure until MACS-enriched cells
have been further purified by FACS, and periodically assessing viability to determine at which
point the cells lose viability. Different overnight media could also be tested to determine

whether this could ameliorate the overnight cell death phenomenon.

Due to these unforseeable circumstances, the colony-forming capacity of HSPCs exposed to

HIV could not be evaluated.

265



6.5 References

1. Vishnu, P., Aboulafia, D.M. Haematological manifestations of human immune deficiency
virus infection. British Journal of Haematology. 2015;171(5):695-709.

2. Rios, A. HIV-related hematological malignancies: a concise review. Clinical lymphoma,
myeloma & leukemia. 2014;14 Suppl:596-103.

3. Hitter, G., Nowak, D., Mossner, M., Ganepola, S., MiiRig, A., Allers, K., et al. Long-Term
Control of HIV by CCR5 Delta32/Delta32 Stem-Cell Transplantation. New England Journal
of Medicine. 2009;360(7):692-8.

4. Myburgh, R., lvic, S., Pepper, M.S., Gers-Huber, G., Li, D., Audigé, A., et al. Lentivector
Knockdown of CCR5 in Hematopoietic Stem and Progenitor Cells Confers Functional and
Persistent HIV-1 Resistance in Humanized Mice. Journal of Virology. 2015;89(13):6761-
72.

5. Holt, N., Wang, J., Kim, K., Friedman, G., Wang, X., Taupin, V., et al. Human hematopoietic
stem/progenitor cells modified by zinc-finger nucleases targeted to CCR5 control HIV-1
in vivo. Nat Biotechnol. 2010;28(8):839-47.

6. Khamaikawin, W., Shimizu, S., Kamata, M., Cortado, R., Jung, Y., Lam, J., et al. Modeling
Anti-HIV-1 HSPC-Based Gene Therapy in Humanized Mice Previously Infected with HIV-
1. Molecular Therapy - Methods & Clinical Development. 2018;9:23-32.

7. Hofer, U., Henley, J.E., Exline, C.M., Mulhern, O., Lopez, E., Cannon, P.M. Pre-clinical
Modeling of CCR5 Knockout in Human Hematopoietic Stem Cells by Zinc Finger Nucleases
Using Humanized Mice. The Journal of Infectious Diseases. 2013;208(Suppl 2):5160-54.

8. Trono, D., Marzetta, F. Profaning the Ultimate Sanctuary: HIV Latency in Hematopoietic
Stem Cells. Cell Host & Microbe. 2011;9(3):170-2.

9. Bryder, D., Rossi, D.J., Weissman, |.L. Hematopoietic stem cells: the paradigmatic tissue-
specific stem cell. The American journal of pathology. 2006;169(2):338-46.

10. Metcalf, D. Hematopoietic cytokines. Blood. 2008;111(2):485-91.

11. Kode, J., Khattry, N., Bakshi, A., Amrutkar, V., Bagal, B., Karandikar, R., et al. Study of stem
cell homing & self-renewal marker gene profile of ex vivo expanded human CD34(+) cells
manipulated with a mixture of cytokines & stromal cell-derived factor 1. The Indian
journal of medical research. 2017;146(1):56-70.

12. Pereira, C., Clarke, E., Damen, J. Hematopoietic colony-forming cell assays. Methods Mol
Biol. 2007;407:177-208.

13. Technologies, S. Technical manual: Human Colony-forming Unit (CFU) Assays Using
Methocult™. 4.2.0 ed. Online: STEMCELL™ Technologies.

14. Kaufman, D.S., Hanson, E.T., Lewis, R.L.,, Auerbach, R., Thomson, J.A. Hematopoietic
colony-forming cells derived from human embryonic stem cells. Proceedings of the
National Academy of Sciences. 2001;98(19):10716-21.

15. Nissen-Druey, C., Tichelli, A., Meyer-Monard, S. Human hematopoietic colonies in health
and disease. Acta haematologica. 2005;113(1):5-96.

266



16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Gordon, M.Y. Human haemopoietic stem cell assays. Blood reviews. 1993;7(3):190-7.

Velten, L., Haas, S.F., Raffel, S., Blaszkiewicz, S., Islam, S., Hennig, B.P., et al. Human
haematopoietic stem cell lineage commitment is a continuous process. Nat Cell Biol.
2017;19(4):271-81.

Haas, S., Trumpp, A., Milsom, M.D. Causes and Consequences of Hematopoietic Stem Cell
Heterogeneity. Cell Stem Cell. 2018;22(5):627-38.

Pranke, P., Hendrikx, J., Debnath, G., Alespeiti, G., Rubinstein, P., Nardi, N., et al.
Immunophenotype of hematopoietic stem cells from placental/umbilical cord blood
after culture. Brazilian journal of medical and biological research = Revista brasileira de
pesquisas medicas e biologicas. 2005;38(12):1775-89.

Hao, Q.L., Shah, A.J., Thiemann, F.T., Smogorzewska, E.M., Crooks, G.M. A functional
comparison of CD34 + CD38- cells in cord blood and bone marrow. Blood.
1995;86(10):3745-53.

Mehta, K., Shahid, U., Malavasi, F. Human CD38, a cell-surface protein with multiple
functions. FASEB journal: official publication of the Federation of American Societies for
Experimental Biology. 1996;10(12):1408-17.

Majeti, R., Park, C.Y., Weissman, I|.L. ldentification of a hierarchy of multipotent
hematopoietic progenitors in human cord blood. Cell Stem Cell. 2007;1(6):635-45.

Chelucci, C., Hassan, H.J., Locardi, C., Bulgarini, D., Pelosi, E., Mariani, G., et al. In vitro
human immunodeficiency virus-1 infection of purified hematopoietic progenitors in
single-cell culture. Blood. 1995;85(5):1181-7.

Weichold, F.F., Zella, D., Barabitskaja, O., Maciejewski, J.P., Dunn, D.E., Sloand, E.M., et al.

Neither Human Immunodeficiency Virus-1 (HIV-1) nor HIV-2 Infects Most-Primitive
Human Hematopoietic Stem Cells as Assessed in Long-Term Bone Marrow Cultures.
Blood. 1998;91(3):907-15.

Redd, A.D., Avalos, A., Essex, M. Infection of hematopoietic progenitor cells by HIV-1
subtype C, and its association with anemia in southern Africa. Blood. 2007;110(9):3143-
9.

Carter, C.C., Onafuwa—Nuga, A., McNamara, L.A., Riddell, J., Bixby, D., Savona, M.R., et al.
HIV-1 Infects Multipotent Progenitor Cells Causing Cell Death and Establishing Latent
Cellular Reservoirs. Nature medicine. 2010;16(4):446-51.

Carter, Christoph C., McNamara, Lucy A., Onafuwa-Nuga, A., Shackleton, M., Riddell lv, J.,
Bixby, D., et al. HIV-1 Utilizes the CXCR4 Chemokine Receptor to Infect Multipotent
Hematopoietic Stem and Progenitor Cells. Cell Host & Microbe. 2011;9(3):223-34.

McNamara, L.A., Ganesh, J.A., Collins, K.L. Latent HIV-1 infection occurs in multiple
subsets of hematopoietic progenitor cells and is reversed by NF-kappaB activation. J
Virol. 2012;86(17):9337-50.

Shen, H., Cheng, T., Preffer, F.l., Dombkowski, D., Tomasson, M.H., Golan, D.E., et al.
Intrinsic human immunodeficiency virus type 1 resistance of hematopoietic stem cells
despite coreceptor expression. J Virol. 1999;73(1):728-37.

267



30. Zhang, J., Scadden, D.T., Crumpacker, C.S. Primitive hematopoietic cells resist HIV-1
infection via p21Waf1/Cip1/Sdil. The Journal of Clinical Investigation. 2007;117(2):473-
81.

31. Griffin, D.O., Goff, S.P. HIV-1 Is Restricted prior to Integration of Viral DNA in Primary Cord-
Derived Human CD34+ Cells. J Virol. 2015;89(15):8096-100.

32. Zauli, G., Vitale, M., Gibellini, D., Capitani, S. Inhibition of purified CD34+ hematopoietic
progenitor cells by human immunodeficiency virus 1 or gp120 mediated by endogenous
transforming growth factor beta 1. The Journal of experimental medicine.
1996;183(1):99-108.

33. Olson, E.D., Nelson, J., Griffith, K., Nguyen, T., Streeter, M., Wilson-Ashworth, H.A., et al.
Kinetic Evaluation of Cell Membrane Hydrolysis during Apoptosis by Human Isoforms of
Secretory Phospholipase A2. Journal of Biological Chemistry. 2010;285(14):10993-1002.

34. OpenWetware Contributors. Ethanol precipitation of nucleic acids: OpenWetWare; 2012
[611420:[Available from:
https://openwetware.org/mediawiki/index.php?title=Ethanol_precipitation_of_nucleic
_acids&oldid=611420.

268



Chapter 7 Concluding remarks

7.1 Conclusions and limitations

The overall aim of this project, namely to evaluate the effect of HIV-1 (three tropisms of HIV-
1B and HIV-1C) infection on HSPC colony formation was not achieved. However, despite this

shortcoming, four of the five objectives of the project were met.

Objective 1: Production of three tropisms of HIV-1C primary isolates, and three tropisms of

HIV-1B molecular clones for experimental purposes.

HIV-1B molecular clones of three tropisms were successfully produced in HEK293T cells
following transformation of Stbl2 E.coli and transfection of HIV-1B-encoding plasmids into
HEK293T cells. Molecular clone production could be optimised in future by purifying plasmids
before transfection, to ensure that only HIV-1B insert-containing plasmids are used for
transfection. Although the transfection protocol is standardised and has been optimised for
molecular clone production, the plasmid to cell ratio could be evaluated to maximise
transfection (and therefore molecular clone production). HIV-1C primary isolates were
propagated in activated PBMCs with varying levels of success, due to challenges impossible
to overcome under the present circumstances. These challenges included the viral lifecycle
which results in unpredictable loss-of-function mutation, resulting in very low levels of

infectious virus present after propagation.

Comparing the challenges between molecular clone production by transfection and primary
isolate propagation in PBMCs, molecular clone production was more consistent and reliable.
This is because molecular clones produced by transfection do not undergo reverse
transcription, as the viral genome is encoded by a plasmid. This eliminates the introduction

of loss-of-function mutations which were debilitating in primary HIV isolate production.

Obijective 2: Detection of HIV and titration of infectious virus for experimental purposes.
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Detecting HIV and quantifying infectious virus was essential for successful titration of viral
suspensions and for determining the infection status of cells in various experiments. HIV
produced in objective 1 was functionally titrated on GHOST cells using the optimised GHOST
GFP assay. HIV detection for optimisation purposes was achieved using p24 enzyme-linked
immunosorbent assay (ELISA) targetting the HIV capsid protein, p24. For optimisation and
experimental purposes, HIV was detected by the PCR using primers from literature as well as

de novo designed and validated primers.

Objective 3: Isolation of HSPCs obtained from umbilical cord blood and leukapheresis product

for experimental purposes.

HSPCs were isolated from UCB and leukapheresis product donated for research purposes and
were isolated in the MNC fraction of cells from UCB, and from bulk cells from leukapheresis
product. HSPCs were purified from MNCs and bulk cells by MACS and/or FACS for use in

further experiments.

Obijective 4: Optimisation of the CFU assay and acquisition of skills required to consistently

identify, count, and categorise haematopoietic colonies.

UCB-derived HSPCs were used to optimise the CFU assay and establish the CFU atlas which
was used during CFU data collection. As a step in the optimisation process, different CD34*
subpopulations of HSPCs were evaluated for use in HIV experiments to evaluate the effects
of HIV-1 infection on HSPC colony formation. It was found that CD34*Lin"CD38" cells rarely
formed colonies when seeded for CFU assays, and these cells are thus not suitable for
downstream CFU assays. All other HSPC sub-populations investigated consistently produced

sufficient colonies for analysis.

Obijective 5: Exposure of HSPCs to three tropisms of HIV-1C, and three tropisms of HIV-1B, to

evaluate the effect of HIV-1 infection on HSPC colony formation.

Due to time constraints, inability to purify enough viable CD34* HSPCs from leukapheresis
product, and limited virus stocks, a single pilot experiment was performed. This experiment

failed for reasons which will be explored in future research in order to achieve Objective 5.
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7.2 Future work

In order to contribute meaningfully to the current literature regarding HSPC suscpeptibility to
HIV infection, the ultimate aim of this project must be achieved. This would require
optimisation of viral production, and the generation or procurement of HIV-1C molecular
clones, as HIV propagation in PBMCs was unpredictable in terms of infectious viral yield. Using
molecular clones of HIV-1C would be more comparable to the currently available HIV-1B
molecular clones than using primary isolates. Obtaining enough viable CD34* HSPCs to
perform a full experiment comparing R5-, X4-, and R5X4-tropisms of HIV-1B and HIV-1C head-
on would also need to be addressed. This study was part of a larger project which required a
vast number of cells per infection condition. In order to assess the effect of HIV infection on
HSPC colony formation, perhaps CFU assays of HIV-exposed HSPCs should be performed
separately. As multiple bags of a single leukapheresis product donor are typically donated, it
would be possible to use the same donor’s cells and the same virus harvest to perform CFU
assays and the remainder of the larger experimental series independently. The data could still
be compared, provided that virus stocks and leukapheresis donor were matched between

experiments.
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Appendix] BSL2+ Operations and Safety Manual

1. Introduction, Purpose, and Policy

1.1. Introduction

Biosafety Level (BSL) assignation refers to standardised practices required to be implemented
by laboratories working with hazardous or infectious biological agents of specified classes.
BSL2+ designation indicates that work is conducted in a BSL2 facility with additional biosafety
practices and procedures in accordance with BSL3 standards. BSL2 classifies work involving
agents of moderate potential hazard which requires specialised, facility-specific training.

The BSL2+ facility at the Institute for Cellular and Molecular Medicine, University of Pretoria,
operates under BSL2+ stipulations. In the BSL2+ facility, human immunodeficiency virus (HIV)
as well as lentiviral vectors are produced and used in controlled experiments. While these
agents are non-infectious via inhalation, exposure to mucosal tissue may be dangerous. For
this reason, specialised personal protective equipment (PPE) is employed to minimise
potential exposure via the nose, mouth, and eyes. Personnel are expected to don PPE
appropriate to their purpose in the facility as outlined in this manual upon entry and proceed
with said purpose according to protocols outlined in this manual while inside the BSL2+
facility.

1.2. Purpose

The purpose of this manual is to describe all procedures and training to be undertaken by
individuals entering the Institute for Cellular and Molecular Medicine BSL2+ facility (HIV lab)
at the University of Pretoria for any reason. This manual is to be read and understood by all
persons who will be performing experiments in the HIV lab. All standard operating procedures
(SOPs) outlined in this manual are to be followed within the HIV lab.

1.3. Policy

The ICMM BSL2+ Operations and Safety Manual details all SOPs pertaining to the HIV lab with
respect to operation and safety. Revisions to any parts of this manual are to be disseminated
to all authorised and responsible personnel, where upon revisions must be implemented
effective immediately.

All persons (staff and students) working in the HIV lab must be trained according to
procedures outlined in section 3.2. Training and comply with all prerequisites for working in
the HIV lab. Any maintenance must be performed as outlined in section 3.2 Access and
Maintenance. Only authorised personnel as described in section 2.1.1 Authorised personnel
may enter the HIV lab, supervise maintenance, or train prospective HIV lab personnel.
Training of authorised personnel must be documented and filed, as per SOP outlined in this
manual.



The HIV lab operates under the authority of the Responsible Investigator, under the
supervision of the appointed Health and Safety Officer (see Appendix 1: Authorised
Personnel and Officers). Breach of policies and protocols outlined in the ICMM BSL2+
Operations and Safety Manual will result in disciplinary steps as outlined in section 3.3
Disciplinary Procedure which will be signed off by authorised personnel as well as Professor
M.S. Pepper (Responsible Investigator) and placed on record. Signage within the BSL2+ facility
will be obeyed at all times.

2. Authority and Responsibility

2.1. Authority

The HIV lab is access controlled. Access codes and protocols are only to be made available to
authorised and responsible personnel. Only authorised personnel may accompany non-
authorised persons (maintenance and cleaning staff, visitors) into the HIV lab under the
restriction of section 3.2.2 Unauthorised persons. Authorised personnel must be trained
according to procedures outlined in this manual under section 3.1 Training and Compliance.
Only personnel who have completed training to the satisfaction of Training Officer(s) will be
provided with the access code, with the exception of the Responsible Investigator.

2.1.1. Authorised personnel

A current list of authorised personnel will be made available to all responsible and authorised
personnel, as well as being documented in APPENDIX 1.

Position Authorised to: Description
e document training, repair, maintenance,
and equipment logs The Laboratory Manager
facilitates practical
e supervise and direct maintenance and - . .
_ ' - administrative running of the
repair of equipment and facility BSL2+ facility. The Laboratory
Laboratory ] ] ] )
supervise and direct cleaning Manager must be kept informed of
Manager

direct and document visitation to the HIV
lab

stock-take and replenishing of
consumables

documentation filed regarding
training and incident reports, as
well as changes to SOPs and
equipment report records.

Health and Safety
Officer

supervise and direct health and safety
procedures outlined by the University of
Pretoria

receive and document incident reports

The Health and Safety Officer
facilitates incident/crisis
management with respect to
incidents within or involving the

BSL2+ facility and authorised




stock-take and replenishing of
consumables

ensure that Health and Safety provisions
are within required standards

personnel. This includes signing off
on training, managing disciplinary
protocols, as well as documenting
incident reports, as outlined in this
manual.

perform experiments inside the BSL2+
facility

document incident reports

supervise and sign off on BSL2+ training
(as Training Officers) according to the

Authorised personnel must have
received training as outlined in this
manual and may enter and work
inside  the BSL2+  facility.
Authorised personnel facilitate
training of new personnel and will
adhere to all guidelines outlined in

Authorised specifications of this manual this manual. Authorised personnel
Personnel are expected to be in regular
monitor equipment regularly contact with the Health and Safety
clean the BSL2+ facility (shared rotational | Officer, Laboratory Manager, as
duty) well as the Responsible
o Investigator regarding their work
stock-take and replenishing of . e
in the lab, incidents, and any
consumables o ) ]
training taking place in the BSL2+
facility.
managing funding, administration, and ZhekResp'o:smle(Ijnv](cest;lgato.r .mu.st
operation of the BSL2+ facility e kept informed of all activity in
and regarding the BSL2+ facility.
signing off on training documentation as This includes incident reports,
Responsible outlined in this manual training processes and

Investigator

signing off on incident reports as outlined
in this manual

managing disciplinary processes in training
and infringement protocols

documentation, disciplinary
processes and documentation, as
well as equipment report records
and Health and Safety

administrative matters.

3. Health and Safety

3.1. Training and Compliance

Training of new personnel (trainees) will be facilitated by Authorised Personnel acting as

Training Officers (see section 2.2.1 Authorised Personnel). Training Officers will document

training as required per Appendix 1: Training Documentation. Regular signing of training




documents by the relevant Training Officer(s), Health and Safety Officer, and Responsible
Investigator must be performed as outlined in Appendix 1: Training Documentation, for
training certification (see Appendix 1: Training Documentation — Training Certificate) to be
valid. Incomplete training documentation will void the Training Certificate. Training
documentation includes the Training Hours Log Sheet, Trainee Agreement, and Vaccination
List.

Failure to comply with protocols and procedures outlined in this manual will result in
mandatory Retraining (see section 3.1.2 Retraining). Banned personnel will not be eligible for
training for 365 days from commencement of ban. Eligibility for training of banned individuals
will be determined on a case-by-case basis by a committee of Training Officers and Authorised
Personnel, the Health and Safety Officer, Laboratory Manager, and Responsible Investigator.
Failure to comply with evacuation protocols and incident report documentation (see 3.4
Emergency Protocols) will result in a temporary ban of 3 weeks, and mandatory Retraining.

3.1.1. Training

The HIV lab training program consists of three parts: shadowing, supervised work, and a
probation period. This is to ensure that trainees have every opportunity to familiarise
themselves with the procedures and protocols in this manual and integrate themselves with
the practical aspects of working inside the HIV lab while under the supervision of an
authorised Training Officer. At least two Training Officers must sign off on Supervision hours
to ensure completeness. Training Officers may at no point, under no circumstance, leave a
trainee inside the HIV lab unaccompanied. This rule does not apply for voluntary Retraining
(see 3.2.1 Retraining). If the Training Officer needs to leave the HIV lab at any point during
training, the trainee will cease all work, contain all hazardous material appropriately (close all
tubes and exit the Biosafety Cabinet, or terminate all work in the Biosafety Cabinet),
decontaminate appropriately (see Appendix 2: SOP — Working in the BSL2+ Biosafety
Cabinet), and exit the lab (see Appendix 2: SOP — Leaving the HIV lab). Trainees must have
read this manual prior to commencement of training.

The Training Hours Log Sheet (see Appendix 1: Training Documentation) must be completed
by Training Officers and signed by the trainee. Information logged includes course
components Shadowing, Supervision, or Probation, and Retraining if necessary at a later
stage, and hours completed under each Training Officer. Any training notes may also be
written in on the Training Hours Log Sheet to make fellow Training Officers aware of any
repeated deviation from protocols which need to be corrected prior to certification.

PART 1: Shadowing

The trainee will shadow Training Officers into the lab and be practically instructed on proper
procedure for entering the HIV lab, working in the HIV lab with and without live virus, and
exiting the HIV lab. Emphasis will be placed on personal protective equipment (PPE)
appropriate for different circumstances (see Appendix 2: SOP — PPE), and decontamination
of the Biosafety Cabinet, work areas, and waste management (see Appendix 2: SOP —
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Working in the BSL2+ Biosafety Cabinet). A mandatory shadowing period of 10 hours is a
prerequisite to Part 2 of the program, which may be increased on a case-by-case basis at the
discretion of the Training Officer or trainee. Shadowing hours must be documented in the
Training Certificate and are compulsory to the training.

PART 2: Supervision

The trainee, after completing 10 hours of shadowing, will be allowed to conduct general
experiments in the HIV lab under the close supervision of a Training Officer. General
experiments to be conducted under supervision include Viral Quantitation and Infectivity
assays, p24 ELISAs, and HIV productions (see Appendix 3: Protocols) which will be required
as part of rotational duties once the trainee is certified. Individual project-related
experiments are not to be performed as part of training. Trainees will be expected to run
through entry, working, and exit procedures as outlined by SOPs in Appendix 2: SOP. Training
Officers must closely observe all work and guide the trainee with regards to laboratory
technique and BSL2+-specific practices so that these practices become habit. A mandatory
minimum period of 20 hours working under the supervision of a Training Officer is to be
completed before a trainee may be considered for Part 3 of the program. Training Officers or
trainees may request for this period to be increased in accordance with their confidence in
following BSL2+ SOPs. Hours supervised by each Training Officer must be documented and
signed off on the Training Certificate. Trainees cannot be cited for written warnings at this
stage except in extreme circumstances where the trainee and/or the Training Officer are put
at risk of exposure.

PART 3: Probation

The trainee, after completing a minimum of 20 hours of supervised work in the HIV lab, may
work without close supervision by a Training Officer for 30 hours prior to certification as
Authorised Personnel. During these probationary hours, a Training Officer must be made
aware that the trainee will be working in the HIV lab and must be available to perform regular
checks for the duration of the Probation period. This is to ensure that proper procedure is
being followed, and to support the trainee as these are still trainable hours. Trainees cannot
be cited for written warnings at this stage except in extreme circumstances where the trainee
and/or the Training Officer are put at risk.

3.1.2. Retraining

Mandatory Retraining will be enforced when an individual who has completed the BSL2+
training fails to comply with HIV lab protocols outlined in this manual and has been reported
three times by written warning. Formal written warning explaining the transgressions and a
call for Mandatory Retraining will be issued via email from fellow Authorised Personnel, with
the Health and Safety Officer and Laboratory Manager being copied on the email. Retraining
is an opportunity to revise HIV lab procedures practically and under the supervision of a
Training Officer to ensure that everyone authorised to operate within the BSL2+ facility is safe
at all times.



Retraining requires 20 to 30 hours of supervised work in the HIV lab to be overseen by a
Training Officer. Individuals under Retraining will not be allowed to enter the HIV lab without
supervision, to ensure that all potentially hazardous actions are corrected according to the
initial SOP-directed training outlined in this manual. Mandatory Retraining must be
documented on the individual’s training certificate.

Voluntary Retraining may be undertaken by individuals who are unsure or uncomfortable
with working in the HIV lab without supervision. Between 20 and 30 hours of supervised work
in the HIV lab in addition to completing the full training program should be sufficient.
Voluntary Retraining is not documented on the individual’s training certificate.

3.1.3. Banned Personnel

Personnel are banned from the HIV lab following two unsuccessful Mandatory Retraining
attempts. A formal written notice of banning will be issued by email from the Responsible
Investigator with a complete list of transgressions resulting in the ban. Banned personnel will
not be considered for training within 365 days of the ban being imposed; exceptions will be
considered on a case-by-case basis. Post-ban retraining will be considered on a case-by-case
basis at the discretion of the Responsible Investigator, under advisement from all Authorised
Personnel working in the HIV lab. Banned personnel must be listed in Appendix 1: Banned
personnel, including the date of ban and a list of transgressions resulting in the ban.

3.1.4. HIV-buddy system

Work in the HIV lab must always be conducted with the knowledge of at least one other
Authorised Personnel who must be available to attend to you in case of emergency. This is
especially important on weekends and public holidays when there is no one in the ICMM main
lab/student offices. This becomes your HIV-buddy for your session in the HIV lab. Availability
of your HIV-buddy must be confirmed prior to undertaking weekend work as a precaution in
case of HIV exposure (see 3.4.1 Emergency protocols). As an HIV-buddy, you are required to
be telephonically available in the hours specified by the person working in the HIV lab. An
HIV-buddy may be required to drive to the nearest emergency room, complete experiments,
clean up the lab, or assist with experiments, as well as assist in writing up the incident report
(see Appendix 1: Incident Report). HIV-buddies are to be informed when work in the HIV lab
is complete and they are no longer required to be available. As Authorised Personnel,
agreeing to be an HIV-buddy for a session in the HIV lab means that HIV-buddy requirements
take precedence over all other occurrences until your HIV-buddy is finished working in the
HIV lab.

3.2. Access and Maintenance

The BSL2+ Facility is access-controlled. The code-lock on the door ensures that no
unauthorised persons have accidental access to the HIV lab. The presence of unauthorised
persons in the HIV lab will be considered breach of protocol. Authorised Personnel
responsible for the breach will be disciplined according to section 3.3 Disciplinary Procedure.
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3.2.1. Authorised persons

Authorised Persons are ONLY to be afforded access to the HIV lab under strict supervision of
the Lab Manager, Health and Safety Officer, or Authorised Personnel.

Authorisation is granted to maintenance staff for equipment maintenance, repair, and
validation, and laboratory maintenance and repair. Authorised persons must be informed of
the nature of work conducted in the laboratory and must be fitted with appropriate PPE upon
entry into the BSL2+ facility.

Equipment scheduled for maintenance, repair, and validation are to be decontaminated
according to Appendix 2: SOP — Equipment decontamination prior to being worked on
regardless of whether the work will be performed on-site or off-site. For off-site work, it is
preferable for Authorised Personnel to have removed equipment from the lab. With large
equipment such as the Biosafety Cabinet, maintenance staff will have to remove it from the
lab.

Authorised person business Appropriate PPE

e Inner gloves

Equipment maintenance, repair, and e Disposable lab coat

validation (ON-SITE) e Safety glasses

e Quter gloves

e Inner gloves

e Disposable lab coat

Equipment maintenance, repair, and .
validation (OFF-SITE)

Outer gloves

PPE only required when moving equipment
to avoid contact with possibly contaminated
surfaces.

e Inner gloves

e Disposable lab coat
Lab maintenance and repair (ON-SITE)
o Safety glasses

e Quter gloves

e Inner gloves
Lab maintenance and repair (OFF-SITE)
e Disposable lab coat
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e Quter gloves

PPE only required when moving equipment
to avoid contact with possibly contaminated
surfaces.

3.2.2. Unauthorised persons

“Unauthorised Persons” describes anyone who has not been trained in BSL2+ laboratory
practice in the HIV lab, is unaccompanied by Authorised Personnel, or is not scheduled
maintenance staff. This includes visitors to the facility. No Unauthorised Persons are
permitted in the HIV lab without accompaniment by Authorised Personnel. Visits must be
cleared with Authorised Personnel currently conducting experiments in the HIV lab to avoid
possible exposure. Prior to entry of Unauthorised Persons, Authorised Personnel should
decontaminate the facility, with the exception of the incubator, should experiments be
underway. No visits may be scheduled while bench-top experiments are underway.

In the case of Unauthorised Persons gaining entry without authorised supervision, an
investigation by the Laboratory Manager will be conducted. The incident must be
documented in an Incident Report (Appendix 1: Incident Report). Means of entry, Authorised
Personnel involved in gaining unauthorised entry, compromise of passcodes, and possible HIV
exposure must be included in the report. In the case of passcode compromise, the passcode
must be changed immediately. Where Authorised Personnel are implicated, access to the HIV
lab will be suspended until the conclusion of the investigation. Further disciplinary action will
be undertaken at the discretion of the Responsible Investigator and will be documented in a
Disciplinary Report (Appendix 1: Disciplinary Report).

3.3. Disciplinary Procedure

Disciplinary action will be taken against any Authorised Personnel who puts themselves or
others working in the HIV lab at risk of exposure due to carelessness or negligence in the
BSL2+ facility. Due to the nature of experiments conducted in the HIV lab, this includes all
conduct between entering and leaving the facility. Appropriate disciplinary procedures are
described below.

3.3.1. Failure to comply with SOPs

Failure to comply, after training and verbal correction, with any SOP (Appendix 2: SOPs)
outlined in this manual may result in a written citation documenting failure to comply
delivered by email from Authorised Personnel, with the Health and Safety Officer and
Laboratory Manager being copied on the email. This action is to be undertaken only when
recipient has successfully completed training as per 3.1 Training and Compliance, including
completion of 30 hours of probation. At this point, recipient is assumed to have read and
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understood all SOPs, as well as have practical experience working in the HIV lab under BSL2+
conditions, with all opportunity for potential transgressions to be corrected. Citations serve
as a written warning and are issued at the discretion of fellow Authorised Personnel.
Following a written citation, it is the responsibility of the recipient to undertake corrective
action to ensure that the action is not repeated. Upon receipt of three written warnings,
recipient will undergo mandatory Retraining (3.1.2 Retraining) without exception. The
Laboratory Manager and Health and Safety Officer carry the responsibility of documenting
written warnings and serving a final notice for retraining by email which is effective
immediately.

3.3.2. Failure to comply with Training Officer requirements

Failure to comply with Training Officer requirements describes the deviation from
expectations of Training Officers outlined in 3.1.1 Training. This includes leaving a Trainee
alone in the HIV lab prior to commencement of Probation hours, failure to document training,
or putting the Trainee at risk of exposure to HIV while training in the BSL2+ facility. Notice of
failure to comply with Training Officer requirements will be served by email from the Health
and Safety Officer or Laboratory Manager. Two written warnings are allowed for
transgressions while training a Trainee within the BSL2+ facility. Three written warnings are
allowed for failure to complete paperwork regarding training, within the bounds of reason.
Upon receipt of the allotted number of written warnings, the Training Officer in question will
be served with written meeting summons including the Health and Safety Officer and
Laboratory Manager to manage the situation appropriately. Appropriate action will be
decided on a case-by-case basis, which may result in relief of Training Officer duties for a
certain period for failure to keep up with paperwork owing to project-related activities, or
final notice for mandatory retraining in the case of poor training. Failure to comply with
Training Officer requirements may be reported by Trainees, fellow Authorised Personnel, the
Laboratory Manager, or the Health and Safety Officer, and will be moderated prior to written
warning being issued by the Laboratory Manager.

3.3.3. Failure to comply with Emergency Protocol initiation

Failure to comply with initiation of emergency protocols will result in a disciplinary hearing
involving the Health and Safety Officer and Responsible Investigator. This includes failure to
adhere to University of Pretoria Evacuation protocols upon engagement of alarm systems
described in 3.4 Emergency Protocols. Authorised Persons operating within the BSL2+ facility
when building alarms are triggered are expected to contain contaminated work and adhere
to University of Pretoria evacuation procedures immediately.

3.4. Emergency Protocols

Emergency protocols describe actions to be taken by Authorised Personnel upon incidence.
This includes documenting incidents in the Incident Report file (inside the HIV lab) as well as



reporting to relevant authorities as required by the specific protocol. Specific incident
protocols are described in this section.

3.4.1. Stick/Prick Injuries

Stick/prick injuries in the HIV lab are considered medical emergencies! Stick/prick injuries
describe situations where the outer glove is compromised, and the inner glove is either
compromised or suspected to be compromised while operating in the HIV lab at any point in
time. Stick/prick injuries where the inner glove is compromised can be divided into two
classes: skin uncompromised, and skin compromised.

In stick/prick injuries where ONLY the outer glove is compromised but the inner glove remains
intact, all work must cease immediately. Pipette tips are discarded appropriately (see
Appendix 2: SOP — Working in the BSL2+ Biosafety Cabinet and Appendix 2: SOP — Working
on the BSL2+ Bench), all tubes are closed, and all culture plates and flasks are closed. Gloves
are sprayed with 10% Bleach, followed by 70% Ethanol, and compromised outer gloves are
removed and discarded in the biohazard bin. Inner gloves are inspected rigorously for any
tears or weak spots. Intact inner gloves may be replaced for good measure by removing PPE
(see Appendix 2: SOP — PPE) and redressing. If inner gloves are not replaced, they are to be
decontaminated thoroughly with 70% Ethanol by spraying on gloved hands and rubbing dry
before applying outer gloves.

In stick/prick injuries where the inner glove is compromised, all work must cease immediately.
Only tubes, culture plates, and flasks containing HIV are to be closed before initiating
emergency procedure for appropriate skin uncompromised/skin compromised procedure.
Remove outer glove as carefully as possible and conduct initial inspection of inner glove to
assess whether the skin is compromised. DO NOT SQUEEZE OR RUB ANY SITES OF
POTENTIALLY COMPROMISED SKIN. Upon assessment of inner glove damage, remove all PPE
according to Appendix 2: SOP — PPE avoiding contact with damaged region of inner glove.
Carefully remove the inner gloves last. Wash hands thoroughly with F10 hand wash situated
on the first shelf next to the gloves and masks, making use of elbows to open and close taps.
Make sure any areas of skin compromise (scabs, scratches, cuts, holes) are documented. In
the case of stick/prick injury resulting in bleeding, phone the emergency number of the
nearest emergency room located on the wall next to the telephone in the HIV lab and inform
them of HIV exposure in a research setting. The emergency centre will provide you with post-
exposure prophylaxis (PEP) which should be taken immediately. The street address of the
emergency room is provided under the telephone number. Immediately proceed to the
emergency room. Ensure that the door to the HIV lab is locked behind you. If you are
incapable of transporting yourself, phone your HIV-buddy (see 3.1.4 HIV-buddy system) who
will drive you, or phone a friend or family member to drive you. Make sure that the bleeding
wound is treated at the emergency room. IT IS IMPERATIVE THAT PEP IS OBTAINED AND
TAKEN AS SOON AS POSSIBLE AFTER THE INJURY. Once treatment has been obtained and
administered, return to the HIV lab and finish work if possible. If wound dressing prevents



proper PPE application, DO NOT ATTEMPT TO RESUME WORK IN THE HIV LAB. Your HIV-buddy
will complete the experiment and clean up on your behalf. Complete an incident report as
per the template as soon as possible.

3.4.2. Building alarms

When the building alarmis triggered, Authorised Personnel working in the HIV lab are to cease
work immediately and contain experiments containing virus.

In the Biosafety cabinet: tubes, bottles, and the Virkon™S bucket are to be closed with lids.
Seeded experiments are to be replaced in the incubator before closing and turning off the
Biosafety cabinet. The UV cycle of the cabinet should not be turned on.

On the bench: all bottles and tubes are to be closed, and experiments are to be placed in the
fridge, incubator, or the BSL2+ transfer box (from BSL2+). Alternatively, contaminated waste
containers are to be closed and all experiments are to be placed in the Biosafety cabinet,
which is to be closed properly and left off. PPE is to be removed before exiting the lab. Swiftly
proceed with University of Pretoria emergency/evacuation protocols.

When relevant authorities have declared the building safe for re-entry, Authorised Personnel
are to return to the HIV lab to terminate experiments which cannot be continued, and
complete experiments which can be continued. Working surfaces are to be wiped down with
70% ethanol prior to resuming experiments. An incident report is to be filed as soon as
possible after the incident detailing reason for evacuation, which experiments were being
performed at the time of alarm, actions taken to contain experiments, and action taken upon
returning to the HIV lab.
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Appendix 1

Authorised Personnel and Officers

Authorised Personnel and Officers last updated on: 09/09/2017

Position Occupant

Professor M.S. Pepper (Director, Institute

Responsible Investigator
P & for Cellular and Molecular Medicine)

Laboratory Manager Candice Murdoch
Health and Safety Officer Candice Murdoch
Authorised Personnel Juanita Mellet

Candice Herd

Catherine Wickham

Banned personnel
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Training Documentation

Training Hours Log Sheet

Trainee Name:

Training

commenced:

Course Component

Training Officer

Hours

Trainee Sign
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Trainee Agreement

l, Student no. , hereby agree to

undertake training in the HIV lab, under strict instruction of the most recent ICMM BSL2+
Operations and Safety Manual. This includes ensuring my vaccination is up to date with the
international requirements for working in a BSL2+ facility, as outlined in the ICMM BSL2+
Operations and Safety Manual.

| have been informed of the risks, regulations, and procedures pertinent to proceeding with
my project in the HIV lab. | have been informed of the nature of work which must be
performed in the HIV lab as outlined in the ICMM BSL2+ Operations and Safety Manual.

| understand and accept that | am equally responsible for my safety and the safety of the
Training Officer while in the HIV lab, and | will make the Training Officer aware of any
instances of uncertainty regarding protocol or procedure. | will make the Training Officer
aware of any hesitation to proceed with the next part of the HIV lab training course regardless
of the number of hours | have logged for the course component.

| will make the Training Officer aware of any protocols or procedures | will be performing for
my work in the HIV lab which do not appear in the SOPs of the ICMM BSL2+ Operations and
Safety Manual.

| have read and understood the ICMM BSL2+ Operations and Safety Manual prior to the
commencement of my HIV lab training.

Trainee: Date:
Health and Safety Officer: Date:
Responsible Investigator: Date:
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TRAINING CERTIFICATE

Certificate of Competence

Awarded to:

On

The recipient of this certificate has successfully completed ICMM BSL2+ training according to
the ICMM BSL2+ Operations and Safety Manual and has been deemed competent to conduct
experiments in the HIV lab without supervision. The recipient of this certificate will comply
with all regulations highlighted in the BSL2+ Operations and Safety Manual while in the HIV
lab in accordance with their training or face corrective/disciplinary action as per the BSL2+
Operations and Safety Manual.

1. 1.
Training Officer(s) 2. Signature(s) 2.
3 3.
Hours supervised 1. 2. 3.
Shadowing hours Probation hours
Period of training
Record of
Infringements
Record of Retraining
Trainee: Date:
Health and Safety Officer: Date:
Responsible Investigator: Date:
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Incident Report

Persons involved

(indicate HIV-buddy):

Description of incident

(detailed):

Description of action

taken (detailed):

PEP required and
administered?

Signatures of persons
involved:

Date of Incident: Date of Report: Reporti#:

Health and Safety Officer: Date:
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Disciplinary Report

Date of disciplinary action:

Disciplinary report #:

Persons involved (incl.
institutions):

Incident report #:

Summary of
contraventions:

Description of disciplinary
action:

Suspended /

Banned

Date of discipline
commencement:

Disciplinary Committee:

Signatures of persons
involved:

Health and Safety Officer:

Responsible Investigator:

Date:

Date:
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Appendix 2
BSL2+ FACILITY LAYOUT

Autoclave

‘ SAFE ZONE ‘

[on)

=

Freezer BSL2+ Biosafety S N
‘@

Liquid waste
Paper
towel
Sharps bin
Incubator
Shelves

The purpose of this diagram is to indicate the relative layout of the BSL2+ facility and is
therefore not to scale. Important areas to note are the location of the Safe Zone as well as
the Biohazard bin. No HIV-contaminated material is permitted in the safe zone unless in the
BSL2+ transfer box dedicated for this purpose. The transfer box is safe on the outside and
contaminated only on the inside. This means that no outer gloves are ever to be used to touch

the transfer box.
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SOP - PPE

SOP NAME ICMM_VC_SOP001_01_PPE_CLH | VERSION 01
AUTHOR Candice Herd LAST UPDATED 08/11/2017
Contributors Juanita Mellet; Catherine Wickham; Dr Samantha Nicholson

This SOP describes the correct procedure for donning personal protective equipment (PPE)
when entering the ICMM BSL2+ facility. Deviation from this procedure puts the operator at
risk of exposure to infectious agents worked with in the BSL2+ facility and may result in
disciplinary action. Only Authorised Personnel will be provided with the access code for the

door.

Donning PPE

1. Prior to entering the BSL2+ facility, operator must be wearing full-length
covering on the legs (stockings not acceptable), and fully closed shoes

(pumps not acceptable)

2. Alljewellery should be removed prior to entering the BSL2+ facility, and hair

should be out of the face as much as possible

3. Mandatory/Experiment-specific PPE must be donned upon entry to the

BSL2+ facility:

Mandatory PPE

e Inner gloves
e Disposable lab coat

e OQuter gloves

Experiment-specific PPE

e Surgical face mask
e Safety glasses
e Hair net

e Plastic pull-over booties

4. Experiment-specific PPE applications:

Experiments working with
HIV

e Mandatory PPE

e Surgical face mask
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e Safety glasses (unless wearing prescription
glasses)

Preparation for

experiments (warming
. e Mandatory PPE
reagents/preparing

solutions)

Restocking/packing tips

e Mandatory PPE
and jars/autoclaving y

e Mandatory PPE

Decontamination of HIV ]
e Surgical face mask

waste

e Safety glasses
Decontamination of * Mandatory PPE
laboratory/equipment e Surgical face mask

5. PPE appropriate to purpose as outlined in (4.) should be donned upon entry
into the BSL2+ facility in the order shown on the following infographic
(mounted above the basin)

Order of PPE: BSL2+ Lab

Inner Lab coat Face mask Outer
gloves goggles gloves

6. Putoninner gloves, located on the first shelf closest to the basin

7. Put on a disposable blue lab coat which can be found on the hooks by the
door

a. Make sure inner glove wrists are under the white sleeves of the lab
coat
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b. If there are not sufficient disposable blue lab coats, retrieve one from
the right-most cupboard under the bench labelled “PPE”

8. Open the BSL2+ transfer box if work requires HIV-exposed samples or tube
racks to be transported between facilities
9. Put on a disposable surgical mask and safety glasses, both located on the
first shelf closest to the basin
a. Contour the wire of the surgical mask around your nose to keep it in
place
b. Position the goggles over the wire contour
10. Put on outer gloves, located on the first shelf closest to the basin
11. Proceed with decontamination procedure or laboratory work
Doffing PPE
1. PPE s to be doffed in the reverse order to the infographic on the wall above
the basin:
a. outer gloves
b. safety glasses
c. surgical face mask
d. lab coat
e. inner gloves
2. If leaving the BSL2+ facility temporarily (work not completed), gloves and
face mask may be reused:
a. outer gloves placed to the left of the microscope
b. inner gloves, surgical face mask, and safety glasses placed in the safe
zone nearest the basin/transfer boxes
3. Safety glasses are to be replaced on the shelf in the safe zone, to the left of
the gloves upon doffing for the final exit
4. Both sets of gloves as well as surgical face mask are to be discarded in the

biohazardous waste bin upon doffing for the final exit
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5. Lab coat and safety glasses are only discarded when damaged or exposed to
contaminated material, and are discarded in the biohazardous waste bin

SOP — Entering the BSL2+ Facility

ICMM_VC_SOP002_01_Enter  HIV

SOP NAME VERSION 01

lab_CLH
AUTHOR Candice Herd LAST UPDATED | 08/11/2017
Contributors Juanita Mellet; Catherine Wickham; Dr Samantha Nicholson

This SOP describes the correct procedure for entering the ICMM BSL2+ facility. Deviation
from this procedure puts the operator at risk of exposure to infectious agents worked with
in the BSL2+ facility and may result in disciplinary action. Only Authorised Personnel will be
provided with the access code for the door.

1. Enter the access code for the door lock, starting the code with C_ and open
the door

2. Step inside the lab and ensure the door closes properly behind you and turn
on the light switch next to the door

3. Doff PPE in the order of the infographic on the wall above the basin:
a. inner gloves
b. lab coat
c. surgical face mask
d. safety glasses

e. outer gloves

Order of PPE: BSL2+ Lab

EXEX D

Inner Lab coat Face mask Lab Quter
gloves goggles gloves
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4. Ensure that the air-conditioning unit is switched on and at a temperature
between 18-21°C

5. Turn the differential pressure unit on by turning the dial by the window to 7

6. Proceed with decontamination procedure or laboratory work

SOP — Decontamination and waste disposal

ICMM_VC _SOP003_01_Decontamination
SOP NAME - T - - VERSION 01
and waste disposal_CLH

. LAST
AUTHOR Candice Herd 08/11/2017
UPDATED

Contributors | Juanita Mellet; Catherine Wickham; Dr Samantha Nicholson

This SOP describes the correct procedure for decontamination of HIV-exposed waste
(Virkon™S-treated waste, and biohazardous and sharps bins) within the BSL2+ facility.
Deviation from this procedure puts the operator at risk of exposure to infectious agents
worked with in the BSL2+ facility and may result in disciplinary action. Only Authorised
Personnel will be provided with the access code for the door.

Virkon™S-treated waste

The basin is a dedicated HIV-free zone. When both Virkon™S-treatment and UV-
treatment are used to decontaminate waste, cleaning implements are rinsed in the basin
after being soaked in diluted bleach. ONLY the colander, funnels, and Virkon buckets are
to be treated in this way.

1. Virkon™S-treated waste in the Biosafety cabinet should have been UV-treated
by turning the UV lamp of the Biosafety cabinet on (15 min cycle) prior to
commencement of decontamination procedure

2. Fillthe Decontamination Sink located under the bench next to the basin a third
full of water — use elbows to open taps

3. Add approximately 50mL of 3.5% bleach located in the cupboard under the
basin

4. Transfer the Decontamination Sink to the bench left of the incubator (facing
the window)

5. Open the sharps bucket (under the bench) and pull out from under the bench
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Remove the Virkon™S bucket from the Biosafety cabinet

Tip the waste in the Virkon™S bucket into the assembled colander so that the
liquid waste is caught in the solid plastic container at the bottom and the
plastic waste (tips, tubes) remain in the sieve portion at the top.

Transfer the bucket to the Decontamination Sink and ensure bleach-solution
makes contact with all sides

Detach the sieve portion carefully from the solid portion and shake gently to
avoid liquid spillage

10.

Tip sieve contents (tips, tubes) into the sharps bin

11.

Transfer sieve portion to the Decontamination Sink and ensure bleach-
solution makes contact with all sides

12.

Pour contaminated Virkon™S into the red biohazardous liquid waste bucket
located next to the biohazard bin

13.

Transfer the solid portion of the colander to the Decontamination Sink and
ensure bleach-solution makes contact with all sides

14.

Any spillage should be cleaned immediately with 1% Virkon™S

15.

Transfer the Decontamination Sink carefully to the basin

16.

Remove items one at a time and rinse with water

a. use elbows to open taps

17.

Place on the linen saver to the left of the basin to dry

18.

Slowly and carefully discard contents of the Decontamination Sink in the basin
— do not let contents splash out of the basin

19.

Rinse the Decontamination Sink, dry with paper towel (discard in biohazard
bin), and replace under the bench next to the basin

20.

Rinse the basin with tap water (use elbows to open taps), spray the inside of
the basin with bleach and rinse with tap water (use elbows to open taps), and
finally spray the inside of the basin with 70% Ethanol and allow to evaporate

21.

When the liquid waste bucket is 3/4 full, the lid is to be sealed properly and
the bucket sprayed with 70% ethanol and allowed to air-dry
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22.

When dry, the liquid waste bucket should be taped closed with a cross sealing
the lid to the bucket

23.

The liquid waste bucket is discarded with the biohazardous waste of the ICMM
main lab and should be transferred to the main lab the day before scheduled
collection of waste

Biohazardous waste bin decontamination and discard

The biohazardous waste bin should be full, but not overflowing, prior to
commencement of decontamination and discard procedure, OR:

a. if the lab will not be used for more than 2 weeks

b. if Unauthorised Personnel are expected to enter the BSL2+ facility

If the biohazard bin is replaced following work in the lab, discard outer gloves
and face mask and put on a new pair of outer gloves prior to commencement
of decontamination and discard procedure

3. Fold a new biohazardous bin box and lid — located behind the
Decontamination Sink — near the basin to limit contamination of new box
a. use biohazard tape to secure the bottom flaps in a cross-shape
4. Remove the lid of the contaminated biohazard bin
5. Gather and secure the top of the bin bag with biohazard tape

Transfer the contaminated bag into the newly-folded uncontaminated box

Using blunt-end scissors, cut biohazard tape to seal the bag over the rubber
band with a cross of tape

Close the biohazard box with the newly-folded uncontaminated lid

Use biohazard tape to secure the lid to the box using a cross of tape

10.

Seal the lid to the box by taping horizontally on the join between lid and box,
over the cross of tape securing the lid to the box

11.

Replace a biohazard bin bag in the contaminated box, close the contaminated
box lid

12.

Filled, sealed boxes are stored in the BSL2+ facility until collection
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13. The filled, sealed boxes are discarded with the biohazardous waste of the
ICMM main lab and should be transferred to the main lab the day before

scheduled collection of waste

SOP — Equipment decontamination

ICMM_VC_SOP004_01_Equipment

SOP NAME . VERSION 01
decontamination_CLH

AUTHOR Candice Herd LAST UPDATED | 20/04/2018

Contributors

Juanita Mellet; Catherine Wickham; Dr Samantha Nicholson

EQUIPMENT

Authorised Personnel will be provided with the access code for the door.

This SOP describes the correct procedure for decontaminating equipment in the BSL2+
facility. Deviation from this procedure puts the operator at risk of exposure to infectious
agents worked with in the BSL2+ facility and may result in disciplinary action. Only

IF MAINTENANCE REQUIRES REMOVAL OF EQUIPMENT FROM BSL2+ FACILITY, THE LAB
IS TO BE QUARANTINED FOR 7 DAYS PRIOR TO DECONTAMINATION AND REMOVAL OF

Prior to commencement of equipment decontamination

Equipment is to be decontaminated a minimum of 24hrs prior to scheduled
maintenance

Ensure that no work in the BSL2+ facility is planned for the duration of the
maintenance task

Ensure that equipment is not in use at the time of planned maintenance and
decontamination procedure

Clear the area around equipment to be decontaminated

Decontaminating equipment

Prepare an appropriate volume of 1% Virkon™S in a plastic tub or the plastic
bin using Virkon™S powder under the sink, and hot water

Decontaminate outside of equipment with 1% Virkon™S and a sponge where
possible
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a. Virkon™S should only be used to clean where it can be easily and
thoroughly removed as it causes damage to equipment

b. Virkon™S should not be used to clean the microscope

Allow up to 3 mins contact time with non-metal surfaces, and 1 min with
metal surfaces

Mop up Virkon™S with paper towel

Decontaminate inside surfaces where possible with 1% Virkon™S, allowing 1
min contact time

Mop up Virkon™S with paper towel

Thoroughly spray both inside and outside surfaces with 70% Ethanol and mop
up with paper towel; this should be repeated until there is no pink remaining
on the paper towel from the Virkon™S

Mist outside surface with 70% Ethanol and allow to air dry

Clear a suitably sized working area around the equipment

10.

Decontaminate all surfaces in the working area with 1% Virkon™S as in steps
2-4, allowing up to 5 min contact time with non-steel surfaces

11.

Clear up Virkon™S residue as in steps 5-7

12.

Mist area with 70% Ethanol and allow to air dry

13.

If equipment requires moving equipment out of the BSL2+ facility:
a. ensure that the path from the door is free of obstructions

b. sweep and mop the floor with F10® in hot water as described in
ICMM_VC_SOP008_01_HIV lab clean_CLH

c. ensure that all bench-top items are stowed in cupboards and shelves,
or on the back bench furthest from the door

d. ensure that the biohazard bin is closed or has been emptied

e. ensure that power cords of equipment to be moved has been wiped
down with 1% Virkon™S and 70% Ethanol, and that they are suitably
packaged to not be damaged in transit
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14.

Equipment is to be decontaminated with F10® and 70% Ethanol after
maintenance, prior to use

a. if equipment was removed from the BSL2+ facility, decontaminate
with 1% Virkon™S, followed by F10®, followed by 70% Ethanol upon
return of equipment

SOP — Working in the BSL2+ Biosafety cabinet

ICMM_VC_SOP005_01_Working in

SOP NAME VERSION 01

the BSL2+ Biosafety Cabinet_CLH

AUTHOR Candice Herd LAST UPDATED | 22/01/2018

Contributors Juanita Mellet; Catherine Wickham; Dr Samantha Nicholson

This SOP describes the correct procedure for working in the BLS2+ Biosafety cabinet within
the BSL2+ facility. Deviation from this procedure puts the operator at risk of exposure to
infectious agents worked with in the BSL2+ facility and may result in disciplinary action.
Only Authorised Personnel will be provided with the access code for the door.

Prior to commencement of work in the Biosafety cabinet

15.

Open the Biosafety cabinet glass sash until it is level with the mark on the
right-hand side panel

16.

Press the button depicting a fan on the control panel of the Biosafety cabinet

17.

Remove any items in the biosafety cabinet and spray with 10% Bleach; pat
dry

18.

Spray items with 70% Ethanol; pat dry and put in their places

19.

Proceed with decontamination of waste procedure if applicable

20.

When the air has been purged and the Biosafety cabinet is ready to be used,
the sash alarm will sound, or the light will go on

21.

Adjust the glass sash up or down slightly so that the sash alarm is off

22.

Spray the working surface and walls of the Biosafety cabinet with 70%
Ethanol, leave for a minute, and dry with paper towel
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23. When working with multiple viral isolates between cabinet uses,
decontaminate the working surface with 1% Virkon™S by:

a. pouring small amount of Virkon™S onto the working surface
b. spread gently with paper towel, avoiding the grates
c. mop up with paper towel

d. rinse by spraying with distilled water and mopping up with paper
towel

e. spray working surface with 70% Ethanol, leave for a minute, and dry
with paper towel

24. Prepare ~200mL 1% Virkon™S in the plastic waste tub for waste disposal in
the biosafety cabinet using Virkon™S powder under the sink, and tap water

a. use elbows to open taps

25. Spray the outside of the tub with 70% Ethanol and place in the Biosafety
cabinet

26. Fold a length of paper towel to dry implements on and place in the Biosafety
cabinet

27.Spray down implements to be used in the Biosafety cabinet (pipettes, tip
boxes, serological pipettes, tube racks, tubes, lab markers, etc) and place on
the paper towel

a. DO NOT HAVE ANY UNNECCESARY IMPLEMENTS IN THE CABINET!

28. Pat implements dry

a. paper towel can be kept in the Biosafety cabinet to mop up ethanol
spots or in the case of spillage, to contain as quickly as possible

29. Proceed with work in Biosafety cabinet
a. Maintain air curtain by limiting side-to-side movement of arms
b. Do not remove arms from cabinet unless absolutely necessary

c. Keep “clean” and “dirty” workspaces separate

Working in the Biosafety cabinet

1. Alltubes, pipette tips, and filters are to be discarded in the Virkon™S tub
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Serological pipettes are to be replaced in their packets after being
decontaminated by sucking up Virkon™S and aspirating into the waste tub

All liquid waste is to be discarded in the Virkon™S tub

a. If the volume of aspirate exceeds 200mL Virkon™S, make a second
tub of 1% Virkon™S for discarding waste

Upon termination of experiments, cells are to be bleached (10%), soaked up
into paper towel, and discarded in the Biohazardous waste bin

a. DO NOT MIX BLEACH WITH Virkon™S UNDER ANY CIRCUMSTANCES

Ensure that all spills are cleaned up immediately

a. Inthe case of virus-contaminated spills, IMMEDIATELY treat the spill
with a small volume of 1% Virkon™S (uncontaminated) and then mop
up

b. Spray area with 70% Ethanol and dry with paper towel

When work has been completed, ensure that the Virkon™S waste solution is
still pink

a. If not, add more 1% Virkon™S to the waste tub

After completion of work in the Biosafety cabinet

Ensure that all spills (even droplets) of Virkon™S have been mopped up inside
the cabinet

a. Virkon™S exposure results in pitting of the cabinet surfaces

Remove all implements from the cabinet except the Pipetboy and
contaminated waste tub

Decontaminate all implements removed from the Biosafety cabinet
a. Spray with 10% Bleach
b. Pat dry with paper towel
c. Spray with 70% Ethanol
d. Pat dry with paper towel
e. Putaway

f. Discard paper towel in Biohazardous waste bin
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4. Spray the work surface and sides of the cabinet with 70% Ethanol and wipe
dry with paper towel

a. Repeat if spillage occurred to ensure that no Virkon™S residue
remains in the cabinet

5. Spray down (70% Ethanol) and place any empty tip boxes requiring UV
treatment prior to packing in the Biosafety cabinet and open their lids

a. Place the tip boxes on one side of the cabinet and the contaminated
waste on the other side

6. Ensure that the surfaces of the cabinet are completely dry before closing the
Biosafety cabinet sash and turning off the fan if necessary

7. Press the UV lamp button on the control panel of the Biosafety cabinet to
activate a 15 min UV cycle

SOP — Working on the BSL2+ Bench

ICMM_VC_SOP006_01 Working on
SOP NAME VERSION 01
the BSL2+ bench_CLH

AUTHOR Candice Herd LAST UPDATED | 22/01/2018

Contributors Juanita Mellet; Catherine Wickham

This SOP describes the correct procedure for working on the BLS2+ bench within the BSL2+
facility. Deviation from this procedure puts the operator at risk of exposure to infectious
agents worked with in the BSL2+ facility and may result in disciplinary action. Only
Authorised Personnel will be provided with the access code for the door.

Prior to commencement of work on the bench

1. Thoroughly spray down the working area with 70% Ethanol and wipe dry with
paper towel

2. Collect all reagents and implements required (pipettes, serological pipettes,
Pipetboy, kit components, pipette tips, tubes, tube racks, etc.)

3. Prepare ~100mL 1% Virkon™S in the plastic waste tub for waste disposal
using Virkon™S powder under the sink, and tap water

a. use elbows to open taps
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Continue with work on the bench

While working on the bench

Maintain a clean, clutter-free workspace

Put reagents away as soon as possible

Ensure that all spills are cleaned up immediately

a. Inthe case of virus-contaminated spills, IMMEDIATELY treat the spill
with a small volume of 1% Virkon™S (uncontaminated) and then mop
up

b. Spray area with 70% Ethanol and dry with paper towel

Ensure that all contaminated elements are disposed of in 1% Virkon™S while
working on the bench

After completion of work on the bench

Place the Virkon™S bucket in the BSL2+ Biosafety cabinet, close the cabinet,
and press the UV lamp button on the control panel of the Biosafety cabinet
to activate a 15 min UV cycle

Clear the workspace and ensure all reagents and equipment are
appropriately packed away

Wipe the workspace with a small volume of 1% Virkon™S (uncontaminated)
and mop up

Spray the bench with 70% Ethanol and dry with paper towel

SOP — Leaving the BSL2+ Facility

ICMM_VC_SOP007 01 Leave  HIV

SOP NAME VERSION 01
lab_CLH
LAST
AUTHOR Candice Herd 16/02/2018
UPDATED

Contributors Juanita Mellet; Catherine Wickham
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This SOP describes the correct procedure for leaving the BLS2+ facility. Deviation from this

procedure puts the operator at risk of exposure to infectious agents worked with in the

BSL2+ facility and may result in disciplinary action. Only Authorised Personnel will be

provided with the access code for the door.

1. Ensure that equipment and work areas used have been cleaned and closed as

appropriate:

Equipment/Work
area

Action

Work bench

Cleaned and all items packed away

Biosafety cabinet

Cleaned, with contaminated waste tub exposed to UV lamp

Pipette tip boxes for decontamination open and to the side for
exposure to UV lamp

Microscope Off, and covered with dust cover
All cell culture experiments replaced in the incubator
(uninfected on the top shelf; infected on the bottom shelf)
Water bath filled with autoclaved distilled water

Incubator
Inner door and outer door closed properly
CO: levels and temperature at 5% and 37°C respectively (unless
otherwise noted)

Biohazard and

) Lid closed

sharps bins
Unless running, the lid is to be slightly opened, and the machine

Autoclave

is to be switched off

Basin/basin area

Taps should be in the closed position with no dripping
The basin should be clean and dry

Decontamination sink should be stowed under the bench to the
left of the sink

Decontamination  plasticware  (colanders/funnels/plastic
buckets) should be left to dry on a linen saver on the bench to

the left of the basin
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Clean and stowed in the Safe Zone to the left of drying

plasticware, with lids slightly open
Transfer boxes
ICMM~->BSL2+ (HIV-free; green) transfer box should be

returned to the ICMM main laboratory

2. Turn the positive pressure unit off by turning the dial to 0

3. Doff PPE in the reverse order to the infographic on the wall above the basin:
a. outer gloves
b. safety glasses
c. surgical face mask
d. lab coat (to be replaced on the wall hooks)

e. inner gloves

Order of PPE: BSL2+ Lab

XD

Inner Lab coat Face mask Lab Quter
gloves goggles gloves

4. Both sets of gloves as well as surgical face mask are to be discarded in the
biohazardous waste bin upon doffing for the final exit

5. Lab coat and safety glasses are only discarded when damaged or exposed to
contaminated material, and are discarded in the biohazardous waste bin

SOP — Laboratory cleaning

ICMM_VC_SOP008_01_HIV lab
SOP NAME VERSION 01
clean_CLH
AUTHOR Candice Herd LAST UPDATED | 26/02/2018
Contributors Juanita Mellet; Catherine Wickham
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This SOP describes the correct procedure for cleaning the ICMM BSL2+ facility. Deviation
from this procedure puts the operator at risk of exposure to infectious agents worked with
in the BSL2+ facility and may result in disciplinary action. Only Authorised Personnel will be
provided with the access code for the door.

1. Ensure that the incubator is free of cell cultures and that no experiments are
planned during the laboratory clean

2. Turn the air-conditioning unit and differential pressure unit off (by turning
the dial to 0)

3. All participants are to don PPE as would be appropriate for conducting
experiments

a. unless there is contaminated waste to be discarded, safety glasses
are not required

4. Surface cleaning is to be performed from high to low surfaces, and from the
safe zone to the back bench

5. Basin linen saver and dry/drying plasticware is to be moved to the back bench
for the duration of the laboratory clean

6. Prepare cleaning equipment:
a. 500mL 1% Virkon™S
b. 10-15 mL F10® SCXD disinfectant soap per litre warm water (50-60°C)
c. pre-soak HIV lab mop in warm water to soften the sponge
d. ensure that there are enough cloths and sponges for participants

e. 70% Ethanol (everything must be sprayed — ensure there is enough)

7. Begin at the basin:
a. sinkis to be cleaned first with 1% Virkon™S, followed by F10®
b. counters around basin are to be gently scrubbed with F10®

c. cupboard under the basin is to be emptied onto the floor in the safe
zone and cleaned with F10®

d. basin, cupboards, and counters are to be dried with paper towel prior
to ethanol treatment
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surfaces are to be treated with 70% Ethanol by spraying down,
allowing approximately 1 min contact time, drying with paper towel,
and lightly sprayed again for the ethanol to evaporate

before replacing cupboard contents, wipe with lightly damp F10®
cloth and drying with paper towel

8. Safe zone and safe zone shelves:

a.

decontaminate the safe zone bench before packing the safe zone
shelf items onto the bench and cleaning the portion of shelving that
is mounted above the safe zone

ONLY the safe zone shelf items are packed down into the safe zone
for cleaning

all other shelf items are packed onto the back bench to clean the
shelves

safe zone bench is decontaminated before packing shelf items down
to remove risk of contamination

i. wipe bench surface down with 1% Virkon™S
ii. mop up with paper towel
iii. spray with 70% Ethanol and wipe dry with paper towel

safe zone shelving is gently scrubbed with 1% Virkon™S, followed by
F10®, prior to ethanol treatment from the top of the shelves
downwards

70% Ethanol is applied to paper towel-dried surfaces, and allowed 1
min contact time before wiping dry with paper towel

before replacing shelf items, wipe with paper towel lightly soaked
with 70% Ethanol and drying with paper towel

safe zone bench is then cleaned properly by gently scrubbing surface
with 1% Virkon™S, followed by F10®, prior to 70% Ethanol treatment

BSL2+ transfer box is to be wiped with 1% Virkon™S on the inside and
the outside (take care not to soak the labels), dried, and sprayed with
70% Ethanol and allowed to air-dry

9. The biosafety cabinet and incubator are cleaned next:

a.

b.

turn off alarms if possible

remove removable parts (to back bench)
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non-removable parts are to be gently scrubbed with F10®, followed
by 70% Ethanol which is to be dried with paper towel

i. work from top to bottom on the inside of the units

ii. lightly spray the inside with 70% Ethanol and allow to air-dry
prior to replacement of removable parts

removable parts are to be gently scrubbed on all sides with F10°,
followed by 70% Ethanol which is to be dried with paper towel

i. lightly spray parts with 70% Ethanol prior to replacement and
allow to air-dry in the unit

e. turn all alarms back on and close the units properly

10. Move all shelf and bench items (not equipment) not in the already-clean safe

zone on to the back bench

a.

clean shelves from top to bottom with 1% Virkon™S, followed by
F10°, followed by 70% Ethanol (1 min contact time) and then dry with
paper towel

clean bench from the safe zone side towards the back bench with 1%
Virkon™sS, followed by F10°, followed by 70% Ethanol (1 min contact
time) and then dry with paper towel

wipe all equipment down with paper towel soaked in 70% Ethanol
i. microscope and dust cover

ii. incubator exterior (may need to be cleaned with F10® first)
iii. vortex and microcentrifuge

remove all containers/chemicals from cupboards and wipe the insides
of the cupboards with F10®, before drying and spraying with 70%
Ethanol and drying with paper towel

i. wipe all containers with paper towel soaked in 70% Ethanol
before replacing in the cupboards

ii. leave cupboards open for a short while to allow ethanol to
evaporate

tube racks and plasticware are to be wiped with 1% Virkon™S, and
then washed in F10® with a sponge before being rinsed in clean water

i. tube racks and plasticware are left to dry on a new linen saver
to the left of the basin
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f. all other items to be replaced on the bench or shelf are to be wiped
with a lightly F10®-dampened cloth, sprayed lightly with ethanol, and
dried with paper towel prior to replacement

i. any opened pipette tip boxes are to be UV-treated after
wiping and placed on the “UV-lamped for packing” shelf for
repacking

ii. fill microcentrifuge tube jars and pack UV-treated tip boxes for
autoclaving

11.

Place all previously opened pipette tip boxes inside the biosafety cabinet with
the lids open for UV-treatment, close the sash, and start the UV-cycle

12.

Gently scrub the back bench with 1% Virkon™sS, followed by F10°®, followed
by 70% Ethanol (1 min contact time) and then dry with paper towel

13.

Sweep the floor with long, gentle motions from the front of the room to the
back bench and under all possible fixtures to collect dust and paper towel
remnants

14.

Collect sweepings in the dustpan and carefully discard in the biohazardous
waste bin

15.

Doff all PPE except inner gloves, and put on plastic surgical booties over shoes

16.

Prepare the mop and bucket:

a. 10mL F10® SCXD disinfectant soap per litre warm water
(approximately 3L should be enough)

b. squeeze excess water from the mop by pulling the handle towards
you and allow to soak in the F10® bucket for 30s

c. mop the entire floorspace thoroughly

i. startin the back-left corner where the biohazard bin is, being
careful to not soak the cardboard

ii. move towards the door, cleaning the safe zone/dressing area
last

17.

Carefully discard the remaining soapy liquid in the basin and rinse both the
bucket and the basin clean — use elbows on taps

18.

Fill the bucket half-way with water and stand the mop in the bucket against
the wall in front of the autoclave until the floor is dry
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a. mop is to be rinsed thoroughly in clean water, and bucket is to be
rinsed, wiped clean, and dried when the floor is clean

b. mopisto stand in the bucket, behind the door next to the broom until
next use

19. Remove gloves and booties, and discard in the biohazardous waste bin in the
ICMM main laboratory
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Appendix 3

PBMC Activation for HIV Propagation

Name: Date:

HIV isolate: PBMC stock (s):

1. PrepareIL-2GM:
a. 500mL RPMI
b. Remove 110mL RPMI and store in falcon tubes
c. Add 100mL FBS to 400mL RPMI (final - 20% FBS)

d. Add 10mL penstrep (final — 2% penstrep)

®

Add 25pL IL-2 stock solution to 25mL RPMI+FBS+penstrep (final — 5% IL-2) and
replace in 500mL

2. Thaw PBMC stocks (pool) and add cells to 30mL prewarmed IL-2GM — do NOT wait for
cells to be completely thawed — dilute DMSO with media ASAP

3. Centrifuge at 300g for 10 mins and aspirate the media

4. Resuspend and plate cells as follows, depending on the purpose:

Number of Volume of Volume of Flask
Procedure . . # flasks
cells required IL-2GM PHA-P size
150ulL

Initial HIV 30 x 10° cells .
30mL (1mg/mL stock; T75/T80

infection (3 donors) 5ug/mL final
concentration)

75uL
HIV feeding 10 x 108 15mL T25
(1mg/mL stock)

PURPOSE:

5. Incubate upright at 37°C, 5% CO; for 24hrs




6. Change media to IL-2GM (no PHA-P) after 24hrs
a. Transfer to falcon tube
b. Spin down at 300g for 10 mins
c. Aspirate media
d. Resuspend cells in the correct volume of prewarmed IL-2GM

e. Replate and incubate at 37°C, 5% CO, for 48 hrs prior to HIV exposure

DATE:

HIV Propagation in PBMCs

Name: Date:

HIV isolate: Harvest date + storage box:

1. Centrifuge activated PBMCs at 300g for 10 mins

2. Resuspendin 2mL prewarmed RPMI

3. Add 1mL coculture stock of HIV-infected PBMCs from a previous production to the cells

4. Infection details:

Co-culture label # co-cultures used Supernatant label # supernatants used

5. Incubate at 37°C for 2 hrs — small volume to maximise cell contact with HIV

6. Add mL RPMI and plate in a T80 flask — 30mL per 30 x 10° cells

7. Incubate upright at 37°C, 5% CO; until next feed (every 3 days) — infection day is DAY 1

8. DAY ___ FEED + SPLIT: split HIV-infected PBMC co-culture between two T80 flasks per
30 x 10° initial PBMC propagation stock and feed each with 10 x 10° activated PBMCs in
15mL pre-warmed RPMI as described in 8

Initial activation date #Day ___ split flasks
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9. Feeding(day __ +day__ ):

a. Transfer PBMCs activated for feeding, and HIV-infected co-culture (pooled), into
separate, labelled 50mL centrifuge tubes

b. Centrifuge at 300g for 10 min — use safety caps on rotor buckets
c. Aspirate supernatants and resuspend pellets in ImL RPMI each
d. Pool resuspended pellets (feed step)

e. Divide fed cell/HIV suspension equally between flasks generated from day 4 feed
+ split

10. DAY ___: harvest HIV supernatant
a. Pool and transfer propagation stocks to 50mL centrifuge tubes
b. Centrifuge at 300g for 10 min — use safety caps on rotor buckets
c. Harvest supernatant, pool, and filter (0.22uM) to remove cells
d. Aliguot into microcentrifuge tubes (1ml and 500uL aligquots)
e. Store cell-free supernatants at -80°C

f.  Pool and resuspend HIV-infected PBMC pellets in ImL FBS (10% DMSO) per split-
day flask

g. Store PBMC co-cultures in cryovials at -80°C

STORAGE DATE (day 10):

Description + Storage # Description + Storage #
box vials/tubes box vials/tubes

PBMC ACTIVATION DETAILS

Feed
day

Date PBMC activation date + # activated

4
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Lentivirus Production (Transfection)

Name:

Date:

Plasmid IDs:

Purpose:

Cell line (ID;

P):

1. Prepare PEl solution (1mg/mL):

a. 100mg polyethyleneimine

b. Dissolve in 100mL hot dH,0

c. Filter-sterilise (0.22uM); store at 4°C — if solution is cloudy, briefly heat and mix

until clear

2. Prepare complete growth medium (293-CGM): for HEK293 T-cells

a. DMEM [+] pyruvate [+] glucose [+] glutamine

b. 10% FBS

c. 2% Pen/Strep

d. 5mL 200mM L-Glutamine in 500mL — optional

3. Seeding density:

Plate/Flask Seeding density Volume medium No. seeded
24-well plate 5 x 10%*cells/well 500uL/well
6-well plate 2 x 10°cells/well 2mL/well

T7s/80 2.5 X 10°cells/flask 15mL 8mL

Tis0 5 x 10°cells/flask 30mL 20mL

4. Allow to attach overnight and grow 50-60% confluent

5. Replace the medium 2-4hrs prior to transfection — just enough medium to cover the

surface

6. Prepare transfection reactions as follows: add in order from left to right

Flask
size

Transfection type

ML)

DMEM (serum-free;

Plasmid type + amount (pg)

PEI
(mL)

XL




Plasmid of interest: 16ug
Lentiviral vector . .
T1s0 ) 3125 Packaging plasmid: 16ug 250
production
Envelope plasmid: 8.8ug
Molecular clone Molecular clone plasmid: 64
T1s0 . 3200 128
production ug
For smaller flasks, use proportional volumes (T7s/s0 - use half per flask); add PEI last
DMEM Plasmid Plasmid Plasmid
Flask size No. flasks (serum PEI (pL)
free; pL)
T7s/80
T7s/80

7. Vortex the mixture, incubate at room temperature for 10 min, and vortex again

8. Gently add the PEl/plasmid solutions to the relevant flasks by tipping the flask upwards
and pipetting the reaction mixtures into the media collected at the bottom of the flask —
do not scrape bottom of flask!

9. Swirl gently to expose cells to transfection reagents and incubate at 37°C, 5% CO>

10. Carefully change medium 3-18hr (

incubate at 37°C, 5% CO;

hr) after transfection (293-CGM) and

11. Harvest virus-containing supernatant 72hr after transfection and filter-sterilise (0.22uM)
to remove any cells/cell debris

12. Prepare 1mL and 500pL aliquots in screw-cap tubes for freezing at -80°C
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HIV ELISA - CloneTech LentiX Rapid Titre p24 ELISA kit

Name: Date:

HIV isolate:

1. Make up the following:
a. 60 mL wash buffer from x20 stock with distilled water

b. 200 pg/mL and 12.5 pg/mL standards (as per manufacturers’ instructions) and
store in blue freezer box (-20°C)

c. 1/10 dilutions of viral supernatants (20uL supernatant; 180uL RPMI)

For each kit, use one strip to prepare a standard curve from 12.5 pg/ml to 800 pg/mL p24

2. Add 200pL of the following to one 8-well strip of the ELISA kit:

1 2 3 4 5 6 7 8
RPMI Positive Positive
(negative control control
control/ (12.5 (200 pg/mL
blank) pg/mL p24) | p24)

3. Add 20uL lysis buffer to each well and incubate at 37°C for 60 mins — time carefully —
steps in assay are time-sensitive

4. Aspirate and wash 4-6 times with wash buffer using a multichannel pipette

5. Add 100uL anti-p24 (Biotin-conjugate) and incubate at 37°C for 60 mins

6. Aspirate and wash 4-6 times with wash buffer using a multichannel pipette

7. Add 100pL Streptavidin-HRP conjugate to each well and incubate at room temperature
for 30 mins

8. Aspirate and wash 4-6 times with wash buffer using a multichannel pipette

9. Add 100pL substrate and incubate IN THE DARK for 20 mins — colour change to blue
should be observed

10. Add 100uL stop solution — colour change to yellow should be observed

11. Read absorbance by spectrophotometry at 450 nm

12. Report:
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a. Photo of ELISA strip for qualitative evidence

b. Spectrophotometry read-out and normalisation to blank (divide each value by
blank)

c. Use standard curve for specific kit to determine p24 concentration in each well

HIV Quantitation and Infectivity (GFP-assay) Protocol

Name: Date:

Plate size: HIV isolate:

Dilution series:
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Dilution
factor

Neat (x3)

1/4 (x3)

1/16 (x3)

1/64 (x3)

1/256 (x3)

Negative
control
(x3)

Count
(x3)

Starting
volume
HIV

2500pL

Volume
HIV
transferre
d

625pL

625pL

625pL

625pL

Volume
medium

1875ulL

1875ulL

1875puL

1875ulL

2500pL

Final
volume

1875uL

1875uL

1875uL

1875uL

2500uL

2500uL

Polybrene
(20mg/mL
stock)

1.88 pL

1.88 pL

1.88 pL

1.88 pL

2.5uL

2.5uL

Volume
per well
(x3)

500pL

500pL

500pL

500pL

500pL

500pL

Day 1:

1. Prepare media:

a.

RPMI (no serum)

b. DMEM (10% FBS, 2% Pen/Strep)

C.

Polybrene added must be 10ug/mL final concentration after media top-up (step

5)

2. Prepare dilution series as required from frozen HIV CFS stocks (stored at -80°C) —

predilute concentrated virus (1:2) and use as “neat” [ YES / NO|]

3. Aspirate growth medium from ghost cells and rinse with ImL room temperature PBS

4. Aspirate the PBS and add the required volume of each dilution to adherent ghost cells
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5. Swirl the plate gently, and incubate at 37°C, 5% CO; for 2hrs, then add 500uL clean
DMEM to each well

6. Count (Gallios) —to be used in formula:
a. Aspirate media from Control 1 wells
b. Wash wells with ImL room temperature PBS

c. Add 200pL Trypsin to each Count well and incubate at 37°C for S5min until cells
dislodge

d. Add 200uL DMEM (10% FBS, 2% Penstrep) per well to neutralise Trypsin

e. Transfer to microfuge tubes and centrifuge at 300g for 10min and aspirate
supernatant

f. Resuspend in 100uL PBS and transfer to flow tube;
g. Add 3uL 7AAD, 100uL Flow Count, and 600puL PBS; run on Gallios

DAY1 COUNT R1 DAY1 COUNT R2 DAY1 COUNT R3

Cells/pL

Cells/we
1l

Day 2:

7. Change medium after 16-18 hrs: 1mL DMEM (10% FBS, 2% Pen/Strep) per well

8. Check cells for GFP expression using fluorescence microscopy (blue light) at least every
24hrs

Day 3:

1. Aspirate media from each well - tilt the plate towards you — DO NOT SCRAPE BOTTOM

2. Add 1mL PBS to each well and swirl to wash the adherent ghost cells and aspirate PBS

3. Add 200pL Trypsin to each well, and incubate at 37°C for 5 mins; tap firmly to dislodge
cells

4. Add 200uL DMEM (10% FBS) to each well to neutralise Trypsin

5. Transfer well contents into 1.5mL microcentrifuge tubes and centrifuge at 300g for 10min
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6. Add 300uL fixation buffer and incubate for 10min at 4°C and fill up to 1mL with PBS

7. Centrifuge at 300g for 10min and remove supernatant

8. Resuspend pellet in 100uL PBS and analyse GFP (FITC channel) expression by flow

cytometry

Dilution

Neat

1/4

1/16

1/64

1/256 Control

GFP observed

% GFP detected

Calculate infectious

1000uL
uL neat virus added

units

(IU)/mL:

U

— = (Cell number X

mL

( 100

%GFP . .
- ) X dilution factor x

Isolate

IU/mL

Standard deviation
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P24 Intracellular Staining (KC57) for HIV Detection

Name: Date:

HIV isolate: Target cells used:

1. Prepare cell suspensions from HIV-infected and uninfected cells and perform a count

2. Transfer an appropriate volume of each cell suspension to 2 mL microcentrifuge tube

# cells Vol. infected cells Cell type(s) Vol. uninfected cells Cell type(s)

100 000

500 000

1000 000

3. Centrifuge at 300 x g for 10 min, discard supernatant and resuspend in 100 pL PBS or
medium (do NOT use FBS-containing medium if using Zombie Violet)

4. [Optional] Stain with Zombie Violet fixable viability dye:
a. Add 1 pL Zombie Violet (reconstituted in DMSO — interferes with Abs)
b. Incubate in the dark for 15 min
c. Wash once with 1 mL PBS

d. Resuspend in 100 pL PBS

5. [Optional] Stain with surface antibodies:
a. Add required volumes of desired Ab:
b. Incubate in the dark for 15 min
c. Wash once with 1 mL PBS

d. Resuspend in 100 pL PBS

6. Add 100 pL IC Fixation Buffer (0.22um filtered) to each sample and pulse vortex to mix

7. Incubate at room temperature in the dark for 60 min

8. Prepare 1X Permeabilization buffer (PB) from the 10X stock in sterile dH,0

9. Wash cells with 1 mL 1X PB, centrifuge at 500 x g for 5 min, discard supernatant

10. Wash cells with 1 mL 1X PB, centrifuge at 500 x g for 5 min, discard supernatant




11. Resuspend pellets in 100 pL 1X PB and stain as follows:

HIV Negative Cells HIV Positive Cells
Antibody KC57-PE Isotypic KC57-PE Isotvpic
Tube 1 (iso) 5/2.5uL 5/2.5uL
Tube 2 (mADb) 5/2.5ul 5/2.5uL

12. Incubate in the dark at room temperature for 60 min or at 4°C overnight

13. Wash cells with 1 mL 1X PB, centrifuge at 500 x g for 5 min, discard supernatant

14. Wash cells with 1 mL 1X PB, centrifuge at 500 x g for 5 min, discard supernatant

15. Resuspend in 300 uL PBS and analyse on the FACSAria
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Appendix Il Ethics approval documentation

i

Faculty of Healih Sciences Research Ethics Committee
30/06/2016

The Research Eifics Commitiee, Faculty Heafth
Sriences, Universky of Prefoda complies with ICH-
GCP guidelines and has US Federal wide Assurance.
« FWA DODO2S67, Approved dd 22 May 2002 and
Eaxpires 30 Oct 2016,

« IRE D000 2235 IORGOINITEZ Approved od
2242014 and EXpires 2260472017,

UNIVERSITEIT YAN PRETORIA
UNIYERSITY OF PRETORIA
YUMIBESITHI YA PRETORIA

Approval Certificate
Hew Application

Ethics Reference No.: 2072016
Title: Evaluating the effects of HIV-1 infection on haemaiopoietic stem cell colony formation.
Dear Candice Herd

The New Application as supported by documents specified in your cover letter dated 24/08/2016 for your research
received on the 27082018, was approved by the Faculty of Health Sciences Research Ethics Committee on its
quorate meeting of 2800852018,

Flease note the following about your ethics approval:

. Ethics Approval is valid for 4 years

. Please remember o use your protocol number (207/2016) on any documents or comespondence with the
Research Ethics Committee regarding your research_

L] Please note that the Research Ethics Committee may ask further questions, seek additional information, require
further modification, or monitor the conduct of your research.

Ethics approval is subject to the following:

*  The ethics approval is conditional on the receipt of § monthly written Progress Reports, and

&  The ethics approval is conditional on the research being conducted as stipulated by the details of all documents
submitted to the Committee. In the event that a further need arises to change who the investigators are, the
methods or any other aspect, such changes must be submitted as an Amendment for approval by the Committes.

Additional Conditions:
+  Conditional approval, pending permissions from Metcare Femina Clinic.

We wish you the best with your research.

Yours sincerely

** Kindly collect your orginal signed approval cerfificate from our offices, Facully of Health Sciences, Research Ethics
Committee, H W Snyman South Building, Room 2.33/2.34

Dr R Sommers; MBChE; MMed (Int); MPharMed, PhD
Deputy Chairperson of the Faculty of Health Sciences Research Ethics Committee, University of Pretora

The Facully of Health Sciences Research Ethics Commitiee complies with the 5A National Act 61 of 2003 a= i
pertainz to health research and the Unifed States Code of Federal Reguiations Title 45 and 46. Thiz commities
abides by the ethical novmas and principles for research, establizhed by the Declaration of Helzinki, the South African
Medical Research Council Guidelines as well 3z the Guidelines for Ethical Research: Prnciples Structures and
Processes 2004 (Deparfment of Health).

‘® 012356 3085 i fhoethicsifinpacza 8
[=] Private Bag X323, Arcadia, D007 - Tswelopele Building, Level 4-58, Gezina, Pretoria
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The Research Ethics Commitiee, Faculy Heaith
Siences, UNIVErsity of Preforia complos with ICH-

Gﬁiﬁ?ﬁ?mmﬁfémﬁi UNIVERSITEIT VAN PRETORIA
" Expives D3m0 \porved UNIYERSITY OF PRETORIA
= YUMIBESITHI YA PRETORIA

« IRE 000D 2235 |ORGDDD1TSZ Approved dd
2242014 and Expires 03142020, H

Faculty of Health Sciences Research Ethics Committee
16/11/2018

Approval Certificate
Amendment
(to be read in conjunction with the main approval certificate)

Ethics Reference No.- 207,/2016
Title: Evaluating the effects of HIV-1 infection on haematopeietic stemn cell colony formation.

Dear Ms Candice CL Herd

The Amendment as described in your documents specified in your cover letter dated 12002018 received on 1308/2018 was.
approved by the Faculty of Health Sciences Research Ethics Committes on its quorate meeting of 241072018,

Please note the following about your ethics amendment

+  Please remember to use your protocol nember (2072016 ) on any documents or comespondence with the Research Ethics
Commitiee reganding youwr reseanch.

»  Please note that the Research Ethics Committe may ask further questions, seek additional information, require further
maodification, or monitor the conduct of your research.

Ethics amendment is subject to the following:

+  The ethics approval is conditional on the receipt of § monthiy written Progress Reporfs, and

=  The ethics approval is condiional on the research being conducted as sfipulated by the details of all documents submitted to

the Commitiee. In the event that a further need arises to change who the investigators are, the methods or any other aspect,
such changes must be submitied as an Amendment for approval by the Commitiee.

We wish you the best with your research.

Yours sincerely

.
ﬂ@JJ_

Dr R Sommers; MBChB: MMed (Int); MPharMed; PhD
Deputy Chairperson of the Faculty of Health Sciences Research Ethics Committee, University of Pretoria

The Faculty of Health Sciences Resaarch Etes Commitiee complles with the 54 MNational At 01 of 2003 a5 I pertains to health research and
the Uinffed Stafes Code of Federal Reguiations TIE 45 and £0. This COMmtes abides by the ethical nonms and principles for researh,
established by the Declamion of Helsinkd the South African Medical Researsh Councl Guigelnes a5 wel as the Guidelines for Eical Researi:
Principles Stsctures and Processes, Second Editlon 2015 (Depanment of Heaith).

W 012356 3034 @ deepeka.behanifiup ac.za | feethicsfiup.ac.za -3 hitpfwenwup.ac zahealthethics
=] Private Bag X323, Arcadia, 0007 - Tswelopele Bulding, Level 4, Room 60 / 61, 31 Bophelo Road, Gezina, Pretoria

** Kindly coliect your oviginal signed approval certificate from our offices, Foculty of Health Sciences, Research Ethics

Committes, Tawelopele Bu

ilding, Level 4-60
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Tae Namaascn Cthic: Corrmites, souty |l=sBe Soienzes,
Unhoscsity of Framora coeplles with 10-250F guideine: snd
haz LG Tedera wide Sssurance.

» FVRA DOOC2SET, Spgnumeed g 22 blay 2302 cnc Expioes
H UL,

UK EXEITER WAM FRETERIA * |[RB 0000 3235 (CRG0C0ITER Mpravdad ool 2012004

UM IWERSITY JF PRETOZIA amd Mamires T 4000

TUMIBEAITH ¥4 *FETORIA Fatulty of Health Sclences

28 March 2018
Approval Certificate
Annual Renewal

Ethics Reference Mo_: 20712016
Title: Evaluating the effects of HIV-1 infection on haematopoietic stem cell colony formation

Dear Ms CL Herd

The Annual Renewal as supported by documents received between 2018-03-19 and 2018-03-27 for your research,
was approved by the Faculty of Health Sciences Research Ethics Commitiee on its quorate meeting of 2018-03-27.

Please note the following about your ethics approval:
+« Renewal of ethics approval is valid for 1 year, subsequent annual renewal will become due on 2020-03-28.
* Please remember to use your protocol number (207/2018 ) on any documents or comespondence with the
Research Ethics Committee regarding your research.
* Please note that the Research Ethics Committee may ask further questions, seek additional information,
require further modification, monitor the conduct of your research, or suspend or withdraw ethics approval.

Ethics approval is subject to the following:

# The ethics approval is conditional on the research being conducted as stipulated by the details of all
documents submitted to the Committee. In the event that a further need arises to change who the
investigators are, the methods or any other aspect, such changes must be submitted as an Amendment for
approval by the Commitiee.

We wish you the best with your research.

Yours sincerely
. %ﬂ\:’s:@o_:-_‘.'ﬁ?'_

Dr R Sommers
MBChE MMed (Int) MPharmMed PhD
Deputy Chairperson of the Faculty of Health Sciences Research Ethics Committee, University of Pretonia

Thie Facuity of Health Sclences Research Ethics Commitiee compiles with e SA Natlanal Act 81 of 2003 a3 It pertains fo heaith reseanch and fhe
Untted Siafes Code of Federal Regwations Thie 45 and 40, This comimities atides by the efical nomma and principies for research, estabwshed by
the Declaration of Helsink, fhe South African Mealcal Research Councll Guridelnes as well a5 ihe Guilgeiines for Eftical Research: Principies
Struciures and Processes, Second Edition 2015 (Department of Health)
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