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2-Methoxyestradiol-bis-sulphamate: A promising anticancer agent in
an esophageal carcinoma (SNO) cdll line.
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Abstract

2-M ethoxyestradiol-bis-sulphamate (2-MeOE2bisMATE) is a bis-sulphamoylated analogue
of a biological estradiol metabolite, 2-methoxyestradiol (2ME2) with potential as an anti-
cancer drug. Theaim of thisin vitro study was to evaluate the effects of 2-M eOE2bisMATE
on alpha-tubulin structure, aswell asits potential to induce apoptosisin an esophageal car-
cinoma (SNO) cell line using confocal microscopy, flow cytometry and spectrophotometry.
2-M eOE2bisMATE disrupted the microtubule networ k of SNO cells, arrested cellsin meta-
phase and induced apoptosis. An increase in the number of cells present in sub-G;, mito-
chondrial membrane potential reduction and increased caspase 6 activity were observed.
This in vitro study demonstrated new insights on the action mechanism of 2
MeOE2bisMATE in esophageal carcinoma (SNO) cells, since these activities have not been
studied in esophageal carcinoma cells up to date. Future studies are warranted to further
determine which gene and protein expression changes areinduced by 2-MeOE2bisMATE in
SNO cdlls.
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Introduction tion C17. 2-MeOE2bisMATE exerts antiproliferative-a
tivity in vitro andin vivo on different cell types [14-19].

Esophageal cancer is one of thd” ¥Aost common can-
cers in the world [1, 2]. In South Africa, squamaso-
phageal cancer is considered to be more prevale
amongst black males, with the highest incidencengbei
observed in the Transkei region [3, 4, 5]. Squammels
carcinoma of the esophagus presents a significaaithh
problem since the development of the disease imasy
tomatic, resulting in late diagnosis and subseqpeatr
prognosis [6, 7]. Therefore, there is a need tehbgvbet-
ter diagnostic and therapeutic approaches andbthete-
crease the high mortality rate that is associatigd this
malignancy [6, 7].

In a study conducted by Newmanal (2008), a concen-
tration of 500nM of 2-MeOE2bisMATE inhibited theopr
fiferation of drug resistant cells (MCkdy) after 72
hours of exposure. MCHyéx cells are known to be resis-
tant to various metastatic breast cancer drugs asi¢hxol
and doxorubicin [17]. Visagiet al 2010 revealed that an
exposure of breast cancer cells (MCF-7) to 0.4uM2ef
MeOE2bisMATE for a period of 48 hours resulted &l ¢
numbers upo 47%, while the same dose-time relationship
decreased cell numbers to 79% in the non-tumourgen
MCF-12A cell population. The tumorigenic MCF-7 eell
were more susceptible to 2-MeOE2bisMATE treatment
compared to the normal MCF-12A cells [16, 18]. Hxe
2-Methoxyestradiol (2ME2) has been studied in thstp act mechanism(s) by which 2-MeOE2bisMATE induces
decades due to its ability to exert antiproliferatiand cell death still remains to be determined and hesnb
anti-angiogenic properties boith vitro andin vivo[8-12].  found to differ according to cell types. The puma$ this
2ME2 is an endogenous metabolite oft&stradiol and in vitro study was to investigate the mechanism of action
it is currently undergoing phase Il human clinitadls  of 2-MeOE2bisMATE in a South African esophageal-can
under the registered name PANZEMS]. Although cer cell line (SNO) by exploring its influence ofplza-
2ME2 has been shown to be a promising antican@ntag tubulin morphology, cell cycle progression, cytatity,

it has the reduced bioavailability, thus derivaditkereof  mitochondrial membrane potential as well as caspase
are currently being synthesized and tested foicantier tivity. These activities have not been studied diite in
activity [13]. 2-MeOE2bisMATE is derived from 2ME2 esophageal carcinoma cells. Therefore we plannid th
by the sulphamoylation of 2ME2 at position C3 andip  study.
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Material and Methods cells in 10% formalin (containing 2mM EGTA in phos-
phate buffered saline (PBS)) for 10 minutes and iber-
Cdl line meabilizing them in ice-cold 97% methanol (contagni

The SNO esophageal carcinoma cell line was purchase 2mM EGTA), which was dissolved by adding a few drop
from Highveld Biological Ltd. (Pty) (Sandringhamp@h ~ of 1mM sodium hydroxide at -20°C for 10 minutestekf

Africa). The cells are described as non-keratimjzin 10 minutes of incubation, the coverslips were welsine

sguamous epithelial cells. PBS (5 minutes) between successive 1 hour incuistio
with each of the following: mouse monoclonal antipo

Compound and reagents against humam-tubulin (Clone 2-28-33; 1:1000), biotin-

2-MeOE2bisMATE is not commercially available and th conjugated anti-mouse 1gG (Fab-specific, developed
compound was synthesized by Prof. Vleggaar from thgoat) in FITC-conjugate diluent as secondary audfjbo
Department of Chemistry (University of Pretoriagfria, (1:15) and ExtrAvidin-FITC conjugates (1:200 in EIT
South Africa). All required reagents of cell cutuana- conjugate diluent). Following three 5 minute washéth
lytical grade were obtained from Sigma (St. Loulsjted ~ PBS, the coverslips were stained with 4',6-dianuea
States of America) unless otherwise specified. BZa-  phenylindole (a nucleic stain) that produces blueres-
tein assay kit was obtained from Thermo Scientific- cence and were mounted with a glycerol-based moginti
hannesburg, South Africa). Mitocapture mitochoridriafluid and cells were then examined with a ZEISSMLS
apoptosis detection kit, alpha-tubulin antibodgxafluor 510 Meta confocal microscope at the Electron Micopy
488, 4’ 6-diamidino-2-phenylindole (DAPI), Caspas&  unit at the University of Pretoria (Pretoria, Soafhica).

8 colorimetric assay kits, Annexin V fluoresceiothso-

cyanate (FITC) kit and the lactate dehydrogenat®@y  Cell cycle progression

icity kit were purchased from BIOCOM biotech (PyJl.  Flow cytometry was used to identify the distribatiof

(Clubview, South Africa). cells during various phases of the cell cycle aftgrosure
to 2-MeOE2bisMATE. SNO cells were seeded at 500 000
Cell culture per 25cr flask. Cells were incubated for a period of 24

Cells were propagated in Dulbecco’'s Modified Eagle’ hours to allow for attachment, subsequently the inmed
Medium (DMEM) supplemented with 10% heat- was discarded and cells were exposed to 2-
inactivated fetal calf serum (FCS) and 100U/ml p#im  MeOE2bisMATE and appropriate controls were included
G, 10Qug/ml streptomycin and 2%@/l fungizone. Cells a5 defined previously. After 24 hours of incubatioalls
were cultured in 25 chtissue culture flasks at 37°C in a were trypsinized and resuspended in 1ml of growm m
humidified atmosphere containing 5% £and left over-  djum. Cells with a density of 500 000 were cengéd for
night for attachment. A stock solution of 2-5 min at 300xg. The supernatant was discarded alisl c
MeOEZ2bisMATE with a concentration of ZO)aM was were resuspended in 200u| of ice-cold PBS Contginin

prepared in dimethyl sulphoxide (DMSO) and stored a 0.19% FCS. In order to avoid cell clumping 4ml ad-icold
20°C. 2-MeOE2bisMATE was added to the cells ahalfi 709 ethanol was added in a drop wise manner while v
concentration of 0.4uM for a period of 24 hourscén-  texing. Samples were stored at 4°C for 24 hourscatid
centration of 0.4uM and an exposure period of 2dr$10 \vere subsequently pelleted by centrifuging at 30fxd
were chosen since it was observed in our previtudys minutes. The supernatant was removed and thewetts
that it is in this range of 2-MeOE2bisMATE WthfgSl resuspended in 1ml of PBS Containing 40ug/m| pnup]d
nificantly decreased cell growth of SNO cells [Zntrol  jodide (P1) and 100pug/ml RNAse A. The solution was
samples included cells propagated in growth meditime.  incubated for 45 minutes in an incubator (5%,C&Y°C).
vehicle-treated control included cells treated witle The fluorescence of propidium jodide (measuringtm
same volume of DMSO used to expose cells with 2HNA content per cell) was measured with a fluoresee
MeOE2bisMATE. The DMSO content of the final dilu- g¢tivated cell sorting (FACS) FC500 System floworye-
tions never exceeded 0.05% (v/v). Positive contfofs ter (Beckman Coulter South Africa (Pty) Ltd.) equeg
induction of apoptosis included cells which wer@@sed  with an air-cooled argon laser excited at 488nmtaDa

to Actinomycin D (0.1pg/ml). from at least 30 000 cells were analyzed with CXR-s
ware (Beckman Coulter South Africa (Pty) Ltd). Rarcu-
Confocal microscopy- alpha (a)-tubulin assay racy, the data from cell debris (particles smallean

The a-tubulin detection assay was utilised to determineapoptotic bodies) and clumps of two or more celéeren
the effects of 2-MeOE2bisMATE on tubulin structwe  excluded from further analysis. Cell cycle disttibns
SNO cells. Exponentially growing SNO cells weredsek were calculated with Cyflogic 1.2.1 (Perttu TerhdC&flo

at 250 000 cells per well in 6-well plates on caelips.  Ltd) by assigning relative DNA content per celkttb-G,
After 24 hours of attachment, cells were expose@-to G;, S and G/M fractions. Data obtained from the fluores-
MeOE2bisMATE and to appropriate controls for a @éri cence channel for red monomers (FI3 Lin) were repre
of 24 hours. The experiment was terminated by §ixile  sented as histograms on the x-axis.
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Annexin V-fluorescein isothiocyanate (FITC)
Phosphatidylserine (PS) is a phospholipid which jpras
dominantly observed on the inner surface of themka
membrane facing the cytosol. Cells undergoing aysipt

at 405nm using an ELx800 Universal Microplate Reade
available from Bio-Tek Instruments Inc. (Vermongitéd
States of America).

lose their phospholipid asymmetry of the plasma memMitochondrial membrane potential

brane and expose PS by translocating it to ther dayer
of the plasma membrane. This occurs in the earaseh
of apoptosis during which the cell membrane remains

One of the earliest intracellular events that odollow-
ing the induction of apoptosis is the disruptionttoé mi-
tochondrial transmembrane potential [23]. The 5,6%;

tact [21, 22]. Exponentially growing SNO cells weretetrachloro-1,1',3,3'-

seeded at 500 000 cells per 25dtask. Cells were incu-
bated for 24 hours to allow for attachment, the iomad
was discarded and the cells were exposed to efther
MeOE2bisMATE or previously defined controls. After
exposure, the cells were trypsinized, 500 000 cedse
resuspended in 1ml of 1x Binding Buffer and thentge
fuged at 300xg for 10 minutes. The supernatant ngas
moved and the cells were resuspended in 100uleofth
Binding Buffer. Subsequently, 10ul of Annexin V-B&&T
was added and incubated for 15 minutes in the dark
room temperature. After incubation, cells were veash
with 1ml of the 1x Binding Buffer and then centgid at
300xg for 10 minutes. The supernatant was carefutly
petted off and the cells were resuspended in 5060ttHe
1x Binding Buffer solution. Prior to analysis, 1@1%f the
propidium iodide was added and mixed into the smiut
Propidium iodide fluorescence and annexin V-FIT@fl

tetraethylbenzimidazolylcarbocyanine iodide is wofes-
cent lipophilic cationic reagent that can be usededtect
the loss of the mitochondrial membrane potentiadre-
fore this assay will allow distinguishing betwegroptotic
cells and viable cells based on changes in thechiio
drial membrane potential. Exponentially growing SNO
cells were seeded at 500 000 cells per Z5tmsk. After

24 hours of attachment, the medium was discarded an
cells were exposed to 2-MeOEZ2bisMATE. Cells were
subsequently trypsinized and centrifuged at 13 gCdox

5 minutes. Cells (500 000 per 259mwere resuspended in
500p! of the diluted MitoCapture solution, thenubated

for 20 minutes in an incubator (5% @7°C) and centri-
fuged at 500xg. The supernatant was discarded, welle
resuspended in 500ul of pre-warmed incubation buffe
and samples were analysed using a flow cytomeiso-(f
rescence channel for green monomers (FL1 log) (Beck

rescence were measured with a FACS FC500 Systewm floman Coulter South Africa (Pty) Ltd). Generated dates
cytometer (Beckman Coulter South Africa (Pty) Ltd)analysed with Cyflogic 1.2.1 software.

equipped with an air-cooled argon laser excitediB&nm.
Data from at least 30 000 cells were analysed @XP
software(Beckman Coulter South Africa (Pty) Ltdfoln

L actate dehydrogenase cytotoxicity assay
Lactate dehydrogenase (LDH) is a cytosolic enzyme

mation gained was analyzed using Cyflogic 1.2.1t-sof which is present in all cell types and it is rapidtleased

ware, data from fluorescence channel for green mens
(FI1 log) and fluorescence channel for red monor(iel®
log) were represented as dot plots on the y- aadix-
respectively.

Caspase 6 & 8 colorimetric assays
Caspase 6 & 8 colorimetric assays were conductedbto

into the cell culture medium upon cell death (lapop-
tosis or necrosis) by leaking through damaged m@asm
membranes. The activity of LDH in culture mediumn ca
be used as an indicator of cell membrane integuity as
measurement of the cytotoxicity of a drug. Absod®ais
directly proportional to the concentration of LDH ihe
cell culture medium [24]. Exponentially growing SNO

serve whether 2-MeOE2bisMATE has an effect on th&e€lls were seeded in 96-well tissue culture plates cell

caspase 6 & 8 activities of SNO cells. Exponentiall

density of 5 000 cells per well. Cells were incebat

growing SNO cells were seeded at 1000 000 cells péf7°C for a period of 24 hours to allow for attacimine
25cnf flask. After a 24 hours incubation period at 37°C,/After incubation, the medium was discarded andscell
cells were exposed to 2-MeOE2bisMATE. Cells werevere exposed to 2-MeOE2bisMATE, including previgusl

trypsinized and then centrifuged at 3 000rpm fani&-
utes. Pellets were then resuspended in 50ul oflys#
buffer and incubated on ice for 10 minutes. Aftesuba-
tion the cells were centrifuged at 14 000rpm fonihute.
After determining the protein concentration usirge t
BCA protein assay (Thermo Scientific, Johannesb8#,
the supernatant was transferred into 50ul of 2Xtrea
buffer containing 10mM dithiothreitol and 5ul of #n
VEID-pNA (caspase 6 specific substrate), Ac-IETDAN

defined controls respectively. After exposure, tilate
was shaken gently and the supernatant was cerdfag
600xg for 10 minutes. Thereafter, 10ul of the snp&mt
was transferred to an optically clear 96-well pl&@abse-
guently, 100ul of the LDH Reaction Mix was added to
each well, mixed and incubated for two hours atnroo
temperature. The absorbance of all controls wasuned
with a plate reader equipped with a 450nm filtethwa
reference wavelength of 630nm. The absorbance ef th

(caspase 8 specific substrate) was added to ther-supsamples were analysed using an ELx800 Universal Mi-

natants, and the reaction mixtures were incubat&d &C
for 2 hours in the dark. The absobances were datedm
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Statistical analysis SNO cells may be a consequence of alterations aesgr
Quantitative data was provided by means of flowomg-  microtubule structure, the morphology of tubulirivingrks

try (cell cycle progression, annexin V-FITC and onit was examined by immunofluorescence staining using a
chondrial membrane potential assay) and spectroptest  antibody againsti-tubulin. Vehicle-treated cells showed
try (caspase 6&8 and LDH assay). Confocal microgcopintact and well-extended microtubules (Figure 1A);
supplied qualitative data. The ANOVA studetig’st was
used to determine the analytical variation in ekpental
procedures and biological variations within eaclpegix

nucleus

» microtubule network

ment. A P-value of <0.05 was regarded as statisticall bttt
significant. Means are presented in bar chart$) Wibars ¢ o
referring to standard deviations. For flow cytorieettata Ny
no less than 30 000 events were counted for eanplea ¥ o
and three independent experiments were conductdd a| i R J“
?2?%5;?%@%?5 analysed using Cyflogic 1.2.1tt(Pe i Lnelz:yl;%trt;(bule jeon d%ns, TRl
: % . )

Results

Figure 1. Immunofluorescence staining results of vehicle-
Confocal microscopy- alpha (a)-tubulin assay treated (A); and 2-MeOE2bisMATE-treated cells (B¢
Tubulin polymerization dynamics within the cell anéti- 24 hours of exposure. The vehicle-treated cellsvsho

cal for the process of mitosis and are frequentigdted intact and well-extended microtubules whereas 2-
by agents that induce mitotic arrest. To determihether ~MeOEZ2bis-MATE treated cells had complete loss of
the observed antitumour effect of 2-MeOE2bisMATE on microtubule network. Scale bar indicates 10 um.
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Figure 2. Cell cycle histograms of vehicle-treated (A); @eOE2bisMATE-treated cells (B) after
24 hours of exposure. A statistically significamtrease in the number of cells in G2/M and sub-G1
were observed in 2-MeOE2bis-MATE treated cells wdoenpared to vehicle-treated cells.

whereas 2-MeOE2bisMATE treated cells had a completgeated cells (Figure 2A) present iR/ (26%) and sub-

loss of microtubule network (Figure 1B). G1 (0.6%) respectively.
Cell cycle progression Annexin V-FITC.

Flow cytometry was used to analyse the effects -of 2Apoptosis induction by 2-MeOE2bisMATE in SNO cells
MeOE2bisMATE on cell cycle progression. The resultsvas confirmed by annexin V-FITC assay. During early
revealed a significant increase in the number of 2phases of apoptosis, cells lose their phosphobgign-
MeOE2bisMATE-treated cells (Figure 2B) present inmetry of the plasma membrane and expose phosphatidy
G./M (metaphase block, 76%) and sub-@poptosis serine (PS) by translocating it to the outer lapfahe
fraction, 4%) population when compared to vehicle-
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Figure 3. Propidium lodide (FL3 Log) versus Annexin V-FITELL Log) histogram of vehicle-treated (A), and 2-
MeOE2bisMATE-treated cells (B). An increase inthenber of cells present in early and late stageapmiptosis was
observed in 2-MeOE2bisMATE-treated cells.

plasma membrane. Annexin V (phospholipid-binding-pr 3 4
tein) preferentially binds to the negatively-chatgghos-
pholipids like PS in the presence of‘CaVhen compared 25 1
to vehicle-treated cells, 2-MeOE2bisMATE-treatedlsce 5 | *
showed an increase in the number of cells presesdarly
and late stages of apoptosis (16.8% and 13.9% aesp¢ 15 -
tively) (Figure 3A and 3B).

1 -

05 - l

0 . :

Vehicle control 2-MeOE2bisMATE Actinomycin D

Caspase 6 and 8 colorimetric assays. To further under-
stand the mechanism of action by which 2-
MeOE2bisMATE induces apoptosis in SNO cells, caspas
6 and 8 colorimetric assays were conducted. Figudre
represents caspase 6 activity ratios of 2-MeOE2AiBE}
treated and actinomycin D-treated cells (positieatol
for apoptosis induction) compared to vehicle-tréatells.  Figure 4A. Caspase 6 activity ratios of 2-MeOE2bisMATE-
Figure 4B represents caspase 8 activity ratios -of Areated and Actinomycin-D-treated cells comparedvédi-
MeOE2bisMATE-treated and actinomycin D-treatedcell cle-treated cells. Activity of caspase 6 was inseghin 2-
compared to vehicle-treated cells. Ratios wereutaied ~MeOE2bisMATE-treated cells compared to the vehicle-
from the averages of caspase activities obtaineut fn-  reated cells. * indicates a P-value < 0.05.

dependent experiments of triplicate samples (nA8jiv- 25 1
ity of the executioner caspase (caspase 6) wastistty
increased in 2-MeOE2bisMATE-treated cells compaoed
the vehicle-treated cells (Figure 4A). The actidtyinitia-
tor caspase (caspase 8) showed a slight increage in
MeOE2bisMATE-treated cell, however, not statistical
significant (Figure 4B).

Caspase 6 activity ratios of SNO
cells relative to vehicle control

relative to vehicle control

2 =
15 =
1 =
0.5 A
Lactate dehydrogenase assay (LDH). Figure 6 shows the
results of LDH release by SNO cells after 24 hairex- 0 . . .
posure. Low and high controls were included asifipdc Vehicle control 2-MeOE2bisMATE  Actinomycin D
in the manufacturer’s instructions. The low contiefers

to cells propagated in growth medium only, while tigh  riq,re 48, Caspase 8 activity ratios of 2-MeOE2bisMATE-
control refers to cells propagated in growth medith  reated and Actinomycin-D-treated cells comparedvéti-
cell lysis solution added to the cells 15 minutedobe  cle-treated cells. There was a statistically insfigant in-
termination. Results revealed a slight increasdH  crease in caspase 8 activity in 2-MeOE2bisMATEt&eda
released by the 2-MeOE2bisMATE-treated cells (t@t s cells when compared to the vehicle-treated cells.

tistically significant) compared to the vehicledted cells

Caspase 8 activity ratios of SNO cells
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2-MeOEZ2bisMATE, have reported that 2ME2 interacts
with microtubules, which may result in the destiuctof

the tubulin network with subsequent cell cycle sirfg5].
The o-tubulin detection assay was utilized to determine
the effects of 2-MeOE2bisMATE on the tubulin sturet

of SNO cells. Immunofluorescence staining resuéis r
vealed that 2-MeOE2bisMATE disrupts the morphology
of microtubules in esophageal carcinoma cells. Thus
these results confirm that the new derivatives 2E2
share the same intracellular target molecule. Trthéun
investigate and understand the mechanism of acfiéh
MeOE2bisMATE in SNO cells, flow cytometry studies
were conducted to analyse the effects of 2-
MeOE2bisMATE on cell cycle progression. Results
showed that the treatment of SNO cells with 2-
MeOE2bisMATE caused aAB/1 arrest, as well as an in-
crease in the sub,Goeak. The latter is indicative of the
presence of apoptotic cells. The annexin V-FITCagss
further confirmed the induction of apoptosis by 2-
MeOE2bisMATE; shown by the increase in the numifer o

Figure 5. Histogram of mean fluorescence intensity of 2-cells in early apoptosis (16.8%) and late apoptosis

MeOE2bisMATE-treated cells (blue) overlaid on tedicle-
treated (green) and 2ME2-treated cells (black).r€hgas an
increase in the number of cells with reduced mitodtrial
potential in cells treated with 2-MeOE2bisMATE camgul
to the vehicle-treated control cells.

Absorbance 450/630 nm

B =

High Control 2MeOE2bisMATE Vehicle

.

Low control

Figure 6. Analysis of LDH release in vehicle-treated and 2-
MeOE2bisMATE after 24 hours of exposure. There aas
statistically insignificant LDH that was releaseg khe 2-

(13.9%) when compared to the control. These restdte
consistent with those of Daat al [15] which showed that
1uM of 2-MeOE2bisMATE induced cell death of two
prostate cancer cell lines (androgen-responsivestge
carcinoma (LNCaP), and androgen-independent peostat
carcinoma cells (PC3)), as well as an ovarian qacek
line (A2780) [15]. It was observed that 2-

MeOE2bisMATE caused an increase in the number of
prostate and ovarian cells in the/K8 and sub-G phases
within 24 hours of exposure to the drug [15]. Aresth
study revealed that 24 hours exposure of adult huma
dermal fibroblasts to 0.1uM 2-MeOE2bisMATE induced
G./M arrest [26]. Data collected in our laboratoryram-
strated that the exposure of a non-tumorigenicgbrean-
cer cell line (MCF-12A) and a tumorigenic breashasx
cell line (MCF-7) to 2-MeOEZ2bisMATE resulted in an
increase in the number of cells in apoptosis [, Qince
2-MeOEZ2bisMATE induces apoptosis in SNO cells, its
effects on caspase 6 and 8 activities and on notudtial
membrane potential were assessed. It is postuthsca

MeOE2bisMATE-treated cells compared to the vehicledecrease in mitochondrial membrane potential resalt

treated cells.

(Figure 6). LDH activity was represented by thecabs
ance at 450 nm with a reference absorbance of 630

Discussion

Since the exact mechanism of action of

cell type, thein vitro effects of 2-MeOE2bisMATE on-
tubulin morphology and apoptosis induction werneesti-

gated in SNO esophageal carcinoma cells. Studias co

ducted the

120

on 2MEZ2, parental molecule of

the opening of the mitochondrial permeability tidos
pore, which may lead to the release of pro-apapimin-
teins such as cytochron® leading to the intrinsic path-
way of apoptosis induction [28-30]. The extrinsiatip
way, on the other hand, involves receptor binding t
ligand, followed by activation of initiator caspaseas-
pase 8, one of the initiator caspases is involvethé ex-
trinsic pathway. Caspase 6 is one of the executioas-

; ) ) s 2'pases and it is involved in both the extrinsic ardnsic
MeOEZ2bisMATE is not known and varies according to

pathways. Results of mitochondrial membrane paiknti
revealed an increase in the number of 2-
MeOE2bisMATE-treated cells that were undergoing a
reduction in their mitochondrial membrane potentiam-
pared to the vehicle control. Fostral (2008) demon-

Biomed Res- In2id 3 Volume 24 Issue 1
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strated that 500nM of 2-MeOE2bisMATE caused depoThandi Mgoco, Sumari Marais and Annie Joubert ¢ontr

larization of the inner mitochondrial membrane ptitd

in MDA-MB-231 and HUVECs after 72 hours of expo-
sure [14]. The caspase 6 results showed a statigtiig-
nificant increase within SNO cells that were exgbse
2-MeOEZ2bisMATE, although, the caspase 8 activity re
sults showed a slight increase in caspase 8 activie- 1.
MeOE2bisMATE-treated cells, it was not statistigallg-
nificant. Woodet al. 2004 demonstrated no effect of 2- 2.
MeOE2bisMATE on caspase 8 activation in CAL51

breast cancer cells [31]. Our result suggests hiab-
chondria are involved in the process of 2-3.
MeOE2bisMATE-induced apoptosis as shown in previous
studies using 2ME2 [28, 29, 32, 33]. Since the assB
activity was not significantly increased, it seetnat the 4
intrinsic pathway arising from the mitochondria mag a
potential route underlying 2-MeOE2bisMATE-induced
apoptosis in the current study.Since our studiggests
that 2-MeOE2bisMATE has potential anticancer effect
on SNO cells, the LDH assay was conducted to stiuely
cytotoxic effects of 2-MeOE2bisMATE in SNO cells.
LDH is a stable cytosolic enzyme that is readiligased

in the early stage of cellular necrosis, but onlyhie late
stage of apoptosis [24]. Results showed that 2
MeOE2bisMATE had a minimal effect on LDH release,
which demonstrates that 2-MeOE2bisMATE does not
severely affect the integrity of the cell’'s plasmmem- g,
brane. This further confirms the previous resutit tB-
MeOE2bisMATE causes the induction of apoptosis and
not of necrosis (due to the fact that the cell’smheane
integrity was not severely damaged).

Conclusion

10.

This in vitro study revealed novel insights on the action
mechanism of 2-MeOE2bisMATE in esophageal carci-
noma (SNO) cells. Future studies are anticipatddrtber

determine which gene and protein expression chaages 11.

induced by 2-MeOE2bisMATE in SNO cells. The identi-
fication of 2MeOE2bisMATE as a potential anticancer
drug warrants it as a possible candidate for furieesti-

gation as a chemotherapeutic agent against esadhagé?2-

cancer.
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