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Abstract

Background: Psoriasis is an immune‐mediated polygenic skin disorder. It is

influenced by multiple genes as well as environmental factors including

infection and trauma. Psoriasis is associated with molecular biomarkers such

as HLA‐C*06:02 and associated single‐nucleotide variants (SNVs). Further-

more, the circulatory cytokines, interleukin (IL)‐17 and IL‐23 are elevated in

psoriasis patients.

Objectives: To investigate the incidence of biomarkers namely, HLA‐C*06:02,
SNV's (rs30187, rs27044, rs2248374), and IL17 and IL23 as possible diagnostic/

prognostic biomarkers of value, individually or in combination in psoriasis

patients.

Methods: These biomarkers, HLA‐C*06:02, SNV's (rs3018, rs27044,

rs2248374), and IL17 and IL23 (and their ratio) were tested in a cohort

of 40 psoriasis patients attending a dermatology clinic situated in a

tertiary academic hospital as well as 40 healthy controls by: HLA typing

using sequence‐specific primers (PCR SSP), real time PCR, and Luminex

technology, respectively.

Results: HLA‐C*06:02 was significantly elevated in our patient cohort with

53% (n= 21) of psoriasis patients expressing the HLA‐C*06:02 allele versus

15% (n= 6), p= 0.001 in the healthy controls. Both IL‐17 and IL‐23 were

significantly elevated in the psoriasis patients compared to the normal controls

(p= 0.0001 and p= 0.0005, respectively). The SNV rs2248374 showed an

association with both IL‐17 and HLA‐C*06:02 in patients with psoriasis.

Conclusions: Overall, these novel findings are the first to be published for

South African and African populations in the public health sector. The finding

of the current study corroborates international studies. Further validation

through geographic and population expansion may assist in identifying

individuals at risk of disease progression in psoriasis. These biomarkers may
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be used as potential prognosticators which will offer the opportunity for early

medical intervention to reduce the burden of disease.
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INTRODUCTION

Psoriasis is an immune‐mediated polygenic skin
disorder characterised by chronic skin inflammation
related to innate and adaptive immune responses. It is
influenced by multiple genes, as well as environmen-
tal factors, including infections and trauma.1 Plaque
psoriasis (psoriasis vulgaris), is the most common
form, representing nearly 90% of psoriasis patients.
Clinically, the lesions are characterised by thick,
erythematous dry, sharply demarcated plaques with
a silvery white scale.1–3

According to the World Health Organisation's
global report (2016), approximately 2% of people
worldwide suffer from psoriasis. It is classified as a
non‐communicable disease associated with reduced
quality of life and to date, still has no cure.4 Males and
females are equally affected.5–7 The prevalence of
psoriasis in children ranges from 0.0% to 1.4% and in
adults from 0.5% to 11.4%, which makes it a common
disease that occurs more frequently with advancing
age.3,6 However, as far as can be discerned, prevalence
statistics are not available for individuals affected with
psoriasis in South Africa.

Psoriasis Area and Severity Index (PASI) scoring is
used to clinically evaluate and quantitate the extent
and severity of psoriasis.8,9 The PASI scoring is used to
record the erythema, thickness and scaling of a
patient's lesion and to measure response to treatment.9

Body surface area (BSA) can also be used to assess the
severity of psoriasis—mild psoriasis: 0%–3% BSA,
moderate psoriasis: 3%–10% BSA and severe psoriasis:
>10% BSA.7,10,11

Studies conducted on the pathogenic factors and
immune mediators involved in the disease have
improved the understanding of psoriasis patho-
genesis. These studies have highlighted several bio-
markers to assist in the diagnosis of psoriasis, as well
as being indicators of disease severity. Psoriasis
occurrence has been positively associated with inter-
leukins (IL)‐23 and IL‐17 and these biomarkers have
been shown to underpin the disorder.2,12–15 The
IL‐23/IL‐17 ratio is also reported to play a critical
role in the development of clinical manifestations

associated with psoriasis. According to Cataldi et al.,15

cytokines are present in psoriasis lesions and their
serum levels correlate with the severity of the illness.
The focus of the present study is on circulating IL‐17
and IL‐23 levels. The rationale behind investigating
these biomarkers was based on studies showing that
levels of IL‐17 and IL‐23 and the IL‐23/IL‐17 ratio play
a critical role in the development of the clinical
manifestations of psoriasis.16–19

It is well documented that development of psoria-
sis is associated with the predisposing human leuko-
cyte antigen (HLA) gene variant, HLA‐C*06:02.20–24

The major genetic determinant of psoriasis resides
in the locus of susceptibility PSORS1, which encodes
the gene variant, HLA‐C*06:02, which is present in up
to 60% of patients with psoriasis.2,25 The presence
of the HLA‐C*06:02 allele in psoriasis patients is
associated with disease progression and treatment
response.20,26

Endoplasmic reticulum aminopeptidases (ERAP)
play a key role in the maturation of proteins involved
in multiple biological processes. ERAP1 and ERAP2
trim peptides in the endoplasmic reticulum, which
facilitates the processing of these peptides for major
histocompatibility complex (MHC) class I presenta-
tion. Single nucleotide variants (SNVs) in ERAP1 and
ERAP2 may lead to dysfunction, causing alterations in
the presentation of peptides to the MHC class I, which
affects the recognition of cluster of differentiation
(CD)8+ T lymphocytes.27,28 In addition, about 25% of
individuals in all human populations tested are found
to be homozygous for an ERAP2 variant, which results
in the lack of ERAP2 proteins.27

Although molecular biomarkers are well documented
in reference to psoriasis, to the best of our knowledge,
there is a paucity of studies and data investigating the
South African population inflicted with psoriasis. The
diagnosis and severity of psoriasis are based on
characteristic skin examination findings as observed by
a skilled clinician or dermatologist. To this effect, there is
a lack of scientific and laboratory findings in the form of
biomarkers with regard to disease progression of psoria-
sis in the South African population as assessment of
severity relies solely on clinical detection.29

BIOMARKERS FOR DISEASE PROGRESSION | 503



METHODS

Study population

Forty consenting participants with psoriasis were
recruited from the Dermatology Outpatient Depart-
ment at Steve Biko Academic Hospital, Pretoria, South
Africa and 40 healthy volunteers were recruited from
the students and staff of the Department of Immunol-
ogy, University of Pretoria between September 2020 to
November 2021. Each participant signed informed
consent. Participants with a clinical diagnosis of
psoriasis and above the age of 18 years were included
in the study. Ethical approval (reference 355/2020)
was obtained for the current study from the Research
Ethics Committee of the Faculty of Health Sciences of
the University of Pretoria.

Sample collection, processing and storage

A total of 5 mL of venous blood was drawn in
ethylenediaminetetraacetic acid containing vacutai-
ner tubes from each participant. The samples were
processed and aliquoted within 2 h of collection for
storage at −80°C until use.

Measurement of cytokines

The circulating levels of IL‐17 and IL‐23 were
determined simultaneously in the stored plasma
samples. All samples were thawed at 22°C before
use. Analysis of the samples was performed using a
Human Th17 Magnetic Bead Panel (Milliplex® MAP
Kit, Merck KGaA). The assay was conducted according
to the manufacturer's instructions and assayed on a
Bio‐Plex Suspension Array platform (Bio‐Rad Labora-
tories Inc.). Bio‐Plex Manager Software 6.0 was used
for bead acquisition and analysis of median fluores-
cence intensity. The results are reported as picograms
(pg)/millilitre (mL).

HLA‐C*06:02 molecular typing

All psoriasis patients and healthy controls were typed for
the HLA‐C*6:02 allele using the primers as indicated
in Table 1. Maxwell®16 DNA Purification kits were used
with the Maxwell®16 Instrument (Promega Corporation).
The PCR reaction was carried out using the SSP sequence‐
specific primer (SSP) method as described by Bunce
et al.30 using AccuStart II PCR Supermix (Quantabio,
LLC). The PCR product was visualised on gel agarose.

Single nucleotide variation detection

Single nucleotide variations in ERAP1 (rs30187 and
rs27044), as well as ERAP2 (rs2248374), were determined
using the TaqMan genotyping assay (ABI) and performed
according to the manufacturer's instructions. The stan-
dard qPCR cycling was performed using a QuantStudio™
6 Flex, Real‐Time PCR System. The results were analysed
using QuantStudio™ allelic discrimination software.

Statistical analysis

Descriptive (medians with interquartile ranges and 95%
confidence intervals [CIs]) and inferential statistical
techniques were utilised in the data analyses. Tests for
an association of contingency tables were performed
using two‐tailed χ2 or Fisher's exact tests. One‐way
analysis of variance was performed using Dunn's test
using multiple comparisons using rank sums or the
Kruskal‐Wallis test for non‐parametric data for more
than two groups, or the Mann–Whitney test when two
groups were compared. Multinomial logistic regression
reporting relative risk ratios (RRR) was performed with
the dependent variable being the controls as the base
outcome and the patient's BSA score classification with
biomarker outcomes.

The Hardy–Weinberg (HW) equilibrium was veri-
fied for all single‐nucleotide polymorphism (SNPs) by
the Pearson χ2 test and linear regression analysis to

TABLE 1 The sequence of primer mixes used for high‐resolution HLA C typing.

SP Sequence ASP Sequence Alleles

367 TACTACAACCAGAGCGAGGA 127 GGTCGCAGCCATACATCCA C*06:02

122 AGTCCAAGAGGGGAGCCC 214 CTTGCCGTCGTAGGCGG C*06:02, 13:02

144 ACAAGCGCCAGGCACAGG 377 CCTCCAGGTAGGCTCTCCA C*06:02, 12:01, 12:02, 12:03, 13:01

Abbreviations: ASP, anti‐sense primer; HLA, human leukocyte antigen; SP, sense primer.
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evaluate the SNPs for possible association with quanti-
tative traits and covariates (p values were scored *≤0.1,
**≤0.05, ***≤0.001).

Statistical significance was set at a p ≤ 0.05. The
analyses was done using STATA 17.0 (Statacorp LLC, TX,
USA) and the SNV analysis using PLINK (v1.07, ©2009
Shaun Purcell).31

RESULTS

The demographics of psoriasis patients versus healthy
control individuals are shown in Table 2 with almost
no significant difference found between the groups'
gender and ethnicity, however, a significant age
difference, both overall, as well as stratified according
to gender was observed. The male:female ratio was 16
(40%) males to 24 (60%) females in both cohorts.

According to the BSA scores allocated to psoriasis
cases 22% (n= 9) had mild disease, 28% (n= 11) had
moderate disease and the remaining 50% (n= 20) had
severe disease with more than 10% of their body surface
area affected.

The systemic concentrations of both cytokines, IL‐
17 and IL‐23, were significantly elevated (p = 0.0006
and p = 0.005, respectively) in the psoriasis cohort
when compared to the healthy controls as shown in
Figure 1. Dunn's test analysis revealed that psoriasis
patients with moderate and severe BSA scores
were the main drivers of the differences between the
healthy controls and psoriasis patients IL‐17 values
(p = 0.006 and p = 0.002, respectively); the same trend
was also observed for IL‐23 (p = 0.02 and p = 0.008 for
moderate and severe groups, respectively). There
was no significant difference between patients and
healthy controls when the IL‐23/IL‐17 ratio was
compared, or between the different psoriasis classifi-
cation groups.

Only 15% (n = 6) of healthy controls expressed the
HLA‐C*06:02 allele whereas 53% (n = 21) of psoriasis
patients tested positive for the HLA‐C*06:02 allele

(Fisher's exact test p = 0.001). Furthermore, the
majority (70%, n = 14) of patients with severe psoriasis
expressed the HLA‐C*06:02 allele (Pearson's χ2 =
18.077, p ≤ 0.0001). Notably, 68% (n = 13) of combined
mild and moderate cases did not express the HLA‐
C*06:02 allele, with only 32% (n = 7) expressing the
associated HLA allele.

Multinomial logistic regression was performed to
determine if the dependent variable (controls [base
outcome], mild, moderate and severe psoriasis pa-
tients) showed any significance with IL‐17, IL‐23 and
the presence of the HLA‐C*06:02 allele as outcomes.
Overall, the model showed a likelihood ratio
χ2(9) = 38.25 and p ≤ 0.0001, log‐likelihood = −77.815.
The patients with mild or moderate disease only
showed an association with IL‐17 (z = 2.05, p =
0.041, relative risk reduction [RRR] = 1.05, 95% CI =
1.00–1.09 and z = 2.04, p = 0.041, RRR = 1.04, 95%
CI = 1.00–1.08, respectively). Patients with severe
disease showed significance with respect to (I =
2.52–79.3 and z = 3.80, p ≤ 0.0001, RRR = 23.05, 95%
CI = 4.57–116.32, respectively).

The HW equilibrium was established for the psoriasis
patients and healthy control participants and is presented
in Table 3. Concerning the patients, rs30187 indicates
that only 75% are due to change, rs27044 indicates 100%
are due to change and rs2248374 shows that 30% are not
due to change.

Four models of test associations are shown in
Table 4. Only rs2248374 shows a statistically signifi-
cant association with two of the models (i.e., genotypic
and recessive).

The screening of all three SNVs for possible associa-
tions with quantitative traits for IL‐17, IL‐23 and the
HLA‐C*06:02 locus as a covariate showed that rs2248374
(ERAP2) has a significant dominant effect on IL‐17
(F= 4.71, p= 0.039) and IL‐23 (F= 3.2, p= 0.078) using a
dominant genetic model. No other SNVs showed any
significance. Only IL‐17 with HLA‐C*06:02 as a covariate
was found to be significant in psoriasis patients (F= 2.83,
p= 0.073).

TABLE 2 Patient and control demographics.

Psoriasis patients (n= 40) Healthy controls (n= 40)

pn p25 p50 p75 min max n p25 p50 p75 min max

Age 40 39 53 64 31 79 40 24 27 33 21 56 <0.000

Age (female) 24 38 52 61 33 79 24 24 27 32 21 56 <0.000

Age (male) 16 39 60 67 31 72 16 24 26 34 22 52 <0.000

Note: Bold values are statistically significant.
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DISCUSSION

The current study describes the molecular biomarker
SNV: ERAP1 (rs30187, rs27044), ERAP2 (rs2248374) and
HLA‐C*06:02 in conjunction with circulating levels of
the cytokines: IL‐17 and IL‐23, as well as the IL‐23/IL‐17
ratio in psoriasis patients in South Africa. To date, no
studies have been conducted on a South African cohort
investigating these biomarkers in psoriasis patients.
Overall, this study has shown that our cohort of patients,

largely of African descent, conforms to the findings
of other studies regarding the raised levels of IL‐17 and
IL‐2318,19 and the predominance of the HLA‐C*06:02
allele,20 as well as the ERAP2‐associated SNVs as shown
in other populations.27,32

According to the available evidence, the HLA class I
allele (HLA‐C*06) on PSORS1 at 6p21.3 is the major
genetic determinant of psoriasis, which is mostly
associated with type I early onset, severity and familial
clustering of psoriasis.33,34 The current study found that a

FIGURE 1 Box and Whisker plots showing the differences in levels of IL‐17 (left graph) and IL‐23 (right graph) between the psoriasis
patients and healthy controls. IL, interleukin.

TABLE 3 Hardy–Weinberg equilibrium.

SNV Test A1 A2 Geno O (Het) E (Het) P

All T C 11/39/27 0.507 0.478 0.811

rs30187 Patients T C 8/18/13 0.462 0.492 0.748

Controls T C 3/21/14 0.553 0.458 0.298

All G C 6/38/36 0.475 0.430 0.441

rs27044 Patients G C 5/19/16 0.475 0.462 1.000

Controls G C 1/19/20 0.475 0.387 0.237

All G A 15/35/28 0.449 0.486 0.491

rs2248374 Cases G A 3/21/15 0.539 0.453 0.311

Controls G A 12/14/13 0.359 0.500 0.107

Note: A1 =minor allele; A2 =major allele; Geno = genotype counts; O (Het) = observed heterozygosity; E (Het) = expected heterozygosity;
P =Hardy–Weinberg p value.

Abbreviation: SNV, single‐nucleotide variants.
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small number of healthy controls expressed the HLA‐
C*06:02 allele compared to more than half of the
participants with psoriasis, which is highly significant.
Furthermore, the majority of participants that expressed
the HLA‐C*06:02 allele, had severe psoriasis. These
results concur with those observed by Griffiths et al.35

In addition, Chen et al.24 and Wiśniewsk et al.27 also
reported a strong association between psoriasis and the
presence of the HLA‐C*06:02 allele.24,27,35

It has been well‐documented that, psoriasis is an
IL‐17 and/or IL‐23‐mediated disorder.2,12,25 Previously
published work has shown that IL‐17, IL‐23 and the
IL‐23/IL‐17 ratio play a critical role in the development
of clinical manifestations associated with psoriasis.16–19

This was also found to be the case in this study cohort
with IL‐17 and IL‐23 found to be significantly elevated in
psoriasis participants when compared to healthy con-
trols. However, there was no significant difference
between healthy controls and participants with psoriasis
when the IL‐23/IL‐17 ratio was compared or between the
different psoriasis classification groups.

Multinomial logistic regression was performed to
determine if the dependent variable (controls and
severity of psoriasis) showed any significance with
IL‐17, IL‐23 and the presence of the HLA‐C*06:02 allele

as outcomes. The participants with mild or moderate
disease were found to have only an association with
IL‐17, whereas the participants with severe disease
showed significance for both IL‐17, as well as the
presence of the HLA‐C*06:02 allele, which concurs with
the findings of Ramessur et al.26

Notwithstanding a small study group, statistically,
significant differences were observed for individuals
inflicted with psoriasis compared with the healthy
control participants. The current study presents data
previously unexplored in the South African and indeed
the African context and contributes significantly to
establishing a reference framework in the diagnosis of
severity of disease in psoriasis patients. In addition, these
findings may assist clinicians in the administration of
biologicals in treating patients with psoriasis as recently
reviewed by Ogawa et al.21 and Vecellio et al.36

Limitations of the present study include the small
number of patients and controls, as well as the scope of
SNVs utilised, as there are several publications with
numerous SNVs showing associations with psoriasis.
Despite this, the current study has established credible
evidence that the susceptibility of the patients in this
setting is influenced by these biomarkers. Furthermore,
these biomarkers are strongly associated with the severity
of disease as measured using the BSA scoring index.

CONCLUSION

Overall, the results of the study displayed significant
elevations in the plasma levels of IL‐17 and IL‐23, as well
as in the expression levels of the HLA C*06.02 allele in
the participants with psoriasis, particularly those with
severe disease. Due to the paucity of data in South Africa
and the African settings, the use of HLA‐C*06:02 as a
marker of disease progression in combination with
systemic levels of IL‐17 and IL‐23 needs to be further
investigated in a larger cohort of psoriasis patients.
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