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Abstract

Introduction: Psoriasis is a chronic inflammatory disease affecting the skin with an unclear etiological significance.
Aim: In this study, we determined the mRNA expression and circulating levels of T helper (Th)/T regulatory (Treg)
cytokines in psoriasis and analyzed their association with disease severity and treatment response.

Material and methods: 189 psoriasis patients and 189 controls were recruited. Circulating Th/Treg cytokines (IL-12,
IFN-y, IL-17, IL-23, TGF-B and IL-4) were measured at baseline and at follow-up after 12 weeks of methotrexate treat-
ment by ELISA and their relative mRNA expression at baseline was estimated by quantitative PCR.

Results: We observed increased levels of Th1/Th17 cytokines (IFN-y, IL-17, IL-12 and IL-23) and a decrease in levels of
Th2/Treg cytokines (IL-4 and TGF-B) in psoriasis patients at baseline, as compared to controls. Further, we observed
that there was a significant decrease in Th1/Th17 cytokines, whilst Th2/Treg cytokine levels were significantly in-
creased on follow-up after treatment with systemic metho trexate, as compared to pre-treatment levels. Our results
were further confirmed by the significantly higher mRNA expression of Th1/Th17 cytokine genes and significantly
lower mRNA expression of Th2/Treg cytokine genes in patients with psoriasis, as compared to controls. A significant
positive correlation of Th1/Th17 cytokines was observed with disease severity in cases, whilst Th2/Treg cytokines
correlated negatively with disease severity.

Conclusions: Our results show that increased Th1/Th17 cytokines and decreased Th2/Treg cytokines, both at the
circulatory and gene expression level, play an important role in the immunopathogenesis and severity of psoriasis.
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Introduction

Psoriasis is an immune-mediated chronic inflam-
matory disease of the skin. Its prevalence is 2-3% of
the general population worldwide and may cause sig-
nificant impairment to the quality of life in the affected
person. Though the aetiology of psoriasis remains un-
clear, several studies have proposed it to be multifacto-
rial with involvement of several genetic and environ-
mental factors leading to its clinical presentation [1].
Though elevated levels of pro-inflammatory cytokines
have been reported in the cutaneous lesions and in cir-
culation of psoriasis patients, whether it is the cause
or effect of the disease needs to be further explored.
Despite advances in the medical field, psoriasis still re-
mains a disease without complete cure [2].

T helper 1 (Th1) cells act through cell-mediated im-
mune response, especially against bacteria or proto-

zoa. Thi cells are triggered by interleukin-12 (IL-12) to
release the effector cytokine, interferon-y (IFN-y), which
activates the macrophages and induces the expression
of class I MHC molecules [3, 4]. An abnormal increase
in IFN-y expression has been observed to perpetuate
the inflammation in autoimmune diseases such as pso-
riasis [5]. Th2 cells are mediators of the humoral im-
mune response, especially against helminths. Th2 cells
are stimulated by IL-4, which increases the production
of effector cytokines like IL-4, IL-10, IL-13, and IL-25 [6].
These activated Th2 cells release IL-4 in a positive feed-
back mechanism. IL-4 also inhibits Th1/Th17 cells and
decrease the cytokine levels of IFN-y, by decreasing IL-12
mediated activation of Thl cells. Previous studies have
shown that a defect in IL-4 expression has a pivotal role
in the pathogenesis of psoriasis [7].
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IL-17 is another significant inflammatory cytokine
secreted by Th17 cells, which are triggered by IL-23 [8].
Immune dysregulation involving imbalance in the Thl/
Th17 related cytokines has been previously shown to
have a significant role in various autoimmune diseases
including psoriasis, pemphigus and vitiligo [9, 10]. In
psoriasis, IL-17 causes the release of inflammatory cy-
tokines within the epidermal cells, leading to red scaly
lesions and chronic inflammation of the skin. Skin bi-
opsy on psoriatic lesions revealed cytotoxic T-cells and
IL-17 secreting neutrophils. The IL-23/IL-17 pathway ter-
minates in the excess secretion of pro-inflammatory cy-
tokines, leading to the perpetuation of chronic inflam-
mation in psoriasis [11-13].

Treg cells secrete transforming growth factor-p
(TGF-B), which inhibits other effector T cells. TGF-B in-
hibits the IL-1 and IL-2 induced proliferation of T cells
[14]. FOXP3 is a transcription factor, which is regarded
as the master regulator of T cells. It also regulates the
activation of T regulatory cells. Mutation in FOXP3 has
also been demonstrated in various autoimmune disor-
ders [15].

Although several studies have shown that T-helper
and Treg cells have a role in the pathogenesis of psoria-
sis, there are limited data available regarding the role of
various circulatory cytokines and their gene expression
in disease progression.

Aim

In this research, we undertook to determine the circu-
latory levels of T-helper/Treg cytokines and their specific
gene expression to delineate the potential role of the dif-
ferent T-cell subsets in disease progression and further
to correlate them with disease severity and treatment
response in psoriasis.

Material and methods
Setting

This research was carried out at our hospital, a ter-
tiary care institute in Southern India, as a part of a larger
project on psoriasis genetics [16]. The Institute Ethics
Committee (Human Studies) approved the study. Writ-
ten informed consent was collected from all study par-
ticipants, prior to enrolment in this study. This study
conformed to the ethical guidelines in the Declaration
of Helsinki and ICMR Ethical Guidelines for Biomedical
Research on Human Participants.

Study procedure

One hundred and eighty-nine patients attending the
Psoriasis Clinic in our hospital, aged 18-60 years, diag-
nosed to have psoriasis and psoriatic arthritis with pso-
riasis area and severity index (PASI) > 10 and classified
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based on international psoriasis consensus classification
[17] and CASPAR criteria [18], respectively, were recruited
as cases. Patients with inflammatory and infectious dis-
eases, diabetes, pre-existing cardiovascular disease, hy-
pertension, malignancies, smoking and ongoing systemic
therapy in the last 3 months were excluded from the
study [16]. Age- and gender-matched apparently healthy
volunteers who did not have any history of cutaneous
disorders, systemic diseases and family history of immu-
nologic disorders were recruited as controls [16].

The sample size was calculated from a similar study
in China, which found a difference of 23% between cases
and controls in IFN-y expression [19]. The mean expres-
sion among controls was 0.9050 +0.0263. Hence, we con-
servatively assumed a margin of 2% difference in IFN-
v-mRNA expression. In order to detect this difference in
the mean value with 90% power and 5% significance,
the final sample size was calculated as 189 in each group.

Clinical work-up

The clinical characteristics and detailed family history
including the pedigree were collected using a predeter-
mined template. Disease severity was assessed based on
PASI scoring [20]. Duration of psoriasis and prior thera-
pies in the past was also recorded. All co-morbidities
were recorded. Psoriasis patients were treated with sys-
temic methotrexate at a dose of 7.5 mg/week, increased
to 10 mg/week after a month and 15 mg/week after
2 months, depending on the clinical improvement.

Laboratory assays

5 ml of blood was collected from the study subjects in
EDTA vial for RNA extraction and plasma separation. RNA
extraction was done in whole blood by the Trizol method.
Plasma was separated and stored at —80°C for measure-
ment of cytokines. The levels of the T helper/Treg cyto-
kines, IL-12, IFN-y, IL-17, IL-23, TGF-B and IL-4 were as-
sayed using ELISA kits (Diaclone, France) at baseline.

mRNA expression studies at baseline

RNA was isolated from whole blood using the Trizol
method. Purity and RNA concentration was assessed
by measuring the absorbance at 260 and 280 nm using
Nanodrop 2000 (Thermo Scientific, United States). 1 ug
of RNA was converted into cDNA by using High Capacity
cDNA Reverse Transcription Kit (Helini Biomolecules, In-
dia). The gene-specific oligonucleotide primers (Eurofins
Genomics, India) were used as listed in Supplementary
Table S1. CFX96 Real-Time PCR Detection System was
used for evaluating the cytokine gene expression levels
by using SYBR green and probe master mix (Helini Bio-
molecules, India). All the experiments were performed
in duplicate. Signals were normalized to the housekeep-
ing gene, with B-actin as the control gene. The relative
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expression of mMRNA levels of each gene at baseline was
calculated using the CT values of the specific gene and
endogenous control by comparative threshold cycle
method (AACT method) [21].

Follow-up

Patients were followed up for 3 months to assess the
therapeutic response using PASI score, after initiation
of systemic methotrexate therapy. 3 ml of blood sample
was collected in EDTA vials for estimations of cytokines
by ELISA, at the end of 3 months on follow-up.

Statistical analysis

All categorical variables and discrete variables were
presented as frequencies and percentages. The normality
of the data was tested using Kolmogorov-Smirnov test.
The quantitative data with normal distribution were
presented as mean with standard deviation (SD) and
median with the interquartile range was used to pres-
ent the non-Gaussian data. To assess the difference in
continuous variables between the groups, appropriate
tests were used based on the distribution of data. The
relationship of mRNA expression and cytokine levels with
disease severity was analysed using Spearman correla-
tion. All statistical analyses were carried out at 5% level
of significance. A p-value less than 0.05 was considered
as significant.

Results

Supplementary Table S2 depicts the baseline char-
acteristics of the study participants, which have been
published previously [16]. We compared the baseline cy-
tokine levels between the psoriasis cases and controls in
the study population (Figure 1). We observed that there
was a significant elevation in the circulating Thl and
Th17 cytokine levels in psoriasis cases compared to con-
trols, whilst the IL-4 and TGF-B levels were significantly
decreased in the cases, as compared with control vol-
unteers.

We also correlated the baseline cytokine levels with
disease severity and observed that circulating levels of

Table 1. Correlation of cytokine levels with disease
severity (PASI)

Parameter p value P-value (Spearman correlation)
IFN-y 0.775 < 0.0001

IL-17 0.745 < 0.0001

IL-12 0.686 < 0.0001

IL-23 0.612 < 0.0001

IL-4 -0.772 < 0.0001

TGF-B -0.774 < 0.0001
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pro-inflammatory cytokines, IFN-y, IL-17, IL-12 and IL-23
showed a significant positive correlation with PASI, whilst
anti-inflammatory cytokines, IL-4 and TGF-f correlated
negatively with PASI (Table 1).

We studied the cytokine levels in plasma at baseline
and at follow-up after 3 months with systemic metho-
trexate therapy in patients with psoriasis (Figure 2). We
observed that the circulating levels of IFN-y, IL-17, IL-12
and IL-23 cytokines decreased significantly at 3 months
of follow-up, compared to baseline, whilst the circulating
levels of IL-4 and TGF-B cytokines increased significantly
after treatment.

We also observed that mRNA expression of pro-in-
flammatory cytokines, IFN-y, IL-12, IL-17, and IL-23 were
significantly upregulated in psoriasis cases, whilst the
anti-inflammatory cytokines, IL-4 and FOXP3 mRNA ex-
pression were significantly downregulated in psoriasis
cases when compared to controls (Figure 3).

We also correlated the relative mRNA expression with
disease severity. Our results revealed that mRNA expres-
sion of IFN-y, IL-17, IL-12 and IL-23 cytokines correlated
positively with PASI (r = 0.653, p < 0.0001; r = 0.722, p <
0.0001; r = 0.585, p < 0.0001 and r = 0.819, p < 0.0001)
and there was a significant negative correlation of IL-4
and FOXP3 mRNA expression with disease severity (r =
—-0.818, p < 0.0001 and r = =0.620, p < 0.0001 respec-
tively) (Table 2).

Discussion

In this study, we determined the circulating levels
of T-helper and T-regulatory cytokines in patients with
psoriasis at baseline and after 12 weeks follow-up post-
treatment and their specific gene expression at baseline.

In this study, we observed an upregulation in the Th1/
Th17 cytokine levels and downregulation in the Th2/Treg
cytokine levels in peripheral blood of psoriasis patients
at baseline, as compared to healthy volunteers. We ob-
served that circulating levels of Th1/Th17 cytokines such
as IL-12, IFN-y, IL-17, and IL-23 were significantly de-
creased, whilst the plasma IL-4 and TGF-B levels were
significantly increased during follow-up after 3 months
of systemic methotrexate therapy, compared to baseline

Table 2. Correlation of relative mRNA expression of
cytokine genes with disease severity (PASI)

Parameter p value P-value (Spearman
correlation)
IFN-y mRNA expression 0.653 < 0.0001
IL-17 mRNA expression 0.722 < 0.0001
IL-12 mRNA expression 0.585 < 0.0001
IL-23 mRNA expression 0.819 < 0.0001
IL-4 mRNA expression -0.818 < 0.0001
FOXP3 mRNA expression ~ —0.620 < 0.0001
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Figure 1. Comparison of cytokine levels in plasma of 189 psoriasis patients and 189 controls. IFN-y (A), IL-12 (B), IL-17
(C), IL-23 (D), IL-4 (E) and TGF-B (F). Mann-Whitney test (A-F) was used to analyse these data. Each symbol represents
individual samples and horizontal lines show the median values (A-F)

levels. Our results were further confirmed by significantly
raised mRNA expression of Th1/Th17 cytokine genes and
significantly lowered mRNA expression of Th2/Treg cyto-
kine genes in psoriatic patients as compared to healthy
volunteers. We have also observed a significant positive
correlation of Th1/Th17 cytokine levels with disease se-
verity, whilst Th2/Treg cytokines correlated negatively
with disease severity.

These results suggest that both Thl and Th17 cyto-
kines have a pro-inflammatory role in the pathogenesis
of psoriasis. The decrease in their levels after 3 months of
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methotrexate monotherapy implies that these cytokines
have a direct role in disease progression as well. Similar
findings were observed in previous studies, where IFN-y
levels have been shown to be increased in patients with
psoriasis [5, 22].

Previously it was thought that Th1 cytokines like IFN-y
and IL-12 were responsible for the disease progression in
psoriasis. However, recent studies show that IL-17 plays
a major role in the pathogenesis of psoriasis [11, 23]. In-
crease in IL-23, resulting in activation of Th17 cells, has
been reported as a major event in disease pathogenesis
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Figure 2. Comparison of pre- and post-treatment cytokine levels in plasma of 189 psoriasis patients and 189 controls.
IFN-y (A), IL-17 (B), IL-12 (C), IL-23 (D), IL-4 (E) and TGF-B (F). Wilcoxon’s signed-rank test (A —F) was used to analyse these
data. Each symbol represents individual samples and horizontal lines show the median values (A-F)

[24, 25]. Studies have shown that both Thl and Th17 are
involved in different phases such as initiation and activa-
tion of psoriasis [26, 27].

We observed that IL-4 and TGF-B, the Th2/Treg re-
lated cytokines were significantly lower in cases as com-
pared to controls and the levels showed a significant
increase during follow-up after 3 months. This suggests
that Th2/Treg cytokines have a regulatory role in the dis-
ease progression and increase in Th2/Treg cytokines have
a protective effect against the progression of psoriasis.
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Prens et al. have shown that there is an increase in
IL-4 receptors on epithelial cells of psoriasis, which is in
contradiction to our results, but this can be explained by
a shift in immune response from Thl to Th2 as a com-
pensatory mechanism to counteract the increase in IL-1
[28]. Karamehic et al. reported that Treg cells in periph-
eral blood are higher in psoriasis patients as compared
to healthy subjects [29]. Quaglino et al. have also shown
that Th1 and Th17 cells were upregulated and Treg cells
were downregulated in psoriasis and there was a reversal
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Figure 3. Comparison of relative cytokine gene expression in peripheral blood of 189 psoriasis patients and 189 controls.
IFN-y (A), IL-12 (B), IL-17 (C), IL-23 (D), IL-4 (E), FOXP3 (F). Mann-Whitney test was used to analyze these data. Each symbol
represents individual samples and horizontal lines show the median values (*p < 0.05, **p < 0.01, ***p < 0.001)

in the levels after treatment [30]. The above results are
concordant with the results obtained in our study.

We have also estimated the relative mRNA expres-
sion of Th/Treg cytokines in peripheral blood at baseline.
Relative mRNA expression studies showed significant
upregulation of cytokines IL-12, IFN-y, IL-17 and IL-23 and
significant downregulation of IL-4, which supports our
observed pattern of circulating cytokine levels. The mRNA
expression of FOXP3, which is the master regulator of
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T-cells, was significantly lower in psoriasis suggesting
a decrease in Treg cell related cytokines such as TGF-B.
Recent reports suggest that phenotypic expression of
psoriasis is mainly based on the cytokine profile in cir-
culation and it determines the disease severity as well
[31-33].

We also correlated the mRNA expression and cyto-
kine levels at baseline with the disease severity. Corre-
lation studies show that there is a positive correlation
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of IL-12, IFN-y, IL-17 and IL-23 mRNA expression levels,
whilst there is a significant negative correlation of IL-4
and TGF-B mRNA expression levels with disease sever-
ity assessed by PASI score. Our results are in agreement
with the previous study, which also showed that pro-in-
flammatory cytokines positively correlated with disease
severity [5].

Our study is not without limitations. We have not
evaluated the pattern of other Th22/Th9 cytokines,
which could also contribute to disease pathogenesis. Ge-
nome-wide association studies of various cytokine genes
in psoriasis in ethnic populations worldwide would facili-
tate a comprehensive understanding of its genetic basis.

Conclusions

There is an immunologic imbalance of T cells in pso-
riasis, associated with upregulation in Th1/Th17 pro-in-
flammatory cytokines and downregulation of Th2/Treg
cytokines both in circulation, as well as at the level of
gene expression of their respective cytokines, especially
with increasing disease severity. This immune dysregula-
tion, which plays a key role in the disease progression,
could probably be reversed by treatment with systemic
methotrexate in patients with psoriasis.
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