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ABSTRACT
Background: Psoriasis is a T-helper (Th)-1/Th17-mediated chronic inflammatory disease. 
Cytokine mediated interaction between T lymphocytes and keratinocytes lead to keratinocyte 
hyper-proliferation, which leads to further inflammation in the psoriatic plaques. There is an 
increased population of T-helper cells in the skin lesions as well as in the peripheral circulation in 
psoriasis. However, the relative percentage of each T-cell phenotype in the disease pathogenesis 
is understudied. Our aim was to study the immune-phenotype of the different T-helper/T-reg 
cell subsets in patients with psoriasis, with respect to healthy controls.
Materials and methods: A total of 189 cases of psoriasis and 189 age- and gender-matched 
healthy controls were recruited in this cross-sectional study. Disease severity was determined 
by psoriasis area severity index (PASI) scoring. Peripheral blood mononuclear cells were isolated 
by Ficoll-Paque density centrifugation, and T-cell immunophenotyping was done by flow 
cytometric analysis.
Results: In psoriasis, we observed an imbalance in T-cell immunophenotype, characterised 
by an increase in Th1/Th17 cells and a relative decrease in Th2/T-reg cells, as compared to the 
healthy controls. We also found that the percentage of Th1/Th17 cells showed a linear trend, 
increasing with increasing disease severity (PASI).
Conclusion: Our results suggest an immune-dysregulation in psoriasis associated with a 
predominance of Th1/Th17 phenotype, especially with increasing severity of the disease.

Introduction

Psoriasis is a common immune-mediated chronic, 
inflammatory skin disease 2 characterised by hyper-
proliferative keratinocytes and infiltration of T cells, den-
dritic cells, macrophages and neutrophils. Though the 
pathogenesis of psoriasis is not clear, there is ample evi-
dence indicating that the chronic activation of cutaneous 
T cells plays a critical role in psoriasis development.[1]

Psoriatic lesions are known to develop through an 
immune deregulation pathway involving a dominant type 
1 T-helper (Th1) cell response and dysfunction of Th2 cells.
[2–4] Markedly higher levels of IFN-γ and a relatively lower 
IL-4 concentration in psoriatic lesions clearly indicate the 
presence of an imbalance towards the Th1 response.[5] 
A study involving simultaneous measurement of mul-
tiple Th1 and Th2 serum cytokines in psoriasis showed 
that IFN-γ and IL-8 cytokines were elevated in psoriatics 
and correlated with parameters of disease severity while 
IL-10 and IL-12 were decreased, thus indicating the pre-
dominance of Th1 subset.[6] Another study has provided 
evidence that treatment with IL-4 attenuates Th17 cell 
response in psoriasis by decreasing the IL-17 present in 

the psoriatic skin lesions,[7] thus indicating that Th2 cells 
play an important role in inflammatory regulation.

Thus, psoriasis is characterised by increased systemic 
and local production of Th1 and pro-inflammatory 
cytokines, indicating the dominance of Th1 lymphocytes 
and a relative deficiency of the Th2 cells in the plasma 
and skin lesions of psoriatic patients.[8–10] Regulatory T 
cells (T-reg) were also reported to be both quantitatively 
and functionally deficient in their ability to suppress 
T-cell activation,[11–15] which could explain the reason 
for reduced regulatory restraint and the consequent 
hyper-proliferation of psoriatic pathogenic T cells.[16]

It has recently been demonstrated that a new sub-
set of IL-17 producing CD4+ Th cells, Th-17 cells are also 
important in mediating inflammation in lesions of psori-
asis.[17,18] IL-17 expression can be detected in biopsies 
from psoriatic skin lesions but not in the normal skin, 
indicating that Th17 cells are involved in the pathogene-
sis of psoriasis.[19] Recent studies have highlighted that 
Th17 cells secrete IL-17 which mediate inflammation in 
psoriasis and arthritis associated with psoriasis and other 
autoimmune diseases such as rheumatoid arthritis and 
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Flow cytometric analysis

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from heparinised venous blood using density 
gradient centrifugation on Ficoll-Paque. The isolated 
peripheral blood lymphocytes were analysed accord-
ing to their immunofluorescence reactivity using a FACS 
Calibur cytometer (Becton Dickinson, California, USA). 
Surface markers on blood were performed by 4-colour 
immunofluorescence analyses using the antibodies 
conjugated to fluorescein isothiocyanate (FITC), phyco-
erythrin (PE), peridinin chlorophyll protein (PerCP), allo-
phycocyanin (APC) and Alexa Fluor® 647. At least 30,000 
lymphocytes were collected for each antibody combi-
nation. Th1, Th2, Th17 cells and T-reg cells were ana-
lysed as per the technical protocol of BD Pharmingen’s 
(BD Biosciences, California, USA) Human T-helper/T-reg 
phenotyping kit which includes a cocktail of fluorescent 
antibodies that are specific for human T-cell antigens 
(Figure 1).

Statistical analysis

Data analysis was performed using SPSS 20 software. 
Baseline characteristics of the patients with psoriasis 
were analysed by descriptive statistics. The independent 
t-test was applied to assess the significance of differ-
ences between healthy controls and psoriatic patients at 
baseline. The normality of continuous data (data related 
to variables such as age of onset of psoriasis, duration 
of disease symptoms, T-cell counts) was assessed by 
Kolmogrov–Smirnov test. The normally distributed 
data were described by mean and standard deviation, 
and non-Gaussian data were described by the median 
and inter-quartile range. The Mann–Whitney U-test was 
used to evaluate the differences in the percentage of 
circulating T-helper and T regulatory cells in periph-
eral blood mononuclear cells of psoriasis patients and 
healthy controls. Association of biochemical variables 
with disease severity were done by Spearman’s rank 
correlation. A two-sided p value < 0.05 was considered 
as significant.

Results

The baseline characteristics of the study subjects are 
shown in Table 1. There were no significant differences 
between cases and controls in their baseline characteris-
tics of age, gender, body mass index (BMI], waist hip ratio 
(W/H]. The mean (IQR) duration of illness for the patients 
group was 41.25 ± 10.36 months. The mean PASI score 
in patients was 15.02 ± 5.24.

Flow cytometric analysis of the peripheral blood mon-
onuclear cells revealed an increase in the percentages of 
Th1 cells as described by the CD4+ IFN-γ+ cells in patients 
with psoriasis compared with healthy individuals (Figure 
2(a)). The percentages of Th2 cells described as CD4+ IL-4+ 

ankylosing spondylosis.[20–23] Th1 and Th17 cells are 
known as distinct polarised Th cell types, as they are 
increased in the psoriatic lesions and peripheral blood.
[24]

Thus, alterations in the number and function of dif-
ferent subsets of T cells that vary with duration and 
severity may contribute to the disease pathogenesis. 
Several studies have established the role of T lym-
phocytes in the pathogenesis of psoriasis and the dis-
ease management by effective treatment modalities. 
However, there are only a few studies that explore the 
relative number of different T-cell subsets in circulation 
of patients with psoriasis.[25,26] Hence, we undertook 
to study whether psoriatic patients show a peculiar 
pattern of T-helper/ T-reg cell subsets in circulation of 
patients with psoriasis with respect to healthy subjects 
and to correlate with the disease severity and clinical 
course, thus providing an overview of the immuno-phe-
notype of different T-cell subsets in the pathogenesis 
of psoriasis.

Materials and methods

A total of 189 patients with psoriasis and psoriatic arthri-
tis, aged 18–60 years, who were diagnosed and classified 
according to international psoriasis council consensus 
classification of psoriasis [27] and by CASPAR criteria 
[28], respectively, at the Department of Dermatology of 
Jawaharlal Institute of Postgraduate Medical Education 
and Research, Pondicherry, India, were included in this 
hospital-based cross-sectional study. Patients with cuta-
neous or extra-cutaneous inflammation and infections, 
malignancies, diabetes, pre-existing cardiovascular dis-
ease, hypertension, smoking and undergoing systemic 
therapy in the last three months were excluded from the 
study. A total of 189 age- and gender-matched healthy 
individuals, without any skin and infectious diseases and 
without a family history of autoimmune diseases, were 
recruited as healthy controls.

The study was approved and reviewed by the JIPMER 
Institute Ethics Committee (Human Studies). The study 
participants had the study procedure explained in detail, 
and written informed consent was obtained from all of 
them. The study was performed according to the WMA 
Declaration of Helsinki ethical principles for medical 
research involving human subjects.

The clinical characteristics including disease sever-
ity as assessed by psoriasis area severity index (PASI) 
scoring,[29] duration of psoriasis, past therapies, associ-
ated comorbidities and the detailed family history were 
recorded. Five millilitres of peripheral venous blood was 
collected from each study subject in heparinised vials for 
isolation of peripheral blood mononuclear cells (PBMCs). 
Routine biochemical investigations such as blood glu-
cose, serum lipids, serum creatinine and liver function 
tests were done.
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cells are found to be downregulated in patients with pso-
riasis, compared with healthy individuals (Figure 2(b)).

CD4+ cells which stained positive for IL-17 A were 
taken as Th-17 cells, and there was an upregulation 
of Th17 cells in patients with psoriasis compared with 
healthy individuals (Figure 2(c)). We found a decreased 
trend in the expression of T-reg cells which were CD3+ 
CD4+ CD25+ FoxP3+ cells, in patients with psoriasis 
compared with healthy individuals (Figure 2(d)). Our 
results also showed that the percentage of Th1/Th17 

cells correlated positively with PASI (r = 0.78, p < 0.0001; 
r = 0.91, p < 0.0001) (Figures 3 and 4), and there was no 
significant correlation of percentage of Th2/T-reg cells 
(r = 0.36, p = 0.145; r = 0.10, p = 0.356) with PASI.

Discussion

Psoriasis is an inflammatory skin disease known to be 
driven by cutaneous T cells, where the regulatory and 
effector T cells interact in vivo. Studies looking at the 

Figure 1. Flow cytometric analysis of PBMCs of a psoriasis patient that shows the percentages of different T-cell subsets. (a) IFN- γ +CD4+ cells 
(Th1 cells) are positive for FITC and PerCP-CY5.5 (Th1 = 72.54%) (b) IL-4+ CD4+ cells (Th2 cells) are positive for FITC and APC (Th1 = 
31.51%) (c) IL-17+ CD4+ cells (Th17 cells) are positive for FITC and PE (Th17 = 87.69%) (d) FoxP3+ CD4+ cells (Treg cells) are positive for 
FITC and Alexa Fluor® 647 (Treg = 9.74%). (FITC-fluorescein isothiocyanate, PE-phyco-erythrin, PerCP peridinin chlorophyll protein, 
APC-allophycocyanin)

Table 1. Comparison of baseline characteristics between cases and controls.

Parameter Cases (n = 189) (Mean ± SD) Controls (n = 189) (Mean ± SD) P value (Unpaired t-test)

Patient characteristics
Age 41.9 ± 9.3 40.2 ± 8.2 0.44
Gender (M:F) 110:79 110:79 –
BMI (kg/m2) 24.8 ± 3.1 23.1 ± 4.1 0.67
W/H ratio 0.96 ± 0.05 0.92 ± 0.04 0.38
Duration of disease (months) 41.2 ± 10.4 – –
PASI 15.0 ± 5.2 – –

Biochemical parameters
Fasting glucose (mmol) 5.29 ± 0.39 5.24 ± 0.62 0.47
Uric acid (mmol) 0.27 ± 0.07 0.23 ± 0.02 0.34
Total cholesterol (mmol) 8.84 ± 1.34 8.59 ± 1.22 0.14
LDL cholesterol (mmol) 6.40 ± 1.66 5.85 ± 1.24 0.31
VLDL cholesterol (mmol) 1.85 ± 0.47 1.63 ± 0.52 0.15
HDL cholesterol (mmol) 1.73 ± 0.40 1.95 ± 0.18 0.25



BRITISH JOURNAL OF BIOMEDICAL SCIENCE    177

We observed a significant elevation in the percentage 
of CD4+ IFN-γ+ cells and a significant reduction in the 
percentage of as CD4+ IL-4+ cells. Similar findings were 
observed in a previous study based on whole blood flow 
cytometric assay that showed an increased IFN-γ expres-
sion and decreased IL-4-positivity in CD4 lymphocytes in 
psoriasis compared to healthy controls, thus provided an 
evidence for an altered TH1/TH2 balance in psoriasis.[30] 
Prens et al. observed a significantly increased number of 
IL-4R+ cells on the epithelial cells from psoriatic patients 
as compared with healthy controls.[31] This contradicts 
our observations of IL-4+ CD4+ cells described as Th2 
population that were decreased in psoriasis. However, 
this can be justified by a hypothesis that there may be a 
shift from a Th1 to a Th2 cytokine response, representing 
a physiological attempt of Th2 cells to downregulate the 
pro-inflammatory activities of IL-1 produced by Th1 cells 
in psoriasis.[32] Another study supported our hypothesis 
indirectly by stating that therapy with IL-4 a Th2 cytokine 
attenuates Th17 cell response in psoriasis by decreas-
ing the intralesional IL-17.[7] Hence, there is a protective 
role suggested for IL-4+ CD4+ or the Th2 cells that were 
decreased in psoriasis.

We also observed an increase in the counts of Th17 cells 
and a decrease in the counts of T-reg cells in the peripheral 
blood of patients with psoriasis compared with healthy 
controls. Results of several studies are in line with our find-
ings. Kagami et al. concluded that the circulating Th17, 
Th22 and Th1 cells are increased in psoriasis patients com-
pared to healthy individuals.[33] Benham et al. reported 
that increased frequencies of IL-17 and IL-22 producing 
CD4+ T cells were a feature of both psoriasis (Ps) and pso-
riatic arthritis (PsA), and thus demonstrated their critical 
roles in the pathogenesis of Ps and PsA.[34] Keijsers et al. 
suggested that regulatory T cell vs. T-helper cell balance 
is essential in the transition from symptomless to lesional 
psoriatic skin and showed an increased Foxp3⁄ CD4 ratios 
in the symptomless skin than in lesional psoriatic skin.[35] 
Mehta et al. demonstrated that CD146 + T cells produce 
the majority of IL-17A at the active site of inflammation 
in psoriasis.[36] Quaglino et al. observed an upregulation 
of Th1 and Th17 and downregulation of T-reg subsets at 
baseline, and the etanercept response was associated with 
a reversal of the Th1/Th17 activation and a relative upreg-
ulation of Th2 and T-reg subsets.[25] The above results 
strongly match with the findings obtained in our study 
that Th17 cells are increased in the circulation of psoriasis 
patients compared to controls.

We found a decreased circulating T-reg population in 
psoriasis compared to controls. Karamehic et al. hypothe-
sised that the deficit of T-reg cells in peripheral blood and 
the skin lesions contributed to the pathological process 
of psoriasis and observed that the ratio of CD4+ CD25+ T 
cells in the control group was significantly higher than in 
the patients with psoriasis.[26] This is in accordance with 
the results of this study. We observed that on increasing 

relative percentage of different T-cell subsets in the 
circulation of patients with psoriasis are limited.

Figure 2. Comparison of percentage of circulating T-helper and 
T regulatory cells in peripheral blood cells of psoriasis patients 
and healthy controls. (a) CD4+ IFNγ+, (b) CD4+ IL-4+, (c) CD4+ 
IL-17+, (d) CD4+ FoxP3+. Mann–Whitney U-test (two tailed) 
(a–d) was used to analyse these data. Each symbol represents 
individual samples, and horizontal lines show the median 
values (a–d). (***p < 0.001)
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activation of either the Th-1 or Th-17 pathway rather the 
cytokine profile determined the disease activity in the 
psoriatic lesions of Korean psoriatics.[37]

We note limitations in our study. We did not evalu-
ate the pattern of other peripheral T-cell subsets such 
as Th22/Th33 of the psoriasis patients, which would 
have further contributed to the disease pathogenesis. 
We have not analysed the genetic polymorphisms of the 
T-helper/T-reg cytokine genes that would have aided in 
establishing the genotype–phenotype correlation of the 
psoriasis pathogenesis.

In conclusion, our results indicate that there is 
immune-dysregulation among the different subsets 
of T-helper and T-reg cells in psoriasis, with a predomi-
nance of Th1/Th17 phenotype, especially with increasing 
severity of the disease. Thus, our work is a progress in 
biomedical science because it helps not only in the com-
prehension of disease pathogenesis and progression but 
also in deciding the appropriate therapeutic targets with 
anti-cytokine therapy and improving the efficacy of var-
ious treatment regimens.
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What is known about this subject:
• � Psoriasis is characterised by chronic activation of cutaneous T lym-

phocytes that leads to keratinocyte hyperproliferation
• � There is increased production of pro-inflammatory cytokines which 

plays a critical role in disease pathogenesis
• � There is alteration in the different T lymphocyte subsets in patients 
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