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Abstract

Background: Previous studies correlating Th1 and Th2 cytokine profiles with psoriasis activity provided inconsistent
results. Correlation of tissue cytokine levels with psoriasis severity has not been studied till now.

Objective: To compare serum and tissue Th1 and Th2 cytokine profiles of patients with active and stable psoriasis
as well as healthy controls, and to correlate them with psoriasis severity.

Methodology: This was a cross-sectional study involving adult patients with ‘active’ psoriasis (untreated progressive
chronic plaque psoriasis, guttate psoriasis, and erythrodermic psoriasis), ‘stable’ psoriasis (stable plaque psoriasis or
those with completely resolved lesions) and healthy subjects with non-inflammatory skin lesions as controls. Mean
levels of Th1 and Th2 cytokines in serum [interleukin 2 (IL-2), interferon-gamma (IFN-y), IL-4, IL-10] and tissue mRNA
expression (IFN-y, IL-4) were compared among these three groups.

Results: There were 30 patients each in active and stable psoriasis groups, and 15 in the control group. Mean
serum IL-2, IFN-y, and IL-10 levels of patients with psoriasis patients were significantly higher than the controls
(P <0.001 for both active and stable psoriasis), whereas mean serum IL-4 level of patients was significantly lower
than the controls (P < 0.001). However, there was no statistically significant difference of serum cytokine levels
between active and stable psoriasis groups. Mean quantitative tissue mMRNA expression of IFN-y and IL-4 of patients
with active and stable psoriasis were significantly lower than the controls (P < 0.001 and <0.01, respectively), but
were not significantly different between active and stable psoriasis groups. Serum and tissue cytokines showed weak
correlation with psoriasis area and severity index.

Limitations: Small sample size and heterogenous nature of patients with psoriasis in terms of disease activity,
morphology and treatment are limitations of this study.

Conclusions: There is no significant change in the serum or tissue levels of Th1 and Th2 cytokines with activity
or severity of psoriasis.
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Introduction

Imbalance between T-helper 1 (Thl) and T-helper (Th2) cytokines
in psoriasis is well-recognized. Thl cytokines are considered to be
upregulated, whereas Th2 cytokines are downregulated. Previous
studies have reported that serum Th1 cytokines are elevated in patients
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with psoriasis compared to controls, and it correlated positively with
severity of psoriasis.'* Surprisingly, some researchers have reported
that serum IL-4 (a Th2 cytokine) levels are elevated among patients
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with psoriasis compared to controls.*® Studies comparing serum or
tissue cytokine profiles in psoriasis before and after treatment have
not yielded consistent results.>”* Correlation of tissue cytokine levels
with severity of psoriasis has not been studied till date. The present
study aims to compare serum and tissue Thl and Th2 cytokine
profiles of patients with active and stable psoriasis and healthy
controls, and to correlate them with severity of psoriasis.

Methodology

This was a cross-sectional study conducted in the department of
dermatology and venereology of All India Institute of Medical
Sciences, New Delhi, India overa period of one year (September 2014
to August 2015) after approval from the Institute Ethics Committee.

Study participants

Patients with psoriasis: Adult patients (>18 years) with guttate
psoriasis, progressive lesions of chronic plaque psoriasis or
erythrodermic psoriasis, not on systemic antipsoriatic medication
(modern medical or indigenous) during the previous four weeks, and
not on topical therapy during the previous two weeks were recruited
to the “active untreated psoriasis” group after obtaining informed
consent. Patients with chronic plaque psoriasis, with no progression
of lesions for at least four weeks or those with currently subsided
lesions were included in the “stable psoriasis” group. Patients with
pustular psoriasis, psoriatic arthropathy or co-existing systemic or
cutaneous illnesses were excluded. History and examination findings
were recorded in a predesigned proforma. Severity of psoriasis was
assessed using psoriasis area severity index (PASI) score.

Controls: Age and gender-matched, apparently healthy subjects
with non-inflammatory dermatoses such as nevi, lipomas, scars,
etc., were recruited as controls after obtaining informed consent.

Estimation of serum Th1 and Th2 cytokine levels by enzyme-linked
immunosorbent assay

Commercially available enzyme-linked immunosorbent assay
(ELISA) kits (BosterBio, USA) were used for estimating serum
levels of Thl [interleukin 2 (IL-2), interferon-gamma (IFN-y)]
and Th2-associated cytokines (IL-4, IL-10). Venous blood samples
obtained from patients and controls were diluted and measured in
triplicate. The reaction was terminated by adding sulfuric acid and
absorbance was measured at 450 nm. The absorbance measured by
ELISA reader was proportional to the concentration of respective
cytokine present in the sample.

Quantitative mRNA expression of IFN-y and IL-4 cytokines in tissue
by real-time polymerase chain reaction

Skin tissue (4 mm punch skin biopsy) dissolved in TRIZOL reagent in
a 1.5 ml tube was used for extraction of total RNA. It was incubated at
room temperature (18-25°C) for 10 min. Chloroform 200 ul was added
and vortexed for 15 s followed by incubation at room temperature for
2-3 min. The samples were then centrifuged at 12,000g for 15 min
at 40°C. Following centrifugation, three phases become visible in
the tube. The upper aqueous phase containing RNA was carefully
transferred to a fresh tube, without allowing it to mix with other
phases. 500 ul of isopropanol was added to the tube and incubated
at room temperature for 10 min. The sample was centrifuged at
12,000¢g for 10 min at 40°C. The supernatant was carefully removed
after centrifugation, without disturbing the pellet. The RNA pellet
so obtained was washed with 70% ethyl alcohol and centrifuged at
7500g for 8 min at 40°C. The remaining ethyl alcohol was allowed
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to air dry for 2-3 min. The pellet was re-dissolved in 30 pl of diethyl
pyrocarbonate water. The DNAse treated RNA so obtained from the
tissue was used to synthesize complementary DNA (cDNA) using
MuLV reverse transcriptase (Fermentas), used as template to analyze
the amplification using primers specific to the different cytokines
(Th1: IFN-y, Th2: IL-4). The primers were procured from Integrated
DNA Technologies (IDT, USA). The cDNA so obtained was diluted
and used as template for quantitative polymerase chain reaction
(qPCR). Maxima SYBR Green qPCR Master Mix (2X) (Fermentas)
was used to perform the relative mRNA expression analysis, calculated
by 22 method. Primers were standardized using gradient PCR with
a range of temperatures (55-65°C) to carry out molecular expression
studies. Final forward and reverse primers chosen for I[FN-y were
5'GAGTGTGGAGACCATCAAGGAAG3' and S'CAGTTCAGCC
ATCACTTGGAT3' respectively, whereas forward and reverse
primers for IL-4 were 5"CACCATGAGAAGGACACTCG3' and
5S'CGTACTCTGGTTG GCTTCCT3' respectively. Final temperature
used for qPCR was 60°C.

The study flowchart is depicted in Figure 1.

Statistical analysis

Tissue and serum cytokine levels of patients with active and stable
psoriasis, and controls were compared using Wilcoxon rank-sum
test. Correlation between serum and tissue cytokine levels, and
between cytokine levels (serum and tissue) and PASI were estimated
using Spearman’s rank correlation coefficient. P value <0.05 was
considered significant. Statistical analysis was performed using
Stata 12 software (College Station, TX: StataCorp LP. 2011).

Results

There were 30 patients each in active and stable psoriasis groups,
and 15 in the control group. Demographic profile and baseline
characteristics of patients and controls are summarized in Table 1.

Comparison of serum and tissue cytokine levels among patients
with active psoriasis, stable psoriasis and controls

Mean serum IL-2, IFN-y, IL-4 and IL-10 levels and tissue IFN-y
and IL-4 cytokine mRNA expression levels among patients and
controls are summarized in Table 2. Mean serum IL-2, IFN-y, and
IL-10 levels among patients with both active and stable psoriasis

| Study participants

Active psoriasis Stable psoriasis Controls
(n=30) (n=30) (n=15)

* Guttate psoriasis
*  Progressive plaque

Chronic plaque psoriasis
+ Stable x 4 weeks
* Subsided lesions, only

Apparently healthy subjects
with non-inflammatory

psoriasis dermatoses

*  Erythrodermic psoriasis post-inflammatory *  Nevi
changes + Lipomas
No treatment * Scars

*  Systemicx 4 weeks No treatment restrictions

* Topical x 2 weeks

/\

I Skin biopsy I I Venous blood sample I

and IL-4 (RT-PCR)

mRNA expression of IFN-y
1L-4, IL-10 (ELISA)

Serum IL-2, IFN-y, |

Figure 1: The study flowchart
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were significantly higher than controls (P < 0.001 for both the
groups), whereas mean serum IL-4 level was significantly lower in
patients with psoriasis than controls (P <0.001 for both the groups).
There was no statistically significant difference in any of the serum
cytokine mean levels between active and stable psoriasis groups.

Mean quantitative mRNA expression levels of both IFN-y and
IL-4 in the lesional skin of patients with active and stable psoriasis
were significantly lower than the controls (P < 0.001 and <0.01,
respectively). Similar to serum cytokine analysis, there was no
significant difference in either of these tissue cytokine mRNA
expression levels between patients with active and stable psoriasis.

A post hoc subgroup analysis did not reveal statistically significant
difference in mean serum or tissue cytokine levels between patients
with progressive plaque psoriasis (n = 19) and those with guttate
or erythrodermic psoriasis (n = 11); between patients with stable
non-progressive psoriasis (n = 23) and those with completely
subsided psoriatic lesions (n = 7); and between patients on
systemic treatment (z = 20) and not on systemic treatment (n = 40),
irrespective of disease activity.

Correlation of serum and tissue cytokine levels with psoriasis
severity

Mean levels of all the serum and tissue cytokines, except serum
IL-10, showed a weak negative correlation with psoriasis severity

Serum and tissue cytokine levels in psoriasis

as assessed by PASI. For the purpose of subgroup analysis, PASI
was categorized as <5 (n =48), 6-10 (n =7) and >10 (n = 5). None
of the correlation analysis was statistically significant. The results
of correlation analysis of cytokine levels with PASI are given in
Table 3.

Correlation between serum and tissue cytokine levels

Mean serum IFN-y and IL-4 levels showed a statistically
insignificant, weak positive correlation with their corresponding
mean tissue mRNA expression levels (» = 0.029 and 0.123,
respectively). However, post hoc subgroup analysis showed reversal
of this correlation for serum and tissue IFN-y among patients with
active psoriasis (IFN-y, » = —0.0391; IL-4, r = 0.2753), and for
serum and tissue IL-4 among patients with stable psoriasis (IFN-y,
r=0.1102; IL-4, r =-0.0146).

Discussion

Our results which showed statistically significant higher serum levels
of IL-2 and IFN-y, and lower serum as well as tissue IL-4 levels
among patients with psoriasis as compared to healthy controls are
in agreement with majority of the previous studies.!"** Interestingly,
higher IL-4 levels also have been reported among patients with
psoriasis compared to controls.>® IL-4 may indirectly orchestrate
an IFN-y-mediated Th1 response by stimulating the development of
IL-12 producing dendritic cells.'

Table 1: Demographic and clinical characteristics of patients and controls

Patient characteristics Active psoriasis (n=30)

Stable psoriasis (n=30) Healthy controls (n=15)

Age (mean+SD, years) 29.67+10.22
Gender

Males 18

Females 12
Duration of disease (mean+SD, months) 85.15+74.44

Subcategories
Guttate psoriasis - 8
Erythroderma - 3

Systemic treatment -

13.4+20.66
5.78+4.56

Body surface area (mean+SD, %)
PASI (mean+SD)

Progressive plaque psoriasis - 19

30.47+11.62 29.42+9.88
19 10

11 5
94.24+88.70 -

Posttraumatic scar - 1
Lipoma - 5
Melanocytic nevus - 7
Neurofibroma - 2
Methotrexate - 8 -

Retinoids - 2

NbUVB - 5

PUVAsol - 4

Re-PUVA - 1

2.53+£2.56 -

2.14+1.90 -

Non-progressive lesions - 23
Completely subsided lesions - 7

PASI: Psoriasis area severity index, SD: Standard deviation, NboUVB: Narrow-band ultraviolet B, PUVAsol, Re-PUVA

Table 2: Mean levels of serum and tissue cytokine levels among patients with psoriasis patients and controls

Cytokine Active psoriasis (n=30) Stable psoriasis (n=30) Healthy controls (n=15)
Serum cytokine levels in pg/mL (mean*SD)
IL-2 17.46+5.508 19.54+6.959 1.944+0.90
IFN-y 64.11£16.19 65.42+14.61 28.3+4.42
IL-4 13.99+6.059 16.2+6.058 103.2+65.8
IL-10 39.42+22.21 33.59+12.86 5.39+1.63
Tissue cytokine quantitative mRNA expression %105 (meantSD)
IFN-y 1.261£1.149 4.006+1.043 183.2+£322.1
IL-4 2.304+4.822 1.816+4.9694 6.984+1.02

IFN-y: Interferon-y, IL-2: Interleukin-2, IL-4: Interleukin-4, IL-10: Interleukin-10, SD: Standard deviation
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Table 3: Spearman’s rank correlation coefficient (r) between cytokine levels and psoriasis area severity index scores

Cytokine PASI (overall, n=60) PASI (<5, n=48) PASI (6-10, n=7) PASI (>10, n=5)
Serum cytokine levels

IL-2 —0.1428 —0.1252 0.2546 0.3000
IFN-y -0.0024 0.0179 —0.2110 0.9000

IL-4 —0.3036 —0.1193 —0.1637 —0.6000
IL-10 0.0022 0.1142 0.0727 0.7000

Tissue cytokine quantitative mRNA expression
IFN-y —0.2240 0.0478 —0.4863 0.8000
IL-4 —0.1444 0.1039 —0.2844 1.000

PASI: Psoriasis area severity index, IL-2: Interleukin-2, IL-4: Interleukin-4, IL-10: Interleukin-10

There is divergence in the published literature regarding our finding
of significantly raised serum IL-10 levels in psoriasis. Borska
et al. found serum IL-10 levels to be elevated among patients with
psoriasis.'! These reduced following treatment with Goeckerman
regimen. But, IL-10 was reported to be decreased in 122 patients
with psoriasis compared to 78 healthy controls in a study from
Japan.*

Though we found serum IFN-y levels to be significantly higher
among patients with psoriasis, our findings of lower tissue IFN-y
levels among them was unexpected. This is in contrast to some earlier
studies.*!>!3 There may be several reasons for this discordance. As
IFN-y signaling is multifaceted, some not yet known factor in its
pathogenesis might have affected tissue levels of IFN-y in our study
population. Recently, it has been discovered that IFN-y may have an
unexpected paradoxical role in the control of auto-inflammation.'*!>
It can act as a pro-inflammatory molecule as well as regulate
immune response. Further, as we studied only the mRNA expression
of IFN-y, we cannot comment on the proteomics of IFN-y signaling
pathway and its regulatory molecules.

Given that psoriasis is predominantly a Th1-mediated disease with
a simultaneous downregulation of Th2 axis, one would expect
the imbalance between Thl and Th2 cytokines to disappear with
disease stability. However, previous studies evaluating changes in
cytokine levels with disease activity have not provided consistent
results. Moreover, most of these studies have evaluated serum
cytokine levels, instead of tissue levels which may reflect disease
activity better. Successful treatment with phototherapeutic
modalities is accompanied by a reduction in serum IL-2, IFN-y,
IL-12, and IL-10 levels.'™'¢ Acitretin was reported to reduce
serum and tissue levels of IFN-y, but had no effect on IL-4 levels.”
Etanercept was shown to produce a significant upregulation of
IL-2 and downregulation of IL-12 levels in clinical responders.’
Serum levels of IL-4 and IFN-y also increased during treatment
with etanercept, but this did not reach statistical significance.’
On the contrary, treatment with ustekinumab failed to show
any significant difference in the serum levels of inflammatory
cytokines, including IFN-y, IL-10, and IL-12 over a 12-week
period." It is possible that the change in Thl and Th2 cytokine
profiles is driven by the nature of therapeutic modality as much as
by clinical improvement itself.

We did not find any significant difference between serum or tissue
cytokine levels among patients with psoriasis based on disease
activity, i.e. between active and stable psoriasis. This could probably
be because all the patients in our study were not treated with the

same modality. In fact, one-third of our patients with stable psoriasis
were not on any systemic anti-psoriatic treatment.

In our study, only serum IL-10 exhibited a positive, though poor,
correlation with PASI, whereas serum IL-2, IFN-y, and IL-4
levels showed a weak negative correlation. Tissue IFN-y and 1L-4
levels also had a negative correlation with PASI. In contrast, some
earlier studies have shown serum IFN-y and IL-2 to correlate
positively with psoriasis severity,>* and serum IL-10 to correlate
negatively.* Our results on correlation of cytokine levels with
disease severity also are in contrast with earlier studies.>* Subgroup
analysis revealed that among patients with PASI >10, serum and
tissue levels of all the cytokines, except serum IL-4, correlated
positively with disease severity. However, our sample size was too
small for the subgroup analysis to be meaningful.

We found a weak positive correlation between serum and tissue IFN-y
and IL-4 levels. The source of inflammatory cytokines in serum and
tissue are different. These are secreted by innate immune cells and
activated T-lymphocytes in serum whereas their tissue level depends
on the migration of inflammatory cells to tissue-specific sites. The
migratory potential of reactive immune cells may determine the
correlation between tissue and serum cytokine levels. This needs
further evaluation.

Our study is limited by a small sample size and the heterogeneity
of activity, morphology and treatment taken for psoriasis. We
tried to minimize the confounding factors by recruiting age and
gender-matched subjects as controls. Care was taken to exclude
those with systemic illnesses such as diabetes, hypertension,
endocrinological abnormalities, malignancy, overt infections,
chronic renal disease and medications, which could influence
cytokine profile.

Conclusions

Our results support the role of upregulated Thl cytokines in the
pathogenesis of psoriasis. The present study shows that Thl and
Th2 cytokines do not change substantially with disease activity
or severity. Future studies should investigate the role of cellular
phenotypes, functional markers, chemokine receptors and ligands
implicated in the pathogenesis of psoriasis, which may serve as
novel therapeutic targets.
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