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Abstract

Objective The objectives of this study were to delineate the pro and anti-inflammatory cytokine profiles of psoriasis and
cytokine profile models that externally validate the diagnosis.

Subjects and Methods This study recruited 70 patients with psoriasis and 76 healthy controls. Cytokine profiles were evalu-
ated, including pro-inflammatory M1 (IL-1+1L-6 + TNF-«), Th1 (IL-2+1L-12+IFN-y), Th17 (IL-6 +IL-17), and immune-
inflammatory response system (IRS =M1+ Thl +Th17) profiles. Moreover, the anti-inflammatory potential included Th2
(IL-4), Th2 4+ T regulatory (Th2 4+ Treg, namely IL-4 4+ IL-10+ TGF-f), anti-inflammatory (Th2 + Treg + adiponectin), and
the pro-inflammatory/anti-inflammatory index.

Results There was a highly significant association between psoriasis and cytokine levels with an effect size of 0.829 and a
particularly strong impact on IL-2 (0.463), IL-12 (0.451), IL-10 (0.532) and adiponectin (0.401). TGF-p and adiponectin
were significantly lower while all other cytokines (except IFN-y) were significantly higher in psoriasis than in controls. In
addition, M1, Th1, Th17, Th2 + Treg, and IRS/Anti-inflammatory index were significantly higher in psoriasis patients than
in controls. The IRS index, Th2 + Treg, and adiponectin predicted psoriasis with 97.1% sensitivity and 94% specificity.
Conclusion In conclusion, psoriasis is characterized by increased M1, Th1, Th2 and Th17 profiles together with lowered
TGF-P and adiponectin. In addition, we propose a model based on a higher IRS and Th2 + Treg index coupled with lower
adiponectin values, which may be used to externally validate the diagnosis of psoriasis. The most important single biomarker
of psoriasis is adiponectin. Because the latter may play a role in the modulation of the chronic inflammatory response in
psoriasis, adiponectin could be a new drug target to treat psoriasis.
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Introduction

Psoriasis is an autoimmune disease characterized by
chronic inflammation of the skin related to innate and adap-
tive immune responses. Plaque-type psoriasis or psoriasis
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vulgaris is the most common clinical manifestation, and its
features include red and scaly plaques on the elbows, knees
and scalp. Along with other autoimmune diseases, psoriasis
is a multifactorial disorder and can be triggered by injury,
trauma, infections and medications, as well as psychologi-
cal stress [1].

Histological findings demonstrate epidermis hyperkerati-
nisation and leukocyte infiltration into the dermis, mainly
formed by activated T cells [2]. Although the recruitment
and activation of T helper (Th) 1 and Th17 lymphocytes
drive the pathogenesis of psoriasis, neutrophils, antigen-
presentation cells (APCs), macrophages and keratinocytes
contribute to the synthesis and secretion of cytokines,
including those produced by Thl and Th17 cells. The pres-
ence of pro-inflammatory cells and their cytokines creates
a damaging environment leading to the development and
aggravation of psoriatic lesions [3].

The cytokine profile of psoriasis is vast and complex.
Interleukin (IL)-2, Tumour Necrosis Factor-alpha (TNF-o)
and Interferon-gamma (IFN-y) are produced by Thl cells
under the stimulation of IL-12. In the same way, IL-1f and
IL-6 are responsible for Th17 cell differentiation, which
secretes IL-6, IL-17, IL-21 and IL-22. Previous studies
showed that these cytokines are present in psoriatric lesions
and that their serum levels correlate with severity of illness
[4]. In addition, studies show that IL-4, produced by Th2
cells, may ameliorate the aspect of psoriasis lesions [5]
while suppressing pro-inflammatory responses and inhibit-
ing IL-1p, IL-6 and Th17 producing cells [6, 7].

The chronic immune-inflammatory response observed
in psoriasis patients is frequently associated with systemic
comorbidities, including obesity and metabolic syndrome
(MetS). MetS is a metabolic disorder generated by the com-
bination of insulin resistance, obesity, hypertension and
dyslipidemia [8]. The presence of MetS in patients with
psoriasis is often reported and may be associated with the
insulin resistance caused by the immune-inflammatory
response that accompanies psoriasis [9]. Obese patients also
have a Th1 response pattern, which adipocytes are respon-
sible for the production of TNF-« and IL-6. The activity of
these cytokines may provoke a decline in anti-inflammatory
defenses, especially in adiponectin levels [10].

Adiponectin is an adipokine that has anti-inflammatory
effects by inhibiting the activity and secretion of pro-
inflammatory cytokines, including IL-2, IL-6, TNF-a and
IFN-vy, and enhancing the production of anti-inflammatory
cytokines, including IL-10 [11]. The upregulation of anti-
inflammatory cytokines can help restore the imbalance
between Th1/Th17 and Th2 responses that affect patients
with psoriasis [12].

Our research group has examined cytokine profiles in
autoimmune diseases such as systemic lupus erythematosus
(SLE) and observed that the immune response is driven by
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pro-inflammatory cytokines, including Th1 and Th17. The
evaluation of those cytokine profiles is useful to elucidate
which profiles are dominant thereby characterizing the fea-
tures of the disorder that influence disease activity and sever-
ity [13]. Nevertheless, studies that assessed cytokine levels
in patients with psoriasis are quite scarce and these stud-
ies reported often controversial results on serum cytokine
levels rather than cytokine profiles [4, 14, 15]. As such it
was difficult to pinpoint the pro-inflammatory versus anti-
inflammatory balance is psoriasis. Finally, studies that have
concomitantly evaluated those cytokines with adiponectin in
psoriasis are also scarce, while there is insufficient informa-
tion whether these cytokine or cytokine profiles may be used
as laboratory biomarkers for psoriasis.

Hence, the main objective of this study is to evaluate
cytokine profiles and the pro and anti-inflammatory index
in psoriasis as well as to determine models of cytokine pro-
files, which could help to predict the diagnosis of psoriasis.

Subjects and methods
Subjects

This study recruited 146 individuals. Seventy patients with
psoriasis (56 with plaque-type psoriasis, 10 with psoriatic
arthritis, 3 with guttate psoriasis) were selected from among
the ambulatory of Dermatology of the University Hospital
of Londrina, Parand, Brazil and 76 were healthy controls.
The diagnostic was determined by clinical features and
the disease activity was measured using Psoriasis Activity
Severity Index (PASI) [16]. MetS was defined following the
Adult Treatment Panel III criteria [17]. Inclusion criteria
were patients of both sex and aged from 18 to 70 years old.
Exclusion criteria were thyroid, adrenal, renal, hepatic, gas-
trointestinal, infectious, and oncological, another autoim-
mune disease, hormone replacement therapy and antioxidant
supplements. Information on lifestyle factors and medical
history was obtained at clinical evaluation. The individuals
of both groups self-reported that they did not drink alcohol
regularly. Sample collection and laboratorial analysis, as
well as data evaluation, were performed in a blinded fash-
ion. This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by the
Ethical Committee of the University of Londrina, Parana,
Brazil (CAAE: 51826215.0.000.5231). Written informed
consent was obtained from all subjects.

Anthropometric and blood pressure measurements

The body weight was measured using a 0.1 kg precision
electronic scale. The subjects were weighed in the morning,
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wearing light clothing and barefoot. Stature was measured
through a stadiometer whose accuracy was 0.1 cm. The
formula for dividing body weight (kg) by squared height
(m) was used to calculate Body Mass Index (BMI). Waist
circumference was measured with the individuals standing
upright by placing a tape measure between the lower ribs
and the iliac crest. Blood pressure was measured in triplicate
in the left arm of seated patients using a calibrated sphyg-
momanometer and 1 min interval between measurements.
Individuals using antihypertensive or whose blood pressure
was > 140-90 mmHg were considered hypertensive [18].

Cytokines plasma levels

After fasting for 12 h, venous blood was withdrawn with eth-
ylenediaminetetraacetic acid (EDTA) using sterile tubes (BD
Vacutainer UltraTouch; Franklin Lakes, NJ, USA). Whole
blood was centrifuged at 1500 rpm for 10 min and plasma
samples were separated and divided into aliquots and then
stored at — 80 °C for subsequent analysis. Levels of IFN-
¥, TNF-a, IL-10, IL-12, IL-17, IL-1f, IL-2, IL-4 and IL-6
were performed using ProcartaPlex Human High Sensitivity
Panel 9plex (Invitrogen, Thermo Fisher Scientific, Viena,
Austria) and Transforming Growth Factor- beta (TGF-p)
was performed using ProcartaPlex Human TGF beta 1 Sim-
plex (Invitrogen, Thermo Fisher Scientific, Viena Austria)
both techniques for Luminex® platform. Adiponectin lev-
els were evaluated through enzyme-linked immunosorbent
assay (ELISA) technique using Human Adiponectin/Acrp30
DuoSet® kit (R&D Systems, Minneapolis, USA).
Cytokines were analyzed individually and in profiles
as follows: pro-inflammatory: M1 (IL-1+ IL-6 + TNF-
a), Thl (IL-2+1L-12 +IFN-y), Th17 (IL-6 +1IL-17)
and Immune-Inflammatory response system index
(IRS=M1+Thl +Th17); anti-inflammatory: Th2 (IL-
4), Th2 + T regulatory (Treg) (IL-4 +1L-10+ TGF-p) and
Anti-inflammatory (IL-4 +IL-10+ TGF-f + adiponectin);
and two index to verify the predominant profile (pro or anti-
inflammatory): IRS/Th2Treg and IRS/anti-inflammatory.

Statistical analysis

We used analysis of variance (ANOVA) and analysis of
contingency tables (4 test) to assess differences in scale
or nominal data (either demographic or clinical) among
study groups. Pearson’s product moment and Spearman’s
rank order correlation coefficients were used to assess rela-
tionships between variables. We used multivariate gen-
eral linear model (GLM) analysis to check the effects of
independent variables (e.g. diagnostic groups) on cytokine
levels (dependent variables) after adjusting for extrane-
ous variables including age, sex, and BMI. When the mul-
tivariate analysis was significant, we employed tests for

between-subject effects to check the effects of the significant
independent variables on the dependent variables. Model-
generated estimated marginal mean values with SE were
computed. We have p-corrected results of multiple compari-
sons using p-correction for false discovery rate (FDR) [19].
Binary logistic regression analysis was used to delineate
the most important predictors of psoriasis (dependent vari-
able) with controls as reference groups and cytokines and
cytokine profiles as explanatory variables. We used Neural
Networks (multilayer perceptron, MLP) to assess non-lin-
ear associations between input (cytokine levels) and output
(diagnosis) variables employing an automated feedforward
architecture. We considered one or two hidden layers with a
variable number of nodes (max 4). We computed the rate of
incorrect predictions and the partitioned confusion matrix in
a training, testing and holdout set (ratio: 7/3/5, respectively).
The area under the receiving operating curve (AUC ROC)
was computed as well as the (relative) importance of the
input variables in sensitivity analyses. All statistical analy-
ses were performed using IBM SPSS, Windows version 24.
Tests were 2-tailed, and an alpha level of 0.05 indicated a
statistically significant effect.

As explained by Maes and Carvalho [20] we computed
z unit weighted composite scores based on the known
cytokine profiles of macrophage M1, Th1, Th2, Th17 and
Treg and anti-inflammatory cytokines. All Ln-transformed
cytokine data were z-transformed (z scores with a distribu-
tion with mean=0 and SD=1) and then used in the con-
struction of composite scores as follows: (1) Macrophage
M1 profile: z value of IL-1f (zIL-1p) + zTNF-a + zIL-6; (2)
Th-17 profile: zIL-6+zIL-17; (3) Th1 profile: zZIFN-y + zIL-
12 +zIL-2; (4) IRS: z(zIL-1p + zTNF-a + zIL-6 + zIL-
17 + zIFN-y + zIL-2 + zIL-12); (5) Th2 + Treg profile:
zIL-4 +zIL-10 + zZTGF-f; (6) anti-inflammatory index:
zIL-4 + zIL-10 + zTGF-f + zAdiponectin; (7) IRS/anti-
inflammatory: z(M1 + Th17 + Th1) — z (anti-inflammatory
index).

Results
Demographic data

Table 1 shows the socio-demographic and clinical data
in both controls and patients with psoriasis. Patients with
psoriasis were somewhat older, included more males and
had a higher BMI than controls. Therefore, all results
were adjusted for possible effects of age, sex, BMI, and
other extraneous variables, using the latter as covariates
in regression analyses. There were no significant differ-
ences in the ratio Caucasian versus non Caucasian, smok-
ing behavior, diabetes mellitus type 2 and hypertension
between the study groups. The frequencies of MetS was
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Table 1 Sociodemographic data Variables Controls (n=76) Psoriasis (n=70) I”/){2 df P value

in both healthy controls and

patients with psoriasis Age (years) 46.0 (8.7) 53.1 (12.6) 15.63 1/144 <0.001
Sex (F/M) 58/18 31/39 15.71 1 <0.001
BMI (kg/m?) 25.9 (4.3) 29.7 (6.2) 19.31 1/142 <0.001
Ethnicity (C/NC) 57/19 60/10 2.63 1 0.104
Smoking (yes/no) 08/68 15/55 3.26 1 0.071
DM II (yes/no) 11/52 15/55 0.33 1 0.564
Hypertension (yes/no) 14/47 25/45 2.54 1 0.111
MetS (yes/no) 20/55 31/39 4.93 1 0.026

Student ¢ test. Results are shown as mean (= SEM)

F Female, M male, BMI body mass index, C Caucasian, NC not Caucasian, DM diabetes mellitus, MetS

metabolic syndrome

somewhat higher in subjects with psoriasis than in con-
trols. The median PASI value was 4.20 and interquatiles
25% and 75% were 1.50 and 9.50, respectively (data not
shown). The frequency of drugs used in treatment of
psoriasis was 25.71% for methotrexate (n=18), 18.6%
for acitretin (n=13), 2.9% for ciclosporin (n=2), 20%
for TNF-a inhibitor (n=14), 4.3% for anti-IL-12/IL-23
(n=73) and 40% for topic treatment (n=28) (data not
shown).

Inspection of the intercorrelation matrix between all
cytokines showed that (without p correction): (a) IL-1,
IL-6, TNF-a, IL-12, IL-2, IL-17, IL-4 and IL-10 were
strongly intercorrelated (all »>0.312, p <0.001, but most
correlation coefficients were > 0.450, n=139); (b) IFN-y
was significantly related with IL-1f (r=0.285, p=0.001,
n=139), IL-6 (r=0.193, p=0.021), IL-12 (»=10.200,
p=0.018), IL-2 (r=0.294, p<0.001), IL-17 (0.237,
p=0.005) and IL-4 (r=0.184, p=0.030); (c) TGF-p was
not associated with any of the other cytokines; and (d)
adiponectin levels were significantly and inversely related
with TNF-a (r=-10.426, p<0.001, n=138), IL-12
(r=-0.520, p<0.001), IL-2 (r=-10.286, p=0.001),
IL-17 (r=-0.256, p=0.002), IL-4 (r=-0.286,
p=0.001) and IL-10 (r=-0.518, p<0.001). The inter-
correlation matrix between the z unit composite scores
showed (again without p correction) that (a) M1 is cor-
related with Thl (r=0.673, p<0.001), Th17 (r=0.831,
p <0.001), Th2 + Treg (r=0.638, p<0.001) and anti-
inflammatory index (r=0.498, p <0.001, all n=139);
(b) Th1l with Th17 (r=0.618, p<0.001), Th2 + Treg
(r=0.560, p<0.001) and anti-inflammatory index
(r=0.387, p<0.001); and (c) Th17 with Th2 + Treg
(r=0.632, p<0.001, all n=137) and anti-inflammatory
index (r=0.554, p<0.001). Likewise, the IRS index
was significantly correlated with Th2 4+ Treg (r=0.664,
p <0.001) and with the anti-inflammatory index
(r=0.474, p<0.001, all n=137).
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Association between psoriasis and cytokine levels

Table 2 shows the outcome of a multivariate GLM analy-
sis with the 11 cytokines levels as dependent variables
and psoriasis, age, sex and BMI as covariates. The results
show that there was a highly significant effect of psoriasis
explaining 82.9% of the variance in the cytokine levels.
Age, sex and BMI had no significant impact on cytokine
levels in this analysis. Tests for between-subject effects
show highly significant effects (all p <0.001) of psoriasis
on all cytokines (except IFN-y and TGF-p), with a particu-
larly strong impact on IL-2, IL-12, IL-10, and adiponectin
explaining 46.3, 45.1, 53.2, and 40.1% of the variance,
respectively. There was a modest association between
TGF-f and psoriasis, explaining only 3.7% of the vari-
ance in TGF-f levels. There was no significant difference
in IFN-y levels between both study groups. All these dif-
ferences remained significant after p-correction for FDR.

Table 3 shows the model-derived estimated mar-
ginal mean values of the 11 cytokines in controls and
patients. Figure 1 shows the z transformed values of the
11 cytokines in both study groups. TGF-p and adiponec-
tin were significantly lower in psoriasis than in controls,
while all other cytokines (except IFN-y) were significantly
higher in psoriasis than in controls.

We have also examined the putative effects of other
extraneous variables by entering these in the multivari-
ate GLM analysis shown in Table 2. Thus, there were
no significant effects of smoking (F=1.05, df=11/120,
p=0.411), MetS (F=1.46, df=11/120, p=0.156), diabe-
tes mellitus type 2 (F=0.76, df=11/107, p=0.680) and
hypertension (F=0.80, df=11/107, p=0.636). Moreo-
ver, there were no significant effects of topical treatments
(F=0.35,df=11/119, p=0.971) and immunomodulatory
treatments (methotrexate, cyclosporine and anti-TNF)
and acitretin (F=0.75, df=11/119, p=0.691) on the 11
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Tablg 2 Qutcome ofa . Type tests Dependent variables  Explanatory F df P value  Partial eta
m}lltlvarlate GLM analysis variables squared
with the 11 cytokines levels
as dependent Variablzs ;méi Multivariate All 11 cytokines Psoriasis 5334 117121  <0.001 0.829
R i
Sex 0.69 11/121 0.747  0.059
BMI 0.59 11/121 0.838  0.050
Between-subject effects  IL-1f Psoriasis 1491 1/131 <0.001 0.102
IL-6 Psoriasis 6.13  1/131 0.015 0.045
TNF-a Psoriasis 6.89 1/131 0.010  0.050
IL-12 Psoriasis 107.71  1/131 <0.001 0451
IFN-y Psoriasis 0.01 1/131 0915 0.001
IL-2 Psoriasis 113.16  1/131 <0.001 0.463
IL-17 Psoriasis 1224 1/131 0.001 0.085
IL-4 Psoriasis 2589 1/131 <0.001 0.165
IL-10 Psoriasis 148.81 1/131 <0.001 0.532
TGF-p Psoriasis 5.00 1/131 0.027  0.037
Adiponectin Psoriasis 87.86 1/131 <0.001 0.401

All cytokine data are processed in Ln transformation

BMI Body mass index, IL interleukin, TNF-a tumor necrosis factor alpha, /FN-y interferon gamma, TGF-f
transforming growth factor beta

Table 3 Model-derived estimated marginal mean values of the 11

cytokines in controls and patients with psoriasis

Variables Controls Psoriasis

IL-1p —0.367 (0.130) +0.360 (0.119)
1L-6 —0.233 (0.134) +0.250 (0.123)
TNF-« —0.246 (0.132) +0.259 (0.122)
1L-12 —0.706 (0.094) +0.719 (0.087)
IFN-y +0.022 (0.139) +0.044 (0.128)
IL-2 —0.745 (0.095) +0.728 (0.088)
IL-17 —0.322 (0.133) +0.356 (0.123)
1L-4 —-0.474 (0.124) +0.446 (0.114)
IL-10 —0.771 (0.087) +0.776 (0.080)
TGF-p +0.230 (0.139) —0.221 (0.128)
Adiponectin +0.684 (0.102) —0.701 (0.093)

IL Interleukin, TNF-a tumor necrosis factor alpha, IFN-y interferon
gamma, TGF-f transforming growth factor beta

cytokines levels. As such, the effects of the drug state of
the patients on the results can be ruled out.

Association between psoriasis and composite scores

Table 4 shows the outcome of a multivariate GLM analy-
sis with the 8 composite scores as dependent variables and
psoriasis, age, sex, and BMI as covariates. The results show
that there was a high effect of psoriasis explaining 56.8%
of the variance in the composite scores. Tests for between-
subject effects showed that all composite scores, except the

anti-inflammatory index and IRS/Th2 + Treg, were signifi-
cantly different between both study groups. P-correction
for FDR showed that those differences remained significant
after p-correction (all p <0.001).

Table 5 shows the model-generated estimated marginal
mean values in both study groups and that M1, Thl, Th17,
Th2 + Treg and IRS/Anti-inflammatory index were signifi-
cantly higher in psoriasis patients than in controls. Figure 2
shows the z transformed values of the different composite
scores and shows the group means of the composite scores
in both controls and patients with psoriasis in a distribution
with mean 0 and SD=1.

Best prediction of psoriasis

In order to examine which combination of cytokines or
composite score best predict psoriasis, we have carried out
binary logistic regression analyses with psoriasis as the
dependent variable (and controls as the reference group). All
cytokines or all composite scores (with adiponectin) were
entered as explanatory variables. We found that 4 cytokines
predicted psoriasis with a 100% sensitivity and specificity
()(2: 191.28, df=4, p<0.001, Nagelkerke = 1.00), namely
IL-17,IL-12, IL-2 and adiponectin. Unfortunately, the pro-
gram does not allow to compute OR and CI intervals when
there is a 100% prediction. Table 6 shows the results of the
second logistic regression analysis with the composite scores
and adiponectin as input variables. We found that 3 variables
predicted psoriasis with a 97.1% sensitivity and 94.0% spec-
ificity (y>=142.34, df=3, p<0.001, Nagelkerke =0.862),
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Fig. 1 Z transformed values of
11 cytokines in patients with
psoriasis and healthy controls
(HC). IL Interleukin, TNFa
tumour necrosis factor-alpha,
IFNg interferon-gamma, TGFb

transforming growth factor-beta.

All cytokines are significantly
higher in psoriasis patients than
in controls (p < 0.05), except
IFNg (see Table 2 for exact p
values and effect sizes)

Table 4 Outcome of a
multivariate GLM analysis
with the 8 composite scores
as dependent variables and
psoriasis, age, sex and BMI as
covariates

C. Cataldi et al.
HiL-1b
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B TNFa
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w
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=
-5
1.0
HC Psoriasis
Diagnosis
Error bars: +/- 1 SE
Type tests Dependent variables Explanatory F DF Pvalue  Partial eta
variables squared
Multivariate All 8 scores Psoriasis 27.64  6/126 <0.001 0.568
Age 1.20  6/126 0.309 0.054
Sex 0.39  6/126 0.887 0.018
BMI 0.73  6/126 0.624  0.034
Between-subject effect M1 Psoriasis 1749  1/131  <0.001 0.118
Thl Psoriasis 5420 1/131  <0.001 0.293
Th17 Psoriasis 12.65 1/131 0.001  0.088
IRS Psoriasis 4094 1/131  <0.001  0.238
Th2+ Treg Psoriasis 39.79 17131  <0.001 0.233
Anti-inflamatory Psoriasis 3.08 1/131 0.082 0.023
IRS/Th2 + Treg Psoriasis 0.01 1/131 0.924  0.000
IRS/Anti-inflamatory ~ Psoriasis 1456 1/131  <0.001  0.100

BMI Body mass index, M1 macrophage type 1, Th lymphocyte T helper, /RS immune-inflammatory
response system, Treg regulatory T cells

M1: computed as z interleukin-1 (zIL-1) +zIL-6 + ZTNF-a

Thl: zIL-2 +zIL-12 + zINF-y
Th17: computed as zIL-6+1L-17

IRS: computed as z(sum of all cytokines in M1+ Th1 +2zTh17 profiles)
Th2 + Treg: computed as zIL-4 + zIL-10+ zZTGF-f

Anti-inflammatory computed as: zIL-4 4 zIL-10+zZTGF-f 4 zAdiponectin

IRS/Th2 + Treg: zIRS - z(zIL-4 +zIL-10+zTGF-p)

IRS/Anti-inflammatory: zIRS - z(zIL-4 4 zIL-10 4 zTGF-f + zAdiponectin)

namely IRS index, Th2 + Treg (both positively associated)
and adiponectin (negatively associated).

Although the cytokines yielded a 100% correct prediction
we have also performed a Neural Network analysis in order
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to examine the most significant features of psoriasis. Psoria-
sis and control groups were the output variables, while all 11
cytokines were the input variables. Automatic architecture
training of the network delineated the best model using 2
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Table 5 Model-generated estimated marginal mean values of mac-
rophagic M1, T helper (Th)1, Th17, Th2+T regulatory (Treg), anti-
inflammatory profiles and their ratios in patients with psoriasis and

controls

Variables Controls Psoriasis

M1 —0.375 (0.125) +0.384 (0.115)
Thl —0.582 (0.111) +0.606 (0.102)
Th17 —0.325 (0.131) +0.354 (0.121)
IRS —0.523 (0.115) +0.547 (0.106)
Th2 +Treg —0.542 (0.115) +0.512 (0.106)

Anti-inflammatory

IRS/Th2 + Treg

—0.331(0.247)
+0.00 (0.141)

+0.300 (0.227)
+0.021 (0.130)

IRS/Anti-inflamatory —0.334 (0.130) +0.389 (0.120)

M1 Macrophage type 1, Th lymphocyte T helper, /RS immune-
inflammatory response system, Treg regulatory T cells

M1: computed as z interleukin-1 (zIL-1)+zIL-6 + zZTNF-a
Thl: zIL-2 +zIL-12 + zZINF-y
Th17: computed as zIL-6+1L-17

IRS: computed as z(sum of all cytokines in M1+Th1+2zTh17 pro-
files)

Th2+Treg: computed as zIL-4 4+ zIL-10+zZTGF-f

Anti-inflammatory computed as: zIL-4+zIL-10+zTGF-p+zAdi-
ponectin

IRS/Th2 + Treg: zIRS —z(zIL-4 +zIL-10 + zTGF-f)

IRS/anti-inflammatory: zIRS —z(zIL-4 + zIL-10 4 zTGF-p + zAdi-

ponectin)

hidden layers. Hidden layer 1 contained 4 units and hidden
layer 2 contained 3 units, and hyperbolic tangent was the
activation function for the hidden layer, whereas identity
was the activation function for the output layer. The sum
of squares was used as the error function. The latter was
lower in the testing set (0.238) as compared with the train-
ing set (0.533). The per cent incorrect predictions were 0%
in the training, testing and holdout samples. Figure 3 shows
the importance chart with the importance and normalized
importance of the 11 cytokines for psoriasis and controls.
This figure shows that adiponectin is by far the dominant
variable, followed at a distance by IL-10, IL-12 and IL-17.

Discussion

The major finding of the present study is that there was a
highly significant association between psoriasis and cytokine
levels explaining 82.9% of their variance, with a particu-
larly strong impact on IL-2 (46.3%), IL-12 (45.1%), IL-10
(53.2%), and adiponectin (40.1%). Of the 11 cytokines eval-
uated, TGF-f and adiponectin were significantly lower in
psoriasis than in controls, while all other cytokines (except
IFN-y) were significantly higher in psoriasis than in con-
trols. Our data demonstrated that lowered adiponectin is the

most dominant feature of psoriasis followed at a distance by
IL-10, IL-12 and IL-17. In addition, we propose a laboratory
biomarker model to predict psoriasis with 97.1% sensitivity
and 94% specificity.

Macrophages type 1 (M1) are characterized by the pro-
duction of pro-inflammatory cytokines as IL-1, IL-6 and
TNF-a [21]. In the present study, serum levels of IL-1,
TNF-a and IL-6 in patients with psoriasis were significantly
higher when compared with healthy controls. Our data are
in agreement with the previous studies, which demonstrated
increased TNF-a and IL-6 levels [14, 22]. No other studies
reported on increased IL-1f serum levels in patients as com-
pared to controls. However, Skendros et al. (2017) found that
IL-1p inhibition therapy reduced the activity of the disease,
suggesting that IL-1p may play a role in generalized pustu-
lar psoriasis [23]. Hence, our outcome confirms the robust
impact of Th1 and Th17 profile cytokines in the pathophysi-
ology of psoriasis.

In the present study, IL-12 and IL-2, both Th1 cytokines,
were increased in psoriasis patients. Macrophages and den-
dritic cells produce IL-12, which stimulates T effector cell
differentiation into a pro-inflammatory Th1 response. Once
activated, Th1 cells secrete cytokines which play a role in
psoriasis pathophysiology, such as IFN-y, TNF-«a and IL-2
[24]. IL-12 not only promotes a pro-inflammatory response
but also aggravates psoriatic lesions [25]. Our data are in
agreement with a previous study showing that IL-12 levels
are increased in patients with psoriasis [26]. In contrast, the
data on IL-2 are controversial. Th1 cells produce and secrete
IL-2 under the influence of IL-12. The major function of
IL-2 is induction of the Thl phenotype thereby producing
IFN-y, TNF-a and other pro-inflammatory cytokines, and
activating Natural Killers (NK) cells [27]. Increased levels
of IL-2 in peripheral blood of patients with psoriasis were
reported before [28, 29], although Takahashi et al. (2010)
showed no significant differences in the levels of IL-2
between psoriasis patients and healthy controls in a Japa-
nese population. Genetic differences in study populations
can explain, in part, the controversial data between our study
and Takahashi’s [25].

The pathophysiological role of Th1 and Th17 phenotypes
in psoriasis has been described previously [1]. The differen-
tiation of Th17 cells is mediated by IL- 6 in an environment
containing IL-23. Th17 is a pro-inflammatory phenotype
that produces mainly IL-17 and stimulates the proliferation
of keratinocytes and may worsen psoriatic lesions [30]. Our
study demonstrated that IL-17 levels are higher in patients
than in healthy controls, corroborating the results of previ-
ous studies [25, 31, 32]. Nevertheless, Nakajima et al. (2013)
and Yilmaz et al. (2012) did not find significant differences
in the levels of IL-17 between patients and controls [33,
34]. These contradictory results may be explained, in part,
by differences in cytokine assays, namely ELISA test versus
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Fig.2 Eight z unit weighted composite scores based on cytokine
assays in patients with psoriasis and healthy controls (HC). M1:
index of macrophage 1 function, computed as z interleukin-1 (zIL-
1)+zIL-64+zTNF-a; Thl: index of T helper cell function, com-
puted as zIL-2+zIL-12+ zINF-y; Th17: index of Th17 cell function,
computed as zIL-6+4zIL-17; IRS: index of the immune-inflamma-
tory Response System, computed as z(sum of all cytokines in the
M1 +Thl+2zThl17 profiles); Th2 +Treg: index of Th2 and Tregula-
tory functions, computed as zIL-4 4 zIL-10+zTGF-f. Antiinflamma-
tory: index of anti-inflammatory activities, computed as zIL-4 +zIL-

Table 6 Binary logistic regression analyses with psoriasis as the
dependent variable (and controls as the reference group) and the com-
posite scores and adiponectin as input variables

Explanatory variables Wald df P OR 95% C1

IRS 832 1 0.004 1.68 1.68-15.20
Th2 +Treg 553 1 0.019 1.27 1.28-14.44
Adiponectin 2266 1 <0.001 0.002 0.002-0.072

IRS Immune-inflammatory response system, 7/ lymphocyte T helper,
Treg regulatory T cells

IRS: computed as z(sum of all cytokines in M1+ Thl+2zThl7 pro-
files)

M1: computed as z interleukin-1 (zIL-1) +zIL-6 + zZTNF-a
Thl: zIL-2 +zIL-12 + zZINF-y

Th17: computed as zIL-6+1L-17

Th2 4+ Treg: computed as zIL-4 4+ zIL-10+zZTGF-f

Predicted psoriasis with a 97.1% sensitivity and 94.0% specificity
(*=142.34, df=3, p <0.001, Nagelkerke =0.862)

the more sensitive Luminex technique used in the present
study [35].

To interpret the cytokine profiles in psoriasis we have
computed specific cytokine indices as explained before.

@ Springer

10+ zTGF- + zAdiponectin;  IRS/Th2+Treg: ratio of IRS/
Th2+Treg, computed as z(sum of all z scores of M1+Th1l+Th17
cytokines) — z(zIL-4+zIL-10+2zTGF-); IRS/Antiinflammatory:
computed as zIRS — z(zIL-4+zIL-10+ zTGF-f +zAdiponectin);
IL, Interleukin; TNF-a, Tumour Necrosis Factor-alpha; IFN-y, Inter-
feron-gamma; TGF-f, Transforming Growth Factor-beta. All indices
are significantly different between psoriasis patients and controls
(p<0.05), except the antiinflammatory and IRS/Th2+ Treg indices
(see Table 4 for exact p-values and effect sizes)

First, the cytokines values were transformed or standard-
ized into z scores, which allows comparison of variables
with different units or scales [20]. Second, z unit weighted
composite scores were computed based on immune phe-
notype patterns including macrophage type 1 (M1), Thl
and Th17 phenotypes. This procedure revealed that the
Thl (IL-2, IL-12, IFN-y), M1 (IL-1, IL-6, TNF-a) and
Th17 (IL-6, IL-17) phenotypes are all strongly activated
and interconnected in psoriasis. These data extent previous
knowledge indicating a prominent role of the Th1 [36] and
Th17 profiles and the maintenance of the inflammatory
response by M1 macrophagic cytokines including IL-1p,
IL-6 and TNF-a [1, 14, 22].

A major finding of the current study is that the anti-
inflammatory profile (comprising IL-4, IL-10, TGF-p,
and adiponectin) is significantly elevated in psoriasis and
even significantly associated with the pro-inflammatory
responses, including M1, Thl and Thl17, and that the
inflammatory/anti-inflammatory index is significantly
increased in psoriasis. The latter may be attributed to a
relative deficiency in the anti-inflammatory profile, which
in turn may be explained by lowered levels of TGF-p and
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adiponectin, but not IL-4 and IL-10, in psoriasis as com-
pared with healthy controls.

The increased levels of IL-4 and IL-10 may be
explained by a compensatory effect to control the primary
immune-inflammatory process as part of the compensa-
tory immune- regulatory reflex system. Importantly, the
regulatory cytokine IL-4 attenuates the immune— inflam-
matory response and may even aggravate psoriatic lesions
[5]. IL-10 is another negative immuno-regulatory cytokine
[37], which may play a key role in psoriasis. For example,
Asadullah et al. (1998) proposed that IL-10 may attenuate
T effector cell activation by suppressing antigen- present-
ing cells and that IL-10 may have antipsoriatic activity
since its secretion is able to change the inflammatory pat-
tern of psoriasis [38]. This hypothesis is in agreement with
other results relating diminished levels of IL-10 with the
severity of psoriasis [25, 39] or that IL-10 is decreased in
patients with an increased PASI [5], whilst patients with
low PASI have higher IL-10 levels [40].

The results on TGF-f in psoriasis are controversial.
TGF-p is a growth factor necessary for the differentia-
tion of Treg cells and, consequently, for the regulation
of the immune response [41]. Our data are in agreement
with a previous study that demonstrated lowered levels
of TGF- in patients with psoriasis [42]. However, other
studies found no significant changes [43, 44]. TGF-p may
be important in the pathogenesis of psoriasis since this
cytokine is able to regulate the proliferation of keratino-
cytes and therefore may improve psoriasis [45]. By
inference, the lowered TGF-f levels observed here may
negatively affect the outcome of psoriasis. In addition,
reduced levels of TGF-f may reflect lower regulation of

the immune response, which contributes to the mainte-
nance of the inflammatory state.

Previous studies showed that the secretion of adiponec-
tin is inversely related to serum levels of pro-inflammatory
cytokines including TNF-o and IL-6 [46, 47]. The decreased
levels of adiponectin are often related to the development of
obesity and MetS [48, 49]. Importantly, our data show that
the most important marker in psoriasis is lowered adiponec-
tin levels, independently of obesity or MetS. These results
extend those of previous studies showing lower adiponectin
levels in patients than in controls, independently of obesity
and cardiometabolic risk factors [50]. Nevertheless, a meta-
analysis did not find a significant difference in adiponectin
levels between patients with psoriasis and controls [15].
These differences may be due to distinct study designs, dif-
ferences in methodology used to measure adiponectin or the
presence of confounding variables, such as genetic hetero-
geneity of individuals.

The main limitation is that this is a cross-sectional study,
which does not allow make inferences on causal relation-
ships. A second limitation is that the study sample included
here shows a rather low disease activity as indicated by PASI
values and, therefore, our findings may not be applicable to
patients with more active disease. Further studies should be
carried out in psoriasis patients with higher PASI scores in
order to validate the cytokine profiles when the disease is
more aggressive. A third limitation, we included patients
with psoriatic arthritis (n =10) and guttate psoriasis (n=3)
that had more pronounced immune profiles than plaque-type
psoriasis (n=56). However, we performed some analyses
and inspected diagrams and did not see any differences, but
the number was too low to analyze the data statistically.
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However, the present study also has strengths. To our knowl-
edge, this is the first study to evaluate cytokine in patients
with psoriasis using new z unit weighted composite scores
reflecting cytokine profiles. Moreover, cytokines levels
were evaluated with a Luminex® platform, a more sensitive
technology than ELISA. Another strength is that this study
combines a multivariate statistical approach, which allows
controlling for many possible confounding variables includ-
ing sex, age, MetS and BMI.

In conclusion, increased M1, Th1, Th2 and Th17 profiles
together with lowered TGF-f and adiponectin production
were strongly associated with psoriasis. We propose a model
based on higher IRS and Th2 4+ Treg values coupled with low
adiponectin values as a criterion to externally validate the
diagnosis of psoriasis. The key feature of psoriasis is low-
ered adiponectin, which may play a role in the modulation of
the chronic inflammatory response in psoriasis. Therefore,
adiponectin could be a new drug target to treat psoriasis.
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