
Arch Iran Med. September 2021;24(9):689-695

Original Article

Serum Expression of IL-33 and ST2 in Patients with 
Psoriasis Vulgaris
Yonghua Dong, BSc1; Hua Hu, MSc1; Dandan Fu, MSc1; Shuting Zheng, BSc1; Qingqing Wang, BSc1; Keshav K C, BSc1; Xiangfeng 
Song, MD2; Zhongwei Tian, MD1* 

1Department of Dermatology, The First Affiliated Hospital of Xinxiang Medical University, Henan, Xinxiang 453000, China
2Department of Immunology, Xinxiang Medical University, Henan, Xinxiang 453000, China

Received: March 27, 2020, Accepted: October 12, 2020, ePublished: September 1, 2021

Abstract
Background: Psoriasis vulgaris (PsV) is an immune-mediated skin disease of unknown mechanism. Interleukin 33 (IL-33) is a 
member of IL-1 cytokine family and suppression of tumorigenicity 2 (ST2) is the specific ligand of IL-33. It has been found that IL-
33 and ST2 are increased in psoriatic lesions, but the expression levels in serum and their relationship to clinical features are still 
unclear. The aim of this study is to assess IL-33, ST2, IL-17 and IL-5 serum levels as well as serum concentration of blood glucose 
and blood lipids in PsV patients and their relationship with clinical characteristics. 
Methods: Sixty-eight PsV samples and 60 healthy individuals were recruited. Serum levels of IL-33, ST2, IL-17 and IL-5 were 
measured by enzyme-linked immunosorbent assay and blood glucose and blood lipid were assayed by automatic biochemical 
analyzer. 
Results: Serum levels of IL-33, ST2, IL-17 and IL-5 were increased significantly in PsV patients compared with controls (P < 0.01). 
Cytokines were overexpressed in PsV patients during active stages compared with controls (P < 0.05). Expression levels of IL-33, 
ST2 and IL-17 confirmed a significance in different severity groups of PsV patients (P < 0.05). Serum concentration of triglyceride 
(TG) was also increased compared with controls (P = 0.024). IL-33 levels were positively correlated with total cholesterol (TC) 
levels (r = 0.319, P = 0.008).
Conclusion: IL-33/ST2 could generally reflect the activity and disease severity in PsV patients, which indicates that the IL-33/ST2 
signaling pathway plays an important role in the pathogenesis of PsV.
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Introduction
Psoriasis Vulgaris (PsV) is a kind of chronic inflammatory 
and immune-mediated skin disease which causes great 
psychological pressure and economic burden for the 
patients.1 Its prevalence is about 2%-3% worldwide.2 

PsV is not only a simple skin disease, but compared 
with healthy people, the patients are also more likely to 
develop other systemic disease conditions like psoriatic 
arthritis, metabolic syndrome, non-alcoholic fatty liver 
disease, Crohn’s disease, cardiovascular disease, anxiety 
and depression.3 The typical clinical manifestations of 
PsV are erythema, scaling and infiltration on the skin. 
Although the exact pathological mechanism of psoriasis is 
still unclear, it is considered to be related to autoimmune, 
hereditary, infectious and environmental factors.4 A study 
including 78 626 women demonstrated that overweight 
and adiposity are also dangerous factors for the course of 
psoriasis.5 The main pathological mechanism of psoriasis 
is the overproliferation and dysfunctional differentiation 
of keratinocytes and acanthosis. There is a large number 
of inflammatory cells in psoriasis lesions, including T 
cells, neutrophils, dendritic cells and macrophages.4 Some 

evidence suggests that many cytokines and chemokines 
are involved in the pathomechanism of psoriasis, such 
as interleukin-17 (IL-17), IL-5, interferon alpha (IFN-α), 
tumor necrosis factor alpha (TNF-α), IL-23, IL-12, CXCL9 
and CXCL11. Among them, IL-17, IL-23 and TNF-α 
are considered to be the key cytokines in the process of 
occurrence and development of psoriasis.6 

IL-33, a new member of the IL-1 cytokine family, 
can be expressed in a variety of organs and cells in the 
human body, such as the skin, epithelial cells, endothelial 
cells, fibroblasts, macrophages, dendritic cells, smooth 
muscle cells, stomach, lung, central nervous system and 
lymph nodes.7 As an “alarm”, IL-33 can be released from 
injured and stressed cells to send out warning of cellular 
necrosis or tissue damage to the innate and adaptive 
immune systems.8 Suppression of tumorigenicity 2 (ST2) 
is the receptor of IL-33, which is encoded by the IL1RL1 
gene. ST2 is identified in 3 splicing variants in human: a 
transmembrane receptor (ST2L), a released soluble form 
(sST2) and a variant of ST2 (ST2V). The sST2 can act as 
a decoy receptor and has anti-inflammatory properties.9 
The combination of IL-33 and ST2 can promote the release 
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of many cytokines and chemokines so as to participate 
in the pathological process of various diseases including 
psoriasis, atopic dermatitis, vitiligo and lung diseases.10 

Previously, we showed that IL-33/ST2 were increased in 
the skin of psoriasis-like mouse models, which aggravated 
disease severity in mice.11 There is less data on the clinical 
correlation with serum IL-33/ST2 levels in PsV patients to 
date; therefore, our study aimed to analyze serum IL-33, 
ST2, IL-17 and IL-5 levels as well as serum concentrations 
of blood glucose (Glu), blood lipids like total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein (HDL), 
and low-density lipoprotein (LDL) in PsV patients and 
the relationship with clinical characteristics in order to 
provide a new target for treatment of psoriasis.

Materials and Methods
Patients and Controls
Sixty-eight PsV patients [39 (57.4%) men and 29 
(42.7%) woman, age 29.34 ± 11.20 years, range 18-62] 
were selected from the Department of Dermatology 
and Venereal diseases in the First Affiliated Hospital of 
Xinxiang Medical University from September 2018 to 
April 2019. The diagnosis and stages of PsV were mainly 
based on the Clinical Dermatology by Bian Zhao [Active 

stage, 43 (63.2%) cases; Stationary stage, 11 (16.2%) cases; 
Retrograde, 14 (20.6%) cases]. The psoriasis area and 
severity index (PASI) score was calculated according to 
different location of lesions (including head, upper limb, 
trunk and lower limb) and extent of erythema, scaling and 
infiltration on the skin. The PsV group was divided into 
three subgroups according to the PASI score: mild [PASI 
score < 3, 27 (39.7%) cases], moderate (PASI score 3-10, 
33 (48.5%) cases) and severe (PASI score ≥ 10, 8 (11.8%) 
cases). In addition, family history and recent infection 
history were also recorded (Table 1). Another 60 healthy 
people [37 (61.7%) men and 23 (38.3%) woman, age 
31.82 ± 12.63 years, range 18-62] without a family history 
of psoriasis and autoimmune diseases were recruited as 
normal controls. No statistically significance was observed 
for age (t = 1.47, P = 0.228) or gender distribution (c2 = 
0.246, P = 0.620) between the psoriasis and control groups 
(Table 1).

Sample and Measures
The sample size of psoriasis patients was calculated by 
parameters including typeⅠerror at 5%, power of test at 
90% and d = 5.21, minimal clinically relevant difference 
and variance at 3.97 according to the results of a study in 

Table 1. Baseline Demographics, Clinical Characteristics and Laboratory Data of Study Groups.

Variables PsV (n = 68) Controls (n = 60) Total Number (n = 128) c2 & U/T Value P value

Gender (n [%])

Male 39 [57.4%] 37 [61.7%] 76 [59.4%]
0.246 0.620

Female 29 [42.7%] 23 [38.3%] 52 [40.6%]

Age (y) (Mean ± SD) 29.34 ± 11.20 31.82±12.63 30.50 ± 11.91 1.470 0.228

Family history (n [%])

Yes 17 [25.0%] 0 [0%] 17 [13.3%]
17.297 < 0.001

No 51 [75.0%] 60 [100%] 111 [86.7%]

Infection history (n [%])

Yes 28 [41.2%] 0 [0%] 28 [21.9%]
31.624 < 0.001

No 40 [58.8%] 60 [100%] 100 [78.1%]

Stages (n [%])

Active 43 [63.2%] 0 [0%] —

— —Stationary 11 [16.2%] 0 [0%] —

Retrograde 14 [20.6%] 0 [0%] —

PASI score (n [%])

Gently (0–3) 27 [39.7%] 0 [0%] —

— —Middle (3–10) 33 [48.5%] 0 [0%] —

Severe (≥10) 8 [11.8%] 0 [0%] —

Biochemical indicators 
(Mean ± SD)

Glu (mmol/L) 5.62 ± 1.50 5.35 ± 0.61 5.49 ± 1.17 0.616 0.538

TC (mmol/L) 4.06 ± 0.76 3.91 ± 0.70 3.99 ± 0.74 0.838 0.402

TG (mmol/L) 1.31 ± 0.49 1.18 ± 0.65 1.25 ± 0.57 2.257  0.034

HDL (mmol/L) 1.33 ± 0.24 1.37 ± 0.27 1.35 ± 0.25 0.418 0.608

LDL (mmol/L) 2.17 ± 0.57 2.05 ± 0.56 2.11 ± 0.56 1.032 0.302

PsV, psoriasis vulgaris; PASI, psoriasis area and severity index; Glu, glucose; TC, total cholesterol; TG, triglyceride; HDL, high density 
lipoprotein; LDL, low density lipoprotein; SD, standard deviation.
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China.12 In addition, assuming 10% attrition, the sample 
size was determined to be 68 psoriasis patients and 60 
healthy individuals in the study after strict inclusion and 
exclusion criteria. 

Samples of peripheral venous blood from PsV patients 
and control group were collected in the morning and then 
incubated for 15-30 minutes at room temperature. Blood 
serum was isolated by centrifugation for 5 minutes at 4000r/
min, and frozen at -80℃ until further analysis. Serum 
levels of IL-33, ST2, IL-17 and IL-5 were measured by 
enzyme-linked immunosorbent assay (ELISA) (Shanghai 
Enzyme-linked Biotechnology Co, Ltd, Shanghai, China) 
according to manufacturer’s direction. The blood glucose 
and blood lipids were detected by Beckman automatic 
biochemical analyzer in the First Affiliated Hospital of 
Xinxiang Medical University.

Statistical Analysis
Statistical analysis of the data was performed using the 
Statistical Package for Social Sciences (SPSS) software, 
version 22.0. Continuous variables were expressed as 
mean ± standard deviation (SD). Categorical variables 
were by described through frequency and percentage. 
Classified  variables were analyzed by chi-square test, 
and the large expected cell counts of chi-square test were 
also checked. Normality was evaluated using skewness, 
kurtosis, and normal Q-Q plots and Kolmogorov-Smirnov 
test with a P value < 0.05 indicating a non-normally 

distributed population. If the data satisfied normal 
distribution and homogeneity of variance, Student’s t 
test and ANOVA were used to analyze different groups; 
otherwise, Mann-Whitney U test and Kruskal-Wallis 
H test were used. Spearman correlation test was used to 
analyze the relationship between the cytokine levels and 
blood glucose and blood lipids. A value of P ≤ 0.05 was 
considered statistically significant.

Results
Serum IL-33, ST2 IL-17 and IL5 Levels in PsV Patients 
and Controls
The serum levels of IL-33 (31.72 ± 28.36 versus 19.99 ± 
10.56 pg/mL, P < 0.001), ST2 (174.03 ± 107.82 versus 
121.24 ± 48.57 pg/mL, P = 0.024), IL-17 (72.40 ± 48.53 
versus 48.84 ± 21.60 pg/mL, P = 0.001), and IL-5 (19.94 ± 
8.26 versus 15.26 ± 5.81 pg/mL, P < 0.001) were increased 
in PsV patients compared with controls (Figure 1).

Serum IL-33, ST2, IL-17 and IL-5 Levels in Different 
Severities of PsV Patients
Levels of IL-33 (57.68 ± 52.17 versus 22.39 ± 7.54 pg/
mL, P = 0.011) and IL-17 (130.27 ± 97.83 versus 55.55 ± 
27.22 pg/mL, P = 0.033) were increased significantly in 
the severe group compared with those in the mild group; 
ST2 level (194.82 ± 106.88 versus 130.78 ± 75.48 pg/mL, 
P = 0.032) in the moderate group was higher differently 
than the mild group. There was no significant difference 

Figure 1. Serum IL-33, ST2, IL-17 and IL-5 Levels in PsV Patients and Controls. The Mann-Whitney test was used in the comparisons. 
*P < 0.05; **P < 0.01; ***P < 0.001.
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between other groups (Figure 2). 

Serum IL-33, ST2, IL-17 and IL-5 Levels in Different 
Stages of PsV Patients 
Serum levels of IL-33 (36.99 ± 34.07 versus 19.99 ± 10.56 
pg/mL, P < 0.001), ST2 (193.01 ± 111.28 versus 121.24 ± 
48.57 pg/mL, P = 0.009), IL-17 (83.98 ± 55.54 versus 48.84 
± 21.60 pg/mL, P < 0.001) and IL-5 (21.85 ± 9.23 versus 
15.26 ± 5.81 pg/mL, P < 0.001) in active PsV patients were 
significantly higher than controls. However, only IL-17 
(83.98 ± 55.54 versus 47.22 ± 21.59 pg/mL, P = 0.022) and 
ST2 (193.01 ± 111.28 versus 113.95 ± 81.96 pg/mL, P = 

0.009) serum levels in the active stage were significantly 
increased compared with those in the retrograde stage 
in PsV patients. No significant difference was observed 
between other groups (Figure 3). 

Serum Glu, TC, TG, HDL and LDL Concentrations in 
PsV Patients 
Serum concentration of TG was increased significantly 
in PsV patients (P = 0.024). No significant difference 
was observed for Glu, TC, HDL and LDL between PsV 
patients and controls (Table 1).

Correlations of IL-33, ST2, IL-17 and IL-5 Serum Levels 
with Glu, TC, TG, HDL and LDL in PsV Patients 
Serum levels of IL-33 showed a significant correlation 
with serum TC concentrations (r = 0.319, P = 0.008). 
However, there was no significant correlation in other 
groups (Figure 4).

Discussion
Psoriasis vulgaris is considered to be a mixed Th17/
Th1 disease with strong IFN-γ and IL-17 signatures. IL-
17 induces the proliferation of keratinocytes. It can also 
promote the production of CXCL1, CXCL2, CXCL8 and 
IL-36 in keratinocytes. These factors stimulate neutrophil 
migration to the epidermis, thus playing a crucial role in 

Figure 2. Serum IL-33, ST2, IL-17 and IL-5 Levels in Different 
Severities of PsV Patients. The Kruskal-Wallis H test was used in 
comparisons. *P < 0.05.

Figure 3. Serum IL-33, ST2, IL-17 and IL-5 Levels in PsV Patients for Different Stages and Controls. The Kruskal-Wallis H test was 
used in comparisons. *P < 0.05; **P < 0.01; ***P < 0.001; ns means no significant difference.
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the development of psoriasis.13 Th17 and Th1 cells are also 
present in the skin tissue affected by psoriasis. Kagam et al 
used single-color flow analysis and found that circulating 
IL-17 was increased in psoriasis patients.14 In our study, 
serum levels of IL-17 were significantly higher in PsV 
patients than controls, which is also in agreement with the 
results of Caproni et al.15 IL-17 inhibitors are used to treat 
psoriasis and improve the condition of PsV patients, and 
their tolerability, safety and efficacy have been shown for 
the treatment of psoriasis.16

IL-5 is produced mainly by CD4+ Th2 cells, eosinophils, 
mast cells and basophils. Recombinant human IL-5 has 
the ability to activate eosinophils induced reactive oxygen 
species and kill antibody-coated target cells.17,18 Solberg 
et al analyzed the changes in serum IL-5 levels after 16 
weeks of treatment with biological agents and found that 
IL-5 expressions were increased at follow-up but only 
a few patients contributed to this increase. At the same 
time, there was a moderate correlation between IL-5 and 
the percentage change of PASI, which indicated that IL-5 
contributed to the pathological mechanism of psoriasis.6 
Our data suggested that IL-5 serum levels increased in 
the PsV patients, and its concentration in the active stage 
was higher compared to controls and different PsV stages. 
However, we did not find different expressions of serum 
IL-5 in mild, moderate and severe groups of PsV patients, 
which indicates that there is no association between IL-5 
and the severity of psoriasis. This is contrary to the study 
by Solberg et al, which may be due to the small sample size 
in the severe group.

IL-33 was firstly identified in 2005 by Jochen Schimitz.19 
IL-33 can enhance the effect of peptide substance P on 
release of vascular endothelial growth factor from mast 
cells, and increase vascular permeability and promote 
inflammatory response. The interaction between IL-33 
and ST2 may play an important role in inflammatory 
diseases with excessive vascular hyperplasia, such as 
psoriasis.20 Balato et al found that IL-33 was significantly 
increased in psoriasis lesions and non-skin lesions. 
Immunogold staining showed that IL-33 was expressed 
in the nucleus and cytoplasm of keratinocytes, as well 
as at the junction of keratinocytes, indicating that 

keratinocytes can secrete IL-33 in psoriasis. However, the 
circulating levels of IL-33 was not detected in psoriasis.21 
A previous study has shown that IL-33 increased in the 
serum of patients with psoriasis, especially in psoriatic 
arthritis, but no correlation was observed between serum 
IL-33 levels and PASI.22 Subsequently, although Sehat et 
al found a significant correlation between serum levels 
of IL-33 and disease severity, there was no significant 
difference in IL-33 levels between patients with psoriasis 
and control group.23 Our data showed that IL-33 levels 
were significantly higher in PsV patients than controls and 
related to the activity and severity of PsV, which confirms 
that IL-33 contributes to the pathological mechanisms of 
PsV during the active stage. A previous study showed that 
IL-33 can inhibit the autophagy-associated proteins by 
promoting the phosphorylation of STAT3 in psoriasis-like 
mouse models, so IL-33 may combine with ST2 to promote 
the production of inflammatory cells by activating the 
STAT3 in keratinocytes, thus affecting the severity of the 
disease during the active stage of psoriasis.11 Meanwhile, 
our results showed a positive correlation between serum 
levels of IL-33 and TC levels. Zeyda et al found that 
severe obesity was associated with elevated IL-33 and its 
receptor ST2 expression in endothelial cells of the adipose 
tissue in both humans and mice.24 Weight reduction can 
improve pre-existing psoriasis or psoriasis arthritis and 
prevent the onset of psoriasis in obese individuals.25 Our 
results suggested that IL-33 may increase the severity of 
psoriasis by promoting obesity, but the exact and complex 
interaction mechanism between IL-33, obesity and 
psoriasis is still unclear, and needs further study.

To our knowledge, ST2, the receptor of IL-33, can 
be expressed by some immune cells involved in type 2 
immune response, such as two groups of innate lymphoid 
cells, Th2 cells, mast cells, basophils eosinophils and 
dendritic cells.26 Hueber et al used phorbol ester to induce 
a mouse model and found that ST2-/- mice had a smaller 
epidermis than WT mice. ST2-/- mice also exhibited weak 
skin inflammatory response compared to WT mice.27 
We confirmed that ST2 serum levels were increased 
in PsV patients compared with controls and higher in 
the active stage than controls and the retrograde group. 
The result may demonstrate that ST2 is associated with 
activity of PsV and may be involved in the pathogenesis of 
psoriasis. Our study also showed that ST2 was expressed 
differently in mild, moderate and severe groups, with the 
highest content in the severe group, suggesting that ST2 
may contribute to the severity of PsV. A previous study 
has reported that ST2 levels was elevated in humans with 
obesity, and there was a positive association between ST2 
levels and different risk factors for developing diabetes 
after adjusting for age and sex, indicating that increased 
ST2 levels can promote diabetes.24,28 However, we did not 
find an association between ST2 expression and blood 
glucose and lipid, which may probably reflect the complex 
role of immune and metabolic factors in the pathogenesis 
of psoriasis where many mechanisms still need to be 

Figure 4. Correlation between Serum Levels of IL-33 and TC in PsV Patient.
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clarified.
The relationship between dyslipidemia and PsV is also 

unclear. Previous studies have shown that serum TG 
concentrations may be normal or increased whereas TC 
levels may be increased, normal or decreased in patients 
with psoriasis. The expression levels of HDL and LDL 
were also different. Pang et al found that serum levels 
of TC, LDL, HDL were higher in controls than those 
with psoriasis, but there was no significant difference in 
TG between the two groups.29 However, no significant 
difference was observed for Glu, TC, HDL and LDL levels 
between PsV patients and controls in our study. We found 
a significant difference between PsV and controls in terms 
of serum TG concentration. Metabolic syndrome includes 
hyperglycemia, obesity, elevated blood pressure and 
dyslipidemia, which are closely related to psoriasis. As the 
number of metabolic syndrome components increased, 
the risk of psoriasis was also increased.30 Increased serum 
TG concentration is more likely to be involved in the risk 
of PsV compared with Glu, TC and LDL. 

In conclusion, the strength of our study is the 
relationship between serum IL-33/ST2 levels in PsV and 
clinical features, demonstrating that IL-33/ST2 contribute 
to the pathological mechanism of psoriasis, and have 
a correlation with activity and severity of PsV. How IL-
33/ST2 affects the occurrence and development of PsV 
and whether we can improve the condition of PsV by 
controlling serum IL-33, ST2 and TG levels require further 
study. In this study, we did not adjust the confounding 
factors and this may have affected the results, which is a 
limitation of the study. In addition, we collected samples 
and information of PsV patients. We did not collect 
enough samples of patients with erythrodermic psoriasis, 
arthropathic psoriasis and pustular psoriasis, which may 
be another shortcoming of this study.
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