
O R I G I N A L  R E S E A R C H

Higher IL-9 Level is Associated with Psoriasis 
Vulgaris Complicated by Metabolic Syndrome
Liang Yan 1,2, Chongli Yu 1, Zhenkai Zhao1, Yuan Zhang1, Rui Wang1, Chengxin Li1

1Department of Dermatology, The First Medical Center, Chinese PLA General Hospital, Beijing, 100853, People’s Republic of China; 2Department of 
Dermatology, General Hospital of Central Theater Command of PLA, Wuhan, Hubei, 430070, People’s Republic of China

Correspondence: Chengxin Li; Rui Wang, Department of Dermatology, The First Medical Center, Chinese PLA General Hospital, Beijing, 100853, 
People’s Republic of China, Tel +86-01066939315; Tel +86-01066939314, Email chengxinderm@163.com; wr0699@163.com 

Purpose: The underlying pathophysiology linking psoriasis vulgaris (PV) and metabolic syndrome (MetS) is not fully understood. 
The present study aimed to investigate the serum level of interleukin (IL)-9 and tissue levels of IL-9 and its receptor in PV patients 
with MetS and analyze the correlation of IL-9 levels with psoriasis disease severity and MetS.
Methods: This study enrolled 75 PV patients with MetS, 57 PV patients without MetS, 20 healthy blood donors, and 7 healthy skin 
donors. Clinical, socio-demographic, and anthropometric data were obtained from all individuals. Fasting blood glucose, insulin, lipid 
profile levels, and serum levels of IL-9 and IL-17A were measured. The expression of IL-9 and its receptor in skin specimens in PV 
patients and healthy controls was determined using immunohistochemistry. Normal human epidermal keratinocytes were stimulated 
with five pro-inflammatory cytokines (tumor necrosis factor-α, oncostatin M, IL-22, IL-17A, and IL-1α) to establish a psoriatic 
keratinocyte model and subsequently treated with IL-9. Their mRNA levels of antimicrobial peptides and chemokines were measured 
using quantitative real-time polymerase chain reaction.
Results: Serum level of IL-9 and tissue levels of IL-9 and its receptor were upregulated in PV patients with MetS. IL-9 level was 
positively correlated to IL-17A level; however, no significant correlation of IL-9 level with psoriasis area severity index was observed. 
IL-9 level had a positive correlation with the presence of MetS and its components. Correspondingly, IL-9 level positively correlated 
with waist circumference, body mass index, homeostasis model assessment-insulin resistance, blood pressure, and triglyceride level 
and negatively correlated with high-density lipoprotein cholesterol level. Additionally, IL-9 stimulated the expression of antimicrobial 
peptides and chemokines in a psoriatic keratinocyte model.
Conclusion: Our findings confirmed that higher IL-9 level is associated with PV complicated by MetS, suggesting that IL-9 may be 
a link between PV and MetS.
Keywords: interleukin-9, interleukin-17A, psoriasis vulgaris, metabolic syndrome

Introduction
Psoriasis vulgaris (PV) is a prevalent chronic recurrent condition associated with systemic inflammation.1 The interleukin 
(IL)-23/Th17 pathway is a crucial element in its immunological pathogenesis,2 and IL-17A is a critical effector cytokine 
in this pathway.3 Metabolic syndrome (MetS) is a common and significant comorbidity in PV.4 It is a collection of 
metabolic factors that increase the risk of cardiovascular disease (CVD) and type 2 diabetes (T2D).5

MetS is more prevalent in psoriatic patients than in the general population.6,7 The worldwide prevalence of MetS in 
PV patients was estimated to be 29%.8 The risk of having MetS has a “dose-response” relationship with psoriasis disease 
severity.9 PV patients with MetS respond less well to treatment than those without MetS.10 Furthermore, MetS is related 
to an increased risk of incident psoriasis.11 These previous findings all demonstrate a close relationship between psoriasis 
and MetS. However, the underlying pathophysiology linking them remains unclear.

Previous studies have also demonstrated the potential role of IL-9 in psoriasis. IL-9 is reportedly involved in the Th17 
response and angiogenesis in psoriasis.12 A recent study showed that increased IL-9 level has a positive correlation with 
psoriasis disease severity in psoriatic patients.13 As a pleiotropic cytokine, IL-9 has been linked to MetS components. 
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The serum concentration of IL-9 is elevated in patients with obesity and T2D.14,15 Although these findings suggest that 
IL-9 is a potential cytokine involved in the association between PV and MetS, no previous study has investigated the 
relationship between IL-9 and psoriasis complicated by MetS to date.

Hence this study aimed to estimate the serum IL-9 level and tissue levels of IL-9 and IL-9 receptor (IL-9R) in PV 
patients with MetS, and to analyze the relationship between IL-9 and MetS and the severity of psoriasis.

Materials and Methods
Study Groups
This is a cross-sectional study conducted in the Chinese PLA General Hospital from January 2019 to October 2022. 
Seventy-five adult PV patients with MetS (PVMS), 57 adult PV patients without MetS (PVNMS), 20 healthy blood 
donors, and 7 healthy skin donors from the Department of Dermatology were consecutively recruited.

The guideline proposed by the Chinese Dermatology Society was used to diagnose PV. PV patients aged ≥ 18 years 
who fulfilled the diagnostic criteria for MetS or met none of the criteria were included. Patients with prior systemic 
treatments such as steroids, immunosuppressants, retinoids, and biologics during the past 3 months and those with other 
clinical varieties of psoriasis, secondary dyslipidemia, malignancy, hepatic insufficiency, kidney dysfunction, HIV 
infection, nervous and mental disorders, and pregnancy were excluded.

Based on preliminary experiment outcomes, the sample size was calculated using PASS software (Version 21.0; 
NCSS Statistical Software, Kaysville, UT, USA). Sample sizes of 55 and 7 were estimated to ensure at least 80% power 
to detect a difference between the two PV groups and between PV patients with MetS and healthy controls, respectively.

Data and Sample Collection
Relevant data from all individuals, including age, sex, tobacco and alcohol consumption, disease duration, prior 
treatment, and family history of psoriasis, were collected. Height, weight, waist circumference (WC), body mass index 
(BMI, kg/m2), and blood pressure were recorded. The psoriasis area severity index (PASI) was applied to evaluate PV 
severity. The PASI score was calculated based on erythema, infiltration, desquamation, and lesion area.16

After an overnight fast, venous blood samples were collected from each participant for tests of fasting blood glucose 
(FBG), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) levels. Fasting serum insulin level was also 
measured in PV patients, and the homeostasis model assessment-insulin resistance index (HOMA-IR) was calculated as 
HOMA-IR = fasting insulin (mU/L) × fasting glucose (mmol/L) / 22.5.17 Serum samples were isolated by centrifugation 
(1500 rpm, 15 min, 4°C) and kept at −80°C until analysis.

Sixty psoriatic skin tissue samples were collected from the PV patients who underwent skin biopsy for histopatho
logical examination.

Participants with BMI > 25.0 kg/m2 were considered overweight/obese. The study applied the criteria for MetS 
proposed by the Chinese Diabetes Society (CDS) in 2021.18 Notably, MetS was diagnosed if three of the following 
criteria were met:

1. Hypertension (blood pressure ≥ 140/90 mmHg and/or prior treatment for high blood pressure);
2. Hyperglycemia (FBG ≥ 6.1 mmol/L and/or 2-h postprandial blood glucose ≥ 7.8 mmol/L and/or receiving therapy 

for diabetes mellitus);
3. Low HDL-C level (fasting serum HDL-C < 1.04 mmol/L);
4. Hypertriglyceridemia (fasting serum triglyceride ≥ 1.7 mmol/L); and
5. Central obesity (WC ≥ 90 cm in males and ≥ 85 cm in females).

Enzyme-Linked Immunosorbent Assay (ELISA)
Serum IL-9 and IL-17A levels were tested utilizing ELISA Kits (Neobioscience Technology, Shenzhen, Guangdong, 
China).
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Immunohistochemistry (IHC)
All skin samples were 10% formalin-fixed, paraffin-embedded, and cut at 5 µm. After dewaxing and hydration, antigen retrieval 
was performed in Tris-ethylenediaminetetraacetic acid buffer (pH 9.0) in a pressure cooker. The slices were treated with a 3% 
H2O2 solution to block endogenous peroxidase activity and, subsequently, incubated with 5% goat serum (Proteintech, Wuhan, 
Hubei, China) for 1 h at 22°C. Subsequently, mouse IL-9 monoclonal antibody (1:400 dilution; Cat. no. 66144-1-Ig; Proteintech) 
and rabbit IL-9R polyclonal antibody (1: 200 dilution; Cat. no. PA5-86324; Invitrogen, Carlsbad, CA, USA) were applied 
overnight at 4°C. After incubation with an HRP-conjugated secondary antibody (Proteintech) at 22°C for 1 h, the tissue slides 
were stained with diaminobenzidine and photographed (Digital Slide Scanning System PRECICE 500B; UNIC Technologies, 
Inc., Suzhou, Jiangsu, China).

The results were quantitatively analyzed according to the extent and intensity of immunostaining by assessing the 
mean value of integrated optical density (IOD) with the support of image-pro plus software (version 16.0; Media 
Cybernetics, Inc., Rockville, MD, USA). Five areas of each tissue slide (400×) were randomly selected for IOD 
calculation, and calibration was done before calculation.

Cell Culture
Normal human epidermal keratinocytes (NHEKs; Cat. no. BNCC340593; BeNa Culture Collection, Beijing, China) were 
cultured in Dulbecco’s Modified Eagle Medium (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum 
(ExCell Bio, Suzhou, Jiangsu, China) and 1% penicillin/streptomycin at 37°C in a humidified chamber with 5% CO2. 
The psoriatic cell model was established by adding the M5 cocktail (tumor necrosis factor-α, oncostatin M, IL-22, IL- 
17A, and IL-1α; 10 ng/mL; PeproTech, Cranbury, NJ, USA) to the culture medium for 24 h.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from NHEKs using a FastPure Cell Total RNA Isolation Kit (Vazyme, Nanjing, Jiangsu, China). 
Following reverse transcription, qRT-PCR was performed on a Bio-Rad CFX96 real-time PCR machine using a Taq Pro 
Universal SYBR qPCR Master Mix Kit (Vazyme). Table 1 lists the primers used for qRT-PCR. Relative quantification of 
mRNA levels was measured using the 2–ΔΔCt formula based on the expression of internal reference (β-actin).

Table 1 Primer Sequences

Gene Primer Sequences (5’-3’)

S100A9 F: CCTTCCACCAATACTCTGTGAA
R: GGTCCTCCATGATGTGTTCTAT

S100A8 F: TATCATCGACGTCTACCACAAG

R: TCTGCACCCTTTTTCCTGATAT
S100A7 F: CAAATACACCAGACGTGATGAC

R: TAAGGAAGTTGGGGAAGTTCTC
CXCL8 F: AACTGAGAGTGATTGAGAGTGG

R: ATGAATTCTCAGCCCTCTTCAA

IL-1β F: GCCAGTGAAATGATGGCTTATT
R: AGGAGCACTTCATCTGTTTAGG

HBD-2 F: GCGATCCTGTTACCTGCCTTAAGAG

R: AGCATTTTGTTCCAGGGAGACCAC
β-actin F: GTCCACCGCAAATGCTTCTA

R: TGCTGTCACCTTCACCGTTC

Abbreviations: F, forward; R, reverse; S100A7, S100 calcium-binding protein 
A7; S100A8, S100 calcium-binding protein A8; S100A9, S100 calcium-binding 
protein A9; CXCL8, C-X-C motif chemokine ligand 8; IL-1β, interleukin one 
beta; HBD-2, human beta-defensin 2.
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Statistical Analysis
Continuous data are presented as mean ± SD or median (IQR) depending on the data distribution. The Shapiro–Wilk test 
was used for normality testing. Categorical variables are shown as the number (percentage) of patients. As appropriate, 
intergroup differences were calculated using the Student’s t-test, Mann–Whitney U-test, or Chi-square test. The correla
tion between serum IL-9 concentration and other parameters was analyzed using Spearman correlation analysis. Data 
were considered significant at P < 0.05, and all statistical analyses were conducted using IBM SPSS Statistics for 
Windows version 26.0 (IBM Corporation, Armonk, N.Y., USA).

Results
Table 2 presents the clinical, socio-demographic, anthropometric, and biochemical characteristics of all participants. The 
median (IQR) PASI scores in PV patients with and without MetS were 12.3 (6.0–20.1) and 8.0 (5.4–18.1), respectively. 
No significant differences were found in sex, disease duration, family history of psoriasis, and PASI score between the 
two PV groups. Individuals in the PVMS group were older than those in the other two groups (both P < 0.001). 
Additionally, a larger proportion of participants in the PVMS group had a history of smoking and alcohol consumption 
than the PVNMS (both P < 0.05) and healthy controls (both P > 0.05) groups. As expected, there were significant 
differences in all metabolic parameters between PV groups with and without MetS.

IL-9 Level Was Higher in PV Patients with MetS Than in Those without MetS
Serum IL-9 and IL-17A levels were significantly higher (both P < 0.05) in the PVMS group than in the PVNMS group 
(Figure 1A and B). In addition, a significantly higher serum IL-9 level (P < 0.001) was found in the PVNMS group in 
comparison with healthy controls (Figure 1A).

Table 2 Clinical, Sociodemographic, Anthropometric and Biochemical Characteristics of Psoriatic Vulgaris Patients and Controls

Controls (n=20) Psoriasis Vulgaris 
without MetS 

(n=57)

Psoriasis Vulgaris 
with MetS (n=75)

P1 P2 P3

Age (years), median (IQR) 30.0 (26.3–43.0) 29.0 (20.5–41.5) 45.0 (34.0–59.0) 0.549 <0.001 <0.001

Sex (male), n (%) 11 (55.00%) 36 (63.15%) 54 (72.00%) 0.52 0.146 0.280
History of smoking, n (%) 4 (20.00)% 12 (21.05%) 28 (37.33%) 0.920 0.145 0.044

History of alcohol consumption, n (%) 1 (5.00%) 4 (7.02%) 12 (16.00%) 0.753 0.365 0.010

Duration of disease (years), n (%) / / 0.145
≤10 / 40 (70.17%) 38 (50.67%)

11–20 / 11 (19.30%) 22 (29.33%)

21–30 / 4 (7.02%) 11 (14.67%)
>30 / 2 (3.51%) 4 (5.33%)

Family history of psoriasis / 9 (15.79%) 7 (9.33%) / / 0.260

PASI, median (IQR) / 8.0 (5.4–18.1) 12.3 (6.0–20.1) / / 0.290
Waist circumference (cm), mean ± SD 78.20±7.29 78.56±8.11 98.27±7.57 0.356 <0.001 <0.001

BMI (kg/m2), median (IQR) 21.66 (20.94–22.56) 21.60 (18.60–23.50) 27.80 (25.40–30.80) 0.335 <0.001 <0.001

FBG (mmol/L), median (IQR) 4.61 (4.20–5.00) 4.43 (4.15–4.77) 5.11 (4.83–6.20) 0.315 <0.001 <0.001
Insulin (pmol/L), median (IQR) / 6.64 (4.35–9.33) 11.59 (7.84–17.23) / / <0.001

HOMA-IR, median (IQR) / 1.32 (0.85–2.04) 2.54 (1.85–4.60) / / <0.001

SBP (mmHg), mean ± SD 112.35±12.53 117.84±14.48 139.88±15.25 0.114 <0.001 <0.001
DBP (mmHg), mean ± SD 71.20±8.15 74.26±8.54 85.84±9.37 0.162 <0.001 <0.001

Triglycerides (mmol/L), median (IQR) 0.93 (0.82–1.04) 0.90 (0.70–1.11) 2.11 (1.66–3.14) 0.621 <0.001 <0.001

HDL-C (mmol/L), median (IQR) 1.24 (1.17–1.39) 1.31 (1.18–1.52) 0.92 (0.77–1.04) 0.416 <0.001 <0.001

Notes: P1: psoriasis vulgaris without MetS vs control; P2: psoriasis vulgaris with MetS vs control; P3: psoriasis vulgaris without MetS vs psoriasis vulgaris with MetS. 
Abbreviations: MetS, metabolic syndrome; PASI, psoriasis area severity index; BMI, body mass index; FBG, fasting blood glucose; HOMA-IR, homeostasis model 
assessment-insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; IL, interleukin.
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Considering the differences in age, smoking status, and alcohol use between the two PV groups, the correlations of 
serum IL-9 level with these three factors were assessed, and the results showed no correlation between IL-9 and age, 
smoking history or history of alcohol consumption (Table 3).

We investigated whether IL-9 and IL-9R were upregulated in skin specimens of PV patients. As indicated in 
Figure 2A–D, IL-9 was mainly expressed in inflammatory and endothelial cells in the skin of PV patients with or 
without MetS, whereas IL-9 expression was rarely detected in normal skin. Notably, higher IL-9 expression was found in 
PV patients with MetS than in those without MetS.

Similarly, we found strong IL-9R expression in the skin of PV patients with MetS, whereas weak and absent 
expression was observed in the skin of PV patients without MetS and in normal skin (Figure 3A–D). In addition to 
inflammatory cells, IL-9R was expressed in keratinocytes in the two subgroups of PV (Figure 3B and C).

Figure 1 Serum interleukin (IL)-9 level of psoriasis vulgaris patients with metabolic syndrome (PVMS) (n = 75) compared with psoriasis vulgaris patients without metabolic 
syndrome (PVNMS) (n = 57) and healthy controls (n = 20). Data are expressed as the mean ± SD (A). Serum IL-17A level of PVMS (n = 75) compared with PVNMS (n = 57). 
Data are expressed as median with interquartile range (B). *P < 0.05, and ***P < 0.001.

Figure 2 Expression of interleukin (IL)-9 in psoriasis vulgaris and normal human skin. IL-9 staining rarely occurred in normal dermis ((A), n = 7), whereas scattered and 
strong expression was observed in inflammatory cells (red arrow) and vascular endothelial cells (black arrow) in the skin of psoriasis vulgaris patients without metabolic 
syndrome (PVNMS) ((B), n = 30) or psoriasis vulgaris patients with metabolic syndrome (PVMS) ((C), n = 30), respectively (Scale bar, 50 μm). The expression levels were 
quantitatively analyzed by Image-pro Plus (D). IOD, integrated optical density. Data are expressed as the mean ± SD. *P < 0.05, **P < 0.01.
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Serum IL-9 Level Positively Correlated with IL-17A Level and the Presence of MetS
Table 3 shows the correlations of serum IL-9 level with IL-17A level, clinical features and MetS components in PV patients. 
Although the IL-9 level did not correlate with PASI (r = 0.136, P = 0.284), it had a positive correlation with the IL-17A level 
(r = 0.414, P < 0.001). Moreover, the presence of MetS and its components, including central obesity, overweight/obesity, 
hyperglycemia, high blood pressure, and dyslipidemia, positively correlated with serum IL-9 level (Table 3).

Figure 3 Expression of interleukin-9 receptor (IL-9R) in psoriasis vulgaris and normal human skin. Representative images of immunohistochemistry staining are shown for 
absent, weak, and strong expression of IL-9R in keratinocytes and inflammatory cells of normal skin ((A), n = 7), the skin of psoriasis vulgaris patients without metabolic 
syndrome (PVNMS) ((B), n = 30) and the skin of psoriasis vulgaris patients with MetS (PVMS), respectively ((C), n = 30). The red arrow indicates the positive expression of 
IL-9R in the cytomembrane of keratinocytes (Scale bar, 50 μm). The expression levels were quantitatively analyzed by Image-pro Plus (D). IOD, integrated optical density. 
Data are expressed as the mean ± SD. **P < 0.01, ***P < 0.001.

Table 3 Spearman Correlation Coefficients Between 
Serum IL-9 Level and Serum IL-17A Level, Clinical 
Features and Metabolic Syndrome Components in 
Psoriasis Vulgaris Patients

IL-9 P

IL-17A 0.414 <0.001

PASI 0.136 0.284

Age 0.015 0.862

History of smoking −0.083 0.342

History of alcohol consumption −0.087 0.322

WC 0.362 <0.001

Central obesity 0.336 <0.001

BMI 0.301 0.002

Overweight/obesity 0.353 <0.001

FBG 0.194 0.038

Hyperglycemia 0.252 0.043

HOMA-IR 0.223 0.036

SBP 0.224 0.020

(Continued)
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IL-9 Stimulated Antimicrobial Peptides and Chemokines Expression in the Psoriatic 
Keratinocyte Model
IL-9 promotes the differentiation and amplification of Th17 cells19 and activates the Th17 pathway in psoriasis.12 Interestingly, 
we also observed IL-9R expression in psoriatic keratinocytes. Thus, we explored whether IL-9 directly affects the psoriatic cell 
model to further understand the role of IL-9 in the pathogenesis of psoriasis and the association between PV and MetS. Consistent 
with previous studies,20,21 M5 treatment increased gene expression of antimicrobial peptides and chemokines, including S100 
calcium-binding protein A7 (S100A7), S100 calcium-binding protein A8 (S100A8), S100 calcium-binding protein A9 
(S100A9), C-X-C motif chemokine ligand 8 (CXCL8), interleukin 1 beta (IL-1β), and human beta-defensin 2 (HBD-2) in 
NHEKs. Moreover, IL-9 amplified this response by further stimulating antimicrobial peptides and chemokines expression at the 
transcriptional level (Figure 4A–F).

Discussion
In the current study, serum level of IL-9 and tissue levels of IL-9 and IL-9R were elevated in the PVMS group in contrast 
with the PVNMS group, whereas those in the PVNMS group were higher than those in healthy controls. Our findings 
showed that IL-9 is associated with PV complicated by MetS, suggesting that IL-9 may be involved in pathogenic 
mechanisms linking psoriasis and MetS.

Although no other studies have directly investigated the relationship between IL-9 and psoriasis with MetS, some 
evidence suggests that IL-9 is linked to psoriasis and MetS components. Consistent with our results, previous studies 
have shown higher serum IL-9 level in PV patients than those in healthy individuals.13,22,23 Singh et al reported increased 
IL-9 and IL-9R expression in the skin lesions of psoriasis-like mice and human psoriatic skin in contrast to normal skin.12 

The upregulation of IL-9 and IL-9R expression has also been reported in leukocytic infiltrates and the synovium in 
psoriatic arthritis patients in comparison with osteoarthritis patients.24 In addition, rising serum IL-9 level and different 
IL-9 gene polymorphism have been described in T2D patients when contrasted with controls, highlighting the role of IL- 
9 in the pathogenesis of T2D.15,25,26 Moreover, increased IL-9 level has been reported in severely obese patients with 
T2D by comparison to those without T2D.27 There is also a significant difference in circulating IL-9 level between 
hypertensive patients and controls, and IL-9 knockdown improves vascular function and reduces blood pressure in an 
animal hypertension model.28 Zalm et al reported that obese patients (52% of whom met the diagnostic criteria for MetS) 
had higher serum IL-9 levels than that of healthy controls. However, few studies have focused on the relationship 
between IL-9 level and MetS. Although Pilatz et al performed an analysis on serum IL-9 level, the concentration of IL-9 
in all serum samples was zero, probably because of the accuracy of the testing methods.29

Table 3 (Continued). 

IL-9 P

DBP 0.321 0.001

High blood pressure 0.341 <0.001

Triglycerides 0.305 0.001

Hypertriglyceridaemia 0.346 <0.001

HDL-C −0.310 0.001

Low HDL-C 0.300 0.001

Metabolic syndrome 0.372 <0.001

Abbreviations: IL, interleukin; PASI, psoriasis area severity 
index; WC, waist circumference; BMI, body mass index; FBG, 
fasting blood glucose; HOMA-IR, homeostasis model assessment- 
insulin resistance; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HDL-C, high-density lipoprotein cholesterol.
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We further analyzed the correlation of IL-9 with IL-17A, PASI and MetS. IL-9 positively correlated with IL-17A; 
however, there was no significant correlation between IL-9 concentration and PASI. However, a recent report stated that 
IL-9 has a significant association with both PASI and IL-17.13 IL-9 potentiates the differentiation of CD4+ T cells into 
Th17 cells30 and IL-17A production in psoriasis.31 Anti-IL-17 antibody treatment decreases IL-9 level in K5.hTGF-b1 
transgenic mice.12 Altogether, these observations and our results together indicate a positive feedback loop between IL-9 
and IL-17A. Additionally, we found that IL-9 level positively correlated with the presence of MetS and its components. 
Correspondingly, IL-9 level had a positive correlation with WC, BMI, HOMA-IR, blood pressure, and triglyceride level, 
and negatively correlated with HDL-C level. In line with our results, Yang et al reported a positive correlation between 
IL-9 levels and blood pressure.28 Summarily, our results suggest that IL-9 may be one of the cytokines involved in 
systemic inflammation in the context of PV with MetS and may serve as a link between PV and MetS.

Previous investigations have provided clues regarding the underlying mechanism. IL-17/Th17 cells have been 
demonstrated to play a critical function in obesity, insulin resistance, and T2D,32,33 and the direct effects of IL-17A 
on reprogramming adipocytes, which promote MetS, have been identified.34 The interplay between IL-9 and the Th17 
pathway supports the possibility that IL-9 is involved in the pathogenesis of MetS and its components. Moreover, IL-9 
enhances the polarization and proliferation of M1 macrophages in vivo and in vitro.35 The significance of M1 

Figure 4 Interleukin (IL)-9 promoted antimicrobial peptides and chemokines gene expression in M5-treated normal human epidermal keratinocytes (NHEKs). NHEKs were 
treated with M5 (10 ng/mL) for 24 hours and then cultured in the presence or absence of IL-9 (100 ng/mL). The mRNA levels of S100A9 (A), S100A8 (B), S100A7 (C), 
CXCL8 (D), IL-1β (E) and HBD-2 (F) were measured by qRT-PCR. Data are expressed as the mean ± SD. **P < 0.01, and ***P < 0.001 vs control group; #P < 0.05, ##P < 0.01 
and ###P < 0.001 vs M5 group. S100A7, S100 calcium-binding protein A7; S100A8, S100 calcium-binding protein A8; S100A9, S100 calcium-binding protein A9; CXCL8, 
C-X-C motif chemokine ligand 8; IL-1β, interleukin 1 beta; HBD-2, human beta-defensin 2.
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macrophages, the proinflammatory phenotype, has been highlighted in adipose tissue inflammation and the development 
and progression of MetS.36,37 Therefore, another potential mechanism for the association between IL-9 and MetS may be 
that IL-9 affects macrophage M1/M2 polarization in adipose tissue.

This study revealed that IL-9 stimulated antimicrobial peptides and chemokines expression in a psoriatic keratinocyte 
model. These inflammatory cytokines are involved in the pathogenesis of psoriasis by activating innate immunity or recruiting 
leukocytes.38 Enhanced vascular endothelial growth factor and CXCL8 secretion have been reported in primary normal 
human keratinocytes following IL-9 treatment.39,40 IL-9 is also associated with the immune-mediated development of 
psoriasis through its interaction with the Th17 pathway.12,13 Our findings add to the accumulating evidence that IL-9 is 
a significant cytokine in the development of psoriasis partly through its direct impact on keratinocytes.

Our study has certain limitations. First, this was a single-centered study; therefore, greater sample numbers collected 
from multiple centers would contribute to more precise results. Second, we could not match the two PV groups by age; 
however, no correlation between IL-9 and age was shown in the correlation analysis. Finally, we only explored the effect 
of IL-9 on the psoriatic keratinocyte model. Therefore, the effect of IL-9 on psoriasis in the context of MetS in vivo 
should be investigated in further studies.

Conclusion
Our study contributes to further understanding of the cytokine profiles underlying the association between PV and MetS. 
This study suggests that higher IL-9 level is associated with PV complicated by MetS and IL-9 has a positive correlation 
with IL-17A and the presence of MetS. These findings indicate that IL-9 may be a link between PV and MetS. However, 
more information on the relationship between IL-9 and PV with MetS is required.
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