
Changes of vitamin D, Th17/Treg
related cytokines and their
correlations with disease activity
in chronic spontaneous urticaria

Yangyang Qiu1†, Xiaoyan Qiu1†, Yuting Chen1, Meiqing Chen1,
Ling Huang1, Xinyu Lin1, Yi Wei1,2, Ji Yang1,2 and Lujuan Gao1,2*
1Department of Dermatology, Zhongshan Hospital (Xiamen), Fudan University, Xiamen, China,
2Department of Dermatology, Zhongshan Hospital, Fudan University, Shanghai, China

Aims: To investigate levels of 25-hydroxyvitamin-D (25HVD), interleukin-17

(IL-17), IL-27, IL-35, and transforming growth factor β1 (TGF-β1) in chronic

spontaneous urticaria (CSU) patients and their correlations with

disease activity.

Methods: An observational, case-control study was conducted. Eighty-one

CSU patients and fifty-eight healthy individuals were recruited into two groups.

Serum levels of 25HVD, IL-17, IL-27, IL-35, TGF-β1 were determined via

enzyme-linked immunosorbent assay (ELISA). Disease activity of CSU was

assessed using urticaria activity score (UAS).

Results: Serum level of 25HVD was significantly lower in CSU group compared

to control group (P < 0.001). Serum levels of IL-17 (P < 0.001), IL-27 (P < 0.001),

TGF-β1 (P = 0.01) were significantly higher in CSU group than those in control

group. In CSU group, the level of 25HVDwas negatively associated with IgE (P <
0.01) and positively correlated with IL-35 (P < 0.01). In addition, serum level of

IL-17 was negatively correlated with disease activity among female

patients (P < 0.05).

Conclusion: Deficiency of 25HVD is associated with development of CSU, the

underlyingmechanismmight be related with IL-35. Likewise, IL-17, IL-27, IL-35,

and TGF-β1 might also contribute to development of CSU.
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Introduction

Chronic spontaneous urticaria (CSU) is a prevalent dermatological disease

characterized by recurrent symptoms and varying durations [1], which severely

affects the quality of life of patients. The etiology and pathogenesis of CSU are still

intricate. Recent studies have demonstrated that the occurrence and development of

CSU may be related to 25-hydroxyvitamin-D (25HVD) deficiency. In addition,
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earlier studies have established that an imbalance in Th17/

Treg plays a crucial role in pathogenesis of autoimmune

diseases and is closely related to the occurrence of CSU [2,

3]. IL-17, a type of pro-inflammatory cytokine mainly

secreted by Th17 cells, plays an immune surveillance role

in relation to autoimmune and inflammatory responses.

Some studies have announced the higher level of IL-17 in

chronic urticaria [1, 3]. IL-27 is a cytokine that regulates

Th17/Treg cells, exerting bidirectional regulatory effects on

Treg cells and preventing differentiation of Th17 cells. Treg

cells can secrete IL-10, IL-35, and TGF-β1, and IL-35 can

promote Treg cells expansion. The effect of TGF-β1 is closely
related to its concentration. At low concentrations, it

promotes the differentiation of Th17 and induces the

chemotaxis of inflammatory cells such as eosinophils, mast

cells, et al. At high concentrations, it can promote Treg cells

differentiation by inhibiting the proliferation and activity of

inflammatory cells and reducing the secretion of some

cytokines [1–3]. The regulatory mechanism of the Th17/

Treg cells axis and its related cytokines in CSU is not fully

understood. In addition, the relationship between these

associated cytokines with vitamin D level in CSU remains

scarce. In the present study, serum levels of vitamin D and

cytokines associated with Th17/Treg in CSU patients were

analyzed to establish possible correlations between these

factors with CSU activity.

Materials and methods

Study population

CSU patients who admitted to the department of dermatology

in Fudan University Zhongshan hospital (Xiamen) between

January 2021 and December 2022 and fulfilled the follow

criteria were recruited to the CSU group. Inclusion criteria for

CSU group included: ① fulfilling all the diagnostic criteria

outlined in the European Academy of Allergology and Clinical

Immunology/the Global Allergy and Asthma European Network

(EAACI/GA2LEN) guidelines; ② disease duration >6 weeks; ③

developed skin erythema and wind mass almost daily;④ had not

received vitamin D drugs. Exclusion criteria: ① patients with

lesions lasting beyond 24 h;② patients with urticaria arising from

a definite cause;③ patients with severe cardiac, hepatic, renal, and

other organ dysfunction or autoimmune diseases; ④ those who

refused to participate in serum test. Finally, eighty-one patients

were included in CSU group. Fifty-eight individuals who

underwent physical examination in the health examination

center in the same hospital during the same period and dosen’t

have any newly diagnosed or history of autoimmune diseases,

infections, or malignancies were recruited to the control

group. Informed consents were obtained from all patients for

this study. An ethics approval letter was obtained for this study

from ethics committee of our hospital (Approval No. B2021-041).

TABLE 1 Demographic data and laboratory results.

Group CSU group (mean ± SD/n/%) Control group (mean ± SD/n/%) P

Age (years) 39.65 ± 12.92 37.78 ± 13.17 0.40

Sex (female/male) 42/39 36/22 0.23

Disease duration (month) 12.77 ± 31.85

Disease activity score 4.20 ± 1.10

Serum IL-17 (pg/mL) 40.87 ± 17.46 28.51 ± 13.80 <0.001

Serum IL-27 (pg/mL) 1075.2 ± 430.66 808.15 ± 348.20 <0.001

Serum IL-35 (pg/mL) 56.43 ± 30.50 58.69 ± 31.17 0.67

Serum TGF-β1 (pg/mL) 441.50 ± 123.69 386.32 ± 123.18 0.01

Serum 25HVD (ng/mL) 25.2 ± 14.0 36.7 ± 16.6 <0.001

Serum 25HVD (ng/mL)

<10 8.41 ± 1.01/7/9.1% 9.65 ± 0.40/3/5.5%

10 ≤ 25HVD < 20 14.19 ± 2.32/26/33.8% 13.04 ± 2.50/9/16.4%

20 ≤ 25HVD < 30 23.70 ± 2.70/21/27.3% 23.54 ± 3.47/7/12.7%

>30 44.15 ± 7.12/23/29.9% 47.41 ± 7.88/36/65.5%

CSU, chronic spontaneous urticaria; IL-17, interleukin-17; IL-27, interleukin-27; IL-35, interleukin-35; TGF-β1, transforming growth factor β1; 25HVD, 25-hydroxyvitamin-D; SD,

standard deviations.
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Assessment of 25HVD, IL-17, IL-27, IL-35,
TGF-β1, C reactive protein (CRP),
immunoglobulin E (IgE), and erythrocyte
sedimentation rate (ESR) levels

A 5mL of fasting venous blood was collected and centrifuged at

3,000 r/min for 10min. The supernatant was subsequently collected.

Levels of 25HVD, IL-17, IL-27, IL-35, and TGF-β1 were determined

using ELISA kits purchased from Shanghai Weiao Biotechnology

Co., Ltd., following manufacturer’s instructions. Serum levels of IgE,

CRP, and ESR of CSU patients were measured via ELISA in

accordance with instructions of manufacturer’s kits of DiaSys

Diagnostic Systems GmbH and Roche Diagnostics (Shanghai)

Co., Ltd., respectively. Grouping criteria of level of 25HVD was

as follows: 25HVD ≥ 30 ng/mL was considered sufficient, 20 ng/

mL ≤ 25HVD<30 ng/mL was considered mild insufficiency, 10 ng/

mL ≤ 25HVD < 20 ng/mL was considered significant insufficiency,

and 25HVD < 10 ng/mL was considered 25HVD deficiency.

Assessment of urticaria activity

CSU disease activity was assessed using urticaria activity score

(UAS) [4], encompassing number of wheals, diameter of largest

wheal, and pruritus intensity. Pruritus intensity was scored as follow:

absent = 0; mild = 1; moderate = 2; severe = 3. Diameter of largest

wheal was graded as follow: diameter of wheal <1.5 cm = 1; diameter

of wheal between 1.5 and 3.0 cm = 2; diameter of wheal >3.0 cm = 3.

Number of wheals was classified as follow: no wheals = 0;

<20 wheals/24 h = 1; 20–50 wheals/24 h = 2; >50 wheals/24 h = 3.

Statistical analysis

Statistical analyses were conducted using SPSS version 20.0

(IBM). Numerical variables were expressed as means and

standard deviations, whereas categorical variables were presented

as numbers and percentages. LSD-t test was used to compare

intergroup differences between the two groups. Spearman’s Rank

correlation was used for the comparison of non-normally distributed

variables. Multiple logistic regression analysis was used to correlate

different disease variables. A two-sided p-value <0.01 was considered
highly statistically significant. A two-sided p-value <0.05 was

considered statistically significant.

Results

Demographic data and laboratory results

The clinical and laboratory characteristics of both groups

were presented in Table 1 and Figure 1. The CSU group included

39males and 42 females, with a mean age of 39.65 ± 12.92 years, a

mean disease duration of 12.77 ± 31.85 months, and a mean

disease activity score of 4.20 ± 1.10. The control group included

22 males and 36 females, with a mean age of 37.78 ± 13.17 years.

Serum levels of TGF-β1, IL-17, and IL-27 were significantly

higher in patients in CSU group than those in control group

(P = 0.01 for TGF-β1 and <0.001 for others). IL-35 was slightly

lower in CSU group than control group, but without statistically

difference. Serum level of 25HVD was significantly lower in CSU

group compared to control group (P < 0.001). Among patients in

CSU group, 70.1% had an insufficient level of 25HVD, with

33.9% manifesting significant insufficiency/deficiency, whereas

in control group, 34.5% of patients had insufficient levels of

25HVD, with 21.9% suffering from significant

insufficiency/deficiency.

Correlation between serum levels of
25HVD, IL-17, IL27, IL-35, and TGF-β1 with
different disease variables in CSU group

The correlation analysis results of serum levels of 25HVD,

IL-17, IL27, IL-35, TGF-β1 and a variety of disease variables were
shown in Supplementary Table 1. The level of 25HVD was

negatively associated with IgE (spearman coefficient = −0.332)

and positively correlated with IL-35 (spearman coefficient =

0.330) (P < 0.01, also shown in Figure 2). In addition, serum

level of IL-27 was positively correlated with levels of IL-17, IL-35,

and TGF-β1 (P < 0.05, Supplementary Table 1).

Correlation between disease activity and
disease variables in female CSU patients

Serum level of IL-17 was negatively correlated with disease

activity among female patients in CSU group (p < 0.05, Table 2).

In addition, positive correlation between disease activity with IL-

35 and disease duration in female CSU patients were noted (p <
0.05). There were no correlation between disease activity with

age, CRP, ESR, IgE, 25HVD, IL27, or TGF-β1.

Discussion

The etiology and pathogenesis of CSU are complex and have

not been fully defined. Numerous studies have observed that CSU

patients typically experience vitamin D insufficiency [5, 6].

Vitamin D plays a physiological role, predominantly in the

form of 25HVD in vivo. Vitamin D can bind with the nuclear

receptor, thereby regulating nuclear transcription at gene level [7,

8]. A study conducted by Woo [6] concluded that serum level of

25HVD is significantly lower in patients with chronic urticaria,

and 25HVD levels are negatively correlated with urticaria activity

and duration. The results of present study demonstrated that
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FIGURE 1
Serum levels of 25HVD and associated cytokines in two groups. (A) Serum level of IL-17 was significantly higher in patients in CSU group than
those in control group (P < 0.001). (B) Serum level of IL-27 was significantly higher in patients in CSU group than those in control group (P <0.001). (C)
Serum level of TGF-β1 was significantly higher in patients in CSU group than those in control group (P = 0.01). (D) Serum level of 25HVD was
significantly lower in CSU group compared to control group (P < 0.001). CSU, chronic spontaneous urticaria; IL-17, interleukin-17; IL-27,
interleukin-27; TGF-β1, transforming growth factor β1; 25HVD, 25-hydroxyvitamin-D.

FIGURE 2
Correlation between serum levels of 25HVD with IgE and IL-35 in CSU group. (A) The level of 25HVD was negatively associated with IgE
(spearman coefficient = −0.332, P < 0.01). (B) The level of 25HVD was positively correlated with IL-35 (spearman coefficient = 0.330, P < 0.01).
25HVD, 25-hydroxyvitamin-D; IgE, immunoglobulin E; IL-35, interleukin-35; CSU, chronic spontaneous urticaria.
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serum level of 25HVD was significantly lower in CSU group than

in control group, which was consistent with previous studies [5,

6]. A substantial reduction in 25HVD serum level was noted in

CSU patients. However, correlation analysis revealed that there

was no significant correlation between 25HVD level and disease

activity or duration, which may be attributed to the limited

sample size of this study, the complex pathogenesis of CSU, and

various factors that impact disease activity and duration. As is

well documented, 25HVD plays a pivotal role in development of

CSU. While several studies have pointed out that vitamin D

exerts an immunomodulatory role in vivo, the specific

mechanism underlying its influence on urticarial remains to

be elucidated.

The relationship between T lymphocytes and chronic

urticaria has been previously reported [9]. Littman et al. [10,

11] described that Treg cells that mediate immune tolerance and

Th17 cells that mediate inflammatory responses are also closely

related to pathogenesis of CSU. IL-17 is a type of pro-

inflammatory cytokine mainly secreted by Th17 cells, plays an

immune surveillance role in relation to autoimmune and

inflammatory responses. A study undertaken by Atwa et al.

[12, 13] exposed that IL-17 was higher in chronic urticaria

patients. In present study, serum level of IL-17 was

significantly higher in CSU patients than that in controls, in

line with findings of prior investigations. Further on, the

correlation analysis showed a positive correlation between IL-

17 and disease duration (>30 months) in whole CSU patients

(Supplementary Table 2). Although serum level of IL-17 had no

significant correlation with disease activity in whole CSU group,

it is worth mentioning that there was a negative correlation

between disease activity and IL-17 in female CSU patients, in

contrary to most previous studies. In other hand, serum level of

IL-17 was significantly higher in male patients than those of

females in CSU group in this study (Supplementary Table 3).

This suggested that there might be gender difference of the role of

IL17 in the pathogenesis that deserves further exploration. Taken

together, our results uncovered that IL-17 may be a predictive

factor for development of CSU.

Treg cells, a group of effector T cells that exert negative

regulatory effects on the proliferation of CD4+ CD8+ T cells, has

been implicated in the pathogenesis of chronic urticaria [14].

Besides, these cells synthesize cytokines such as IL-35 and TGF-

β1, and IL-35 can promote Treg cells expansion. Chen et al. [15]

reported that IL-35 was significantly lower in CSU patients.

However, other studies observed increased levels of IL-35 in

chronic urticaria patients [16]. In the current study, the level of

IL-35 was slightly lower in CSU group compared to control

group, but without statistical difference. However, serum level

of IL-35 was positively correlated with disease activity among

female patients in CSU group. These differences may be

ascribed to the variability in subjects included in this study

and highlight the multifaceted role of IL-35 in pathogenesis of

CSU and at different stages of the disease.

Furthermore, the effect of TGF-β1 is closely related to its

concentration. At low concentrations, it promotes the

differentiation of Th17 and induces the chemotaxis of

inflammatory cells such as eosinophils, macrophages, and

mast cells. At high concentrations, it can promote Treg cells

differentiation by inhibiting the proliferation and activity of

inflammatory cells such as T, B lymphocytes and macrophages,

and reducing the secretion of cytokines such as IL-1, IL-2,

and IL-4 [2, 3]. Some studies have evinced that Treg cells and

TGF-β1 are significantly lower during the active phase of

chronic urticaria [17]. Paradoxically, in other studies TGF-

β1was higher during the active phase of chronic urticaria [18,

19]. In this study, serum level of TGF-β1 was significantly

TABLE 2 Correlation between disease activity and disease variables in female CSU patients.

Variable Disease activity P

Age (year) −0.59 0.709

Disease duration 0.327* 0.035

25HVD (ng/mL) −0.174 0.277

IgE (IU/mL) −0.127 0.448

CRP (mg/L) −0.013 0.963

ESR (mm/H) 0.096 0.609

IL-17 (pg/mL) −0.313* 0.044

IL-27 (pg/mL) −0.086 0.587

IL-35 (pg/mL) 0.330* 0.033

TGF-β1 (pg/mL) 0.049 0.760

25HVD, 25-hydroxyvitamin-D; IgE, immunoglobulin E; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; IL-17, interleukin-17; IL-27, interleukin-27; IL-35, interleukin-35;

TGF-β1, transforming growth factor β1. Spearman’s rank test. *P < 0.05.
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higher in CSU group compared with that in control group,

in agreement with findings of some earlier studies, possibly

owing to its role in promoting the differentiation of Th17 cells

and Treg cells. Nonetheless, the level of TGF-β1 was not

correlated with disease activity. Thus, the effects of IL-35

and TGF-β1 on balance of Th17/Treg warrant further

investigation.

IL-27 is a cytokine that modulates the Th17/Treg ratio,

concomitantly preventing differentiation of Th17 cells and

exerting bidirectional regulatory effects on Treg cells [20].

Herein, serum level of IL-27 was significantly higher in CSU

group than in control group, and positively correlated with both

IL-35 and TGF-β1 levels. We speculate that an increased level of

IL-27 may lead to a disproportion of T cell subsets in CSU

patients and exert a positive regulatory effect on Treg cells.

Meanwhile, IL-27 was positively correlated with that of IL-17,

in contrast to the physiological effect of IL-27 on Th17 cells.

This observation might be attributed to impact of other factors

affecting Th17 cells via different pathways in CSU patients.

Therefore, further studies on relationship between

dysregulated expression of Th17/Treg related cytokines in the

pathogenesis of CSU are necessitated.

T lymphocytes are considered chief target cells for

immunomodulatory function of vitamin D. Vitamin D can

induce the conversion of CD4+ T lymphocytes into Treg cells,

thus inhibiting immune response [21]. In vitro experiments

found that vitamin D inhibited the proliferation and

differentiation of Th17 cells and attenuated their ability to

synthesize IL-17. In this study, significant differences were

noted in IL-35 and TGF-β1 levels at different serum levels of

25HVD in CSU group (Supplementary Table 4), while

Spearman’s rank test validated that the level of 25HVD was

positively correlated with that of IL-35. This partly corroborates

that 25HVD can affect the differentiation of Treg cells by

mediating the levels of IL-35 and TGF-β1. However, the

relationship between vitamin D and Th17/Treg ratio remains

underexplored and requires further investigation. It is

worthwhile acknowledging that the small sample size in this

study might have partially compromised the robustness of

our findings.

In summary, this study demonstrated significantly lower

serum level of 25HVD and significantly higher levels of IL-17,

IL-27 and TGF-β1 in CSU patients. Additionally, negative

correlation of IL-17 and disease activity in female CSU

patients was noted, while significantly higher level of IL-17

was found in male patients, suggesting gender difference

may plays a role in the pathogenesis of CSU. Importantly, the

present study revealed positive correlation between 25HVD and

IL-35, suggesting that the role of 25HVD in CSU might be

associated with mediating the change of IL-35 level and

affecting the differentiation of Treg cells. However, the

complex relationship between 25HVD and Th17/Treg

associated cytokines in CSU and their correlation with disease

activity and course require further investigation.
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