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Introduction

Chronic spontaneous urticaria (CSU) is characterized by 
wheals, angioedema, or both lasting more than 6 weeks 
spontaneously [1]. In CSU, hives mainly result from mast 
cell degranulation triggered by abnormal environmental 
factors rather than intrinsic abnormalities [2, 3]. Various 
immune cells, including mast cells, basophils, eosinophils, 
monocytes, neutrophils, and T helper cells (predominantly 
Th2 subtype), have been detected in urticarial lesions, sug-
gesting their potential role in CSU pathogenesis [4]. Addi-
tionally, basopenia and eosinopenia, possibly due to cell 
migration to wheals during disease activation, are more 
common in severe CSU cases [5, 6].

Despite numerous studies on the association of vari-
ous cytokines with CSU severity and activity compared to 
healthy controls, results have been inconsistent [4]. Addi-
tionally, few studies have investigated changes in cytokine 
levels with omalizumab treatment [4, 7, 8]. Understanding 
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Abstract
While several studies have examined the role of T cells and related cytokines in the development of chronic spontane-
ous urticaria (CSU), there is a limited amount of research focusing on the changes in cytokine levels during omalizumab 
treatment. The primary objective of this study was to investigate the inflammatory cytokine profile (including IL-4, IL-5, 
IL-10, IL-13, IL-17, IL-31, IL-33, and TNFα) among CSU patients undergoing to omalizumab treatment. Plasma levels 
of cytokines were measured using ELISA. Measurements were taken before CSU treatment, at the 3rd and 6th months of 
omalizumab treatment, and once in the control group. The severity of the patients’ disease was assessed using the weekly 
Urticaria Activity Score(UAS7), and disease control was evaluated using the Urticaria Control Test(UCT). Thirty-one CSU 
patients and 56 age- and gender-matched healthy controls were included. Plasma levels of IL-4 and IL-33 were signifi-
cantly lower in patients with CSU compared to healthy controls (p = 0.001; p = 0.038, respectively). During omalizumab 
treatment, IL-4 levels showed a significant increase in the 3rd month compared to baseline (p = 0.01), and IL-5 levels 
significantly decreased in the 6th month compared to both the 3rd month and baseline (6th month vs. baseline; p = 0.006, 
6th month vs. 3rd month; p = 0.001). One potential mechanism of action for omalizumab may involve its regulatory effects 
on type 2 inflammatory cytokines in CSU patients. This finding partially explains the efficacy of anti-IL-4/13 treatments 
in chronic spontaneous urticaria. Further investigations on drugs targeting type 2 inflammatory cytokines in CSU are 
warranted.
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cytokine profile differences between CSU patients and 
healthy controls, as well as between omalizumab respond-
ers and non-responders, could reveal omalizumab’s mecha-
nisms of action, identify new treatment targets, and discover 
novel treatment response biomarkers. This study aims to 
assess serum changes in inflammatory cytokine profiles (IL-
4, IL-5, IL-10, IL-13, IL-17, IL-31, IL-33, TNFα) of CSU 
patients during omalizumab treatment at baseline, 3rd, and 
6th months. The analyzed cytokines were selected based on 
previous reports. They were included in the study if a sig-
nificant difference was found between patients with chronic 
spontaneous urticaria (CSU) and healthy controls. Addi-
tionally, they were chosen from among cytokines that are 
considered potential therapeutic targets. Secondary objec-
tives include comparing baseline cytokine levels in CSU 
patients with healthy individuals and exploring cytokine 
level changes concerning treatment, clinicodemographic 
characteristics, and omalizumab response.

Patients and methods

A prospective case-control study was conducted after 
approval by the institution’s ethics committee (Approval 
number: 09.2021.10). Patients scheduled for omalizumab 
treatment due to CSU at a specialized urticaria outpatient 
clinic between January 2021 and February 2022 were 
included in this UCARE-certified center [9]. The control 
group consisted of age- and gender-matched healthy vol-
unteers without any chronic inflammatory disease and his-
tory of infection within the previous four weeks. Exclusion 

criteria included recent anti-inflammatory or omalizumab 
treatment within the last three months before sample col-
lection, pregnancy, and breastfeeding. The patients in this 
manuscript have given written informed consent to publica-
tion of their case details.

The demographic characteristics, medical history, disease 
and treatment history of the patients were recorded. Disease 
severity and disease control were assessed with 7-day Urti-
caria Activity Score (UAS7) (≤ 6: minimum disease activ-
ity; 7–15: mild; 16–27: moderate; ≥28: severe [10]), and 
Urticaria Control Test (UCT) (≥ 12: well-controlled disease 
[11, 12]), respectively, at the baseline, 3rd and 6th months 
of the treatment. The patient group was treated with omali-
zumab 300  mg every four weeks and second generation 
H1-antihistamines throughout the study period as per the 
latest treatment guidelines [1]. The patients were grouped as 
early or late responders depending on the time of response 
to omalizumab (response within the first 4 weeks or later) 
[13].

From all the volunteers participating in the study, blood 
samples were collected into tubes containing EDTA, three 
times in the patient group and once in the control group. 
Blood samples were centrifuged for 15 min at 3000 RPM 
(revolutions per minute) within 30 min, and the plasma was 
transferred to eppendorf tubes. Eppendorfs were immedi-
ately frozen at -80 °C and stored until the day of the experi-
ment. Cytokine levels in plasma samples were determined 
with BT-LAB kits by the standard Enzyme-linked immu-
nosorbent assay (ELISA) method. At the same time points, 
additional venous blood samples were collected to evaluate 
the complete blood count, total IgE, anti-nuclear antibody 
(ANA), C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR) and thyroid autoantibodies (antithyroglobu-
lin (antiTG), antithyroid peroxidase antibody (antiTPO)) 
levels in the patient group.

Statistical Package for the Social Sciences (IBM SPSS 
version 26.0) programme was used for the statistical analy-
sis. The cut-off for statistical significance was determined 
as p < 0.05.

Results

Demographics and clinical characteristics

The study included 31 patients with CSU (26 female and 
5 male) and 56 age- and gender- matched healthy controls 
(47 female, 9 male). Table 1 shows the demographic char-
acteristics of the study population. The median duration of 
the disease was 36 months. In the baseline, 13% of patients 
showed mild disease, 26% moderate disease, and 61% severe 
disease according according the UAS7 score. ANA was 

Table 1  Clinical and laboratory findings of the patient group
n (%)

Urticaria Phenotype Urticaria plaque 13 (41,9)
Urticaria + Angioedema 18 (58,1)
Angioedema 0 (0)

Chronic Inducible Urticaria Absent 18 (58,1)
Present 13 (41,9)

Atopic
Comorbidities

Absent 22 (71)
Present 9 (29)

Autoimmune
Comorbidities

Absent 27 (87,1)
Present 4 (9, 12)

Total IgE level* < 43 IU/mL 4 (9, 12)
> 43 IU/mL 27 (87,1)

ANA Negative 24 (77,4)
Positive 7 (22, 6)

Antithyroid Autoantibody Negative 23 (74,2)
Positive 8 (25, 8)

Eosinopenia Absent 27 (87,1)
Present 4 (12, 9)

Basopenia Absent 27 (87,1)
Present 4 (12, 9)

* The cut-off value was chosen according to the reference article [19]
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positive in seven patients, whereas eight patients showed 
positive antithyroid autoantibody (4 for anti-thyroid peroxi-
dase, 1 for anti-thyroglobulin, 2 for both). Although, only 
two patients had active thyroid disease. The most frequent 
comorbidities were chronic inducible urticaria (n = 13) and 
atopic diseases (n = 9). The baseline clinical characteristics 
of the patient group were summarized in Table 1. The analy-
ses were made in 31, 28 and 19 patients in the baseline, 3rd 
and 6th month of treatment, respectively.

Cytokine levels in patient group vs. healthy controls 
at the baseline

At the baseline, IL-4 and IL-33 levels were significantly 
lower in the patient group compared to control group 
(p = 0.001; p = 0.038 respectively). There was no signifi-
cant difference in the levels of IL-5, IL-10, IL-13, IL-17, 
IL-31, and TNFα between two groups at the baseline. The 
distribution of cytokine levels in the study groups can be 
seen in Fig.  1. When the patients were grouped based on 
the urticaria severity (mild, moderate and severe), IL-10 
levels were significantly higher in patients with severe dis-
ease activity compared to patients with mild disease activ-
ity (p = 0.047). IL17 levels was also higher in patients with 
severe disease activity than in patients with mild disease, 
albeit not statistically significant (p = 0.089).

Cytokine levels during omalizumab treatment

UAS7-3rd month shows a decrease 20,87 ± 12,11 compared 
to UAS7-pretreatment; UAS7-6th month shows a decrease 
of 18,91 ± 11,4 compared to UAS7-pretreatment. When the 
patients were grouped based on the response to treatment 
(non-responders (n = 2, %6,5) vs. early responders (n = 22, 
%71) vs. late responders (n = 7, %22,5)), IL-10 at the base-
line and IL-13 at the 3rd month were higher in non-respond-
ers compared to early responders, however the difference 
was not significant (p = 0.062).

During the treatment, IL-4 levels increased significantly 
(3rd month vs. baseline; p = 0.01), while IL-5 levels showed 
a significant decrease (6th month vs. baseline; p = 0.006, 
6th month vs. 3rd month; p = 0.001). Although IL-17 levels 
tended to decrease with treatment, this did not reach sta-
tistical significance (3rd month vs. baseline; p = 0.068, 6th 
month vs. baseline; p = 0.059, respectively). The levels of 
inflammatory cytokines in the study groups and their com-
parison between groups are summarized in Table 2.

When the relationship between changes in cytokine lev-
els and clinical/demographic characteristics was analyzed; 
the change in IL4 between baseline and 3rd month was 
negatively correlated with the change in UAS7 scores in the 
same period (p = 0.025, rho= -0.447). IL-4 levels increased 

at the 3rd month compared to baseline in early respond-
ers (p = 0.006), on the other hand IL-4 levels decreased 
in late responders at the 6th month compared to baseline 
(p = 0.027). Changes in cytokine levels and clinical param-
eters during treatment can be seen in Fig. 2.

In the presence of CIndU, atopy and autoimmunity, there 
is no decrease in IL5-6th month compared to IL5-3rd month 
and baseline. While IL-5 levels decreased in late responders 
between the 3rd and 6th months of treatment (p = 0.028); 
no statistically significant change was found in other groups 
(p > 0.05). When IL5-6th month were evaluated according to 
IL5-pretreatment, a decrease was observed in both early and 
late responders (respectively p = 0.009; p = 0.028), while no 
statistically significant change was found in nonresponders.

IL-17 levels significantly decrease at the 6th month com-
pared to baseline in patients without angioedema and ANA 
positivity or with more severe disease. The decrease in 
IL-17 levels at 3rd month was statistically significant in late 
responders (p = 0.028), but no significant change was found 
in other groups (p > 0.05). Inflammatory cytokine levels 
in early and late responders to treatment and the changes 
observed in these cytokines during the assessments are sum-
marized in Table 3; Fig. 3. In patients with severe disease, 
IL-17 decreased significantly at the 6th month when com-
pared to baseline (p = 0.022).

Discussion

CSU is a common condition with wheals, angioedema or 
both lasting over 6 weeks [14]. Recent studies suggest two 
CSU endotypes - type 1 and type 2b autoimmunity, with 
different TH types playing a role in the pathogenesis [4]. 
Omalizumab is the most effective and safe treatment for 
CSU, working by preventing IgE binding to FcɛRI, thereby 
reducing receptor expression [2, 15]. Additionally, it may 
affect TH cell differentiation through dendritic cells [16].

Conflicting results exist in studies comparing plasma or 
serum levels of inflammatory cytokines in different types of 
TH between CSU patients and healthy controls. Few stud-
ies have investigated the changes in these cytokines during 
omalizumab treatment [7, 8]. The present research is crucial 
for identifying treatment response markers, understanding 
omalizumab’s mechanisms of action, and potentially dis-
covering new treatments. In our study, 87 volunteers (31 
CSU patients and 56 healthy controls) were examined. CSU 
patients showed lower plasma IL-4 and IL-33 levels than 
healthy controls. Additionally, in relation to type 2 immu-
nity-related cytokines, IL-4 exhibited an increase during 
treatment, whereas IL-5 displayed a decrease. Concurrently, 
elevated plasma levels of IL-10 and IL-13 may indicate a 
lack of response to the treatment.
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Fig. 1  Distribution of cytokine levels in study groups
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IL-4 plays a key role in B cell IgE class switching and 
differentiation of naive T helper cells to TH2 [17]. It also 
increases the expression of FcεRI and FcεRII [4, 17]. The 
increase in IL-4 (IL4-3rd month) compared to baseline 
(IL4-0) is negatively correlated with the change in UAS7 
scores. This increase is observed only in early responders 
and not in those with prognostic markers for treatment resis-
tance, like eosinopenia [5] or autoantibody positivity [18]. 
Therefore, an early increase in IL-4 levels during treatment 
might serve as a marker for omalizumab treatment response.

IL4-3rd month showed an increase compared to IL4-pre-
treatment and approached levels similar to healthy controls, 
indicating that omalizumab can regulate cytokine imbalance 
caused by immune dysregulation in CSU patients. However, 
no statistically significant change was observed in IL4-6th 
month compared to IL4-pretreatment. This lack of signifi-
cance could be attributed to patients’ irregular follow-ups 
due to the study taking place during the pandemic period, 
resulting in a decrease in the number of samples available 
for evaluation at the 6th month.

An alternative theory that could explain the fluctuating 
change in IL-4 levels is that the initial increase in IL-4 dur-
ing the early stages of omalizumab treatment might be in 
response to the sudden decrease in circulating free IgE. This 
decrease in free IgE could lead to a 2-fold or greater increase 
in total IgE, which is considered one of the early response 
indicators to omalizumab [19, 20]. The observed increase in 
IL4-3rd month among early responders compared to IL4-0, 
along with the absence of this change in other groups, pro-
vides support for this theory.

IL5-6th month showed a decrease compared to both IL5-
pretreatment and IL5-3rd month. However, this change did 
not reach statistical significance in the presence of poor 
prognostic factors for treatment response, such as autoim-
munity and eosinopenia. The decrease in IL-5 levels was 
observed in responders but not in non-responders, indicat-
ing that this reduction in IL-5 levels may be linked to the 
treatment response and potentially related to omalizumab’s 
mechanism of action or may be related with the improve-
ment of the disease.

At the 6th month of treatment, the control of the dis-
ease was not influenced by age (> 45 years), the presence 
of angioedema, or the presence of thyroid autoantibodies. 
However, in the presence of these factors, IL5-6th month 
decreased compared to IL5-3rd month, whereas no such 
change was observed in the other groups. This suggests 
that the decrease in IL5-6th month might be linked to the 
delayed response of these patients to omalizumab treatment.

Chen et al. conducted a study using ELISA to evaluate 
serum IL-5 levels in 60 urticaria patients and found a cor-
relation between IL-5 levels and disease severity [21]. In 
our study, although we didn’t observe a direct relationship, 
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of treatment. They did not observe a statistically signifi-
cant change in IL-5 levels and found no correlation with 
changes in UCT. The smaller sample size and the earlier 

the decrease in IL-5 levels in patients with disease control 
aligns with the findings of Chen et al.‘s study. Rauber et al. 
examined IL-5-secreting T cells in 15 CSU patients using 
the ELIspot test before treatment and at 1-2-3-5th months 

Fig. 2  Changes observed in 
cytokine levels and clinical 
parameters
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final evaluation in their study might explain the lack of sig-
nificant results [8].

The study showed a correlation between the change in 
IL-33 levels and the change in UAS7 scores (p = 0.052, rho: 
0.465), suggesting that IL-33 levels tended to decrease in 
responders to treatment. Although statistical significance 
might not have been achieved due to the small sample size, 
these findings support previous publications indicating that 
IL-33 levels are linked to disease activation [22]. Consid-
ering these results, it is possible that IL-33 plays a role in 
disease severity by stimulating the production of cytokines 
related to type 2 inflammation.

The late-responder group showed a statistically signifi-
cant decrease in IL4-6th month compared to IL4-3rd month, 
along with a decrease or tendency to decrease in other inter-
leukins related to type 2 immune responses (IL-5, IL-33). 
These findings collectively suggest that the suppression of 
type 2 inflammation might be one of the late-onset action 
mechanisms of omalizumab. Additionally, a study con-
ducted with asthma patients also demonstrated decreased 
IL-5 and IL-13 levels with omalizumab treatment, further 
supporting this theory [23].

Kay et al. demonstrated an increase in IL-4+/IL-5+/
IL-33 + cells in tissue biopsies taken from the lesioned skin 
of CSU patients compared to those from healthy controls. 
Furthermore, lesional skin showed an increase in IL-5+/
IL-33 + cells compared to non-lesional skin [24]. These 
findings suggest that TH2 inflammation and related cyto-
kines may play a local rather than a systemic role in the 
development of hives. In this context, blocking cytokines 
associated with type 2 inflammation could be effective in 
the symptomatic treatment of CSU. Indeed, there is grow-
ing evidence supporting the effectiveness of biologic agents 
targeting IL-4, IL-5, and IL-13 in the treatment of CSU 
[25–28].

IL17-pretreatment levels were found to have a correla-
tion with UAS7 scores at 3 months (p = 0.056, rho = 0.365) 
and tended to be higher in late responders compared to early 
responders when patients with severe disease were evalu-
ated separately (p = 0.091). These results suggest that IL17-
pretreatment might serve as a prognostic marker for delayed 
response, particularly in patients with severe disease at the 
beginning of the treatment.

It was observed that IL17-pretreatment tended to be 
higher in patients with severe disease compared to those 
with mild disease. Additionally, a statistically significant 
decrease was found in IL17-6th month compared to IL17-
pretreatment in patients with severe disease. These findings 
suggest a potential association between IL-17 levels, disease 
activation, and treatment response, especially in patients 
with severe disease. This supports previous publications 
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Fig. 3  Changes in cytokine levels in early and late responders
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limitations in future research may provide a more compre-
hensive understanding of the topic.

In conclusion, chronic spontaneous urticaria (CSU) 
is a complex condition with diverse underlying mecha-
nisms involving various inflammatory cytokines and T cell 
responses. Omalizumab, the most effective treatment for 
CSU, appears to act by inhibiting IgE binding to FcɛRI and 
modulating cytokine levels. This prospective case-control 
study investigated the changes in inflammatory cytokine 
levels during omalizumab treatment and compared them 
with healthy controls. The findings indicate potential mark-
ers of treatment response and highlight the importance of 
evaluating cytokine profiles in CSU patients. The study also 
sheds light on the interplay between cytokines and disease 
severity, supporting the relevance of type 2 inflammation 
in CSU pathogenesis and the possible role of drugs target-
ing this pathway (e.g. Dupilumab) in the treatment of CSU. 
While this research presents valuable insights, the limita-
tions regarding sample size and the absence of certain tests 
should be addressed in future multi-center studies to further 
enhance our understanding of CSU and its treatment. Over-
all, this study contributes to the growing body of knowledge 
on CSU and provides a foundation for further exploration 
of biomarkers of treatment response and novel therapeutic 
approaches targeting inflammatory cytokines in the man-
agement of this challenging condition.
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that have shown a positive correlation between IL-17 levels 
and disease activity [22, 29, 30].

In the patient group, IL17-pretreatment levels showed a 
negative correlation with basophil counts (p = 0.033, rho= 
-0.405). Moreover, the change in IL-17 levels between 3 
and 6 months positively correlated with the change in CRP 
levels during the same period (p = 0.013, rho = 0.586). Con-
sidering that low basophil counts [5] and high CRP levels 
[31] are associated with disease activation, these findings 
provide further support for the relationship between IL-17 
levels and disease activation.

The mean decrease in IL17-3rd month and IL17-6th 
month of the patients compared to IL17-pretreatment did 
not reach statistical significance in the presence of prognos-
tic markers for resistance to omalizumab treatment, such 
as ANA positivity [18]. However, a statistically signifi-
cant decrease in IL17-3rd month was observed in the late-
responder group compared to IL17-pretreatment, while no 
significant change was found in the non-responder group. 
Based on these findings, the lack of decrease in IL17-3rd 
month compared to IL17-pretreatment could potentially 
serve as a distinguishing factor between the non-responder 
and late-responder groups.

The study by Sabag et al. revealed that secukinumab 
treatment led to an impressive 82% reduction in UAS7 
scores at the 90th day in 8 patients with H1 antihistamine 
and omalizumab resistance [32]. Based on this informa-
tion, it is possible that the suppression of IL-17 could be an 
additional action mechanism of omalizumab, particularly in 
patients with severe disease at the beginning of treatment. 
Biologic agents targeting this pathway may hold promise 
for the symptomatic treatment of CSU.

Our study’s strength lies in its evaluation of inflammatory 
cytokine levels and changes in relation to disease severity, 
treatment response, and subgroups. While there is a wealth 
of research on the role of inflammatory cytokines in the 
pathogenesis of CSU, the literature is limited when it comes 
to understanding how these cytokines change with treat-
ment. By focusing on these aspects, our study contributes 
valuable insights to the existing knowledge on the subject.

The primary limitation of our study is the relatively low 
number of samples available for evaluation at certain mea-
surement points. As a result, some of the observed trends 
in statistical analyses did not reach the level of statistical 
significance, possibly due to the limited sample size. Fur-
thermore, another limitation is the inability to conduct tests 
that support the diagnosis of autoimmune urticaria, such as 
the autologous serum skin test, basophil activation test, and 
basophil histamine release test, in the patient group. Conse-
quently, we were unable to analyze subgroups with autoim-
mune urticaria, which could have provided valuable insights 
into this specific aspect of the condition. Addressing these 
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