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Article type:  ABSTRACT

Original Chronic spontaneous urticaria (CSU) is a skin disease caused by mast cells that produce inflammatory
Article mediators. Immune checkpoint receptors such as program death-1 (PD-1) and T-cell immunoglobulin and
mucin domain 3 (TIM-3) are essential for the pathophysiology of many autoimmune and allergic diseases.
The aim of this study was to investigate the expression of PD-1 and TIM-3 in CSU patients and their
relationship to the anti-inflammatory cytokines (TGF-B and IL-10). In the current study, peripheral blood
mononuclear cells (PBMCs) from CSU patients and healthy individuals were used and the Urticaria
Activity Score 7 (UAS7) was used to assess disease severity. TagMan-based RT-PCR was used to assess
the expression of TIM-3 and PD-1 as well as the anti-inflammatory cytokines transforming growth factor-
B (TGF-B) and IL-10. The protein concentrations of TGF-f and IL-10 were also measured by ELISA. The
relationship between the expression of TIM-3 and PD-1 as well as TGF- 3 and IL-10 and the severity of
the disease was investigated. The results showed that PD-1 mRNA expression was significantly increased
in CSU patients (P<0.0001), while TGF- 3 and IL-10 levels were higher in CSU patients, but this difference
was not significant (p=0.638, p= 0.798). The increase in protein level of IL-10 was significant (P<0.0001).
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Introduction

Chronic spontaneous urticaria (CSU) is a common skin disorder affecting 0.1% to 3% of the total
population in the United States and worldwide (1, 2). CSU is distinguished by the presence of superficial
swelling known as wheals and is classified as angioedema with or without deep swelling that lasts longer
than six weeks (3). The term "spontaneous" refers to the fact that the disease has arisen for unknown reasons,
while there is no clear evidence of the origin of the disease (4) and the exact cause of urticaria is not known,
but environmental and genetic factors contribute (5-7). The pathogenesis of CSU is not fully understood,
but it is known that skin mast cells play a crucial role in the development of wheals and angioedema (8, 9).
The release of histamine from the cutaneous mast cells, together with cytokines and the production of
arachidonic metabolites (LTC4, LTD4, LTE4, and PGs), contributes decisively to the consequences of the
disease (10, 11) .On the other hand, the increase in vascular permeability caused by these mediators leads
to infiltration of immune cells such as eosinophils, basophils, neutrophils, monocytes, and CD4* T cells into
the lesion site, causing swelling and itching in response to nerve stimulation (12-14) .Quality of life is
usually impaired in CSUs, which is directly related to the severity. Antihistamines such as cetirizine
commonly alleviate the symptoms of urticaria in children and adults and have few side effects; they are
recommended as the first line of therapy in all guidelines (15, 16) .If patients do not respond to the first and
second lines of treatment with H1 antihistamines at the approved dose or a higher dose than the approved
dose, they can be given omalizumab as a third line of treatment. Patients who do not respond to omalizumab
are given immunosuppressive medications, such as cyclosporine (17). In this context, autoimmune reactions
play an important role in the etiology of CSU (18, 19) .The production of autoantibodies against FCeR 1 and
IgE expressed on mast cells is the cause of peripheral tolerance dysregulation. These autoantibodies can
bind to their targets, leading to degranulation of mast cells and basophils (20, 21). The plasma of CSU
patients contains IgG autoantibodies directed against IgE or its high-affinity receptor (FceRI) (a-subunit of
high-affinity IgE receptors), leading to degranulation of mast cells and basophils (22). Inadequate
suppression of autoreactive responses leads to the development of autoimmune diseases. Recent studies
have shown that regulatory molecules play a pivotal role in peripheral tolerance and regulation of
autoreactive responses. Among the many regulatory molecules, program death-1 (PD-1) and T-cell
immunoglobulin and mucin domain 3 (TIM-3), which have been introduced as immune checkpoints, have
received considerable attention and have been extensively studied in the context of autoimmune diseases
(23). PD-1 is an inhibitory molecule located on the surface of activated immune cells such as T-CD4*, T-
CD8" and B cells (20). They contribute to the reduction of autoreactive responses, including autoantibodies,
as well as the induction of tolerance in autoimmune diseases such as rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE) and vitiligo (24). The T-cell immunoglobulin and mucin domain (TIM) family,
like PD-1, has an undeniable part in controlling the immune response and is associated with various allergies
and autoimmune diseases (25, 26). TIM-3, one of the several members of this family, acts as a negative
regulatory molecule by interacting with its receptor GAL-9 (27). As mentioned above, the production of
autoantibodies against receptors on the surface of mast cells can lead to chronic urticaria with histamine
release. Regarding the self-regulatory functions of immune checkpoints, we hypothesize that these markers
have a significant impact in the production of autoantibodies (28). In addition to inhibitory molecules,
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immunosuppressive cytokines, transforming growth factor- (TGF-p) and IL-10 also play a role in
modulating the immune response and preventing autoimmunological diseases (29-31). TGF-f is a known
inhibitory cytokine. TGF-B 1/2/3 isoforms are found in animals. TGF-B1 is a major isoform found mainly
in lymphoid tissue and serum. Other isoforms are mainly found in mesenchymal tissues and bones. TGF-B1
is critical for maintaining peripheral tolerance and protecting the host from multiple sclerosis and arthritis
(32). IL-10, along with TGF- B, is an important cytokine in the maintenance of immunological tolerance

(33). Like TGF-B, this anti-inflammatory cytokine is primarily produced by regulatory T cells (Tregs) and
exerts regulatory effects by suppressing mast cell degranulation and releasing inflammatory mediators (34).
TGF-p has the potential to inhibit IL-2 production, which may hinder the proliferation and differentiation
of autoreactive T cells. Furthermore, studies show that TGF-f can promote the growth and proliferation of
Tregs, which has a vital function in the induction of peripheral tolerance (35). IL-10, along with TGF-B, is
an important cytokine in the setting of immunologic tolerance (33). These anti-inflammatory cytokines are
primarily produced by Tregs and exert regulatory effects by suppressing mast cell degranulation and
releasing inflammatory mediators (34). Although inhibitory receptors and inflammatory cytokines are
important, the aim of the current study was to clarify the other part of the relationship between inhibitory
receptors and inflammatory cytokine expression with immune system dysregulation and impaired
immunological tolerance in CSU patients compared to healthy controls. Furthermore, the relationship
between the expression of these markers and disease activity (Urticaria Activity Score 7) was also
investigated. The initial severity of the disease was assessed using the UAS7 questionnaire. The severity of
the itching is indicated from O for no itching to 3 for the most severe itching and the number of hives from
0to 3 (7).

Materials and methods

Patients and control

Thirty CSU patients referred to the second teaching hospital of Buali at Mazadaran University of
Medical Sciences in Sari, northern Iran, were recruited for the present study. All subjects gave informed
consent and the study methodology was approved by the ethical research council of Mazandaran University
of Medical Sciences. All patients were in the early stages of the disease and had not received
immunosuppressive drugs. The Urticaria Activity Score 7 (UAS7) was used to assess the disease activity of
a CSU patient. Based on clinical and laboratory tests, a specialist physician diagnosed and verified the CSU
patients. The exclusion criteria were chronic infections, asthma, other autoimmune diseases and cancer. The
control group consisted of healthy volunteers who had no underlying conditions such as allergic diseases,
autoimmune disorders, infections, or other chronic problems. Additionally, patients with unhealthy habits
such as smoking or an inflammatory diet were excluded from the current study. The protocol of this study
was approved by the Ethical Research Committee of Mazandaran University of Medical Sciences (ethical
code: IR MAZUMS.REC.1397.3086)
PBMC isolation and culture

Peripheral blood samples were collected in test tubes containing ethylenediaminetetraacetic acid
(EDTA) as an anticoagulant. PBMCs were collected by density gradient centrifugation on Ficoll-Histopaque
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(Biosera, China) (36). The isolated cells were immediately cultured in four-well flat bottom plates
(1x10%well) with RPMI 1640 media supplemented with 1% penicillin/streptomycin and 10% heat-
inactivated FBS. After culturing, cells were stimulated with PMA (50 ng/mL) and ionomycin (1 pg/mL)
(Sigma) and incubated for 18 hours in 37 °C with 5% CO2.
ELISA and cytokine measurement

PBMCs were cultured and treated with PMA/ionomycin to analyze cytokine production. After 18
hours, culture supernatants were collected, aliquoted and stored at -70 °C. Then the frozen supernatants were
removed from the freezer for the first time (avoiding repeated Fr/thw times) and used for the cytokine assay.
TGF-B and IL-10 levels were quantified using an ELISA kit from Invitrogen Thermo Fisher Scientific
(Waltham, Massachusetts, USA) according to the manufacturer’s instructions.
Real-time PCR

Expression of PD-1, TIM-3, TGF-B, and IL-10 was analyzed by a stem-loop TagMan real-time PCR
assay using a unique sequence index (USI) and a universal probe (37). Total RNA from isolated PBMC was
extracted using the RNA isolation kit (Fervorgen, Taiwan) according to the manufacturer’s protocol. The
guality and quantity of RNA were determined by agarose gel electrophoresis and absorbance ratio (260
nm/280nm), respectively, and stored at -70 °C for further analysis. Extracted RNA was converted to cDNA
using mRNA-specific USI RT-PCR primers (Table 1) and a cDNA synthesis kit (GeNet Bio, Korea)
according to the manufacturer’s protocol. Gene amplification was performed using the StepOne™ Real-
Time PCR instrument and HotStarTag Plus DNA polymerase (QIAGEN, Germany) (38). The mRNA
expression was determined using the Livak method (39). The GAPDH gene is used as an internal control
for the quantification of PD-1, TIM-3, TGF-B and IL-10 genes. All primers were designed using Allele 1D
6.0 software (Table 1).
Statistical analysis

Qualitative variables were expressed as absolute frequency and relative frequency, and quantitative
variables were presented as mean and median. The chi-square test was used to compare qualitative variables
between groups. In the case of data with a normal distribution (based on the Kolmogorov-Smirnov test),
parametric tests, T-tests, and in the case of abnormally distributed data, non-parametric tests such as Mann-
Whitney were used. The data were statistically analyzed using SPSS19. The correlation coefficients were
calculated using Pearson correlation tests. The shapes were drawn using PRISM software. A value of p<0.05
was considered significant for all samples.

Results

Demographic characteristics of the patients

Table 2 shows the demographic characteristics of all individuals, including the patients and healthy
groups. The age and gender differences between the patient and healthy groups were not statistically
significant.
PD-1 and TIM-3 expression in CSU patient

For the analysis of mMRNA expression of TIM-3 and PD-1 in CSU patients compared to normal groups,
isolated PBMC was cultured and stimulated with PMA/ionomycin and then incubated at 37 °C and 5% CO2
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Table 1. Primer sequences used for stem-loop RT-PCR assays.

Accession Gene . | Amplicon
1 1

Number Name Primers 5 3 size (bp)

NM_002046.6 GAPDH Specific forward primer: 229

NM_032782.4 TIM-3

NM_005018.2 PD-1

NM_000660.6 TGF-B

NM_000572.2 1L-10

USI RT-PCR
primer

TGGAGTCCACTGGCGTCTTCAC

USI RT-PCR primer
GTCGTATCCAGTGCTGCGACCGTATGGATGTGTCTGCG
GCGTTTTATCATGCACTGGATACGACAGGCATTGCTGA
Specific forward primer: 235
GAATGTGACTCTAGCAGACAGTGG

USI RT-PCR primer
GTCGTATCCAGTGCTGCGACCGTATGGATGTGTCTGCG
GCGTTTTATCATGCACTGGATACGACCTGGTGGTAAGC
Specific forward primer: 228
GCCGCACGAGGGACAATAGG

USI RT-PCR primer
GTCGTATCCAGTGCTGCGACCGTATGGATGTGTCTGCG
GCGTTTTATCATGCACTGGATACGACGCATACTCCGTC

T

Specific forward primer 252
GCAAGTGGACATCAACGGGTTC

USI RT-PCR primer
GTCGTATCCAGTGCTGCGACCGTATGGATGTGTCTGCG
GCGTTTTATCATGCACTGGATACGACCGCAGCAGTTCT
Specific forward primer 166
TTGCTGGAGGACTTTAAGGGTTAC

USI RT-PCR primer
GTCGTATCCAGTGCTGCGACCGTATGGATGTGTCTGCG
GCGTTTTATCATGCACTGGATACGACTGGGTCTTGGTT

e

GTCGTATCCAGTGCTGCGACCGTATGGATGTGTCTGCG
GCGTTTTATCATGCACTGGATACGACGGAGGCCATGTA

G

Table 2. Demographic characteristics of patients.

Controls CSU P- value
Age 332176 344+6.4 0.535
Gender (male/female) 9/21 8/22 0.5
Disease activity - 14.7 £ 8.6 -
Severity of pruritus - 6.8+4.1 -
Number of urticaria - 7.8+5.1 -
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for 18 hours. The RNA was extracted and the expression of RNA levels was analyzed. Our results
demonstrated significantly higher expression of PD-1 in CSU patients (P<0.0001) (Figure 1A). In addition,
the expression of TIM-3 decreased compared to the healthy group, but was not statistically significant
(P=0.359) (Figure 1B).
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Fig. 1. PD-1 and TIM-3 mRNA expression in CSU patients. (A) There were significant differences in PD-1 expression in CSU
patients compared to the Healthy group (p < 0.0001). (B) The level of TIM-3 expression in CSU patients decreased with no

significant differences from the Healthy group (p = 0. 359). (Data are presented as means + SD, ***p < 0.001, and ns=
nonsignificance).

Correlation analysis of TIM-3 and PD-1 expression with disease activity in CSU patients
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Fig. 2. The linear correlation between TIM-3 and PD-1 expression with disease activity in CSU patients. (A)There was a strong
positive correlation (P=0.0043, r=0.6519) between PD-1 mRNA expression and disease activity. However, there was not a

significant correlation (P=0.6869, r=0.08598) between TIM-3 mRNA expression and disease activity (B).
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To determine the effect of immune checkpoints on disease severity, the correlation of PD-1
and TIM-3 mRNA expression with disease severity/activity was analyzed. The disease activity of CSU
patients was determined using the UAS7. A significant positive correlation was found between disease
activity and PD-1 expression (P=0.004, r = 0.6519) (Figure 2A). However, as shown in Figure 2-B, there is
no significant correlation between TIM-3 expression and disease activity (p=0.689, r = 0.08598).
Increased expression and production of TGF-p and IL-10 cytokines in PBMC from CSU patients

To analyze the mRNA expression of TGF-B and IL-10 in CSU patients compared to normal
groups, isolated PBMC was stimulated with PMA/ionomycin and cultured for 18 hours. As illustrated
in Figures 3A and B, although the expression of TGF-B and IL-10 is higher in CSU patients than
in healthy controls, these differences are not statistically significant (p=0.638 and p=0.798,
respectively).

The protein levels of IL-10 and TGF-f in the study groups were also evaluated. As Figure 4 shows, IL-
10 levels are significantly higher in CSU patients than in healthy controls (237.6 + 45.2 vs. 70.45+16.12,
p<0.0001). However, no significant difference was observed between TGF-f levels in CSU patients and
controls (297.4+32.9 vs. 274.3 = 25.6 pg/mL, p=0.583).

Correlation between cytokine production and disease activity in CSU patients

To evaluate the dysregulation of the immune system in CSU patients, the correlation between the anti-
inflammatory cytokines, 1L-10 and TGF-B, and disease activity was evaluated. As indicated in Figure 5,
there is no significant correlation between either IL-10 mRNA expression (p=0.08, r=-0.3635) (Figure 5A)
or its soluble form (p=0.59, r=-0.1142) (Fig 5-B) and disease activity. Nevertheless, a positive significant
correlation was seen between TGF-f mRNA expression and disease activity (p=0.0018, r=0.6153) (Figure
5C). Moreover, no significant correlation was observed when soluble TGF-p was the focus of evaluation
(p=0.6869, r=0.2833) (Figure 5D).
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Fig. 3. IL-10 and TGF-B mRNA expression in CSU patients and healthy controls. There were no significant differences in (A) IL-

10 (p=0.798) and (B) TGF-B (p=0.638) mRNA expression in the patients compared to healthy controls. Ns. Non-significant. (Data
are presented as means = SD).
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Fig. 4. 1L-10 and TGF-f protein production in CSU patients and healthy controls. The levels of IL-10 were significantly higher in
the patients compared to the controls (p<0.0001) (A). Meanwhile, the levels of TGF- were not significantly different in the patients

than in the controls (p=0.583) (B). (Data are presented as means = SD, ***: p < 0.001 and ns = non-significant).
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Discussion

The initiation of autoreactive responses is significantly influenced by dysregulations of peripheral
tolerance. Immune checkpoints, including CTLA-4, LAG-3, TIM-3 and PD-1, have been extensively
studied in this context (40). Recent studies have shown that inflammatory, autoimmune, and allergic diseases
such as rheumatoid arthritis, vitiligo and asthma have higher expression of the regulatory molecules PD-1
and TIM-3 (23, 25, 31) .In the current study, the relationship between the expression of TIM-3 and PD-1
MRNA and disease activity in the PBMC from CSU patients and normal groups was investigated for the
first time. The findings of the ongoing study represented that PBMC from CSU patients had significantly
higher PD-1 mRNA expression compared to normal groups. According to studies utilizing mouse models,
the PD-1 signaling pathway is crucial for the prevention of autoimmune processes. Collagen-induced
arthritis was more frequent and severe in PD-1-deficient mice (25, 41). In the study by A. Bassiouni et al.
which is similar to the present study, both PD-1 gene expression and serum sPD-1 levels are significantly
increased in individuals with new-onset SLE (42). Measurements of PD-1 and PDL-1 in the peripheral blood
of MS patients has revealed that the expression of these inhibitory molecules is significantly lower in MS
patients than in healthy individuals (43). In contrast to PD-1, TIM-3 expression was found to be lower than
average in the patient groups of the present study, although this was not statistically significant compared
to healthy individuals. Recently, studies have reported that downregulation of TIM-3 on the CD4* T cells is
associated with the production of more pro-inflammatory cytokines in SLE (44). Kanai Y et al. investigated
the expression of TIM-3 at Thl, T-CD8" and Th17 levels in psoriasis patients compared to healthy
individuals. They discovered that individuals with psoriasis had lower expression of this molecule on cell
surfaces (45). Additionally, studies have suggested that TIM-3 plays a protective role in various autoimmune
diseases, including multiple sclerosis (MS) and rheumatoid arthritis (RA) (46). In this context, studies have
revealed that treatment of experimental autoimmune encephalomyelitis (EAE) with anti-TIM-3 antibodies
increases the mortality rate (47). On the other hand, Tembhre et al. examined the expression of TIM-3 on
the surface of T-CD4" cells in the peripheral blood of vitiligo patients and found that vitiligo patients had
higher expression of these molecules compared to control groups, suggesting that higher expression of this
molecule may be associated with disease complications (48). In addition, TIM-3 may play an inhibitory role
as a regulatory molecule on the surface of Thl cells (49) and in this context redirects immune responses
from Th1l to Th2. Treatment with TIM-3 inhibitory antibodies in a mouse model of allergic asthma has been
demonstrated to alleviate the symptoms of pneumonia by polarizing Thl responses (46). According to a
study by Tang et al., patients with allergic asthma had higher levels of the regulatory molecule TIM-3 in
their TCD4* lymphocytes, contributing to disease progression due to an imbalance between their Th-1 and
Th-2 responses (50). Furthermore, in the present study, the relationship between the disease activity of CSU
patients and the expression of PD-1 and TIM-3 was investigated. The results indicated that there was a
favorable correlation between the disease activity of CSU patients and the expression of TIM-3 and PD-1.
According to the study by Bratke et al. there was a negative correlation between the expression of PD-
1/CD4* T cells and the production of IgE patients with allergic asthma (51). In agreement with the current
study, Rahimi et al. discovered that the expression levels of TIM-3 and PD-1 protein and mRNA are
positively correlated with disease activity (23). In agreement with other studies, PD-1 inhibits the response
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to self-antigens and promotes the death of activated T cells. PD-1 expression alleviates disease symptoms,
whereas PD-1 deficiency can increase disease severity in murine models of arthritis (52, 53). In contrast to
the findings of the current study, Koohini et al. demonstrated negative correlations between the expression
of TIM-3 and PD-1 and their co-expression with disease activity in RA patient (25, 41). Earlier studies
investigating the association between PD-1 and CTLA-4 gene polymorphism and disease etiology found no
statistically significant differences between CSU and healthy groups(12, 54). The autoregulatory and
feedback mechanisms cause the increased expression of PD-1 in CSU patients. The researchers discovered
that PD-1 on T regulatory cells reduces inflammatory responses in the airways of patients with allergic
asthma. They also declared that the therapeutic effect of PD-1 disappears when this receptor is blocked by
antibodies (55). Autoimmune diseases and overactive immune responses are prevented by the binding of
PD-1 to its receptor, programmed death ligand 1 (PD-L1). However, these interactions inhibit the host
antitumor immune response in a tumor environment. In this context, the FDA-approved PD-1 inhibitors
pembrolizumab and nivolumab have significantly improved the treatment of several advanced and
metastatic tumors. Nivolumab is another PD-1 inhibitor that has been approved by the FDA. It interferes
with the ability of PD-1 to negatively control the activation and proliferation of T cells by enabling the
binding of multiple PD-1 epitopes to pembrolizumab (17, 56). Considering our results, it would be a
therapeutic approach to utilize PD-L1 to alleviate disease severity. As additional immunoregulatory
markers, the mRNA expression and levels of the anti-inflammatory cytokines IL-10 and TGF-p were
investigated in the ongoing study. In addition to the increased mMRNA expression of IL-10, the current study
observed the increased IL-10 secretion by PBMC in CSU patients compared to healthy controls. In the
context of autoimmune diseases and maintenance of tolerance, IL-10 and TGF- play an important role (57
58). According to studies, these regulatory cytokines can restrict the expression of FCeR1 on mast cell
surfaces and thus prevent the release of inflammatory mediators from cutaneous mast cells. Other studies
have shown increased levels of IL-10 compared to healthy groups, supporting our study (59-63). However,
there are contradictory findings regarding the cytokine IL-10. According to several studies, CSU patient
groups produce less I1L-10. Papatya et al. have proposed that low IL-10 levels are related to impaired T
regulatory function (34). Additionally, although it was not statistically significant, a slight increase was
found in TGF- B in the patient group. Moreover, there was a positive correlation between TGF- 3 production
and disease activity in CSU patients. In several other studies, TGF-p levels were lower in the patient groups.
Multiple factors, including autoimmune disease type, severity, ethnicity, sample volume, and others, could
lead to discrepancies between reports. In this context, IL-10 gene expression showed a trend toward a
negative correlation with disease severity, whereas TGF-3 was positively correlated with disease severity.
It is speculated that in the patient group, due to genetic variations and non-translational modifications, the
increase in the expression of IL-10 has led to a decrease in disease severity and a negative correlation, but
on the other hand, the increase in the expression of TGF-p is not to the extent that it can reduce the severity
of the disease (due to the positive correlation) and it is slow to control the severity and none can overcome
the other. The results of the current study have demonstrated that immune checkpoints and anti-
inflammatory cytokines play an important role in the development of CSU. In this context, we have explored
the concept of feedback and compensatory mechanisms. However, the exact molecular signaling
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mechanisms that trigger the upregulation of immune checkpoints as a form of compensation remain unclear
(28). It can be hypothesized that these processes signal the immune system's struggle to restore
immunological tolerance and reduce disease severity. During this process, certain molecules, such as anti-
inflammatory cytokines and PD-1, increase to alleviate disease severity, while others, like TIM-3, may
exacerbate disease activity. Nevertheless, the specific molecular signaling mechanisms responsible for the
upregulation of immune checkpoint as a compensatory response remain uncertain. Unfortunately, due to
limitations such as insufficient funding in the present study, it was not possible to analyze the reported
markers at the protein level or to distinguish them on distinct T cell subsets. In addition, samples should be
taken from the patient's skin at the mast cell level, which is impossible with PBMCs. On the other hand,
ethical considerations prevented us from using human samples for the present study. It is expected that these
ideas will be incorporated into future studies. Overall, more research is needed to unravel the complexities
of the immune system. These discoveries guide us in the right direction to identify effective solutions for
therapeutic purposes.
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