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Abstract
Background: TH17/IL-23 immune axis is considered to be involved in the patho-
genesis of autoimmune and chronic inflammatory diseases. Bullous pemphigoid (BP) 
is the most frequent autoimmune blistering disease, characterized by the presence of 
autoantibodies against the components of the dermal-epidermal junction. Animal stud-
ies and characterization of patient samples point toward a contribution of TH17 cells 
in BP pathogenesis. However, genetic polymorphisms in the genes of TH17/IL-23 
cytokines have not yet been well investigated in BP.
Methods: Detection of polymorphisms in IL-17A (rs2275913 and rs3819025), IL-17F 
(rs2397084 and rs763780), IL-17RA (rs2229151), and IL-23R (rs2201841, rs7530511, 
rs11209026, and rs10889677) genes were performed following the collection of blood 
samples and DNA extraction from BP patients and controls. Gene expression of IL-
23R was determined by quantitative RT-PCR analysis.
Results: The prevalence of IL-23R rs7530511 genotypes and alleles, as well as IL-
23R rs2201841 alleles, is significantly different between the BP patients and controls. 
While the minor C-allele of IL-23R rs7530511 is highly present in the patients, the 
G-allele distribution of IL-23R rs2201841 is significantly more prevalent in the control 
individuals compared to the BP patients. Genotypes and alleles of other SNPs in IL-
17A, IL-17F, and IL-17RA were similarly distributed in patients and controls.
Conclusions: No alteration was found in the gene expression between wild and poly-
morphic genotypes of IL-23R (rs2201841 and rs7530511) variations, indicating they 
do not contribute to altering the levels of gene expression in blood. In summary, our 
data show that the alleles of two SNPs in IL-23R rs2201841 and rs7530511 are associ-
ated with BP.
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1  |   INTRODUCTION

Bullous pemphigoid (BP) is the most common autoimmune 
subepidermal blistering disease which is characterized and 
caused by an autoimmune response against the proteins 
located at the dermal-epidermal junction (DEJ), namely 
BP180 and BP230 (Haeberle et al., 2018; Liu et al., 2017; 
Muramatsu et al., 2018; Schmidt & Zillikens, 2013). After 
binding of autoantibodies to their targets, a series of immu-
nological responses and enzymatic processes are activated. 
These responses are mostly intervened by complement acti-
vation and inflammatory cell recruitment which leads to the 
destruction of basement membrane components and anchor-
ing fibers and, ultimately to skin inflammation and subep-
idermal blister formation (Liu, 2003; Ludwig et al., 2017; 
Nakashima & Fujimoto, 2014). Cytokines play a major role 
in autoimmune skin diseases and dysregulation of cytokine 
production and alteration in their receptors are associated 
with the pathogenesis of inflammatory skin diseases (Bagci 
et al., 2017; Didona & Di Zenzo, 2018; Ludwig & Schmidt, 
2009; Sauder, 1990; Tabatabaei-Panah et al., 2019).

TH17/IL-23 immune axis is implicated in the pathogenesis 
of several autoimmune and chronic inflammatory diseases such 
as psoriasis (Girolomoni et al., 2017). Although BP is consid-
ered to be mediated by TH1/TH2 cells associated with BP180/
BP230 autoantibodies, immunohistochemical staining of pa-
tient skin showed that TH17 cells are present in BP (Arakawa 
et al., 2011; Chakievska et al., 2018; Fischer-Stabauer et al., 
2012; Le Jan et al., 2014; Zebrowska et al., 2013). In a pre-clin-
ical BP mouse model, IL-17A-deficient mice are completely 
protected from clinical disease induction, and pharmacological 
IL-17A blockade impairs disease induction. Hence, taken to-
gether, this points toward a contribution of IL17 to BP patho-
genesis. IL-17A and -17F share a common receptor subunit 
(IL-17RA) for signaling and dysregulation of the IL-17A/IL-
17RA axis contributes to the pathogenesis of inflammatory 
skin diseases (Papp et al., 2012). Herein, IL-23 is an upstream 
regulatory cytokine with a critical role in the maintenance of 
the TH17 cell phenotype (Stritesky et al., 2008) as well as the 
production of effector cytokines, such as IL-17A and IL-17F 
(Chan et al., 2006; Stritesky et al., 2008). IL-23 signals through 
IL-23R which can amplify Th17 cell response by inducing 
pro-inflammatory cytokines and dysregulated IL-23 produc-
tion also promotes autoimmune inflammation (Langrish et al., 
2005; Maddur et al., 2012). Furthermore, the pathogenicity of 
Th17 cells is associated with the hyper-activation of the IL23/
IL23R signaling pathway (Di Meglio et al., 2011; McGeachy 
et al., 2009). Interestingly, the pharmacological blockade of the 
(IL12)/IL23 pathway using ustekinumab has shown diverse 
outcomes: In 2 cases, BP was newly diagnosed in psoriasis 
patients treated with ustekinumab, while in one case BP im-
proved under ustekinumab treatment (Le Guern et al., 2015; 
Loget et al., 2017; Onsun et al., 2017).

Given the influence of cytokine levels in the pathogene-
sis of the autoimmune diseases, single nucleotide polymor-
phisms (SNPs) in the genes may contribute to the altering of 
these levels, and thereby affect the susceptibility to autoim-
mune diseases. Although the polymorphisms of Th17/IL23 
have been studied in autoimmune diseases, to our very best of 
knowledge, it has never been studied in BP patients. The pres-
ent study aimed at testing the frequency of SNPs rs2275913 
and rs3819025 (IL-17A, OMIM 603149), rs2397084 and 
rs763780 (IL-17F, OMIM 606496), rs2229151 (IL-17RA, 
OMIM 605461), and rs2201841, rs7530511, rs11209026, and 
rs10889677 (IL-23R, OMIM 607562) in patients suffering 
from BP compared with healthy controls. Since the polymor-
phism could affect the levels of gene expression, the respective 
cytokine gene expression was measured in the patients with 
allelic variation to compare with healthy individuals.

2  |   MATERIALS AND METHODS

2.1  |  Ethical compliance

Informed patient consent was collected and the Human 
Research Ethics Committee of Skin Research Center, Shahid 
Beheshti University of Medical Sciences has approved the 
study protocol. The study adhered to the principles outlined 
in the 1975 Declaration of Helsinki as revised in 2000.

2.2  |  Subjects

Forty patients diagnosed with BP were recruited since 2013 
at the Shohada Tajrish and Razi hospitals in Tehran. The di-
agnosis of BP was carried out according to investigational 
assessment guidelines (Feliciani et al., 2015). Briefly, it was 
based on positive direct immunofluorescence microscopy 
(DIF), clinical presentation, the biopsy subepidermal blis-
ters, and compatible light microscopy findings. Following 
the diagnosis of BP, samples were collected and patient's 
data were analyzed. Samples with a lack of proper data were 
excluded from the study. Questionnaires were used to take 
relevant information from study participants. Forty age and 
sex-matched healthy individuals were included in the study.

2.3  |  Analysis of single nucleotide 
polymorphism (SNP)

Genomic DNA was isolated from whole blood samples 
taken from the subjects using an isolation kit (DNGTM – 
Plus; SinaClon, Iran). Detection of polymorphisms in IL-
17A (rs2275913 and rs3819025), IL-17F (rs2397084 and 
rs763780), IL-17RA (rs2229151), and IL-23R (rs2201841, 
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rs7530511, rs11209026, and rs10889677) genes were per-
formed using PCR-based restricted fragment length poly-
morphism (PCR-RFLP) method with primers and respective 
restriction endonucleases as described previously (Chen 
et al., 2011; Csongei et al., 2010; Paradowska-Gorycka et al., 
2010; Safrany et al., 2009; Shuang et al., 2015; Temel et al., 
2016; Urabe et al., 2015).

2.4  |  Gene expression analysis

Following RNA isolation and cDNA synthesis from blood sam-
ples of patients using RNX-Plus kit (SinaClon, Iran) according 
to the manufacturer's instructions, quantitative RT-PCR was 
performed to analyze the expression of the IL-23R gene as well 
as housekeeping glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) gene. The primer sequences and conditions of IL-
23R (forward: 5′-TGG TGT CAT GGA GGA ATT ACA-3′; re-
verse: 5′-ATG AAG TTT CCT TGG TTG GC-3′ and GAPDH 
(forward: 5′-ATG GAG AAG GCT GGG GCT-3′; reverse: 
5′-ATC TTG AGG CTG TTG TCA TAC TTC TC-3′) were 
designed by ABI PCR equipment (Applied Biosystems, USA). 
The GAPDH gene was used to measure the levels of gene ex-
pression by SYBR Green real-time RT-PCR.

2.5  |  Statistical analysis

Statistical analysis was done using SPSS (IBM SPSS 
Statistics, IBM Corporation, Chicago, IL, USA) or GraphPad 
Prism (GraphPad Software, Inc., San Diego, CA, USA). 
Data were shown as median and a p value less than 0.05 was 
considered statistically significant. A corrected p value (pc) 
was calculated based on the Bonferroni method for multiple 
analysis correction. Genotype and allele frequencies, as well 
as the agreement with the Hardy–Weinberg equilibrium, was 
detected by the Chi-square (χ2) test. Haploview software ver-
sion 4.2 and SNPStats online software was recruited for anal-
ysis of the delta coefficient (D′) of the population, haplotype 
analysis, and linkage disequilibrium (LD) analysis. The χ2 
test or t test was applied for detecting associations between 
polymorphisms and clinical-demographic factors. The prob-
ability incidence of BP was considered by logistic regression 
analysis. The normality distribution of the data was tested by 
Shapiro–Wilk or Mann–Whitney t test analysis.

3  |   RESULTS

3.1  |  Cohort description

In total, 40 BP patients and healthy individuals were re-
cruited. All patients and controls were of Iranian heritage. 

The age and gender were observed to be similar between pa-
tients and controls (Table 1). The frequencies of genotypes in 
the patients in SNPs of IL-17A (rs2275913 and rs3819025) 
and IL-23R (rs7530511) deviated from the Hardy–Weinberg 
equilibrium.

3.2  |  The C-allele of rs7530511 and 
G-allele of rs2201841 in IL-23R is associated 
with BP

To investigate if variations in the TH17/IL23 are associ-
ated with BP, nine polymorphisms were examined in BP 
patients and healthy controls. Of these, IL-23R rs7530511 
SNP is significantly associated with susceptibility to BP. 
In contrast to healthy individuals with no CC genotype, 
patients carried 40% of the CC genotype (Table 2). More 
specifically, the C-allele of IL-23R rs7530511 is present at 
a higher frequency in BP patients (67.5%) compared to the 
controls (27.5%, pc<0.001, Table 3). Furthermore, logistic 
regression analysis confirms the C-allele as an independ-
ent risk factor in predisposing to BP, where the calculated 
odds ratio (OR) was 5.47 (95% confidence interval [CI]: 
2.77–10.7). Besides, a trend toward significant differ-
ences between patients and controls was found for IL-23R 
rs2201841. However, in contrast to IL-23R rs7530511, 
the minor G-allele of IL-23R rs2201841 variation is more 
prevalent in healthy subjects (20%) than to that of BP pa-
tients (5%, pc = 0.016, Table 2).

No significant differences were observed in SNPs of 
IL-17A (rs2275913 and rs3819025), IL-17F (rs2397084 
and rs763780), and IL-17RA (rs2229151), as well as two 
variations of IL23R (rs11209026 and rs10889677) between 
patients and controls in our cohort study and all genotypes 
(Table 2) and alleles (Table 3), distributed similarly. Of note, 
none of the patients and controls were carrying polymorphic 

T A B L E  1   Clinical and demographic characteristics in patients 
with BP and control subjects

Characteristics

Frequency (%)

p-value
Patients with 
BP (n = 40)

Controls 
(n = 40)

Age (mean, years) 69.9 ± 2.01 64.7 ± 1.72 0.053

Gender, male/
female

12/28 (30/70) 20/20 (57.1/42.9) 0.069

Age of onset 67.5 ± 3.0 — —

Disease duration 
(years)

20.2 ± 6.2 — —

Note:: p values were performed based on the chi-square or t test and a value of 
<0.05 was considered statistically significant.
Abbreviations: BP, bullous pemphigoid; n, number.
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AA genotypes in IL-17A rs3819025. Moreover, the patients 
were all homogenous for GG genotypes for this variation.

Furthermore, clinical and demographical factors were 
considered verifying an association between the polymorphic 
and wild-type genotypes in patients. No significant differ-
ence was found in our further investigation between wild and 
polymorphic genotypes of all investigated SNPs and clinical 
and demographical features (data not shown).

3.3  |  Linkage disequilibrium (LD) analysis

To uncover the association between polymorphisms in IL-
17A, IL-17F, and IL-23R, the pairwise LD was performed for 
all related SNPs (Figure 1). LD analysis indicates a strong 
and a moderate LD between two SNPs (rs2397084 and 

rs763780) of IL-17F and two SNPs of IL-23R (rs2201841 
and rs7530511), respectively, while SNPs in IL-17A 
(rs2275913 and rs3819025) as well as in IL-23R (rs11209026 
and rs10889677) seems to be almost independent of one an-
other. Haplotype frequencies were analyzed between IL-17A, 
IL-17F, and IL-23R SNPs to compare their association with 
BP. No significant differences were noticed in haplotype fre-
quencies between patients and controls based on the global 
and individual haplotype score analysis (p > 0.05).

3.4  |  IL-23R variations do not alter the 
levels of gene expression in blood cells

Given an association between IL-23R (rs2201841 and 
rs7530511) SNPs and susceptibility to BP, a quantitative 

T A B L E  2   The IL-17A, IL-17F, IL-17RA, and IL-23R polymorphism genotype frequencies

Gene rs number Genotype
Patients with BP 
(n = 40)

Control subjects 
(n = 40) OR (95% CI) p pc

IL-17A rs2275913 GG 0.15 0.15 1.6 (0.72-3.53) 0.243 —

GA 0.60 0.75

AA 0.25 0.10

rs3819025 GG 1.00 0.50 — 0.998 —

GA 0 0.50

AA 0 0

IL-17F rs2397084 AA 0.85 0.85 1.29 (0.47-3.55) 0.614 —

AG 0.10 0.15

GG 0.05 0

rs763780 AA 0.85 0.90 1.81 (0.58-5.59) 0.301 —

AG 0.10 0.10

GG 0.05 0

rs2229151 GG 0.85 0.90 1.58 (0.41-6.12) 0.502 —

GA 0.15 0.10

IL-17RA AA 0 0

IL−23R rs2201841 AA 0.95 0.80 0.45 (0.20-1.03) 0.059 —

AG 0 0

GG 0.05 0.20

rs7530511 TT 0.05 0.45 17.4 (4.1-72.9) <0.001 <0.001

TC 0.55 0.55

CC 0.40 0

rs11209026 GG 0.95 0.85 0.58 (0.23-1.42) 0.233 —

GA 0 0.05

AA 0.05 0.10

rs10889677 AA 0.15 0.30 0.47 (0.19-1.14) 0.096 —

AC 0.75 0.65

CC 0.10 0.05

Note:: p values (p) were performed based on the logistic regression test and a value of <0.05 was considered statistically significant. Significant p values are shown in 
bold.
Abbreviations: BP, bullous pemphigoid; CI, confidence interval; n, number; OR, odds ratio.
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T A B L E  3   The distribution of alleles in IL-17A, IL-17F, IL-17RA, and IL-23R polymorphisms

Gene rs number Allele
Patients with BP 
(n = 40)

Control subjects 
(n = 40) OR (95% CI) p pc

IL-17A rs2275913 G 0.450 0.525 1.35 (0.72-2.51) 0.343 —

A 0.550 0.475

rs3819025 G 1.000 0.750 — 0.998 —

A 0 0.250

IL-17F rs2397084 A 0.900 0.925 1.37 (0.45-4.14) 0.577 —

G 0.100 0.075

rs763780 A 0.900 0.950 2.11 (0.60-7.31) 0.239 —

G 0.100 0.050

IL-17RA rs2229151 G 0.925 0.950 1.54 (0.41-5.68) 0.516 —

A 0.075 0.050

IL-23R rs2201841 A 0.950 0.800 0.21 (0.06-0.66) 0.008 0.016

G 0.050 0.200

rs7530511 T 0.325 0.725 5.47 (2.77-10.7) <0.001 <0.001

C 0.675 0.275

rs11209026 G 0.950 0.875 0.36 (0.11-1.22) 0.104 —

A 0.050 0.125

rs10889677 A 0.525 0.625 1.50 (0.80-2.83) 0.202 —

C 0.475 0.375

Note:: p values (p) were performed based on the logistic regression test and a value of <0.05 was considered statistically significant. Significant p values are shown in 
bold.
Abbreviations: BP, bullous pemphigoid; CI, confidence interval; n, number; OR, odds ratio.

F I G U R E  1   Linkage disequilibrium pattern of IL-17A, IL-17F, and IL-23R
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analysis was performed to uncover any impact of these poly-
morphisms on gene expression (Figure 2). Our data revealed 
no alteration in the gene expression of polymorphic and wild 
genotypes, indicating they are not involved in modifying the 
gene expression levels in blood cells.

4  |   DISCUSSION

In the current study, our data indicate an association between 
IL-23R rs7530511 and rs2201841 SNPs and BP susceptibility. 
The C-allele of IL-23R rs7530511 was found to be more fre-
quent in the patients, while the G-allele distribution of IL-23R 
rs2201841 is significantly recognized in the control individuals.

Autoantibody-induced infiltration of inflammatory cells in 
BP is a prerequisite for initiating the inflammatory processes 
involving in blister formation. Cytokines play a significant 
role in the pathogenesis of autoimmune diseases and therefore, 
their alteration may influence the predisposition to BP disease. 
Since the Th17/IL23 pathway plays a significant role in tissue 
immunosurveillance and autoimmunity mechanisms, it has 

recently been under intensive research. Gene variations in the 
Th17/IL23 axis may influence its function, and therefore may 
cause dysregulation of this pathway in BP. Given the influence 
of single nucleotide substitution in cytokine genes on their 
functional importance, it is the first study to our knowledge 
that investigates an eventual contribution of the most import-
ant Th17/IL23 axis gene variations in the pathogenesis of BP.

Although altered levels of cytokines have been shown 
in skin lesions, serum, or blister fluid of BP patients (Bagci 
et al., 2017; Didona & Di Zenzo, 2018; Sauder, 1990), con-
tradictory observations have so far been reported. Increased 
levels of IL-17 in blister fluids of BP patients could be in line 
with findings indicating the contribution of IL-17-producing 
cells in BP disease, which may confirm that BP regulation 
is beyond the Th1/Th2 paradigm (Arakawa et al., 2011; 
Chakievska et al., 2018; Fischer-Stabauer et al., 2012; Le 
Jan et al., 2014; Zebrowska et al., 2013). In our cohort study, 
nine polymorphisms in IL-17A, IL-17F, IL-17RA, and IL-
23R genes were studied to find out whether variations in the 
TH17/IL23 axis contribute to susceptibility to BP disease. 
No significant difference was found between IL-17A, IL-17F, 
and IL-17RA between patients and controls. However, among 
four studied SNPs in the IL-23R gene (rs2201841, rs7530511, 
rs11209026, and rs10889677), the rs2201841 and rs7530511 
were found to be significantly associated with susceptibility 
to BP disease. Furthermore, there was only a moderate LD 
between two SNPs of IL-23R (rs2201841 and rs7530511).

IL23/IL23R signaling pathway plays a crucial role in the 
development and pathogenicity of Th17 cells (McGeachy 
et al., 2009) which implicated in the development of autoim-
mune inflammatory diseases (Aggarwal et al., 2003; Bettelli 
et al., 2006). It is also shown that mice deficient for IL-23 or 
IL-23 receptor are partially resistant to develop experimental 
models of auto-inflammatory diseases, suggesting a signif-
icant influence of IL-23 in the inflammatory process (Cua 
et al., 2003; Kikly et al., 2006; Langowski et al., 2006; Murphy 
et al., 2003). Moreover, clinical data in psoriasis demonstrate 
that blocking the p40 subunit in IL-23 and IL-12 may be used 
in the therapy of the disease (Leonardi et al., 2008). Upon an-
alyzing patients versus controls in our cohort study, the minor 
G-allele for IL23R (rs2201841), showed higher prevalence in 
controls, indicating a protective role in the development of BP 
disease, whereas for IL23R (rs7530511) the minor C-allele 
revealed a higher frequency in BP patients, suggesting an in-
dependent risk factor in predisposing to BP disease. In an in-
vestigation with Tunisian patients with pemphigus foliaceus, 
genetic associations between IL-23R (rs11209026) as well as 
IL-17F (rs763780) and the susceptibility to pemphigus folia-
ceus were reported (Ben Jmaa et al., 2018). Xavier et al. re-
ported data of meta-analyses that confirmed the role of some 
SNPs of IL-23R in the risk of Behçet's disease in Iranian pa-
tients, indicating the involvement of candidate SNPs in sus-
ceptibility of inflammatory diseases (Xavier et al., 2012). In 

F I G U R E  2   The relative gene expression analysis of two IL-23R 
SNP genotypes in the patient group is shown. Data are expressed 
as median with interquartile range and were compared based on the 
Mann–Whitney t test
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another study with a case-case study comparing severe and 
mild psoriasis phenotypes, an association between SNPs 
(rs7530511 and rs2201841) within the IL23R genes was in-
dicated in the severe phenotype of psoriasis (Nikamo et al., 
2015). Nevertheless, our findings are in agreement with the 
later study, suggesting the rs2201841 and rs7530511 as a risk 
factor with susceptibility to autoimmune skin disease.

Given the importance of IL-17/IL-23 in BP, inconsistent 
data have been so far reported. It has been shown that IL-17 
is highly expressed in biopsies of perilesional and lesional 
skin as well as in the serum of BP patients (Zebrowska et al., 
2013). In another study, increased levels of IL-17/IL-23 in 
blister fluid but not in the serum, mainly produced by innate 
immune cells, especially neutrophils, and treatment by corti-
costeroids decrease the IL-17 expression and clinical symp-
toms of BP disease (Le Jan et al., 2014). Plée et al. showed 
that in contrast to IL-17, serum concentrations of IL-23 are 
significantly more elevated in the serum from BP patients 
than in controls (Plee et al., 2015). A recent publication con-
firmed an association between BP and mutations in IL-17A 
as well as mRNA upregulation of IL-17A and related media-
tors in the perilesional skin of BP patients (Chakievska et al., 
2018). Furthermore, they could also show a correlation be-
tween serum levels of IL-17A and disease severity in the an-
tibody-transfer mouse model of BP (Chakievska et al., 2018). 
Since an association was found in this study between IL-23R 
(rs2201841 and rs7530511) variations and susceptibility to 
BP, a possible influence of these SNPs on IL-23R gene ex-
pression in blood cells was analyzed. Our data revealed that 
the polymorphic genotypes of respective SNPs had no impact 
on the gene expression in the cells extracted from blood in 
our further investigation. However, these data should be in-
terpreted by the differences between dermal cell phenotypes 
and systemic, where IL23R might be more involved in the 
skin, but lesser in the blood. Likewise, it should be noted that 
the polymorphism could be more likely to affect the recep-
tor-ligand binding than receptor expression itself.

Given an association between IL-23R SNPs and predispo-
sition to BP disease, it should be noted that these data have 
to be interpreted concerning the study limitations. First, since 
we had a power of 85%, missing the significant associations 
between SNPs and disease must be taken into account, be-
cause of the low power of the study. Nevertheless, this is the 
first study to investigate these relationships with a significant 
association, and therefore, our data could offer an advantage 
to calculate an exact sample size for future investigations. 
Second, clinical presentation and DIF were the basis of BP 
diagnosis. According to the BLISTER study (Williams et al., 
2017) with a subsequent serological analysis (Holtsche et al., 
2018), they could diagnose BP disease in almost 90% of the 
patients. Therefore, a different diagnosis, such as mucous 
membrane pemphigoid, p200 pemphigoid, or epidermolysis 
bullosa acquisita in a maximum of 10% of our patients is not 

excluded. Finally, no functional understanding of the investi-
gated associations is expected from genetic association stud-
ies and these findings could be helpful for future researches, 
pointing out the functional influence of associated gene poly-
morphisms that have recently been noticed.

In conclusion, we could show that the alleles of two SNPs 
in IL-23R are associated with BP disease. Finding possible 
susceptible and protective impacts of IL-23R polymorphisms 
on autoimmune disease could provide additional information 
and supports in the direction of developing potential thera-
peutic approaches in patients with BP.

ACKNOWLEDGMENT
We appreciate the staff of the Skin Research Center, Razi, 
and Shohada Tajrish hospitals at Tehran, Iran for kind 
collaboration.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS
P-ST-P and RA contributed to the conception and design 
of the study. HM provided the samples and performed the 
diagnosis of the disease. All authors were involved in the 
analysis and interpretation of the data and drafting the arti-
cle. RA wrote the manuscript and RL critically revised the 
manuscript.

ORCID
Reza Akbarzadeh   https://orcid.org/0000-0001-7668-702X 

REFERENCES
Aggarwal, S., Ghilardi, N., Xie, M. H., de Sauvage, F. J., & Gurney, 

A. L. (2003). Interleukin-23 promotes a distinct CD4 T cell ac-
tivation state characterized by the production of interleukin-17. 
Journal of Biological Chemistry, 278(3), 1910–1914. https://doi.
org/10.1074/jbc.M2075​77200

Arakawa, M., Dainichi, T., Ishii, N., Hamada, T., Karashima, T., 
Nakama, T., Yasumoto, S., Tsuruta, D., & Hashimoto, T. (2011). 
Lesional Th17 cells and regulatory T cells in bullous pemphi-
goid. Experimental Dermatology, 20(12), 1022–1024. https://doi.
org/10.1111/j.1600-0625.2011.01378.x

Bagci, I. S., Horvath, O. N., Ruzicka, T., & Sardy, M. (2017). Bullous 
pemphigoid. Autoimmunity Reviews, 16(5), 445–455. https://doi.
org/10.1016/j.autrev.2017.03.010

Ben Jmaa, M., Abida, O., Fakhfakh, R., Bahloul, E., Sellami, K. H., 
Gaddour, L., Elloumi, N., Ben Ayed, M., Masmoudi, A., Dhouib, 
M., Abdelmoula, M., Mahfoudh, N., Makni, H., Turki, H., & 
Masmoudi, H. (2018). Involvement of the IL23/Th17 pathway in 
the pathogenesis of Tunisian Pemphigus Foliaceus. Mediators of 
Inflammation, 2018, https://doi.org/10.1155/2018/8206983

Bettelli, E., Carrier, Y., Gao, W., Korn, T., Strom, T. B., Oukka, M., 
Weiner, H. L., & Kuchroo, V. K. (2006). Reciprocal develop-
mental pathways for the generation of pathogenic effector TH17 
and regulatory T cells. Nature, 441(7090), 235–238. https://doi.
org/10.1038/natur​e04753

https://orcid.org/0000-0001-7668-702X
https://orcid.org/0000-0001-7668-702X
https://doi.org/10.1074/jbc.M207577200
https://doi.org/10.1074/jbc.M207577200
https://doi.org/10.1111/j.1600-0625.2011.01378.x
https://doi.org/10.1111/j.1600-0625.2011.01378.x
https://doi.org/10.1016/j.autrev.2017.03.010
https://doi.org/10.1016/j.autrev.2017.03.010
https://doi.org/10.1155/2018/8206983
https://doi.org/10.1038/nature04753
https://doi.org/10.1038/nature04753


8 of 9  |      TABATABAEI-PANAH et al.

Chakievska, L., Holtsche, M. M., Künstner, A., Goletz, S., Petersen, B.-
S., Thaci, D., Ibrahim, S. M., Ludwig, R. J., Franke, A., Sadik, C. 
D., Zillikens, D., Hölscher, C., Busch, H., & Schmidt, E. (2018). 
IL-17A is functionally relevant and a potential therapeutic tar-
get in bullous pemphigoid. Journal of Autoimmunity. https://doi.
org/10.1016/j.jaut.2018.09.003

Chan, J. R., Blumenschein, W., Murphy, E., Diveu, C., Wiekowski, M., 
Abbondanzo, S., Lucian, L., Geissler, R., Brodie, S., Kimball, A. 
B., Gorman, D. M., Smith, K., de Waal Malefyt, R., Kastelein, 
R. A., McClanahan, T. K., & Bowman, E. P. (2006). IL-23 stim-
ulates epidermal hyperplasia via TNF and IL-20R2-dependent 
mechanisms with implications for psoriasis pathogenesis. Journal 
of Experimental Medicine, 203(12), 2577–2587. https://doi.
org/10.1084/jem.20060244

Chen, B., Zeng, Z., Xu, L., Wu, X., Yu, J., Xue, L., Hao, Y., Wang, 
Y., Sung, J. J. Y., Chen, M., & Hu, P. (2011). IL23R +2199A/C 
polymorphism is associated with decreased risk of certain 
subtypes of gastric cancer in Chinese: A case-control study. 
Cancer Epidemiology, 35(2), 165–169. https://doi.org/10.1016/j.
canep.2010.08.006

Csongei, V., Jaromi, L., Safrany, E., Sipeky, C., Magyari, L., Farago, 
B., & Melegh, B. (2010). Interaction of the major inflammatory 
bowel disease susceptibility alleles in Crohn's disease patients. 
World Journal of Gastroenterology, 16(2), 176–183. https://doi.
org/10.3748/wjg.v16.i2.176

Cua, D. J., Sherlock, J., Chen, Y. I., Murphy, C. A., Joyce, B., Seymour, 
B., Lucian, L., To, W., Kwan, S., Churakova, T., Zurawski, S., 
Wiekowski, M., Lira, S. A., Gorman, D., Kastelein, R. A., & 
Sedgwick, J. D. (2003). Interleukin-23 rather than interleu-
kin-12 is the critical cytokine for autoimmune inflammation of 
the brain. Nature, 421(6924), 744–748. https://doi.org/10.1038/
natur​e01355

Di Meglio, P., Di Cesare, A., Laggner, U., Chu, C.-C., Napolitano, L., 
Villanova, F., Tosi, I., Capon, F., Trembath, R. C., Peris, K., & 
Nestle, F. O. (2011). The IL23R R381Q gene variant protects 
against immune-mediated diseases by impairing IL-23-induced 
Th17 effector response in humans. PLoS One, 6(2), e17160. 
https://doi.org/10.1371/journ​al.pone.0017160

Didona, D., & Di Zenzo, G. (2018). Humoral epitope spreading in auto-
immune bullous diseases. Frontiers in Immunology, 9, 779. https://
doi.org/10.3389/fimmu.2018.00779

Feliciani, C., Joly, P., Jonkman, M. F., Zambruno, G., Zillikens, D., 
Ioannides, D., Kowalewski, C., Jedlickova, H., Kárpáti, S., 
Marinovic, B., Mimouni, D., Uzun, S., Yayli, S., Hertl, M., & 
Borradori, L. (2015). Management of bullous pemphigoid: The 
European Dermatology Forum consensus in collaboration with 
the European Academy of Dermatology and Venereology. British 
Journal of Dermatology, 172(4), 867–877. https://doi.org/10.1111/
bjd.13717

Fischer-Stabauer, M., Boehner, A., Eyerich, S., Carbone, T., Traidl-
Hoffmann, C., Schmidt-Weber, C. B., Cavani, A., Ring, J., Hein, 
R., & Eyerich, K. (2012). Differential in situ expression of IL-17 in 
skin diseases. European Journal of Dermatology, 22(6), 781–784. 
https://doi.org/10.1684/ejd.2012.1854

Girolomoni, G., Strohal, R., Puig, L., Bachelez, H., Barker, J., 
Boehncke, W. H., & Prinz, J. C. (2017). The role of IL-23 and 
the IL-23/TH 17 immune axis in the pathogenesis and treatment 
of psoriasis. Journal of the European Academy of Dermatology 
and Venereology, 31(10), 1616–1626. https://doi.org/10.1111/
jdv.14433

Haeberle, S., Wei, X., Bieber, K., Goletz, S., Ludwig, R. J., Schmidt, 
E., Enk, A. H., & Hadaschik, E. N. (2018). Regulatory T-cell defi-
ciency leads to pathogenic bullous pemphigoid antigen 230 auto-
antibody and autoimmune bullous disease. The Journal of Allergy 
and Clinical Immunology, 142(6), 1831–1842.e1837. https://doi.
org/10.1016/j.jaci.2018.04.006

Holtsche, M. M., Goletz, S., van Beek, N., Zillikens, D., Benoit, S., 
Harman, K., Walton, S., English, J., Sticherling, M., Chapman, A., 
Levell, N. J., Groves, R., Williams, H. C., König, I. R., & Schmidt, 
E. (2018). Prospective study in bullous pemphigoid: Association 
of high serum anti-BP180 IgG levels with increased mortality and 
reduced Karnofsky score. British Journal of Dermatology, 179(4), 
918–924. https://doi.org/10.1111/bjd.16553

Kikly, K., Liu, L., Na, S., & Sedgwick, J. D. (2006). The IL-23/Th(17) 
axis: Therapeutic targets for autoimmune inflammation. Current 
Opinion in Immunology, 18(6), 670–675. https://doi.org/10.1016/j.
coi.2006.09.008

Langowski, J. L., Zhang, X., Wu, L., Mattson, J. D., Chen, T., Smith, K., 
Basham, B., McClanahan, T., Kastelein, R. A., & Oft, M. (2006). 
IL-23 promotes tumour incidence and growth. Nature, 442(7101), 
461–465. https://doi.org/10.1038/natur​e04808

Langrish, C. L., Chen, Y. I., Blumenschein, W. M., Mattson, J., Basham, 
B., Sedgwick, J. D., McClanahan, T., Kastelein, R. A., & Cua, D. 
J. (2005). IL-23 drives a pathogenic T cell population that induces 
autoimmune inflammation. Journal of Experimental Medicine, 
201(2), 233–240. https://doi.org/10.1084/jem.20041257

Le Guern, A., Alkeraye, S., Vermersch-Langlin, A., Coupe, P., & 
Vonarx, M. (2015). Bullous pemphigoid during ustekinumab ther-
apy. JAAD Case Reports, 1(6), 359–360. https://doi.org/10.1016/j.
jdcr.2015.07.014

Le Jan, S., Plée, J., Vallerand, D., Dupont, A., Delanez, E., Durlach, A., 
Jackson, P. L., Edwin Blalock, J., Bernard, P., & Antonicelli, F. 
(2014). Innate immune cell-produced IL-17 sustains inflammation 
in bullous pemphigoid. The Journal of Investigative Dermatology, 
134(12), 2908–2917. https://doi.org/10.1038/jid.2014.263

Leonardi, C. L., Kimball, A. B., Papp, K. A., Yeilding, N., Guzzo, C., 
Wang, Y., Li, S., Dooley, L. T., & Gordon, K. B. (2008). Efficacy 
and safety of ustekinumab, a human interleukin-12/23 monoclo-
nal antibody, in patients with psoriasis: 76-week results from a 
randomised, double-blind, placebo-controlled trial (PHOENIX 
1). Lancet, 371(9625), 1665–1674. https://doi.org/10.1016/s0140​
-6736(08)60725​-4

Liu, Y., Li, L., & Xia, Y. (2017). BP180 is critical in the autoimmunity 
of bullous pemphigoid. Frontiers in Immunology, 8, 1752. https://
doi.org/10.3389/fimmu.2017.01752

Liu, Z. (2003). Immunopathology of bullous pemphigoid, an autoim-
mune and inflammatory skin blistering disease. Keio Journal of 
Medicine, 52(2), 128–133.

Loget, J., Plee, J., Antonicelli, F., & Bernard, P. (2017). A successful 
treatment with ustekinumab in a case of relapsing bullous pemphi-
goid associated with psoriasis. Journal of the European Academy 
of Dermatology and Venereology, 31(5), e228–e230. https://doi.
org/10.1111/jdv.14002

Ludwig, R. J., & Schmidt, E. (2009). Cytokines in autoimmune bullous skin 
diseases. Epiphenomena or contribution to pathogenesis? Giornale 
Italiano Di Dermatologia E Venereologia, 144(4), 339–349.

Ludwig, R. J., Vanhoorelbeke, K., Leypoldt, F., Kaya, Z., Bieber, K., 
McLachlan, S. M., Komorowski, L., Luo, J., Cabral-Marques, 
O., Hammers, C. M., Lindstrom, J. M., Lamprecht, P., Fischer, 
A., Riemekasten, G., Tersteeg, C., Sondermann, P., Rapoport, 

https://doi.org/10.1016/j.jaut.2018.09.003
https://doi.org/10.1016/j.jaut.2018.09.003
https://doi.org/10.1084/jem.20060244
https://doi.org/10.1084/jem.20060244
https://doi.org/10.1016/j.canep.2010.08.006
https://doi.org/10.1016/j.canep.2010.08.006
https://doi.org/10.3748/wjg.v16.i2.176
https://doi.org/10.3748/wjg.v16.i2.176
https://doi.org/10.1038/nature01355
https://doi.org/10.1038/nature01355
https://doi.org/10.1371/journal.pone.0017160
https://doi.org/10.3389/fimmu.2018.00779
https://doi.org/10.3389/fimmu.2018.00779
https://doi.org/10.1111/bjd.13717
https://doi.org/10.1111/bjd.13717
https://doi.org/10.1684/ejd.2012.1854
https://doi.org/10.1111/jdv.14433
https://doi.org/10.1111/jdv.14433
https://doi.org/10.1016/j.jaci.2018.04.006
https://doi.org/10.1016/j.jaci.2018.04.006
https://doi.org/10.1111/bjd.16553
https://doi.org/10.1016/j.coi.2006.09.008
https://doi.org/10.1016/j.coi.2006.09.008
https://doi.org/10.1038/nature04808
https://doi.org/10.1084/jem.20041257
https://doi.org/10.1016/j.jdcr.2015.07.014
https://doi.org/10.1016/j.jdcr.2015.07.014
https://doi.org/10.1038/jid.2014.263
https://doi.org/10.1016/s0140-6736(08)60725-4
https://doi.org/10.1016/s0140-6736(08)60725-4
https://doi.org/10.3389/fimmu.2017.01752
https://doi.org/10.3389/fimmu.2017.01752
https://doi.org/10.1111/jdv.14002
https://doi.org/10.1111/jdv.14002


      |  9 of 9TABATABAEI-PANAH et al.

B., Wandinger, K.-P., Probst, C., … Nimmerjahn, F. (2017). 
Mechanisms of autoantibody-induced pathology. Frontiers in 
Immunology, 8, 603. https://doi.org/10.3389/fimmu.2017.00603

Maddur, M. S., Miossec, P., Kaveri, S. V., & Bayry, J. (2012). 
Th17 cells: Biology, pathogenesis of autoimmune and in-
flammatory diseases, and therapeutic strategies. American 
Journal of Pathology, 181(1), 8–18. https://doi.org/10.1016/j.
ajpath.2012.03.044

McGeachy, M. J., Chen, Y. I., Tato, C. M., Laurence, A., Joyce-Shaikh, 
B., Blumenschein, W. M., McClanahan, T. K., O'Shea, J. J., & Cua, 
D. J. (2009). The interleukin 23 receptor is essential for the ter-
minal differentiation of interleukin 17-producing effector T helper 
cells in vivo. Nature Immunology, 10(3), 314–324. https://doi.
org/10.1038/ni.1698

Muramatsu, K., Ujiie, H., Kobayashi, I., Nishie, W., Izumi, K., Ito, T., 
Yoshimoto, N., Natsuga, K., Iwata, H., & Shimizu, H. (2018). 
Regulatory T-cell dysfunction induces autoantibodies to bullous 
pemphigoid antigens in mice and human subjects. The Journal 
of Allergy and Clinical Immunology, 142(6), 1818–1830.e1816. 
https://doi.org/10.1016/j.jaci.2018.03.014

Murphy, C. A., Langrish, C. L., Chen, Y. I., Blumenschein, W., 
McClanahan, T., Kastelein, R. A., Sedgwick, J. D., & Cua, D. J. 
(2003). Divergent pro- and antiinflammatory roles for IL-23 and 
IL-12 in joint autoimmune inflammation. Journal of Experimental 
Medicine, 198(12), 1951–1957. https://doi.org/10.1084/
jem.20030896

Nakashima, H., & Fujimoto, M. (2014). Expression of cytokines and 
chemokines in bullous pemphigoid. Expert Review of Dermatology, 
4, 321–327. https://doi.org/10.1586/edm.09.23

Nikamo, P., Lysell, J., & Stahle, M. (2015). Association with genetic 
variants in the IL-23 and NF-kappaB pathways discriminates 
between mild and severe psoriasis skin disease. The Journal 
of Investigative Dermatology, 135(8), 1969–1976. https://doi.
org/10.1038/jid.2015.103

Onsun, N., Sallahoglu, K., Dizman, D., Su, Ö., & Tosuner, Z. (2017). 
Bullous pemphigoid during ustekinumab therapy in a psoriatic pa-
tient. European Journal of Dermatology, 27, 81–82. https://doi.
org/10.1684/ejd.2016.2888

Papp, K. A., Leonardi, C., Menter, A., Ortonne, J.-P., Krueger, J. G., 
Kricorian, G., Aras, G., Li, J., Russell, C. B., Thompson, E. H. 
Z., & Baumgartner, S. (2012). Brodalumab, an anti-interleu-
kin-17-receptor antibody for psoriasis. New England Journal of 
Medicine, 366(13), 1181–1189. https://doi.org/10.1056/NEJMo​
a1109017

Paradowska-Gorycka, A., Wojtecka-Lukasik, E., Trefler, J., 
Wojciechowska, B., Lacki, J. K., & Maslinski, S. (2010). 
Association between IL-17F gene polymorphisms and sus-
ceptibility to and severity of rheumatoid arthritis (RA). 
Scandinavian Journal of Immunology, 72(2), 134–141. https://doi.
org/10.1111/j.1365-3083.2010.02411.x

Plée, J., Le Jan, S., Giustiniani, J., Barbe, C., Joly, P., Bedane, C., 
Vabres, P., Truchetet, F., Aubin, F., Antonicelli, F., & Bernard, P. 
(2015). Integrating longitudinal serum IL-17 and IL-23 follow-up, 
along with autoantibodies variation, contributes to predict bullous 
pemphigoid outcome. Scientific Reports, 5, 18001. https://doi.
org/10.1038/srep1​8001

Safrany, E., Pazar, B., Csongei, V., Jaromi, L., Polgar, N., Sipeky, 
C., & Melegh, B. (2009). Variants of the IL23R gene are as-
sociated with ankylosing spondylitis but not with Sjogren 
syndrome in Hungarian population samples. Scandinavian 

Journal of Immunology, 70(1), 68–74. https://doi.
org/10.1111/j.1365-3083.2009.02265.x

Sauder, D. N. (1990). The role of epidermal cytokines in inflamma-
tory skin diseases. The Journal of Investigative Dermatology, 
95(5 Suppl), 27s–28s. https://doi.org/10.1111/1523-1747.ep125​
05705

Schmidt, E., & Zillikens, D. (2013). Pemphigoid diseases. The 
Lancet, 381(9863), 320–332. https://doi.org/10.1016/s0140​
-6736(12)61140​-4

Shuang, L., Li, Z., Chen, F., Cui, X., Ning, Y., Su, Y., & Dong, M. 
(2015). Association between interleukin-17 gene polymorphisms 
and risk of coronary artery disease. International Journal of 
Clinical and Experimental Pathology, 8(9), 11653–11658.

Stritesky, G. L., Yeh, N., & Kaplan, M. H. (2008). IL-23 promotes 
maintenance but not commitment to the Th17 lineage. The Journal 
of Immunology, 181(9), 5948–5955.

Tabatabaei-Panah, P.-S., Moravvej, H., Sadaf, Z., Babaei, H., 
Geranmayeh, M., Hajmanouchehri, S., Karimi, A., Sajjadi, 
F., Arghand, F., Ludwig, R. J., Witte, M., & Akbarzadeh, R. 
(2019). Proinflammatory cytokine gene polymorphisms in bul-
lous pemphigoid. Frontiers in Immunology, 10, 636. https://doi.
org/10.3389/fimmu.2019.00636

Temel, S., Balkarli, A., Elmas, L., Tepeli, E., & Cobankara, V. 
(2016). Comparison of IL-23 receptor gene polymorphisms 
in patients with primary sjögren syndrome, ankylosing spon-
dylitis. and ankylosing spondylitis with sjögren’s syndrome. 
International Journal of Clinical and Experimental Pathology, 
9(5), 8431–8443.

Urabe, S., Isomoto, H., Ishida, T., Maeda, K., Inamine, T., Kondo, S., 
& Tsukamoto, K. (2015). Genetic polymorphisms of IL-17F and 
TRAF3IP2 could be predictive factors of the long-term effect of in-
fliximab against Crohn's disease. BioMed Research International, 
2015, 416838. https://doi.org/10.1155/2015/416838

Williams, H. C., Wojnarowska, F., Kirtschig, G., Mason, J., Godec, T. 
R., Schmidt, E., Chalmers, J. R., Childs, M., Walton, S., Harman, 
K., Chapman, A., Whitham, D., Nunn, A. J., Adams, J., Akhras, 
V., Anstey, A., Barnard, C., Bell, H., Blackford, S., … Lavery, A. 
L. (2017). Doxycycline versus prednisolone as an initial treatment 
strategy for bullous pemphigoid: A pragmatic, non-inferiority, 
randomised controlled trial. The Lancet, 389(10079), 1630–1638. 
https://doi.org/10.1016/s0140​-6736(17)30560​-3

Xavier, J. M., Shahram, F., Davatchi, F., Rosa, A., Crespo, J., Abdollahi, 
B. S., & Oliveira, S. A. (2012). Association study of IL10 and 
IL23R-IL12RB2 in Iranian patients with Behcet's disease. Arthritis 
and Rheumatism, 64(8), 2761–2772. https://doi.org/10.1002/
art.34437

Zebrowska, A., Wagrowska-Danilewicz, M., Danilewicz, M., 
Stasikowska-Kanicka, O., Cynkier, A., Sysa-Jedrzejowska, A., & 
Waszczykowska, E. (2013). IL-17 expression in dermatitis herpeti-
formis and bullous pemphigoid. Mediators of Inflammation, 2013, 
967987. https://doi.org/10.1155/2013/967987

How to cite this article: Tabatabaei-Panah PS, 
Moravvej H, Aghaei S, et al. TH17/IL23 cytokine gene 
polymorphisms in bullous pemphigoid. Mol Genet 
Genomic Med. 2020;8:e1519. https://doi.org/10.1002/
mgg3.1519

https://doi.org/10.3389/fimmu.2017.00603
https://doi.org/10.1016/j.ajpath.2012.03.044
https://doi.org/10.1016/j.ajpath.2012.03.044
https://doi.org/10.1038/ni.1698
https://doi.org/10.1038/ni.1698
https://doi.org/10.1016/j.jaci.2018.03.014
https://doi.org/10.1084/jem.20030896
https://doi.org/10.1084/jem.20030896
https://doi.org/10.1586/edm.09.23
https://doi.org/10.1038/jid.2015.103
https://doi.org/10.1038/jid.2015.103
https://doi.org/10.1684/ejd.2016.2888
https://doi.org/10.1684/ejd.2016.2888
https://doi.org/10.1056/NEJMoa1109017
https://doi.org/10.1056/NEJMoa1109017
https://doi.org/10.1111/j.1365-3083.2010.02411.x
https://doi.org/10.1111/j.1365-3083.2010.02411.x
https://doi.org/10.1038/srep18001
https://doi.org/10.1038/srep18001
https://doi.org/10.1111/j.1365-3083.2009.02265.x
https://doi.org/10.1111/j.1365-3083.2009.02265.x
https://doi.org/10.1111/1523-1747.ep12505705
https://doi.org/10.1111/1523-1747.ep12505705
https://doi.org/10.1016/s0140-6736(12)61140-4
https://doi.org/10.1016/s0140-6736(12)61140-4
https://doi.org/10.3389/fimmu.2019.00636
https://doi.org/10.3389/fimmu.2019.00636
https://doi.org/10.1155/2015/416838
https://doi.org/10.1016/s0140-6736(17)30560-3
https://doi.org/10.1002/art.34437
https://doi.org/10.1002/art.34437
https://doi.org/10.1155/2013/967987
https://doi.org/10.1002/mgg3.1519
https://doi.org/10.1002/mgg3.1519

