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Aryl hydrocarbon receptor gene expression in ankylosing spondylitis 
and its correlation with interleukin-17, RAR-related orphan receptor 
gamma t expression, and disease activity indices

Maryam Ahmadi1*, Narjes Soleimanifar2*, Abdolrahman Rostamian3, Maryam Sadr2, 
Hanieh Mojtahedi2, Abeda Mazari1, Mohammad Hossein Nicknam1,2, Sara Assadiasl2

Ankylosing spondylitis (AS) is a chronic 
inflammatory disorder of the axial skeleton 
causing inflammatory back pain and progressive 
stiffness of the spine. AS is a prototype of 
immune-mediated inflammatory rheumatic 
disorders and the most prevalent member of 
spondyloarthropathies.1,2 The disease is typically 
diagnosed in the third decade of life and is 
more frequently observed in males than in 
females. There are many geographical and racial 
variations in the prevalence of AS, probably due 
to the different spread of HLA (human leukocyte 
antigen)-B27 alleles, the most significant genetic 

risk factor contributing to AS. Despite significant 
advances in the diagnosis and treatment of AS, 
the role of genetic and environmental factors 
in disease pathogenesis has not yet been fully 
understood.3

Aryl hydrocarbon receptor (AHR) is a 
ligand-activated transcription factor that makes 
a link between environmental or intrinsic factors 
and genetic modifications.4 Recent findings have 
demonstrated the expression of AHR in a variety 
of immune cells.5 It appears that AHR regulates 
some immune events in response to certain 
environmental factors, boosting the development 
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ABSTRACT

Objectives: Considering the role of T helper (Th)17 cells in the pathogenesis of ankylosing spondylitis 
(AS), the aim of this study was to determine the correlation between aryl hydrocarbon receptor 
(AHR) gene expression and the expression of Th17-related genes including interleukin (IL)-17  and 
RAR-related orphan receptor gamma t (RORγt) transcription factor.
Patients and methods: Thirty patients with AS (26 males, 4 females; mean age: 36.1±8.1 years) 
and 30 age- and sex-matched healthy individuals (26 males, 4 females; mean age: 36.2±14.6 years) 
were recruited for the case-control study between June 2021 and January 2022. Ribonucleic acid 
(RNA) was extracted from peripheral blood cells and expression levels of AHR, IL-17, RORγt, and AHR 
repressor (AHRR) genes were evaluated using real-time polymerase chain reaction technique. The 
serum level of IL-17 was evaluated with enzyme-linked immunosorbent assay.
Results: The results showed a nonsignificant elevation of AHR, IL-17, and RORγt gene expression 
in the patient group compared to the control. There was a direct correlation between AHR 
gene expression and IL-17 and RORγt genes and a negative correlation between AHR and AHRR 
expression. Moreover, AHR gene expression showed a weak correlation with disease activity 
indices, including Bath Ankylosing Spondylitis Disease Activity Index, Bath Ankylosing Spondylitis 
Functional Index, Bath Ankylosing Spondylitis Metrology Index, Bath Ankylosing Spondylitis 
Global Score, and Ankylosing Spondylitis Quality of Life. Moreover, the serum level of IL-17 was 
higher in AS patients compared to the healthy group (p=0.02).
Conclusion: Upregulated expression of the AHR gene in ankylosing spondylitis and its correlation 
with IL-17 and ROR-γ t gene expression suggests that it could be a potential diagnostic and 
therapeutic target for AS.
Keywords: Ankylosing spondylitis, aryl hydrocarbon receptor, interlukin-17, T helper 17.
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of many immune-related diseases ranging from 
inflammatory to neoplastic disorders.6,7 AHR 
binds to various exogenous ligands, such as 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 
as well as endogenous ligands, for instance, 
tryptophan-derived metabolites, particularly 
6-formylindolo [3,2-b] carbazole (FICZ) and 
kynurenine.8,9 The AHR/ligand complex binds 
the regulatory regions of genes involved in 
inflammation, such as STAT (signal transducer 
and activator of transcription), nuclear factor 
kappa B, interleukin (IL)-22, and IL-17, and 
modulates their expression.10,11

Previous studies have shown that IL-17 
and T helper (Th)17 cells play a considerable 
role in the pathogenesis of AS and other 
spondyloarthropathies.12 Th17 cells express AHR 
at a high level, whereas naïve T cells, Th1 
cells, and Th2 cells express none or negligible 
amounts. AHR expression is upregulated during 
the differentiation of the Th17 subset and seems 
to enhance the expression of IL-17A, IL-17F, 
and IL-22 genes. For instance, it has been 
shown that AHR facilitates the recruitment of 
RAR-related orphan receptor gamma t (RORgt) 
to the IL-22 gene promoter region.13,14 In 
addition, the exposure of healthy people to 
TCDD during the Vietnam War resulted in an 
upregulated expression of AHR, IL-1b, tumor 
necrosis factor, and IL-6 genes, which enhanced 
Th17 cell differentiation and IL-17 production.8 
Recently, a study on 56 AS patients showed that 
semaphorin4D promoted the differentiation of 
Th17 cells by increasing the gene expression of 
RORgt, IL-17, and IL-22 in an AHR-dependent 
manner.15

To date, there are a few studies about AHR 
gene expression in AS patients; however, in 
the murine models of autoimmune disorders 
like rheumatoid arthritis (RA), it has been 
demonstrated that AHR knockdown in 
collagen-induced arthritis (CIA) mice reduced 
serum concentration of the proinflammatory 
cytokines matrix metalloproteinase-3, IL-1b, and 
IL-6, resulting in decreased disease severity.7 
Furthermore, in AHR-/- CIA mice, serum levels 
of IL-6 and IL-1 were reduced, and the frequency 
of Th17 cells were significantly lower than control 
animals.16 Moreover, some studies have shown 
higher expression of AHR in the synovial tissue of 
RA patients and inguinal lymph node cells of CIA 

mice.8 Likewise, the percentage of AHR-positive 
cells in peripheral blood mononuclear cells, as 
well as AHR and CYP1A1 gene expression 
were higher in RA patients compared to the 
healthy controls.17 It appears that upregulation 
of the AHR gene escalates inflammation and 
bone destruction in RA through the activation 
of fibroblast-like synovial cells, dendritic cells, 
macrophages, and osteoclasts and inhibition 
of osteoblasts.18 Accordingly, cotreatment 
of fibroblast-like synovial cells with the AHR 
antagonist, GNF351, inhibited the recruitment of 
AHR to the promoter regions of IL-1b and IL-6 
genes and reduced proinflammatory cytokine 
expression.17,19 In addition, intranasal exposure 
to particulate matter samples enhanced Th17 
cell differentiation through AHR activation and 
deteriorated an experimental encephalomyelitis 
model of mice.20,21 A significant expansion of 
Th17 and Th22 cells and an impaired expression 
of transforming growth factor beta 1 in T cells 
have been reported in active systematic lupus 
erythematosus (SLE) patients, which was 
associated with excessive activation of the 
AHR pathway.22,23 Moreover, the upregulated 
expression of AHR in SLE patients was correlated 
with disease activity scores. Of note, the disease 
course in the experimental model of SLE altered 
by modulating AHR activity.24 

According to these and other findings 
suggesting a role for AHR in the differentiation 
of pathogenic Th17 cells and the implication of 
these cells in the development of rheumatoid 
diseases, the present study aimed to evaluate the 
expression level of AHR and Th17-related genes 
in AS patients and investigate their correlation. 
Furthermore, the expression of the AHR 
repressor (AHRR) gene as a probable therapeutic 
target and the serum level of IL-17 as a potential 
marker of disease activity were assessed. Finally, 
to evaluate the possibility of applying these 
results in the determination of disease prognosis, 
the correlation between molecular findings 
and clinical data, including Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI), 
Bath Ankylosing Spondylitis Functional Index 
(BASFI), Bath Ankylosing Spondylitis Metrology 
Index (BASMI), Bath Ankylosing Spondylitis 
Global Score (BAS-G), and Ankylosing Spondylitis 
Quality of Life (ASQOL), were analyzed.
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PATIENTS AND METHODS

Thirty AS patients (26 males, 4 females; 
mean age: 36.1±8.1 years) from a single 
center were enrolled in the case-control study. 
The study was conducted at Department of 
Rheumatology, Imam Khomeini Hospital, 
Tehran University of Medical Sciences between 
June 2021 and January 2022. Diagnosis of 
AS was based on the modified New York 
Criteria according to the patient’s symptoms, 
clinical examination, laboratory results, and 
radiological findings. Patients with interfering 
comorbidities or disability and hospitalized 
patients were excluded from the study. The 
control group of 30 individuals (26 males, 
4 females; mean age: 36.2±14.6 years) was 
selected from age-and sex-matched healthy 
volunteers without any sign or symptom of 
inflammatory disorders (e.g., autoimmune 
diseases, allergy, asthma, and acute or chronic 
infection) and with a negative family history of 
rheumatic diseases.

Ribonucleic acid extraction from 
peripheral blood mononuclear cells 
and complementary deoxyribonucleic 
acid synthesis

Blood samples were collected from patients 
and controls. Ribonucleic acid (RNA) was 
isolated using the High Pure RNA Isolation Kit 
(ROJE Technologies, Tehran, Iran) according 
to the manufacturer’s instructions. RNA 
quality was assessed with a spectrophotometer 

(NanoDrop ND1000; Thermo Scientific, 
Waltham, MA, USA); samples were considered 
acceptable if the A260/A280 absorbance 
ratio was within the range of 1.8 to 2.2 and 
the A260/A230 ratio was 2 to 2.2. Reverse 
transcription of RNA to complementary 
deoxyribonucleic acid (cDNA) was performed with 
the Transcriptor First Strand cDNA Synthesis Kit 
(ROJE Technologies, Tehran, Iran). The cDNA 
samples with A260/A280 ratios of 1.7 to 2 were 
stored at a –70°C freezer until use.

Real-time polymerase chain reaction
For quantification of relative gene expression, 

SYBR-Green gene expression assay was 
performed using real-time polymerase chain 
reaction (RT-PCR). The internal control gene 
was glyceraldehyde 3-phosphate dehydrogenase. 
Forward and reverse primers of target genes 
are listed in Table 1. To perform the test, 10 μL 
of master mix (RealQ Plus Green; Ampliqon, 
Odense, Denmark), 1 μL of assay mix, including 
forward and reverse primers, 7 μL of distilled 
water, and 2 μL of diluted sample cDNA 
(5 ng/μL) were added to the wells. The reaction 
cycles included 2 min at 50°C, 10 min at 95°C, 
45 cycles of 15 secs at 95°C, and 60 secs at 
60°C by StepOnePlus™ Real-Time PCR System 
(Applied Biosystems, Waltham, MA, USA). 
All tests were performed in a duplicate form 
and analyzed by relative quantification. Two 
nontemplate controls were included in each 
run. The threshold cycle number was used 
to calculate the relative expression between 

Table 1. Forward and reverse primers of target genes

Primer Sequence Company

AhR-F 5’-AGC AAG TTC ACA TGG AGG CA-3’ Metabion

AhR-R 5’-CGT GGC AGC ACC CTT TCT AT-3’ Metabion

RORgt-F 5’-TGG AAG TGG TGC TGG TTA GGA TG-3’ Metabion

RORgt-R 5’-GGA GTG GGA GAA GTC AAA GAT GGA-3’ Metabion

IL-17A-F 5’-CGG ACT GTG ATG GTC AAC CTG A-3’ Metabion

IL-17A-R 5’-GCA CTT TGC CTC CCA GAT CAC A-3’ Metabion

AhRR-F 5’-GCG CCT CAG TGT CAG TTA CC-3’ Metabion

AhRR-R 5’-GAA GCC CAGATA GTC CAC GAT-3’ Metabion

GAPDH-F 5’-GTC TCC TCT GAC TTC AAC AGC G-3’ Metabion

GAPDH-R 5’-ACC ACC CTG TTG CTG TAG CCA A-3’ Metabion
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samples. Afterward, the relative expression for 
each sample was calculated using the following 
equation: relative mRNA expression=(2–∆Ct)¥103.

Enzyme-linked immunosorbent assay
The enzyme-linked immunosorbent assay was 

performed using Human interleukin 17 ELISA 
kit ZB-10142C-H9648; (ZellBio GmbH, Lonsee, 
Germany) according to the manufacturer's 
instruction. All samples were examined 
in duplicate form. Absorbance was read by 

the Hiperion MPR4 ++ Microplate Reader 
(Medizintechnik GmbH & Co. KG, Roedermark, 
Germany). The calibration curves were drawn to 
determine the serum concentration of IL-17.

Statistical analysis
Data were analyzed using IBM SPSS version 

26.0 software (IBM Corp., Armonk, NY, 
USA) Data were presented as mean±standard 
deviation or median and interquartile range 
(IQR). Quantitative variables were evaluated 

Table 2. Demographic and clinical data of study population

AS patients (n=30) Healthy controls (n=30)

n % Mean±SD n % Mean±SD p

Age (year) 36.1±8.1 36.2±14.6 NS

Sex
Male
Female

26
4

86.7
13.3

26
4

86.7
13.3

NS

Smoking
Yes
No

9
21

30
70

5
25

16.7
83.3

NS
NS

Disease duration (year) 7.16±6.23 - -

Positive
HLA-B27
Negative
Unknown

9
15
6

30
50
20

-
-
-

-
-
-

-
-
-

Indices of disease activity

BASDAI-Index 4.84±3.18 - -

BASMI-Index 3.6±3.54 - -

BASFI-Index 4.14±2.94 - -

BAS-G-Index 5.46±3.49 - -

ASQoL-Index 9.13±6.17 - -

Family history
Yes
No

6
24

20
80

-
-

-
-

-
-

Drugs

NSAIDs 5 16.7 - - -

DMARDs 3 10 - - -

Anti-TNF-a 7 23.3 - - -

NSAIDs + DMARDs 4 13.3 - - -

NSAIDs + Anti-TNF-a 1 3.3 - - -

DMARDs+ Anti-TNF-a 3 10 - - -

NSAIDs + DMARDs + Anti-TNF-a 2 6.7 - - -

No drug (new patient) 5 16.7 - - -

Anti-TNF-a
Yes
No

13
17

43.3
56.7

-
-

-
-

-
-

AS: Ankylosing spondylitis; SD: Standard deviation; HLA: Human leukocyte antigen; BASDAI: Bath Ankylosing Spondylitis Disease 
Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index; BAS-G: 
Bath Ankylosing Spondylitis Global score; ASQoL: Ankylosing Spondylitis Quality of Life; NSAID: Non-steroidal anti-inflammatory drugs; 
DMARD: Disease-modifying anti-rheumatic drugs; TNF-a: Tumor necrosis factor alpha; NS: Not significant.
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for normality with the Kolmogorov-Smirnov 
test. To compare the variables with normal 
distribution, the independent samples t-test was 
used. In the case of nonnormal distribution, 
the Mann-Whitney U test was applied. To 
evaluate the correlation between two variables, 
Spearman's correlation coefficient (in nonnormal 
distribution of one or both quantitative variables) 
and Pearson's correlation coefficient (in normal 
distribution of both quantitative variables) were 
used. A p-value <0.05 was considered statistically 
significant.

RESULTS

The demographic and clinical data of the 
participants are presented in Table 2. The relative 
expression of AHR gene in the AS patients’ group 
was slightly higher than in the healthy control 
group; however, this difference was not significant 
(p=0.42). The median of gene expression in AS 
patients and healthy controls were 1.86 (IQR: 
0.41-3.1) and 1.48 (IQR: 0.2-2.76), respectively 
(Figure 1).

The gene expression of AHRR in the patient 
group was reduced compared to the healthy 
controls, but it did not reach significance 
(p=0.24). Indeed, it was undetectable in 
16 (53.3%) of the patients and 11 (36.6%) of 
the control group. The median of AHRR mRNA 
level in the healthy individuals was 0.035 
(IQR: 0.0-5.8), while it was 0 (IQR: 0.0-1.25) in 
the patient group (Figure 2).

The relative gene expression of RORgt was 
greater in the patient group. The median of 

relative expression of the gene in the patient and 
control groups were 1.46 (IQR: 0.8-2.1) and 0.44 
(IQR: 0.23-2.0), respectively (p=0.08). IL-17 gene 
expression of AS patients was also increased; 
however, the difference between groups was 
not statistically significant (p=0.23). The median 
IL-17 gene expression in the patient and control 
groups were 4.41 (IQR: 0.01-11.8) and 0.43 
(IQR: 0.05-3.6), respectively (Figure 3).

A weak direct correlation was observed 
between AHR and IL-17 gene expression 
(correlation coefficient: 0.14; R: 2%). There was 
also a direct weak correlation between AHR and 
RORgt gene expression (correlation coefficient: 
0.2; R: 4%), but neither of them were statistically 
significant (Figure 4).

There was a weak negative correlation between 
AHR and AHRR genes expression (correlation 
coefficient: 0.07; R: 0.5%); however, it did not 
reach a significant level (p=0.6) (Figure 5).

A weak direct correlation was observed 
between the AHR gene expression and BAS-G 
(correlation coefficient: 0.055), ASQOL 
(correlation coefficient: 0.2), BASMI (correlation 
coefficient: 0.08), BASFI (correlation coefficient: 
0.2), and BASDAI (correlation coefficient: 
0.2) indices; however, none were statistically 
significant.

The serum level of IL-17 in AS patients showed 
a significant elevation compared to the healthy 
individuals (77.2±42.8 vs. 36.4±27.8, p=0.01, 
Figure 6).
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Figure 1. Comparable AHR gene expression in patient 
and control groups.
AHR: Aryl hydrocarbon receptor.
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DISCUSSION

Ankylosing spondylitis is a chronic 
inflammatory disease characterized by axial and 
peripheral arthritis, neo-ossification, enthesitis, 

and certain extra-articular manifestations, such as 
uveitis, inflammatory bowel diseases, pulmonary 
restriction, and cardiovascular complications.25 It 
usually presents with low back pain and morning 
stiffness that if not treated could result in spinal 
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Figure 3. Increased expression of RORgt and IL-17 genes in AS patients compared to the control groups.
RORgt: Related orphan receptor gamma t; IL: Interleukin; AS: Ankylosing spondylitis.
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Figure 4. Correlation between genes expression of AHR and RORgt/IL-17.
AHR: Aryl hydrocarbon receptor; RORgt: Related orphan receptor gamma t; IL: Interleukin.
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Figure 5. Correlation between AHR and AHRR genes 
expression.
AHR: Aryl hydrocarbon receptor; AHRR: Aryl hydrocarbon receptor 
repressor.

Figure 6. Higher serum level of IL-17 in AS patients 
compared to the healthy controls (* p=0.01).
IL: Interleukin; AS: Ankylosing spondylitis.
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deformities and disability. Since AS prominently 
affects young males, long-term complications 
might pose a significant burden of disease on the 
affected community.26 Despite improvements in 
the diagnosis and treatment of AS, the molecular 
mechanisms of pathogenesis are still under 
study because it appears that a combination 
of environmental (e.g., diet, physical stress, air 
pollution) and genetic factors are responsible for 
the development and progression of AS. In line 
with this, recent findings suggest dysregulated 
expression of cytokines and transcription factors 
as a risk factor in the pathogenesis of AS.27

Aryl hydrocarbon receptor is a ligand-
activated transcription factor that controls the 
expression of a diverse set of genes in a 
ligand-dependent manner.28 Recently, the role 
of this molecule in the regulation of immune 
responses in the differentiation and proliferation 
of immune cells has been considered.6,7 For 
instance, it has been shown that binding 
certain ligands to the AHR could promote 
naïve T cell differentiation to regulatory T cells, 
such as TCDD, whereas other ligands, such 
as FICZ, increase Th17 cell differentiation.29 
According to the implication of Th17 cells 
and IL-17 in the pathogenesis of AS, any 
correlation between this subtype and AHR 
expression could be of significance. A growing 
body of evidence is indicative of the role of 
Th17 cells in exacerbation of the inflammatory 
process in AS; for example, higher percentages 
of Th17 cells have been reported in AS 
patients compared to the healthy controls.30 
Moreover, a significant imbalance is observed 
between Th17 and regulatory T subsets in the 
peripheral blood of these patients.31 IL-17, 
mainly produced by Th17 cells, has also 
been demonstrated to be involved in the 
pathogenesis of AS. The elevated level of IL-17 
has been demonstrated in the serum, synovial 
fluid, and joint tissue of patients with AS.32,33 
These and other findings paved the way 
for developing anti-IL-17 antibodies to treat 
refractory patients.34 The anti-IL-17 monoclonal 
antibody secukinumab has been successfully 
applied to treat complicated patients with axial 
spondyloarthritis.35 Our study also confirmed 
the previous findings about the enhanced 
expression and elevated serum level of IL-17 in 
AS patients compared to healthy people.

The expression of RORg t is increased in 
invariant natural killer T and gamma delta 
T cells infiltrated in the inflamed joint of AS 
patients.36 Therefore, it appears that RORg t 
inhibition might reduce the activity of these 
subsets. Accordingly, the administration of 
guluronic acid (G2013) reduced the gene 
expression of RORg t, IL-22, and AHR in AS 
patients while increasing the expression of 
FOXP3 (forkhead box P3).37 Similarly, our study 
showed an upregulated expression of AHR and 
RORg t genes in the patients group. Although 
not significant, the present study demonstrated 
a positive correlation between AHR expression 
and IL-17/RORg t gene expression, which is 
suggestive of the involvement of AHR in the 
differentiation or maintenance of the Th17 
subset. Given the accumulating evidence of the 
efficacy of AHR antagonists in the treatment 
of experimental models, these results may 
provide further impetus for the development of 
human studies about pharmacological aspects 
of AHR antagonists in autoimmune disorders.38 
Nonetheless, it is worth noting that despite all 
these findings about the pathological effects 
of AHR on RA, AS, and SLE, there are 
studies indicating the protective effect of AHR 
signaling in some other autoimmune diseases, 
such as multiple sclerosis, autoimmune uveitis, 
Behçet’s disease, myasthenia gravis, and type 
1 diabetes.39,40 These studies have focused on 
the opposite role of AHR in the differentiation 
of regulatory T cells consequent to binding to a 
different set of ligands.41

The other gene evaluated in the present 
study was AHRR. AHRR is a bHLH/PAS family 
member that is missing the second PAS domain 
(PAS-B) implicated in ligand binding by the AHR. 
It dimerizes with the AHR nuclear translocator 
(ARNT) and competes with AHR/ARNT 
complexes for binding to dioxin-responsive 
elements.42 Therefore, it is presumed to have a 
regulatory effect on the AHR activity through a 
negative feedback mechanism.43 The results of 
our study showed a negative correlation between 
AHR and AHRR gene expression in the subjects. 
Moreover, AHRR gene expression was slightly 
downregulated in the AS patients compared to 
the healthy individuals. Regarding the recent 
interest in exploiting the potential of the AHR 
antagonist in correcting dysregulated immune 
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responses, particularly chronic inflammation, the 
AHRR might be considered a potential target to 
inhibit AHR activation.

Correlation analysis between AHR 
expression and disease activity indices also 
showed a weak positive correlation between 
AHR and BASG, BASMI, BASDAI, BASFI, and 
ASQOL indices, but none of the correlations 
reached a significant level. Finding molecules 
that significantly reflect the disease progression 
or severity might be helpful in the determination 
of prognosis and disease monitoring; however, 
considering our results, AHR does not seem to 
be an appropriate option for this purpose.

Taken together, our findings suggest an 
enhanced expression of AHR and Th17-related 
genes in AS patients compared to healthy 
individuals and imply a positive correlation 
between them although none was statistically 
significant. The small size of study population 
and the heterogeneity of the patients might be 
the reason for nonsignificant results. Indeed, 
the lower prevalence of AS in Iran (0.12%, CI: 
0.08-0.18)44 compared to the other countries 
(between 0.2% and 0.5%)45 makes it difficult to 
recruit large number of participants, particularly 
new or stable patients. Furthermore, it was 
preferred to enroll the patients under similar 
treatment regimens and comparable disease 
durations, but the limited number of stable 
patients prevented from studying a homogenous 
population or subgroup analysis. Interfering 
comorbidities, such as type 2 diabetes, 
cardiovascular disorders, and recent COVID-
19 (coronavirus disease 2019) infection, also 
excluded a number of volunteers. However, 
the evidence of AHR gene expression in 
AS is so scarce that this amount of data 
might be helpful for designing future studies. 
Therefore, it is suggested to conduct studies 
with a larger sample size, preferentially in 
newly diagnosed patients who have not received 
immunosuppressive therapy. Moreover, despite 
the very low or no expression of some genes, 
such as AHRR, it might be valuable to evaluate 
the protein expression of the studied genes 
with the western blot technique or to assess the 
expression level of AHR in inflamed tissue.

In conclusion, the present study 
demonstrated a slight upregulation of the AHR 

gene expression in AS patients compared 
to healthy individuals. AHR expression was 
positively correlated with the expression of 
RORg t and IL-17 genes, while showed a 
negative correlation with AHRR expression. 
AHR gene expression levels also displayed a 
weak positive correlation with disease activity 
indexes.

Ethics Committee Approval: The study protocol 
was approved by the Tehran University of Medical Sciences 
Ethics Committee (date: 20.03.2022, no: IR.TUMS.
CHMC.REC.1400.316). The study was conducted in 
accordance with the principles of the Declaration of 
Helsinki.

Patient Consent for Publication: A written 
informed consent was obtained from each participant.

Data Sharing Statement: The data that support the 
findings of this study are available from the corresponding 
author upon reasonable request.

Author Contributions: Data collection and 
processing: M.A.; Idea, concept, design, and literature 
review: N.S.; Design and data collection: A.R.; Materials 
and processing: M.S.; Analysis and interpretation: H.M.; 
Data collection: A.M.; References, funding and critical 
review: M.H.N.; Writing the article, control/supervision: 
S.A.

Conflict of Interest: The authors declared no 
conflicts of interest with respect to the authorship and/or 
publication of this article.

Funding: This study was supported financially by the 
Tehran University of Medical Sciences (Grant number: 
1400-3-154-56106.

REFERENCES

1. Taurog JD, Chhabra A, Colbert RA. Ankylosing 
spondylit is and axial spondyloarthrit is. N 
Engl J Med 2016;375:1303. doi: 10.1056/
NEJMc1609622.

2. Raychaudhuri SP, Deodhar A. The classification 
and diagnostic criteria of ankylosing spondylitis. 
J Autoimmun 2014;48-9:128-33. doi: 10.1016/j.
jaut.2014.01.015.

3. Dakwar E, Reddy J, Vale FL, Uribe JS. A review 
of the pathogenesis of ankylosing spondylitis. 
Neurosurg Focus 2008;24:E2. doi: 10.3171/
FOC/2008/24/1/E2.

4. Shinde R, McGaha TL. The aryl hydrocarbon receptor: 
Connecting immunity to the microenvironment. 
Trends Immunol 2018;39:1005-20. doi: 10.1016/j.
it.2018.10.010.



131AHR expression in AS in correlation with Th17

5. Okey AB. An aryl hydrocarbon receptor odyssey to 
the shores of toxicology: The Deichmann Lecture, 
International Congress of Toxicology-XI. Toxicol Sci 
2007;98:5-38. doi: 10.1093/toxsci/kfm096.

6. Quintana FJ, Sherr DH. Aryl hydrocarbon receptor 
control of adaptive immunity. Pharmacol Rev 
2013;65:1148-61. doi: 10.1124/pr.113.007823.

7. Neavin DR, Liu D, Ray B, Weinshilboum RM. The 
role of the Aryl Hydrocarbon Receptor (AHR) in 
immune and inflammatory diseases. Int J Mol Sci 
2018;19:3851. doi: 10.3390/ijms19123851.

8. Nguyen CH, Nakahama T, Dang TT, Chu HH, Van 
Hoang L, Kishimoto T, et al. Expression of aryl 
hydrocarbon receptor, inflammatory cytokines, and 
incidence of rheumatoid arthritis in Vietnamese dioxin-
exposed people. J Immunotoxicol 2017;14:196-203. 
doi: 10.1080/1547691X.2017.1377323.

9. Mezrich JD, Fechner JH, Zhang X, Johnson BP, 
Burlingham WJ, Bradfield CA. An interaction 
between kynurenine and the aryl hydrocarbon 
receptor can generate regulatory T cells. J Immunol 
2010;185:3190-8. doi: 10.4049/jimmunol.0903670.

10. Rothhammer V, Quintana FJ. The aryl hydrocarbon 
receptor: An environmental sensor integrating 
immune responses in health and disease. Nat Rev 
Immunol 2019;19:184-97. doi: 10.1038/s41577-019-
0125-8.

11. Hao N, Whitelaw ML. The emerging roles of AhR 
in physiology and immunity. Biochem Pharmacol 
2013;86:561-70. doi: 10.1016/j.bcp.2013.07.004.

12. Akiyama S, Sakuraba A. Distinct roles of interleukin-17 
and T helper 17 cells among autoimmune diseases. J 
Transl Autoimmun 2021;4:100104. doi: 10.1016/j.
jtauto.2021.100104.

13. Gutiérrez-Vázquez C, Quintana FJ. Regulation of 
the immune response by the aryl hydrocarbon 
receptor. Immunity 2018;48:19-33. doi: 10.1016/j.
immuni.2017.12.012.

14. Rothhammer V, Quintana FJ. The aryl hydrocarbon 
receptor: An environmental sensor integrating 
immune responses in health and disease. Nat Rev 
Immunol 2019;19:184-97. doi: 10.1038/s41577-019-
0125-8.

15. Xie J, Wang Z, Wang W. Semaphorin 4D induces 
an imbalance of Th17/Treg cells by activating the 
aryl hydrocarbon receptor in ankylosing spondylitis. 
Front Immunol 2020;11:2151. doi: 10.3389/
fimmu.2020.02151.

16. Nakahama T, Kimura A, Nguyen NT, Chinen I, 
Hanieh H, Nohara K, et al. Aryl hydrocarbon 
receptor deficiency in T cells suppresses the 
development of collagen-induced arthritis. Proc Natl 
Acad Sci U S A 2011;108:14222-7. doi: 10.1073/
pnas.1111786108.

17. Fu J, Nogueira SV, Drongelen VV, Coit P, Ling S, 
Rosloniec EF, et al. Shared epitope-aryl hydrocarbon 
receptor crosstalk underlies the mechanism of gene-
environment interaction in autoimmune arthritis. 

Proc Natl Acad Sci U S A 2018;115:4755-60. doi: 
10.1073/pnas.1722124115.

18. Esser C, Rannug A, Stockinger B. The aryl 
hydrocarbon receptor in immunity. Trends Immunol 
2009;30:447-54. doi: 10.1016/j.it.2009.06.005.

19. Lahoti TS, John K, Hughes JM, Kusnadi A, Murray 
IA, Krishnegowda G, et al. Aryl hydrocarbon 
receptor antagonism mitigates cytokine-mediated 
inflammatory signalling in primary human fibroblast-
like synoviocytes. Ann Rheum Dis 2013;72:1708-16. 
doi: 10.1136/annrheumdis-2012-202639.

20. O'Driscoll CA, Owens LA, Gallo ME, Hoffmann 
EJ, Afrazi A, Han M, et al. Differential effects of 
diesel exhaust particles on T cell differentiation and 
autoimmune disease. Part Fibre Toxicol 2018;15:35. 
doi: 10.1186/s12989-018-0271-3.

21. O'Driscoll CA, Owens LA, Hoffmann EJ, Gallo ME, 
Afrazi A, Han M, et al. Ambient urban dust particulate 
matter reduces pathologic T cells in the CNS and 
severity of EAE. Environ Res 2019;168:178-92. doi: 
10.1016/j.envres.2018.09.038.

22. Rekik R, Smiti Khanfir M, Larbi T, Zamali I, Beldi-
Ferchiou A, Kammoun O, et al. Impaired TGF-b 
signaling in patients with active systemic lupus 
erythematosus is associated with an overexpression 
of IL-22. Cytokine 2018;108:182-9. doi: 10.1016/j.
cyto.2018.04.011.

23. Dorgham K, Amoura Z, Parizot C, Arnaud L, 
Frances C, Pionneau C, et al. Ultraviolet light 
converts propranolol, a nonselective b-blocker and 
potential lupus-inducing drug, into a proinflammatory 
AhR ligand. Eur J Immunol 2015;45:3174-87. doi: 
10.1002/eji.201445144.

24. Shinde R, Hezaveh K, Halaby MJ, Kloetgen 
A, Chakravarthy A, da Silva Medina T, et al. 
Apoptotic cell-induced AhR activity is required for 
immunological tolerance and suppression of systemic 
lupus erythematosus in mice and humans. Nat 
Immunol 2018;19:571-82. doi: 10.1038/s41590-
018-0107-1.

25. Assadiasl S, Soleimanifar N. An Overview to 
ankylosing spondylitis and spondyloarthropathies. 
In: Nicknam MH, editor. Ankylosing spondylitis - 
axial spondyloarthritis: cellular, molecular and 
environmental factors. Singapore: Springer Singapore; 
2022. p. 3-21.

26. Ranganathan V, Gracey E, Brown MA, Inman RD, 
Haroon N. Pathogenesis of ankylosing spondylitis 
- recent advances and future directions. Nat Rev 
Rheumatol 2017;13:359-67. doi: 10.1038/
nrrheum.2017.56.

27. Robinson PC, Brown MA. Genetics of ankylosing 
spondylitis. Mol Immunol 2014;57:2-11. doi: 
10.1016/j.molimm.2013.06.013.

28. Shinde R, McGaha TL. The aryl hydrocarbon receptor: 
Connecting immunity to the microenvironment. 
Trends Immunol 2018;39:1005-20. doi: 10.1016/j.
it.2018.10.010.



Arch Rheumatol132

29. Ho PP, Steinman L. The aryl hydrocarbon receptor: 
A regulator of Th17 and Treg cell development in 
disease. Cell Res 2008;18:605-8. doi: 10.1038/
cr.2008.63.

30. Wang C, Liao Q, Hu Y, Zhong D. T lymphocyte 
subset imbalances in patients contribute to ankylosing 
spondylitis. Exp Ther Med 2015;9:250-6. doi: 
10.3892/etm.2014.2046.

31. Liu D, Liu B, Lin C, Gu J. Imbalance of peripheral 
lymphocyte subsets in patients with ankylosing 
spondylitis: A meta-analysis. Front Immunol 
2021;12:696973. doi: 10.3389/fimmu.2021.696973.

32. Wendling D, Cedoz JP, Racadot E, Dumoulin G. 
Serum IL-17, BMP-7, and bone turnover markers in 
patients with ankylosing spondylitis. Joint Bone Spine 
2007;74:304-5. doi: 10.1016/j.jbspin.2006.11.005.

33. Mei Y, Pan F, Gao J, Ge R, Duan Z, Zeng Z, et al. 
Increased serum IL-17 and IL-23 in the patient with 
ankylosing spondylitis. Clin Rheumatol 2011;30:269-
73. doi: 10.1007/s10067-010-1647-4.

34. Cheung PP. Anti-IL17A in axial spondyloarthritis-
where are we at? Front Med (Lausanne) 2017;4:1. doi: 
10.3389/fmed.2017.00001.

35. Blair HA. Secukinumab: A review in ankylosing 
spondylitis. Drugs 2019;79:433-43. doi: 10.1007/
s40265-019-01075-3.

36. Venken K, Jacques P, Mortier C, Labadia ME, 
Decruy T, Coudenys J, et al. RORgt inhibition 
selectively targets IL-17 producing iNKT and gd-T cells 
enriched in Spondyloarthritis patients. Nat Commun 
2019;10:9. doi: 10.1038/s41467-018-07911-6.

37. Mortazavi-Jahromi SS, Nazeri S, Jafarnezhad-
Ansariha F, Oraei M, Mirshafiey A. Assessment 
of immunological profile in ankylosing spondylitis 
patients following a clinical trial with guluronic acid 

(G2013), as a new NSAID with immunomodulatory 
properties. Immunol Res 2019;67:108-15. doi: 
10.1007/s12026-018-9042-3.

38. Sun L. Recent advances in the development of AHR 
antagonists in immuno-oncology. RSC Med Chem 
2021;12:902-14. doi: 10.1039/d1md00015b.

39. O'Driscoll CA, Mezrich JD. The aryl hydrocarbon 
receptor as an immune-modulator of atmospheric 
particulate matter-mediated autoimmunity. 
Front Immunol 2018;9:2833. doi: 10.3389/
fimmu.2018.02833.

40. Wang XS, Cao F, Zhang Y, Pan HF. Therapeutic 
potential of aryl hydrocarbon receptor in 
autoimmunity. Inflammopharmacology 2020;28:63-
81. doi: 10.1007/s10787-019-00651-z.

41. Quintana FJ, Basso AS, Iglesias AH, Korn T, Farez 
MF, Bettelli E, et al. Control of T(reg) and T(H)17 
cell differentiation by the aryl hydrocarbon receptor. 
Nature 2008;453:65-71. doi: 10.1038/nature06880.

42. Mimura J, Ema M, Sogawa K, Fujii-Kuriyama Y. 
Identification of a novel mechanism of regulation of 
Ah (dioxin) receptor function. Genes Dev 1999;13:20-
5. doi: 10.1101/gad.13.1.20.

43. Haarmann-Stemmann T, Abel J. The arylhydrocarbon 
receptor repressor (AhRR): Structure, expression, and 
function. Biol Chem 2006;387:1195-9. doi: 10.1515/
BC.2006.147.

44. Davatchi F, Sandoughi M, Moghimi N, Jamshidi AR, 
Tehrani Banihashemi A, Zakeri Z, et al. Epidemiology 
of rheumatic diseases in Iran from analysis of four 
COPCORD studies. Int J Rheum Dis 2016;19:1056-
62. doi: 10.1111/1756-185X.12809.

45. Reveille JD. Epidemiology of spondyloarthritis in 
North America. Am J Med Sci 2011;341:284-6. doi: 
10.1097/MAJ.0b013e31820f8c99.


