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ABSTRACT

تعدد  في  الوراثية  الاختلافات  وتأثيرات  الأليلية  التكرارات  الأهداف: تحديد 
أشكال الجينات السيتوكينية في سكان المملكة العربية السعودية.

المنهجية: شملت هذه الدراسة المقطعية 41 مريضا مصابون بمتلازمة سجوجرن 
الأولية )pSS( و71 مجموعة تحكم صحية بين أكتوبر 2018 ومايو 2019. 
نظام  باستخدام  الفردية  النوكليوتيدات  لأشكال  الجيني  التنميط  إجراء  تم 
SEQUENOM MassARRAY®، الذي يستهدف تسعة أشكال متعددة 
لمقارنة  كاي  مربع  اختبارات  واستخدمت  المختلفة.  السيتوكينات  في جينات 

المرضى والضوابط.

 ) IL-1β( interleukin-1 beta الجينية  الأنماط  كانت  النتائج: 
 TT + CTو  )21.2% المرضى،  %52.7؛  )التحكم،   rs1143627 CT
 pSS من  يعانون  الذين  المرضى  في  تواتراً  أقل   )p=0.003؛  p=0.033 (
مقارنة بالضوابط الصحية. ارتبط الأليل C في rs10488631 في جين العامل 
التنظيمي للفيروسات IRF5( 5( والأليل A في rs12583006 في جين عامل 

BAFF( بزيادة خطر تطور pSS في مجموعة المرضى. ( B تنشيط الخلية

IL- في )rs1143627( −31 عند CT الخلاصة: لم يرتبط النمط الوراثي
1β بارتفاع خطر الإصابة بتطور pSS لدى السكان السعوديين، على عكس ما 
 rs10488631 في C تم إثباته في الأعراق الأخرى. ومع ذلك، تم ربط الأليل

.BAFF في rs12583006 في A والأليل IRF-5 في

Objectives: To determine the allelic frequencies 
and effects of genotypic variations in cytokine gene 
polymorphisms in a Saudi Arabian population.

Methods: This cross-sectional study involved 41 
patients with Primary Sjögren’s syndrome (pSS) 
and 71 healthy controls between October 2018 
and May 2019. Single nucleotide polymorphisms 
genotyping was performed using the SEQUENOM 
MassARRAY® System, targeting nine polymorphisms 
in different cytokine genes. Chi-square tests were used 
to compare the patients and controls.
 
Results: The interleukin-1 beta (IL-1β) rs1143627 
CT (control, 52.7%; patients, 21.2%) and TT + CT 
(p= 0.003;  p=0.033) genotypes were less frequent 
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in patients with pSS than in healthy controls. The 
C allele in rs10488631 in the interferon regulatory 
factor 5 (IRF5) gene and the A allele in rs12583006 
in the B-cell activating factor (BAFF) gene were 
associated with an increased risk of pSS development 
in the patient group.

Conclusion: The CT genotype at −31 (rs1143627) 
in the IL-1β gene was not associated with a high 
risk of pSS development in the Saudi population, in 
contrast to what has been verified in other ethnicities. 
However, the C allele in rs10488631 in IRF-5 and 
the A allele in rs12583006 in BAFF were associated. 

Keywords: Primary Sjögren’s syndrome (pSS), Single 
nucleotide polymorphism (SNP), Interleukin-1 beta 
(IL-1β), Interferon regulatory factor 5 (IRF5), B-cell 
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Primary Sjögren’s syndrome (pSS) is an autoimmune 
disease characterized by exocrine gland destruction 

caused by autoreactive lymphocyte infiltration, which 
results in sicca symptoms.1 Lymphocyte infiltration 
affects glandular secretion by altering the glandular 
structure, leading to cytokine secretion and local 
autoantibody production.2

The etiology of pSS is based on its multifactorial 
autoimmune nature, whereby several genes influence 
disease development concurrent with immunological, 
hormonal, and environmental factors.3 Cytokines 
mediate both innate and adaptive immunity. Several 
studies have confirmed the prevalence of single-
nucleotide polymorphisms (SNPs) in cytokine genes 
that regulate pSS pathogenesis.4-6

Several studies involving patients with pSS of 
different ancestries have identified SNPs in numerous 
genes implicated in innate immunity, such as interferon 
regulatory factor 5 (IRF5), signal transducer and 
activator of transcription 4 (STAT4), and interleukin- 
(IL) 12.7-9 However, no studies have described cytokine 
gene polymorphisms in Saudi Arabian patients with pSS. 
We hypothesized that cytokine gene polymorphisms 
are associated with pSS development risk in the Saudi 
population. In this cross-sectional study, we tested this 
hypothesis by assessing allelic frequencies and the effect 
of genotypic variation at different cytokine gene loci in 
Saudi patients with pSS compared to healthy controls.

Methods. This study is part of a larger clinical study 
of patients with pSS in Saudi Arabia.10,11 This cross-
sectional study involved 117 male and female Saudi 
volunteers aged 18–77 years between October 2018 
and May 2019. The participants were divided into 2 
groups. The first group included 71 healthy subjects 
with no pSS autoantibodies or symptoms, representing 
a cross-section of Saudi society. The second group 
included 46 patients with pSS recruited during routine 
follow-ups at the rheumatology and pulmonary clinics 
at King Saud University Medical City in Riyadh, Saudi 
Arabia. These patients met the American College of 
Rheumatology/European League Against Rheumatism 
(ACR/EULAR) classification criteria.12 The exclusion 

criteria included a confirmed diagnosis of malignancy, 
major psychiatric disorder, or the presence of end-stage 
organ failure. Clinical characteristics, including age, 
gender, and EULAR Sjögren’s syndrome disease activity 
index (ESSDAI), were assessed during clinic visits. An 
ESSDAI score of 0 indicated remission, while a score of 
<5 indicated low disease activity.13

The participants provided informed consent, 
and the study was approved by the Research 
Ethics Committee of the Medical City at King 
Saud University. Participants’ family histories were 
recorded. Blood samples were collected from both 
groups using 3 mL ethylenediaminetetraacetic acid 
tubes for Deoxyribonucleic acid (DNA) extraction. 
Deoxyribonucleic acid was extracted using the 
PureGene blood kit (Gentra Systems, Inc., MN, USA, 
cat# D5500). The DNA samples were aliquoted and 
stored at −80°C. It concentration was determined 
using a nanodrop spectrophotometer (260/280 nm, 
Thermo Fisher Scientific, Wilmington, DE, USA), 
and the DNA was diluted to a working concentration 
of 15–20 ng/μL. Nine SNPs in different cytokine 
genes with known associations with pSS were selected 
for further analysis due to the significant effects of 
cytokine genes in autoimmune diseases. Genotyping 
was performed using the MassARRAY® System with 
a complete iPLEX® Pro Genotyping Reagent Set 
(Lot:0000025499, Agena Bioscience, Inc., Germany). 
Primers were designed using MassARRAY Assay Design 
3.0 (SEQUENOM) and obtained from Aracure 
(USA). After multiplex PCR amplification using a PCR 
reagent set (lot:0000025379, Agena Bioscience, Inc.), 
the final products were desalted and transferred to a 
SpectroCHIP array (lot:0000025245, Agena Bioscience, 
Inc.). Allele detection was performed using matrix-
assisted laser desorption ionization time-of-flight mass 
spectrometry (MALDI-TOF-MS). Data were analyzed 
using the MassARRAY TYPER software (version 4.0; 
SEQUENOM). Duplicate samples, negative controls, 
and blanks were used to ensure accuracy.

The study was approved by the Institutional 
Research Board (IRB) of the College of Medicine at 
King Saud University (E-18-3206). Ethical approval 
was obtained from the IRB of the College of Medicine 
at King Saud University (E-18-3206). All procedures 
were performed in accordance with the Declaration of 
Helsinki guidelines. 

Statistical analyses. Descriptive characteristics were 
expressed as mean ± standard deviation (SD). A frequency 
distribution analysis was performed. The genotypes and 
alleles were assessed for Hardy-Weinberg equilibrium 
using the Institut für Humangenetik platform.14 Alle 

Disclosure. This study was funded by the Deanship of 
Scientific Research at King Saud University through the 
Research Funding Program. The funding body did not 
have any influence on the study design, study conduct, 
data analysis, or manuscript preparation.
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frequency differences between control subjects and 
patients were analyzed using the chi-squared test. 
Relative risk was estimated using odds ratios (ORs) and 
95% confidence intervals (CIs). Statistical significance 
was defined as p<0.05. All statistical analyses were 
performed using Minitab®20 software.

Results. Forty-six patients were recruited; however, 
only 41 met the inclusion criteria and were included in 
the final analysis. The mean patient age was 58.76 ± 12.7 
years, while in the control group, it was 48.87 ± 14.49 
years. There were 32 (78.1%) female pSS patients and 
54 (76.1%) female control subjects, while there were 9 
(22%) male pSS patients and 17 (24%) male control 
participants. Please   rephrase the word respeticely. The 
mean disease duration was 4.6 ± 2.28 years (Table 1), 
and the mean ESSDAI score was 9.95 ± 7.73I. Other 
clinical characteristics have been previously described.10 
The genotype and allele frequencies of the genes were 
calculated for each group and compared (Table 2). For 
all SNPs, the Hardy-Weinberg equilibrium was tested 
in both groups. The genotype and allele frequencies 
of several polymorphisms did not differ significantly 
between the groups: rs16944 in IL-1β, rs1024611 
in monocyte chemoattractant protein 1 (MCP-1), 
rs1234315 in tumor necrosis factor superfamily member 
4 (TNFSF4), rs6822844 in IL-2 – IL-21 gene region, 
rs1800629 in tumor necrosis factor-alpha (TNFβ), 
and rs7574865 in STAT4. For rs1143627 in the IL-1β 
gene, the prevalence of the heterozygous (CT) genotype 
was significantly higher in the control group (52.7%) 
than in patients with pSS (21.2%). The protective effect 
of this genotype was evident based on the high OR of 
5.524 in the control group. In the IRF5 genes, the 
rs10488631 C allele frequency was significantly higher 
in pSS patients (35.9%) and in the BAF genes, the 
rs12583006 A allele frequency was significantly higher 
in pSS patients I (40%) than in the control group in 
which the rs10488631 C allele frequency was  (11.4%) 
and the rs12583006 A allele frequency was (25.8%). 

Discussion. Various genetic factors contribute 
to pSS.15-17 In this study, we assessed 9 SNPs in 
cytokine genes to determine their association with pSS 
predisposition or resistance. 

Our study demonstrated that 57.3% of healthy Saudi 
individuals had the minor allele (T) frequency of IL-1β 
rs1143627. This was similar to the data obtained from 
multiple populations according to the 1,000 Genome 
Project, including the Han Chinese in Beijing (54.4%), 
Colombians (53.7%), Southern Han Chinese (53.8%), 
and Japanese in Tokyo (52.9%).18 The prevalence of the 
heterozygous CT genotype was significantly lower in 
patients than in healthy controls.

Interleukin-1β encodes IL-1β, a potent pro-
inflammatory cytokine that acts as an important 
inflammatory response mediator and is involved in 
many important cellular functions.19 The rs1143627 
SNP is a polymorphic site in the promoter region of 
IL-1β.20 The C > T transition occurs at position −31 
from the transcription start site and lies within the 
TATA box, thus influencing the formation of the 
transcription initiation complex and induction of IL-1β 
expression.21,22 

Several studies have reported an association between 
rs1143627 at the IL-1β gene and autoimmune disorders 
in various populations (Table 3). One study reported 
that the TT genotype frequency was lower in Japanese 
patients with pSS than in control subjects (p=0.027). 
Consequently, the mutant T allele has been reported 
to be protective.23 The frequency of the T allele was 
19.6% in patients compared with 29.2% in controls.23 
Our results are consistent with those of a previous study 
and show that this mutation has a protective effect 
against pSS. Other studies have reported several strong 
associations between the minor allele of rs1143627 and 
rheumatoid arthritis and immune thrombocytopenia in 
Indian populations, systemic lupus erythematosus (SLE) 
in an Egyptian population, and Alzheimer’s disease in a 
Chinese population.24-27 In contrast, the CT genotype is 
associated with an increased risk of systemic sclerosis in 
Caucasians.28 However, the homozygous CC genotype 
and C allele have demonstrated a protective effect in 
Iranian patients.29 In a population of Chinese children, 
the AA genotype of rs1143627 was associated with an 
increased risk of coronary artery lesions in patients with 
Kawasaki disease.30

The risk of gastric cancer has been associated with 
the T haplotype in Asian populations.21 In contrast, 
the opposite haplotype (such as the C allele) is the risk-
related allele in Caucasians.31 The minor T allele has also 
been associated with cervical cancer in Chinese Uygur 

Table 1 - Demographic variables and outcome measures.

Variable Patients with pSS 
(n=41)

(mean ± SD)

Control
(n=71)

(mean ± SD)
Age 58.76 ± 12.7 48.87* ± 14.49
ESSDAI 9.95 ± 7.73 -
Disease duration (years) 4.6 ± 2.28 -
ESSDAI: EULAR Sjögren’s syndrome disease activity index, *p<0.001. 

pSS: Primary Sjögren’s syndrome, SD: standard deviation
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Table 2 - Supplemental genotype and allele frequencies of cytokine gene polymorphisms in patients with primary Sjögren syndrome (pSS) versus controls

P-valueX2OR (95% CI)
Control groupPatients with pSS

Genotype/alleleVariantGene
n (%)n (%)

Genotype frequency (pSS=33; HC=60)rs16944Interleukin-1 beta 
(IL-1β) Reference13 (21.7)5 (15.2)AA

0.4400.5960.609 (0.173–2.146)19 (31.7)12 (36.4)AG
0.5180.4180.673 (0.203–2.236)28 (46.7)16 (48.5)GG

Allele frequency
Reference45 (37.5)22 (33.33)A

0.5710.3200.833 (0.443–1.567)75 (62.5)44 (66.7)G
Genotype frequency (pSS=33; HC=55)rs1143627

Reference9 (16.4)12 (36.4)CC
0.005*7.8565.524 (1.672–18.250)29 (52.7)7 (21.2)CT
0.3980.7151.619 (0.530–4.946)17 (30.9)14 (42.4)TT

Allele frequency
Reference47 (42.7)31 (47.0)C

0.5830.3011.187 (0.643–2.193)63 (57.3)35 (53.0)T
Genotype frequency (pSS=32; HC=57)rs10488631Interferon regulatory 

factor 5(IRF5) Reference44 (77.2)18 (56.3)TT
0.9180.0111.064 (0.331–3.421)13 (22.8)5 (15.6)TC

---0 (0.0)9 (28.1)CC
Allele frequency

Reference101 (88.6)41 (64.1)T
<0.001*14.0090.229 (0.106–0.496)13 (11.4)23 (35.9)C

Genotype frequency (pSS=29; HC=65)rs1024611Monocyte 
chemoattractant 
protein 1 (MCP-1)

Reference35 (53.9)19 (65.5)AA
0.8740.0251.086 (0.393–2.999)16 (24.6)8 (27.6)AG
0.0982.7313.800 (0.780–18.511)14 (21.5)2 (6.9)GG

Allele frequency
Reference86 (66.3)46 (79.3)A

0.0713.2541.961 (0.943–4.077)44 (33.9)12 (20.7)G
Genotype frequency (pSS=35; HC=64)rs12583006B-cell activating factor 

(BAFF) Reference37 (57.8)14 (40.0)TT
0.2251.4750.568 (0.228–1.416)21 (32.8)14 (40.0)TA
0.0783.1080.324 (0.093–1.134)6 (9.4)7 (20.0)AA

Allele frequency
Reference95 (74.2)42 (60.0)T

0.040*4.2350.521 (0.280–0.969)33 (25.8)28 (40.0)A
Genotype frequency (pSS=32; HC=59)rs1234315Tumor necrosis factor 

Superfamily Member 
4 (TNFSF4)

Reference13 (22.0)12 (37.5)CC
0.2511.3181.846 (0.648–5.259)24 (40.7)12 (37.5)CT
0.1052.6242.538 (0.822–7.836)22 (37.3)8 (25.0)TT

Allele frequency
Reference50 (42.4)36 (56.3)C

0.0753.1801.749 (0.946–3.232)68 (57.6)28 (43.6)T
Genotype frequency (pSS=32; HC=58)rs6822844Interleukin-2 – 

interleukin-21 gene 
region (IL-2 – IL-21)

Reference49 (84.5)28 (87.5)GG
0.4780.5031.653 (0.412–6.627)9 (15.5)3 (9.4)GT

---0 (0.0)1 (3.1)TT
Allele frequency

Reference107 (92.2)59 (92.2)G
0.9900.0000.993 (0.318–3.099)9 (7.8)5 (7.8)T

*p<0.05, CI: confidence interval, OR: odd ration, HC: healthy control

women.32 Moreover, an association between genetic 
polymorphisms in the IL-1 family and hepatocellular 
carcinoma has been reported.33 The heterozygous 
genotype has been shown to be protective against 

prostate cancer in a Turkish population.34 Asian patients 
with the CC genotype have a significantly increased risk 
of breast cancer.35 Several clinical conditions have been 
associated with rs1143627.
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Table 2 - Supplemental genotype and allele frequencies of cytokine gene polymorphisms in patients with primary Sjögren syndrome (pSS) versus controls 
(continuation).

P-valueX2OR (95% CI)
Control groupPatients with pSSGenotype/

alleleVariantGene
n (%)n (%)

Genotype frequency (pSS=26; HC=56)rs1800629Tumor necrosis factor-
alpha (TNFβ) Reference41 (73.2)18 (69.2)GG

0.3800.7720.585 (0.177–1.933)8 (14.3)6 (23.1)GA
0.6130.2551.537 (0.290–8.133)7 (12.5)2 (7.7)AA

Allele frequency
Reference90 (80.4)42 (80.8)G

0.9510.0041.027 (0.447–2.360)22 (19.6)10 (19.2)A
Genotype frequency (pSS = 26; HC = 59)rs7574865Signal transducer 

and activator of 
transcription 4 
(STAT4)

Reference8 (13.6)1 (3.9)TT
0.2361.4060.263 (0.029–2.395)21 (35.6)10 (38.5)TG
0.2101.5690.250 (0.029–2.188)30 (50.9)15 (57.7)GG

Allele frequency
Reference37 (31.4)12 (23.1)T

0.2741.1970.657 (0.309–1.395)81 (68.8)40 (76.9)G
*p<0.05, CI: confidence interval, OR: odd ratio, HC: healthy control

Table 3 - Association of rs1143627 in the interleukin-1 beta (IL-1β) gene with different autoimmune diseases in populations of different ancestries.

Ref. Disease
No. 

(patients/
controls)

Associated 
genotype or 

allele
OR (95% CI) P-value Frequency (patient vs. 

control) Ethnicity

[23] Primary Sjögren 
syndrome (pSS) 101/106 TT 0.59 (0.31–1.13) 0.027 19.6 vs. 29.2 Japanese

[24] Rheumatoid 
arthritis 180/249 TT 1.21 (0.92–1.61) 0.01 0.26 vs. 0.15 Indian

[25] Systemic lupus 
erythematosus 50/25 TT 8.27 (1.53–44.61) <0.01 26 vs. 8 Egyptian

[26] Alzheimer’s disease 123/120 TT 1.72 (1.13–2.61) 0.010 51 (41.5) vs. 31 (25.8) Chinese

[27] Immune 
thrombocytopenia 118/100

TT 2.33 (1.069–5.09) 0.033 25.43 vs. 19
IndianCT 2.044 (1.068–39) 0.034 55.08 vs. 47

T 1.52 (1.04–2.22) 0.034 52.69 vs. 42.5
[28] Systemic sclerosis 78/692 TC 2.7 (1.5–5.1) 0.002 62.0 vs. 43.8 Caucasian

[29] Systemic lupus 
erythematosus 163/180

CC 0.6 (0.4–0.9)
<0.01

52 (32) vs. 81 (45)
Iranian

CC 0.7 (0.5–0.9) 191 (58.6) vs. 247 (68.6)

[30]
Coronary 

artery lesions in 
Kawasaki disease

719/1401 AA 2.28 (1.32–3.95) 0.003 50 vs. 29 Chinese

CI: confidence interval, OR: odd ratio,l vs: versus, ref: reference, no.: number

In the current study, the control group’s T allele 
frequency of rs10488631 at IRF5 was (88.6%), 
while the control group’s TT genotype frequency of 
rs10488631 at IRF5 was (77.2 %). This is similar to 
frequencies seen from other populations, such as the 
British population in England and Scotland (89.6%), 
populations of North and Western European ancestries 
(88.9%), Utah residents with Northern and Western 
European ancestry (88.9%), a Finnish population in 
Finland (88.4%), and Sri Lankan Tamilians from the 
United Kingdom (UK) (87.6%).18 

In this study, there was an association between the 
C allele of rs10488631 at IRF5 and an increased risk 

of pSS development in the patient group. These results 
are consistent with those of Nordmark et al,36 who 
reported that the C allele in rs10488631 is a risk allele 
in Norwegian and Swedish patients with pSS.

In rs10488631, the T > C transition occurs 5 kb 
downstream of IRF5 near the transportin 3 (TNPO3) 
gene.36 Because of its location at the 3′ end, it is difficult 
to distinguish whether the association signal from this 
SNP with pSS originates from IRF5 or TNPO3, and 
no clear functional role can be predicted for this SNP. 
However, in a genome-wide association study of pSS, 
researchers found an association between SNPs in the 
IRF5-TNPO3 gene region and DNA methylation, 

http://www.smj.org.sa/index.php/smj/index
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indicating that the risk allele can affect DNA methylation 
levels.37 High levels of IRF5 might increase the risk of 
autoimmune development by promoting apoptosis and 
activating Toll-like receptors and autoantigens.38 

Several studies on different ethnic groups have 
reported an association between the IRF5 gene variant 
(rs10488631) and multiple autoimmune diseases, 
such as SLE in Swedish, Caucasian, Amerindian, and 
Greek populations, systemic sclerosis in Caucasian and 
Turkish populations, lupus in Egyptian populations, 
and scleroderma in European populations.38-46

In the control group, the T allele frequency was 
(74.2%) of rs12583006 in the BAFF gene while TT 
genotype frequency of rs12583006 in the BAFF gene 
was (57.8%). This is similar to the data acquired from 
multiple populations, such as the Gujarati Indians from 
Houston, Texas (74.3%), Sri Lankan Tamilians from 
the UK (77%), populations from Tuscany in Italy and 
the Iberian Peninsula in Spain (76.2%), populations 
with North and Western European ancestry (75.8%), 
a Bengali population from Bangladesh (73.8%), and a 
Punjabi population from Lahore, Pakistan (71.9%).19 

The BAFF gene is a key regulator of B cell maturation 
and survival and is linked to several autoimmune 
disorders.47-49 The rs12583006 variant can be found in 
the non-coding region of BAFF and has been associated 
with increased BAFF levels in patients with non-
Hodgkin’s lymphoma.50,51 

Rs12583006 in the BAFF gene had a higher A allele 
frequency in the patient group than in the control group. 
This result is consistent with the findings of Nezos et al,48 
who reported that the mutant allele in the rs12583006 
SNP of the BAFF gene was significantly associated with 
Caucasian Greek patients with pSS (low risk). A allele 
frequency in the patient was 35.1%, whereas A allele 
frequency in the control groups was 21.2%. The same 
study also compared the AA genotype between patients 
at low and high risk of developing pSS (such as those 
with B-cell lymphoma and peripheral neuropathy). The 
AA genotype frequency was lower in the pSS high-risk 
group than in the pSS low-risk group (18%), indicating 
the potential protective role of this allele against 
lymphoma development.48 Theodorou et al49 reported 
that the AA genotype increases susceptibility to lupus 
in patients with Athen’s lupus and lupus-related plaque 
formation. 

The current study has several limitations. For 
instance, the small number of patients with pSS does 
not accurately reflect the distribution of pSS within 
the general population. There is also some selection 
bias present, while the cross-sectional nature of the 
study is a further limitation. Despite its serological and 

clinical importance, we did not include cryoglobulin 
levels because they were not measured in most patients 
at the time of diagnosis. Future extensive studies are 
recommended to further support the conclusions of 
this study.

In conclusion, we demonstrated that the CT 
genotype of IL-1β at the −31 position (rs1143627) 
was protective against pSS development, whereas 
rs10488631 in IRF5 and rs12583006 in BAFF were 
associated with increased disease risk. We suggest that 
the cytokine genes of Saudi patients with pSS have a 
distinct genetic profile that plays a crucial role in pSS 
pathogenesis. These findings need to be validated in 
larger multicenter studies and further explored in 
different disease areas and populations.
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