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Abstract 
 

Background: Rheumatoid Arthritis (RA) is a progressive, heterogeneous, and common 
multifactorial autoimmune disease. Several Genome-Wide Association Studies 
(GWASs) have revealed more than 100 risk loci for RA. One of these loci is a function-
al single nucleotide polymorphism (rs874040; G>C) near the recombination signal-
binding protein for the immunoglobulin kappa J region (RBPJ) gene. RBPJ can con-
vert into a transcriptional activator upon activation of the canonical Notch pathway. 
Notch signaling has recently emerged as an important regulator of immune responses 
in inflammation and autoimmune diseases. In the present study, the possible associa-
tion between SNP rs874040 (G>C) upstream of the RBPJ gene with RA risk was as-
sessed in Iranian population. 
 

Methods: A case-control study including 60 RA patients and 44 control subjects was 
conducted to estimate rs874040 genotypes using real‑time polymerase chain reaction 
High Resolution Melting (HRM) method. 
 

Results: Logistic regression analysis indicated that homozygous CC and heterozygous 
GC genotypes increase the risk of RA compared with GG genotype (CC vs. GG; 
OR=11.36; 95% CI [3.93-33.33] and CG vs. GG; OR=3.78; 95% CI [1.30-10. 98]). Besides, 
subjects with C allele were more frequently affected with RA than subjects with G al-
lele (OR=10.42; 95% CI [5.21-20.83]). Furthermore, in the patient group, a significant 
correlation was found between C-reactive protein concentrations and rs874040 pol-
ymorphism (p<0.05). 
 

Conclusion: Our findings propose a substantial correlation between rs874040 poly-
morphism and RA risk in Iranian population. 
 
 
Keywords: Genotype, Genome-Wide Association Study, Iran, Rheumatoid arthritis, Single  
nucleotide polymorphisms 

 

 

 

Introduction 
 

Rheumatoid Arthritis (RA) is a progressive, hetero-

geneous, common, complex, multifactorial autoim-

mune disease 1,2. It causes inflammation along with 

painful swelling in the affected parts of the body, espe-

cially in joints. RA commonly affects the small joints 

such as hands, knees or ankles, and typically the same 

joint on both sides of the body; this can eventually re-

sult in stiffness, bone and cartilage erosion, and joint 

deformity 3,4. The global annual incidence of RA is 

around 3 cases per 10,000 population and its preva-

lence is about 1% 5-7. RA is a multifactorial disorder 

with the involvement of multiple genetic and environ-

mental factors 8,9. Several researchers have propounded 

a significant genetic susceptibility for RA with 50-60% 

heritability, suggesting that a large proportion of the  
 

 

 

 

 
RA could be the result of underlying genetic risk fac-

tors 10. This notion was strengthened with high con-

cordance rates in monozygotic twins (12.3-15.4%) by 

analogy with dizygotic twins (3.5%) 11. During the last 

two decades with advances in genotyping methods 

such as Genome-Wide Association Studies (GWAS), 

more than 100 genetic susceptibility loci associated 

with RA risk have been obtained 12,13. One of these loci 

is a single nucleotide polymorphism (rs874040; G>C) 

near recombination signal-binding protein for immu-

noglobulin kappa J region (RBPJ) gene. Considering 

the previous studies, RBPJ is a transcriptional repressor 

but converts into a transcriptional activator upon acti-

vation of the canonical Notch pathway 14. Numerous 

studies found that Notch signaling regulates multiple 
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steps of T and B cell development in the immune sys-

tem. Notch pathway regulates differentiation of line-

ages of lymphoid T and B cells, T helper cell differen-

tiation as well as T cell activation, and regulatory T 

cell function 15-17. This pathway partakes in the expres-

sion regulation of inflammatory cytokines that are in-

volved in RA pathogenesis 18,19. Furthermore, in nor-

mal situations, by the effect of some cytokines such as 

transforming growth factor (TGF)-b1 and IL-6, naive 

CD4+ T cells are differentiated into Th17 cells and 

express IL-10 and IL-17 and could not prompt autoim-

munity 20. However, under the effect of IL-23 and IL-

23R, Th17 cells could produce proinflammatory cyto-

kines and induce autoimmunity 21.  

In RA, RBPJ expression is increased in memory 

CD4+ T cells extracted from RA patients compared 

with the control group, and this elevated expression 

was related to prompted inflammatory cytokines such 

as IL-17A, IL-9, and IFNγ in response to activation of 

Notch signaling 22. Previous studies reported that 

CD4+ T cells and especially memory CD4+ pooled 

into the RA synovium are involved in synovial in-

flammation by increasing the production of proin-

flammatory cytokines such as TNF-α, IL-1β, IL-6, and 

IL-17 from macrophages, synovial fibroblasts, and 

other available leukocytes 23. Orent et al demonstrated 

that rs874040 is a functional SNP that is located in a 

strong enhancer region containing DNase I hypersensi-

tive sites for RBPJ. CC genotype in this SNP increased 

the expression of the RBPJ gene in stimulated memory 

CD4+ T cells in normal subjects compared with per-

sons with GG as a protective genotype 22. Hence, it 

seems that this functional variant has a critical role in 

increasing the susceptibility to RA disease. In the pre-

sent study, the possible association between SNP 

rs874040 (G>C) upstream of the RBPJ gene with RA 

risk was evaluated in Iranian population for the first 

time.  

 

Materials and Methods 
 

Study population and sample preparation 
This case-control study comprised a total of 104 in-

dividuals that were selected from subjects referred to 

Alzahra Hospital which is the largest affiliated hospital 

of Isfahan University of Medical Sciences. Subjects 

included 60 unrelated persons with RA disease (includ-

ing 35 females and 25 males) who met the diagnostic 

criteria created by the American College of Rheuma-

tology (ACR) and 44 unrelated healthy subjects (in-

cluding 21 females and 23 males) who had no symp-

toms or personal and family history of RA or other 

autoimmune disorders.  

All participants signed an informed consent form 

and the Ethics Committee of the University approved 

the study. The participants were interviewed and de-

mographic data on sex, age (during sampling period) 

and age of onset, Body Mass Index (BMI, calculated as 

weight [kg] divided by height [m] squared), blood pres-

sure, the presence of Diabetes Mellitus (DM), thyroid 

disease and family history of RA and other autoim-

mune conditions were obtained using a structured 

questionnaire. Also, laboratory indices including Ery-

throcyte Sedimentation Rate (ESR), C-reactive protein 

(CRP), White Blood Cell (WBC), hemoglobin, Platelet 

count test (PLT), creatinine, Blood Urea Nitrogen 

(BUN), Fasting Blood Sugar (FBS), High-Density Lip-

oprotein (HDL), Low-Density Lipoprotein (LDL), and 

Triglyceride (TG) were recorded. 
 

Genotyping of polymorphism 
Genomic DNA was extracted from 2 ml ethylenedi-

aminetetraacetic acid (EDTA)-anticoagulated peripher-

al blood samples by PrimePrep Genomic DNA Isola-

tion Kit (GeNetBio, Korea). The quality and concentra-

tion of all genomic DNA samples were assessed by 

agarose gel electrophoresis and spectroscopy, respec-

tively, and then DNA was stored at −20°C until geno-

typing by real‑time polymerase chain reaction High‑ 
Resolution Melting (HRM) method. HRM was per-

formed using HOT FIREPol EvaGreen HRM Mix (no 

ROX) HRM PCR kit that contains HOT FIREPol® 

DNA Polymerase, 5x EvaGreen® HRM buffer, 12.5 

mM MgCl2, dNTPs, bovine serum albumin (BSA), and 

EvaGreen dye (Solis BioDyne, Estonia). Analysis was 

carried out by HRM on a Rotor-Gene 6000 (Corbett 

Research, Australia). In this method, polymorphism in 

the PCR product is detected by changes in the shape of 

the melting curve compared to a reference sample. 

Amplification of fragment (141 bp) was performed 

using the primer sense (CGCTACAGTGGTGACCCC) 

and antisense (GTCATCTCCACCTGCCCATA). A 

35-cycle PCR was performed with the following condi-

tions: 5 min at 95°C for denaturation of the template 

DNA for the first cycle, denaturation at 95°C for 20 s, 

annealing at 60°C for 30 s, and extension at 72°C for 

20 s. The melting curve is generated by increasing the 

temperature between 65°C and 95°C at 0.1°C/s heating 

rate. The melting curve is produced by the reduction in 

fluorescence with the increase in the temperature; nu-

cleotide changes result in different curve patterns. For 

using sample genotypes in HRM analysis as a standard, 

specific samples (with different curves) were subjected 

to direct Sanger sequencing and their correct genotypes 

were determined. 
 

Statistical analyses 
SPSS V22 (IBM Corp, NY) was used for statistical 

analyses. The allele and genotype frequencies of 

rs874040 were tested for Hardy Weinberg equilibrium 

using chi-squared test. Logistic regression analysis was 

conducted to investigate the association between geno-

types and RA and calculate specific Odds Ratios 

(ORs), 95% Confidence Intervals (CIs), and p-values. 

For demographic, clinical, and laboratory characteris-

tics, p-values were calculated using independent sam-

ple t-test, Chi‑square, or Mann–Whitney test. The sig-

nificance level was set at p<0.05. 
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Results 
 

In our analysis, a total of 60 patients (mean age: 

50.30±10.55) and 44 controls (mean age: 48.73±10.93) 

were evaluated for RBPJ (rs874040) polymorphisms. 

Table 1 shows the characteristics of RA patients and 

healthy controls. In the RA patient group, the mean age 

of onset was 41.58±10.85. There was no important 

association between case and control groups regarding 

age (p=0.46) and sex (p=0.55), illustrating that for 

these factors matching was acceptable. Based on our 

results, there was a statistically significant difference in 

terms of Body mass index (BMI) (p<0.001) and posi-

tive family history of RA and other autoimmune dis-

eases (p=0.002). As demonstrated, just 7 (11.7%) pa-

tients had DM whereas controls did not have DM 

(p=0.02). On the other hand, there was no significant 

difference between the patients and healthy subjects in 

the blood pressure parameter (p>0.05). Results of la-

boratory tests revealed that the concentration of some 

factors such as ESR, CRP, PLT, creatinine, and BUN 

was significantly higher in patients than in healthy con-

trols (p<0.05). But the concentration of hemoglobin 

was significantly lower in patients than in healthy con-

trols (p<0.001). The details of the laboratory character-

istics of patients with RA and control groups are pre-

sented in table 2. 
 

Genotype and allele distribution 
Our findings demonstrated that the genotype distri-

bution of rs874040 polymorphism in case and control 

groups was in agreement with Hardy Weinberg equi-

librium. Among the RA cases, the frequency of GG, 

GC, and CC was 15, 28.3 and 56.7%, respectively. In 

the control group, the frequency of rs874040 genotype 

was 54.5% for GG, 27.3% for GC, and 18.2% for CC. 

Our study elucidated the significant association be-

tween CC (Compared with GG; p<0.001) genotypes 

and RA risk. Also, there was a significant difference 

between the heterozygote genotype (GC) compared 

with the GG genotype in the increased risk of RA 

(p=0.012).  

Comparing the combined genotype, our results un-

veiled that the CC+GC (85% in cases and 15% in con-

trol groups) compared to the GG genotype (45.5% in 

cases and 54.5% in control groups) increased the risk 

of RA (p<0.001). 

Likewise, concerning allele distribution, it was 

found that the C allele had a high frequency in the case 

group (80.95%) compared to the G allele (33.33%) and 

our assessment showed that the C allele was correlated 

with increased risk of RA (p<0.001). Moreover, our 

investigation revealed that stratification based on the 

median concentration of CRP in the patient group is 

significantly different in genotype groups (p<0.05). In 

fact, patients with risk allele (C) had a higher concen-

tration of CRP. However, there was no significant as-

sociation between the stratification by the age of onset, 

gender, BMI, ESR, and creatinine concentrations with 

this polymorphism (p>0.05) (Table 3). 

 
Discussion 

 

It goes without saying that a large number of Single 

Nucleotide Polymorphism (SNP) loci affect suscepti-

bility to RA. Genome-wide association studies reported 

more than 100 genetic susceptibility loci associated 

with increased risk of RA 12,13. Stahl et al carried out a 

GWAS on 5,539 subjects with RA and 20,169 controls 

of European descent and reported that rs874040 (CC 

genotype) upstream of the RBPJ gene was associated 

with an increased risk of RA 24.   

On the other hand, Notch signaling has recently 

emerged as an important regulator of immune respons-

es in inflammation and autoimmune diseases because 

this signaling pathway takes part in the regulation of 

multiple steps of T and B cell development 15,25,26. Af-

ter activation of Notch receptors, Notch Intracellular 

Table 1. Baseline characteristics of RA patients and control subjects 
 

Characteristics Patients Controls p-value 

Total number 60 44  

Age  50.30±10.55 48.73±10.93 0.461 

Gender n (%)    

Male 25 (41.7%) 21(47.7%) 0.556 

Female 35 (58.3%) 23(52.3%)  

Age of onset  41.58±10.85 -- -- 

BMI  26.50±2.19 23.87±3.31 <0.001 * 

SBP  121.17±11.98 120.23±10.23 0.676 

DBP  79.42±7.54 78.52±9.31 0.590 

Positive family history 

n (%) 
11 (18.3%) 0(0%) 0.002 * 

Diabetes mellitus  

n (%) 
7 (11.7%) 0(0%) 0.02 * 

 

Data are represented as mean±SD, or n (%). * p<0.05. RA: Rheumatoid Arthritis; 

BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood 

Pressure. 

 

Table 2. Laboratory characteristics of patients with RA and controls 

group 
 

 Patients (60) Controls (44) p-value 

ESR (mm/h)  39.80±25.17 16.36±6.50 <0.001 * 

CRP (mg/l)  20.07±16.94 3.51±1.50 <0.001 * 

White blood cell (109/1)  6883.33±2144.72 6489.55±1583.35 0.306 

Hemoglobin 12.74±1.08 14.23±1.51 <0.001 * 

PLT (109/1) 252.67±66.38 224.34±62.03 0.029 * 

Creatinine (mg/dL) 1.02±0.20 0.87±4.68 <0.001 * 

BUN 18.04±4.72 16.00±0.21 0.031 * 

FBS 92.47±15.07 90.36±23.19 0.577 

HDL 48.50±7.17 49.23±11.05 0.685 

LDL 111.92±29.10 107.09±40.10 0.478 

TG 166.37±44.59 153.09±68.19 0.233 

Positive RF  60(100%) -- -- 
 

Data are represented as mean±SD, or n (%).* p<0.05. RA: Rheumatoid Arthri-

tis; ESR: Erythrocyte Sedimentation Rate; CRP: C‑Reactive Protein; BUN: 

Blood Urea Nitrogen; PLT: Platelet; HDL: High‑Density Lipoprotein; LDL: 

Low‑Density Lipoprotein; TG: Triglyceride; FBS: Fasting Blood Sugar; SD: 

Standard Deviation. 
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Domain (NICD) is translocated to the nucleus where it 

interacts with RBPJ protein via the RAM domain and 

activates the expression of inflammatory cytokines. 

Meanwhile, RBPJ without activation of the Notch re-

ceptor is bound to specific DNA binding sites and is 

thought to act as a transcriptional repressor  15,27. 

Horste et al demonstrated that RBPJ directly in-

creases the expression of IL-23R by binding to the 

Il23r promoter and eventually represses anti-inflam-

matory IL-10 production in the Th17 cells 28. Orent et 

al initially reported that in patients with RA, expres-

sion of RBPJ is increased in memory T cells compared 

with control subjects. Then, they revealed that the CC 

genotype of the rs874040 variant in memory CD4+ T 

cells leads to increased expression of the RBPJ gene 

compared with the GG genotype 22.  

To the best of our knowledge, this study is the first 

research in the Iranian population that investigated the 

association between RBPJ polymorphism named 

rs874040 with the increased risk of RA. In our study, 

logistic regression analysis showed that CC genotype 

increases the risk of RA in comparison with the GG 

(CC vs. GG; OR=11.36; 95% CI [3.93-33.33]). In addi-

tion, heterozygote genotype (GC) increased the risk of 

RA by analogy to GG genotype (GC vs. GG; OR=3.78; 

95% CI [1.30-10. 98]). Furthermore, subjects with the 

C allele were more frequently affected with RA than 

those with the A allele (OR=10.42; 95% CI [5.21-

20.83]) (Table 4). Our results were consistent with two 

GWAS results conducted in two  different populations; 

Stahl et al worked on European populations and Aslam 

et al investigated possible associations with RA risk in 

Pakistani population 24,29. 

Moreover, in our patient group, a significant corre-

lation between CRP concentration and rs874040 poly-

morphism (p<0.05) was found (Table 3). The amount 

of this factor indicates levels of inflammation in the 

body and alludes to active disease. This result demon-

strates the association of risk allele with the severity of 

the disease (normal amount of CRP was less than 10 

mg/L).  

 

Conclusion 
 

This investigation disclosed a significant association 

between rs874040 polymorphism with RA risk in the 

Iranian population; however, probably some possible 

limitations exist in the study as the threats to the validi-

ty of our results such as small sample size. It seems 

that further association studies with a larger sample 

size would help to confirm the suggested correlations. 

Besides, other variants that were not included in our 

study might be involved in determining the risk of RA. 
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Table 3. Stratification analyses of the RBPJ polymorphism (rs874040) in patients 
 

Genotype group GG (N=9) GC (N=17) CC (N=34) p-value 

Age of onset  41.45±11.70 41.32±9.87 41.80±11.47 0.988 

Sex     

 Male  4 (44.4%) 7 (41.18%) 14 (41.18%) 
0.983 

 Female  5 (55.6%) 10 (58.82%) 20 (58.82%) 

ESR (mm/h) 40.36±25.73 36.63±25.32 41.60±25.54 0.154 

CRP (mg/l)   17.60±13.95 13.51±5.33 22.33±19.88 0.041* 

Creatinine (mg/dL)  0.99±0.20 1.03±0.23 1.03±0.18 0.535 

BMI  26.63±2.27 26.48±2.29 26.46±2.17 0.232 
 

Data are represented as mean±SD, or n (%). * p<0.05. ESR: Erythrocyte Sedimentation Rate; CRP: 

C‑Reactive Protein; BMI: Body Mass Index; SD: Standard Deviation. 

 

Table 4. Association between genotypes and allele frequency with RA risk 
 

Genotype group 
Patients (60) 

N (%) 

Controls (44) 

N (%) 
OR (95%CI) p-value 

GG 9 (15.0%) 24 (54.5%) Reference  

GC 17 (28.3%) 12 (27.3%) 3.78 (1.30-10. 98) 0.012 * 

CC 34 (56.7%) 8 (18.2%) 11.36 (3.93-33.33) <0.001 * 

Combined genotype 

 GG 9 (15%) 24 (54.5%) Reference  

 GC+CC 51 (85%) 20 (45.5%) 6.80 (2.69-17.24) <0.001 * 

Allele     

 G 20 (33.33%) 54 (71.05%) Reference  

 C 85 (80.95%) 22 (28.95%) 10.42 (5.21-20.83) <0.001 * 
 

* p<0.05. 
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