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Abstract
Objectives: Rheumatoid arthritis is a chronic inflammatory autoimmune disease. This study aimed to determine the 
association of interleukin-17A-197G/A polymorphism with rheumatoid arthritis in Sudanese patients.
Methods: A case–control study was conducted between March and December 2018. Clinical and demographic data of 
the study participants were collected and analyzed. Polymerase chain reaction restriction fragment length polymorphism 
molecular technique was done to investigate interleukin-17A-197G/A polymorphisms. All statistical tests were considered 
statistically significant when p < 0.05.
Results: The study population included 266 participants aged between 1 and 85 years, with an average of 40 years, classified 
into 85 (31.2%) cases (mean age 48.5 ± 11.3 years), and 181 (68.8%) controls (mean age 35.3 ± 15.9 years). The interleukin-
17A homozygote AA genotype was more frequent among the control group compared to the case group; 95 (52.5%) and 
7 (8.2%), respectively. The homozygote GG and the heterozygote AG genotypes were proportionally not different among 
the cases and control groups; 13 (54.2%) and 11 (45.8%), and 65 (46.4%) and 75 (53.6%), respectively. According to the 
distribution of interleukin-17A genotypes, a statistically significant difference was observed among cases with the interleukin-
17A AA and AG genotypes, p values 0.001 and 0.004, respectively. For the association interleukin-17A genotypes and family 
history a negatively significant association was reported (95% confidence interval, –0.219, p value = 0.001). There was also a 
negatively significant association of interleukin-17A genotypes and anti-cyclic citrullinated peptide (95% confidence interval, 
−0.141, p value = 0.002).
Conclusion: This study is the first study in Sudan established the association between interleukin-17A-197G/A (rs2275913) 
polymorphisms and susceptibly to rheumatoid arthritis. These findings appeal for further research in Sudan to investigate the 
exact role of IL-17A in immunopathology and disease severity among Sudanese rheumatoid arthritis
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Introduction

Rheumatoid arthritis (RA) is the most prevalent chronic 
inflammatory disease characterized by an autoimmune 
response that affects mainly the joints and various parts of the 
human body. At late stages, RA leads to deformities of joints 
and bones and cause severe pain.1–5 Many factors were hypoth-
esized to be involved in the induction and the progression of 
RA. The most accepted theory for the development of the dis-
ease is a multifactorial theory involving the interaction of envi-
ronmental factors on genetically susceptible individual, making 
them more prone to RA.6 The disease severity is varied from 
one population to another; Sudanese patients suffer from a 
severe form of the disease compared to other countries.7

The microenvironment at the sites affected by active RA 
shows adherence to several types of inflammatory cells 
including polymorph nuclear cells and macrophages as well 
as T-cells.8 A growing body of evidence indicates the central 
role of T-cells in the pathophysiology of RA as the patients 
carrying human leukocytes antigen (HLA)–DRB1 are more 
susceptible to disease development.9–12

Recently, a newly discovered subset of T Helper cells 
known as Th 17 reported playing a crucial role in the RA dis-
ease process.13,14 Th-17 cells produce a family of cytokines 
which consist of interleukin (IL)-17A and IL-17F.15,16 Studies 
showed that RA patients showed an increase in the synovial 
level of IL-17 that is locally produced by TH17 cells among 
others.16 Also, the association between IL-17 levels on serum 
and synovial fluid with various RA activity markers such as 
erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), and rheumatoid factor were reported.17 IL-17 targeted 
treatment is providing promising results and will open avenues 
for the future of RA precision medicine.18 However, case selec-
tion is important for responders from non-responders. If the 
patient had a high level of IL-17, a more effect will be observed 
if admitted to an anti-IL-17 inhibitor. However, if the patient is 
diagnosed with a non-IL-17-driven RA, the patient might not 
respond effectively to IL-17 inhibitors. Therefore, the detection 
of the high anti-IL-17 antibodies in RA patient could differenti-
ate between IL-17 inhibitors respondent from non-respond-
ers.19 In the IL-17 gene, there were several polymorphisms 
detected that might influence the expression of IL-17.20,21 Not 
only the IL-17A-197G/A (rs2275913) was associated with the 
risk to RA, but also the severity of the disease and the response 
to treatment.22,23 Therefore, this study aimed to investigate the 
association between IL-17A-197G/A (rs2275913) single nucle-
otide polymorphism and RA among Sudanese RA patients.

Methods

Study design and study population

This was a case–control study conducted from February 
2017 to December 2018 in Khartoum State, Sudan at Zain 
Medical Center. A small volume (3 mL) of blood samples 
were collected into ethylenediaminetetraacetic acid (EDTA) 
blood containers from RA patients and healthy controls who 

voluntarily agreed to participate in the study after reading 
and signing informed consent. Parents and/or guardians 
signed informed consents on behalf of their children. 
Personal interviews were conducted to obtain these demo-
graphic and clinical data of participants: age, gender, local-
ity, tribe, family history, and duration of RA. Patients who 
attended the hospital for follow-up of RA were given a simi-
lar chance to participate in the study, and healthy co-patients 
regardless of their age and gender were included as a healthy 
control group. Participants diagnosed with autoimmune dis-
eases rather than RA were excluded from the study. During 
the study period, a total of 266 participants were successfully 
recruited. The number of excluded participants were 2 RA 
patients diagnosed with Systemic lupus erythrocytosis.

Ethics approval

The study ethical approval was obtained from the Ministry 
of Health Ethical Committee on February 2018 (No. 
1.2.2018). A written, informed consent was obtained from all 
the study participants. Parents and/or guardians signed 
informed consents on behalf of their children.

DNA extraction and IL-17A genotyping

The total genomic DNA was extracted from the blood samples 
using the QIAamp DNA Blood Mini Kit (Qiagen, Germany). 
The extracted DNA checked for quality using nanophotometer 
(Implen, Germany). Then, DNA stored at −20°C until molecu-
lar genotyping. IL-17A genotyping made using the polymerase 
chain reaction and restriction fragment length polymorphism 
(PCR-RFLP) technique. The primers used for amplifying the 
IL-17A gene previously published by Mohamed et al.,20 PCR 
conditions were applied in a PCR thermocycler (MJ Research, 
USA). PCR conditions were consisted of a pre-denaturation 
step of 4 min at 94°C, followed by 40 cycles of 30 s denatura-
tion at 94°C, 30 s annealing at 55°C, and 30 s elongation at 
72°C. The last step was a post-elongation step of 7 min at 72°C. 
After obtaining PCR amplicons, fragmentation was made by 
XagI endonuclease according to the manufacturer’s instruc-
tions (Roche, Germany). XagI restriction endonuclease was 
used to determine the genotypes of IL-17A, GG (68 and 34 bp), 
GA (102, 68, and 34 bp), and AA (102 bp). The restricted frag-
ments were analyzed using electrophoresis on 3% agarose gel 
and visualized using ultraviolet (UV)-transilluminator (Sigma 
Aldrich, Germany). Genotyping results were confirmed by 
sequencing 5% of the original samples, randomly selected to 
exclude genotyping errors. No inconsistencies were observed 
between the determined genotypes and the sequencing results.

Statistical analysis

Data analysis was conducted using the Statistical Package for 
the Social Sciences (SPSS v20). Fisher’s exact used to assess 
the association of IL-17A rs2275913 single-nucleotide poly-
morphism (SNP) with RA susceptibility. Kruskal–Wallis test 



Osman et al. 3

was used to test the significant association of clinical parame-
ters and participants status. One-way analysis of variance 
(ANOVA) test was used to assess the association between 
IL-17A rs2275913 SNP and RA duration. A p value < 0.05 was 
considered a statistically significant.

Results

Characteristics of the study population

The study population included 266 participants aged between 
1 and 85 years, with an average of 40 years, classified into 85 
(31.2%) cases with a mean age of 48.5 ± 11.3 years, and 181 
(68.8%) controls with a mean age of 35.3 ± 15.9 years. For 
the cases, the mean age at diagnosis with RA was 
42.4 ± 10.8 years. Among the case group, females were 79 
(92.9%), and males were 6 (7.1%). The control group was 
consisted of 91 (50.3%) males and 90 (49.7%) females. Based 
on ethnicity, Arab ethnicity were the most frequent among the 
case group; 63 (74.1%), whereas, for the control group, the 
majority were Darforian; 56 (30.9%), followed by 48 (26.5%) 
Bbeja and 46 (25.4%) Arab. Concerning the duration of RA 

among the case group, RA durations were grouped into four 
categories. RA cases diagnosed with RA for <5 years were 
42 (49.4%); constituting the majority of the cases, followed 
by those who had RA for 5–10 years; 29 (34.1%). For those 
who were diagnosed for 11–15 years and 16–20 years were 7 
(8.2%); for each. Family history of RA was not reported 
among the control group. However, among the cases family 
history of RA was reported among 27 (31.8%) cases. Clinical 
parameters of RA diagnosis used in the study to investigate 
clinical outcomes included RF, CRP, anti-CCP, and ESR. The 
median of RF among the cases was 30.0, while in the control 
group was 6.4, whereas, the median of CRP was 6.0 and 3.7 
among the cases and controls, respectively. The median of 
anti-CCP among the cases was also lower compared to the 
controls; 1.2 and 4.2, correspondingly. The median of ESR 
was measured higher in cases when compared to the controls; 
37.0 and 19.1, respectively. Based on treatment, the majority 
of RA cases; 47 (55.3%), were admitted to methotrexate, 
while 12 (14.1%), 10 (11.8%), 10 (11.8%), and 6 (7.1%) were 
admitted to sulfasalazine, azathioprine, antimalarial, and 
leflunomide, respectively (Table 1).

Table 1. Demographics and clinical features of the patients with rheumatoid arthritis and healthy controls.

Rheumatoid arthritis, N = 85 Healthy controls, N = 181 p value

Age in years mean ± STD 48.5 ± 11.3 35.3 ± 15.9 0.001
Age at diagnosis in years mean ± STD 42.4 ± 10.8 – –
Gender  
 Male 6 (7.1%) 91 (50.3%) 0.451
 Females 79 (92.9%) 90 (49.7%) 0.121
Ethnic groups  
 Arab 63 (74.1%) 46 (25.4%) 0.001
 Bbeja 2 (2.4%) 48 (26.5%) 0.132
 Darforian 13 (15.3%) 56 (30.9%) 0.241
 Nuba 3 (3.5%) 17 (9.4%) 0.331
 Nubian 4 (4.7%) 14 (7.7%) 0.071
RA duration  
 <5 years 42 (49.4%) – –
 5–10 years 29 (34.1%) – –
 11–15 years 7 (8.2%) – –
 16–20 years 7 (8.2%) – –
Family history  
 Yes 27 (31.8%) 0 (0.0%) 0.001
 No 58 (68.2%) 181 (100%)
RF 30.0 (25.0–35.0) 6.4 (3.6–10.3) 0.019
CRP 6.0 (2.5–10.1) 3.7 (2.5–5.1) 0.386
Anti-CCP 1.2 (1.5–9.4) 4.2 (3.2–5.2) 0.002
ESR 37.0 (30.0–58.5) 19.1 (18.2–20.2) 0.001
Treatment  
 Methotrexate 47 (55.3%) – –
 Sulfasalazine 12 (14.1%) – –
 Azathioprine 10 (11.8%) – –
 Antimalarial 10 (11.8%) – –
 Leflunomide 6 (7.1%) – –

RA: rheumatoid arthritis; RF: rheumatoid factor; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.
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Prevalence of IL-17A genotypes in the study 
population

The distribution of IL-17A genotypes among the case group 
was showing statistically significant association when com-
pared with the control group, p value = 0.001. The IL-17A 
homozygote AA genotype was more frequent among the 
control group compared to the case group; 95 (93.1%) and 7 
(6.9%), respectively. However, the homozygote GG geno-
type and the AG heterozygote genotype were proportionally 
not different among the cases and control groups; 13 (54.2%) 
and 11 (45.8%), and 65 (46.4%) and 75 (53.6%), respec-
tively (Table 2).

The distribution of IL-17A genotypes based on the differ-
ent ethnic groups showed that the homozygote AA genotype 
was more frequent among the control group, while the hete-
rozygote AG genotype was more frequent among the case 
group (Table 3).

Association of IL-17A genotypes with family 
history of RA

The association of IL-17A AA genotype with family history 
was negatively statistically significant (95% confidence 
interval [CI], −0.219, p value = 0.001) (Table 4). There was 

also a negatively significant association in IL-17A AA geno-
type and anti-CCP, [95% CI, −0.141, p value = 0.002). While 
association of IL-17A genotypes was positively associated 
with RF and ESR; 0.245, p value 0.019 and 0.188, p value 
0.001. Whereas CRP showed no significant association 
(0.044, p value = 0.386) (Table 5).

Discussion

Although the pathogenesis of RA is still unclear, the Th-17 
cells produce several pro-inflammatory cytokines that par-
ticipate in this pathogenicity such as IL-17A.24 Previously, 
investigation of IL-17A polymorphisms among the Sudanese 
population to determine the frequency distribution of the dif-
ferent IL-17A genotypes was conducted among healthy indi-
viduals.20 In this study, we investigated the association of 
IL-17 rs2275913 polymorphism with RA susceptibility and 
outcome in the Sudanese population. The most frequent 
affected gender among the Sudanese population was found 
to be the female gender. This result is comparable with previ-
ous studies where females were the most affected with RA.25 
Also, the most affected ethnic group with RA among the 
Sudanese population were Arab. Although no previous stud-
ies linked ethnicity with RA, this higher frequency can be 
explained by the suggestion that the influence of race in the 

Table 2. Distribution of IL-17A genotypes among RA cases and controls.

IL-17A genotypes Alleles Cases Controls p value OR (95% CI)

AA 7 (8.2%) 95 (52.5%) 0.001 0.07 (0.03–0.17)
GG 13 (15.3%) 11 (6.1%) 0.057 2.79 (1.19–6.52)
AG 65 (76.5%) 75 (41.4%) 0.061 4.59 (2.57–8.22)
 A 72 (48.0%) 170 (66.4%) 0.004 0.47 (0.31–0.71)
 G 78 (52.0%) 86 (33.6%)  

IL-17A: interleukin 17A; OR: odds ratio; CI: confidence interval.

Table 3. Distribution of IL-17A genotypes among RA cases and controls based on ethnic groups.

Ethnic groups IL-17 genotype Total p value

 AA GG AG  

Cases  
 Arab 6 (9.5%) 12 (19.0%) 45 (71.4%) 63 (74.1%) 0.281
 Bbeja 1 (50.0%) 0 (0.0%) 1 (50.0%) 2 (2.4%)
 Darforian 0 (0.0%) 1 (7.7%) 12 (92.3%) 13 (15.3%)
 Nuba 0 (0.0%) 0 (0.0%) 3 (100%) 3 (3.5%)
 Nubian 0 (0.0%) 0 (0.0%) 4 (100%) 4 (4.7%)
Controls  
 Arab 22 (47.8%) 1 (2.2%) 23 (50.0%) 46 (25.4%) 0.369
 Bbeja 26 (54.2%) 2 (4.2%) 20 (41.7%) 48 (26.6%)
 Darforian 31 (55.4%) 3 (5.4%) 22 (39.3%) 56 (30.9%)
 Nuba 9 (52.9%) 3 (17.6%) 5 (29.4%) 17 (9.4%)
 Nubian 7 (50.0%) 2 (14.3%) 5 (35.7%) 14 (7.7%)

IL-17A: interleukin 17A.



Osman et al. 5

inheritance of genetic polymorphisms may regulate cytokines 
and further leading to an increase in RA susceptibility.26 
Also, as previously, the distribution of IL-17A genotype AA 
was significant among the Arab ethnic group.20 Although the 
sample size was not determined before conducting the study, 
the significant distribution of IL-17A genotypes among those 
with a family history of RA reported in this study could be 
attributed to the role of IL-17A SNPs inheritance to the 
descendants.6,20

The abnormal values of the clinical examinations includ-
ing RF, CRP, anti-CCP, and ESR are the most features to 
determine RA. Both ESR and CRP provide suitable informa-
tion about the acute phase response.27 However, in this study, 
the lack of the disease activity score index (DAS28) may 
influence the association of CRP with RA patients. This is 
also contrary to a study in which the level of CRP was shown 
to be significantly correlated with the severity of RA.28 Also, 
RF and anti-CCP are considered very helpful during the 
diagnosis of RA. However, anti-CCP shows a superior speci-
ficity than RF for the diagnosis of RA.29,30 In this study, all 
the investigated clinical examinations showed a higher mean 
in RA cases compared to controls.29,30

In this study, the IL-17A AA genotype showed a significant 
association to be linked with RA. Although these results are 
conflicting with a previous study, in which the IL-17A GG 
genotype was increasing RA susceptibility among Caucasian 
populations. Thus, population deference could be the main 
reason, since the IL-17A GG genotype was not associated with 
RA susceptibility among Mongolians.31 While in Egyptian 
and Polish populations, IL-17A genotypes were not associated 
with RA susceptibility.4,32 Furthermore, in a study conducted 
among a Tunisian population, IL-17A polymorphisms did not 
show any significant association with RA prevalence.33

Conclusion

Although the study lacks the DAS28 index which constitutes 
a major index in assessing RA activity and severity, RA diag-
nosis was mainly dependent on RF, CRP, anti-CCP, and ESR 
examinations. Therefore, including the DAS28 index in 
future studies and associate it with the RA activity and sever-
ity can be useful in assessing RA patients’ prognosis and 
treatment follow-up. It is noteworthy that most of the RA 
cases were admitted for Methotrexate which may cause liver 

Table 4. Association of IL-17A genotypes with RA duration among RA cases.

IL-17A genotypes No. (%) Mean duration ± Std p value 95% confidence interval

 Lower bound Upper bound

AA 7 (8.2%) 13.297 ± 4.884 0.001 4.59 39.35
AG 13 (15.3%) 12.451 ± 3.369 0.004 4.25 35.8
GG 65 (76.5%) 13.154 ± 2.282 0.586 12.94 16.15

IL-17A: interleukin 17A.

Table 5. Association of IL-17A genotypes with family history of RA and the clinical examination.

Family history IL-17A genotypes Total p value

AA GG AG  

Case  
 Yes 2 (7.4%) 2 (7.4%) 23 (85.2%) 27 (10.2%) 0.001
 No 5 (8.6%) 11 (19.0%) 42 (72.4%) 58 (21.8%)
Control  
 Yes 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) ND
 No 95 (52.5%) 11 (6.1%) 75 (41.4%) 181 (68.0%)
 Clinical examinations  
 RF CRP Anti-CCP ESR  
Case  
Median 30.0 6.0 1.2 37.0  
[1st quartile–3rd quartile] [25.0–35.0] [2.5–10.1] [1.5–9.4] [30.0–58.5]
Control  
Mean 6.4 3.7 4.2 19.1  
[1st quartile–3rd quartile] [3.6–10.3] [2.5–5.1] [3.2–5.2] [18.2–20.2]
Kruskal–Wallis test  
p value 0.018 0.256 0.002 0.001  

IL-17A: interleukin 17A; RF: rheumatoid factor; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ND: not determined.
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damage, particularly if taken for a long period of time. 
Therefore, a need to assess treatment outcome along with 
IL-17A genotypes to ease IL-17 targeted treatment can be 
useful for reducing RA severity. This study is considered the 
first study in Sudan that established the association between 
IL-17A AA genotype with susceptibility to RA. These find-
ings appeal for further research to investigate the exact role 
of IL-17A in immunopathology and disease severity among 
Sudanese RA patients.
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