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Rheumatoid arthritis (RA) is one of the complex auto-inflammatory disorders which mainly affects joints. 
In RA, the immune system whose primary work is to protect the body from foreign invaders starts to 
attack normal joint tissue, which results in synovium inflammation that induces the synovium to become 
thick leading to severe pain and swelling of the joints. Due to the complex nature of RA, several different 
factors are involved in its pathogenesis. Several types of cells are involved in the pathophysiology of RA, 
among which Th17 cells have known been considered as a key factor that participates in its 
development. Th17 cells produce a family of cytokines known as IL-17 which comprise six cytokines out 
of which IL-17F has been considered as an important mediator in the pathophysiology of RA. In this 
study, we aimed to investigate the correlation of IL-17F SNPs rs2397084 and rs11465553 in clinically 
defined Pakistani RA patients and healthy controls. IL-17F rs2397084 and rs11465553 were genotyped 
in a total of 500 individuals including 250 RA cases and 250 controls, and the genotyping was performed 
through ARMS. Allele-specific primer sets including two forward and common reverse primers were 
used for genotyping. The genotypic distribution of IL-17F gene SNP (rs2397084) in RA patients and 
healthy individuals was found as: [Cases: homozygous CC 32 (13%), homozygous TT 160 (64%), and 
heterozygous CT 58 (23%) vs Control: homozygous CC 35 (14%), homozygous TT 173(70%), 
heterozygous CT 42 (17%); P=0.2017, χ2 =3.202)]. Similarly, allele frequencies analysis showed that 
122 (24.4%) cases and 112 (22.4%) controls had C allele, while 378 (75.6%) cases and 388 (77.6%) 
controls had T allele (P=0.5015, OR=1.118, RR=0.8944 (0.6676-1.197). Through genotype distribution 
analysis of IL-17F gene variant (rs11465553) in cases and controls we found that [Cases: homozygous 
AA 32 (13%), homozygous GG 179 (72%), and heterozygous AG 39 (16%) vs Control: homozygous AA 
48 (18%), homozygous GG 125 (50%), heterozygous AG 77 (30.8%); P=<0.0001, χ2 =25.24)]. While, 
from allele frequencies analysis it was found that 103 (20.6%) of cases and 173 (34.6%) of controls had 
A allele, whereas, 397 (70.4%) of cases and 327 (65.4%) of controls had G allele (P=<0.0001, 
OR=0.4904, RR=2.039 (1.542-2.697)  
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INTRODUCTION 
Rheumatoid arthritis (RA) is a chronic 

autoimmune disease, characterized by severe 
synovial inflammation of joints. There are three 
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types of arthritis disease, Gout Arthritis, 
Osteoarthritis, and   Rheumatoid Arthritis. Gout 
Arthritis is due to the increased level of uric acid in 
the blood, too much uric acid' crystal deposits on 
the lining of joints. Osteoarthritis is one of the 
common forms of Arthritis that mainly arises in 
older age people (Oliviero, Scanu et al. 2018). 
Osteoarthritis mostly damages cartilage which can 
be completely eroded leaving no synovial fluid to 
protect bones. Among these diseases, RA is an 
eternal disease. RA is an autoimmune disease 
which means that our body's immune system 
attacks healthy tissues, organs, and joints. RA 
mainly led to corrosive synovitis and involvement 
of extra-articular joints. In developed countries of 
the world, the ratio of RA is estimated at 0.5-1%. 
In developing countries of the world, about 5 to 50 
per 100000 adults got RA each year (Aldridge 
2021). In 2015 RA affected 24.5 million people. 
RA affects both males and females at every stage 
of life. Those people whose age is forty or fifty are 
highly affected by RA and the ratio of RA in males 
is three-time is less than females (Majithia and 
Geraci 2007, Karimkhani, Boyers et al. 2014). 
Certain reports show that the death rate of RA 
rises to 38000 in 2013 compared to 28000 deaths 
in 1990 (Malarvizhi 2019).  

The word RA is derived from the Greek word 
rheumatoid means watery and arthritis mean 
inflamed joint. RA disease is a multifactorial 
disease, several pieces of evidence indicated that 
some genetic factors also increased the chances 
of RA. Some risk factors for RA disease include 
genetic susceptibility, smoking, age and sex, 
hormonal, infectious agents, dietary, ethnic, and 
socioeconomic factors. These risk factors lead to 
severe and perpetual RA. RA patient is also at 
high risk of heart-related disease which leads to 
the patient death (Trela 2019)(Dhawan and 
Quyyumi 2008). RA disease has various phases, 
first initiation phase, second activation phase in 
which activation of T cell occurs and chronic 
inflammation leads to tissue damage. In this 
disease, the immune system attacks the joints. 
This attack leads to thickening and inflammation 
of joints (Karimkhani, Boyers et al. 2014). Bone 
and cartilage are also affected by RA disease 
(Holers and Banda 2018) 
 
MATERIALS AND METHODS 

2.1. Study' subject 
For this study, blood samples were taken from 

250 pre-diagnosed RA patients and 250 controls 

in 5-ml-ethylenediamine-tetraacetic acid (EDTA) 
tubes (BD vacutainer TM, Franklin Lakes, New 
Jersey, USA) according to the ACR / EULAR 
classification criteria (Aletaha et al. 2010). A well-
designed questionnaire was used to include 
complete data from all 250 RA patients. Of the 
250 patients, 186 were female and 64 were male 
and their age was 21-70 years.  Blood was 
collected from patients in LRH hospital Peshawar 
Khyber Pakhtunkhwa (KP). The study protocol 
was assigned by the Department of Biotechnology 
Ethics Committee Abdul Wali Khan University 
Mardan. 

2.2. Laboratory data  
About (5ml) blood samples were taken from all 
patients and control groups. On sampling day, all 
laboratory evaluations were carried out for all RA' 
patients: erythrocyte sedimentation rate (ESR), 
complete blood count (CBC), sera immediately 
separated for evaluation of C-reactive protein 
(CRP) by latex agglutination,' rheumatoid factor 
(RF)' slide hemagglutination Rose-Waaler test 
and the rest were stored at -20 °C to evaluate 
cyclic citrullinated peptides (anti-CCP) using a 
commercial anti-CCP2 assay (DIASTAT, Axis-
Shield, Dundee, United Kingdom) using an 
enzyme-linked immunosorbent assay (ELISA). 
The test was performed according to the 
manufacturer's instructions, with a concentration' 
of > 5 IU / ml being 'considered. 

2.3. DNA extraction and PCR 
Extraction of genomic DNA' was done by a kit 

method (NucleoSpin, Macherery Nagel GmbH 
Germany) according to' to the manufacturer's 
instructions (). Gel electrophoresis was done on a 
1% agarose gel and was quantified through PCR 
(Thermo facial scientific). The DNA was stored at 
-20˚C for future use. Master Mix was prepared in 
PCR tubes according to the manufacture’s 
instruction.The sequence of IL-17F genes was 
obtained from NCBI and the sequence of the 
particular primer was designed by using primer 3 
software as shown in table 2.1. 
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Table 2.1: Primer Sequences Used in PCR 

 
 
2.4. Genotyping of SNPs rs2397084 and SNPs 
rs11465553  OF IL-17F gene   

DNA was extracted from blood leucocytes of 
both cases (RA) and control (RA) using the 
organic phenol-chloroform method (Petri, Orbai et 
al. 2012). ARMS-PCR (Polymerase Chain 
Reaction of the Refractory Mutation System of 
Amplification) was performed to genotype the IL-
17F gene SNP (rs2397084). 3 primer sets (2 
forward and 1 reverse primer) were used to 
genotype this SNP as follow:IL-17F-F1: 
TCCGGACGACCAGGGTCC Length: 18bp GC: 
72% Tm: 57.2°C, IL-17F-F2: 
CTCCGGACGACCAGGGTCT Length: 19bp GC: 
68% Tm: 57.6°C (forward primers) and IL-17F-R: 
CCAGGCTGTGTGGCTCCAGAA length: 21 GC: 
62% Tm: 58.3°C (table 2.4). Before genotyping a 
25 µl PCR mixture was prepared in PCR tubes, 
each PCR tube contain 10.5 µl of sterilized' 
distilled water, 12.5 µl of Master Mix' (Bio basic 
Canada), and 0.5 µl of each primer forward and 
reverse, and 1 µl of template DNA (Table 2.2). 
Variant rs2397084 was amplified in 96 well 
thermal Cycler' (T100, Bio-Rad) for which the 
amplification conditions were set as initial 
denaturation' for 5minutes at 94°C, 30 cycles for' 
30sec, at 94°C, 'annealing at 60°C for 30sec, 
elongation at 72°C' for 1minute and final 
elongation' for 5 minutes at' 72°C.   

Genotyping of SNP rs11465553 of IL-17F 
gene was performed through Amplification 
Refractory Mutation System Polymerase Chain 
Reaction which amplified our desired region with 
the use of three primers' two forward' and one 
reverse. 'IL-17F-F1: 
TGACTGTTGGCTGCACCTGCA Length: 21bp 
GC: 57% Tm: 56.3°C, IL-17F-F2: 
ACTGTTGGCTGCACCTGCG Length: 19bp GC: 

63% Tm: 55.4°C (forward primers) and IL-17F-R: 
CTGTTTCCATCCGTGCAGGTC Length: 21bp 
GC: 57% Tm: 56.3°C. Before genotyping a 25 µl 
PCR mixture was prepared in PCR tubes, each 
PCR tube contain, 10.5 µl of sterilized distilled 
water, 12.5 µl of Master Mix' (Bio basic Canada), 
0.5 µl of each primer forward and reverse, and 1 
µl of template' DNA (Table 2.2). Variant 
rs11465553 was amplified in 96 well thermal' 
Cycler' (T100, Bio-Rad)' for which the 
amplification conditions were set as initial 
denaturation' for 5minutes at 94°C, 30 cycles' for 
30sec, at 94°C, annealing at' 57°C for 30sec, 
elongation' at 72°C for 1minute, and final 
elongation' for 5 minutes at 72°C.                                
For evaluation of results, the preparation of 
horizontal gel electrophoresis as earlier described 
by () was performed    
   
 2.5 statistical analysis    
Genotypic and allelic distribution in control and 
cases were analyzed by chi-square statistics, 
using Graph Pad Prism' software 6' V. Odd Ratio' 
with a 95% confidence interval' (C.I). P-value 
<0.05' was' considered statistically 'significant. 
 
RESULTS 

3.1 genotyping of IL-17F gene SNP rs2397084  
With the help of ARMS-PCR SNP (rs2397084) of 
IL-17F gene was genotyped in 250 RA cases and 
250 appropriate controls to check the distribution 
of genotypes and alleles. The genotypic 
distribution of IL-17F gene SNP (rs2397084) in 
RA patients and healthy individuals was found as: 
[Cases: homozygous CC 32 (13%), homozygous 
TT 160 (64%), and heterozygous CT 58 (23%) vs 
Control: homozygous CC 35 (14%), homozygous 
TT 173(70%), heterozygous CT 42 (17%); 
P=0.2017, χ2 =3.202)] (Table 3.1, Figure 3.1, 
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Figure 3.4 and Figure 3.5). 
Similarly, allele frequency analysis showed that 
122 (24.4%) cases and 112 (22.4%) controls had 
C allele, while 378 (75.6%) cases and 388 

(77.6%) controls had T allele (P=0.5015, 
OR=1.118, RR=0.8944 (0.6676-1.197), Table 3.2 
and Figure 3.2. 

Table 3.1: Genotype distribution of IL-17F gene variant (rs2397084) in cases and controls 
 

 
Genotypes χ2 Statistics 

CC%' TT %' CT %' χ2 Df P-value 

Cases (n=250) 32 (13%) 160 (64%) 58 (23%)  
3.202 

 

 
2 

 
0.2017 

Controls (n=250) 35 (14%) 173 (70%) 42 (17%) 

df: degree of freedom 
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Figure 3.1: Genotype frequency of IL-17F gene variant (rs2397084) in cases and controls 

 
Table 3.2: Allelic frequencies of IL-17F gene variant (rs2397084) in cases and controls 

Alleles ‘Cases (n=250) ‘Controls (n=250) 
C allele vs T allele 

OR (95%CI) * RR (95% CI) ** P value 

C 122 (24.4%) 112 (22.4%) 
1.118 0.8944 0.5015 

T 378 (75.6%) 388 (77.6%) 

OR: odd ratio, RR: relative risk, and CI: confidence interval  
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Figure 3.2: Allele frequencies of IL-17F gene variant (rs2397084) in cases and controls 
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Figure 3.3: Gel picture depicting the genotypic distribution of IL-17F (rs2397084) in cases 
 
 
 
 
 

Figure 3.4: Gel picture depicting the genotypic distribution of IL-17F (rs2397084) in controls 
 
 
 

Table 3.3: Genotype frequencies of IL-17F gene variant (rs11465553) in cases and controls 
 

 Genotype' χ2 Statistics 

AA% GG % AG % χ2 Df P-value 

Cases (n=250) 32 (13%) 179 (72%) 39 (16%)  
25.24 

 

 
2 

 
<0.0001 

 Controls (n=250) 48 (18%) 125 (50%) 77 (30.8%) 

df: degree of freedom 
 

3.2 GENOTYPING OF IL-17F GENE SNP 
rs11465553  
Through genotype distribution analysis of IL-17F 
gene variant (rs11465553) in cases and controls 
we identified that [Cases: homozygous AA 32 
(13%), homozygous GG 179 (72%), and 
heterozygous AG 39 (16%) vs Control: 
homozygous AA 48 (18%), homozygous GG 125 
(50%), heterozygous AG 77 (30.8%); P=<0.0001, 

χ2 =25.24)] (Table 3.3, Figure 3.5, Figure 3.7 and 
Figure 3.8). 
While, from allele frequencies analysis it was 
found that 103 (20.6%) of cases and 173 (34.6%) 
of controls had A allele, whereas, 397 (70.4%) of 
cases and 327 (65.4%) of controls had G allele 
(P=<0.0001, OR=0.4904, RR=2.039 (1.542-
2.697). Allele frequencies in cases and controls 
has been shown in Table 3.4 and Figure 3.6). 
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Figure 3.5: Genotype frequencies of IL-17F gene variant (rs11465553) in cases and controls 

 
Table 3.4: Allelic' frequency of IL-17F gene variant (rs11465553) in cases and controls 

Allele 'Cases (n=250) 'Controls (n=250) 
A allele vs G allele 

OR (95%CI) * RR (95% CI)** P value 

A 103 (20.6%) 173 (34.6%)  
0.4904 

 
2.039 

 
<0.0001 G 397 (70.4%) 327 (65.4%) 

OR: odd ratio, RR: relative risk, and CI: confidence interval  
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Figure 3.6: Allele frequency of IL-17F gene variant (rs11465553) in cases and controls 
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Figure 3.7: Gel picture depicting the genotypic distribution of IL-17F (rs11465553) in cases 
 

    Figure 3.8: Gel picture depicting the genotypic distribution of IL-17F (rs11465553) in controls  
  
 
DISCUSSION 

Advancement in genomics research helps us 
to discover various genetic factors related to a 
different genetic syndrome. Several studies were 
conducted regarding the genetic risk loci of RA 
and have found that there are about 80 genetic 
risk factors associated with RA. IL-17 is an 
important cytokine of the IL-17 family mainly 
produced from T cells and has a vital role in 
several autoinflammatory diseases. Several 
pieces of evidence have revealed the potent role 
of IL-17 in the pathogenesis of RA. Early-stage 
contribution of RA led to increased angiogenesis 
which stimulates synoviocytes responsible for the 
production of Vascular Endothelial Growth Factor 
(VEGF)(MacDonald, Liu et al. 2018)(Ryu, Lee et 
al. 2006). The secretion of inflammatory mediators 
was enhanced by IL-17 like IL-8, IL-6, granulocyte 
colony-stimulating factor (GCSF), and 
prostaglandin E2 (PGE2) from synovial fibroblast 
(Sedlacek and Karges 2018). Cytokines secretion 
is also increased by IL-17 and by stimulation of 
macrophage with recombinant protein (Liu, Sun et 
al. 2020). IL-17 also stimulates chemokines which 
recruit macrophages, lymphocytes, and 
neutrophils to the synovium leading to severe 
inflammation of joints (Ponist, Pruzinska et al. 
2021) 

The association study of IL-17F gene 
polymorphism with RA was seen in European 
countries but in the population of Pakistan, the RA 

association has not been studied yet. So, this 
study evaluates the role of IL-17F polymorphism 
in RA in the Pakistani population. Allelic and 
genotypic frequencies of IL-17F (rs2397084) in 
RA patients and healthy persons showed that the 
homozygous CC genotype frequency was the 
same in patients 32 (13%) and in healthy 35 
(14%), in homozygous TT genotype frequency 
was detected less in patients 160 (64%) than in 
healthy 173 (70%), in heterozygous CT genotype 
was detected high in patients 58 (23%) than in 
healthy 42 (17%), (P=0.2017 (χ2=3.202); Table 
3.1; Figure 3.1). These findings suggest that the 
genotype frequency of IL-17F has nothing to do 
with RA in this study cohort. From the allelic 
frequencies, we observed that the C allele was 
almost similar in patients 122 (24.4%) and 
controls person 112 (22.4%), while T is a major 
allele having the same frequencies in patients 378 
(75.6%) and healthy controls 388 (77.6%) (OR-
1.118, RR-0.8944, P-0.5015 Table 3.2; Figure 
3.2). Thus, through genotype and allele frequency 
analysis we did not find any association between 
IL-17F (rs2397084) and RA in this set of study 
subjects.  

From the analysis of IL-17F rs11465553 in 
patients and healthy persons, we found that the 
homozygous AA genotype frequencies were 
detected less in patients 32 (13%) as compared to 
healthy controls 48 (18%), in homozygous GG 
genotype frequencies were found high in patients 
179 (72%) as compared to healthy controls 125 

  A           G            A         G           A           G           A             G          A           G        A      G     

1                          2                         3                           4                          5                     
6              
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(50%), in heterozygous AT genotype frequency 
were detected low in patients 39 (16%) as 
compared to healthy controls 77 (30.8%). 
(χ2=25.24); P<0.0001; Table 3.3; Figure 3.5). The 
statistical analysis suggested and predicted an 
association between IL-17F rs11465553 and RA 
in our study cohort. Furthermore, genotype 
frequency difference in cases and controls may 
suggest the role of GG genotype in RA at this 
locus. From the evaluation of allelic frequencies, 
we detected that the A allele serves as a minor 
allele having a low frequency in patients 103 
(20.6%) as compared to healthy 173 (34.6%), 
while G serves as a major allele with high 
frequency in patients 397 (70.4%) as compared to 
healthy 327 (65.4%) (OR=0.4904, RR=2.039, 
P<0.0001 Table 3.4; Figure 3.6). Our data 
suggest the role of the G allele in RA at this locus 
in the Pakistani population.  

Association of IL-17F gene has a major role in 
other diseases also, analysis of IL-17F gene 
variant rs2397084 has a vital role in Behcet’s 
diseases (BD) (Jang, Nam et al. 2008). 
Heterozygous AG genotype was detected high in 
BD patients as compared to healthy, homozygous 
genotype GG in healthy people was more 
prominent and found no association of GG in 
Korean people with BD. Heterozygous AG 
genotype was mostly detected in BD patients and 
has a vital role in BD.  

Southam studied IL-17F SNP rs2397084 in 
association with osteoarthritis (Elfasakhany, 
Eldamarawi et al. 2018). But they did not find any 
relation of IL-17F SNP rs2397084 with 
osteoarthritis patients.  Similarly, Erkol studied the 
association of the SNP with RA in the Turkish 
population and found no significant difference 
among genotype and allele frequency distribution 
among cases and controls (Ferreira 2020). 
Louahchi also analyzed the association of SNP 
rs2397084 with RA and found that this is not 
associated with RA in the Algerian population 
(Elfasakhany, Eldamarawi et al. 2018). 
Paradowska-Gorycka analyzed the association of 
SNP rs2397084 with RA in the Polish population 
and found that this SNP rs2397084 is not related 
to the development of RA (Elfasakhany, 
Eldamarawi et al. 2018) 

Psoriasis vulgaris (pSV) is a skin inflammatory 
disease that affects about 2-4% population. 
Psoriasis mainly affects cutaneous tissue (skin) 
and keratinocyte which lead to chronic 
inflammation, like psoriatic arthritis (Cai, Fleming 
et al. 2012, Israel and Mellett 2018). IL-17F gene 
SNP rs11465553 G/A allele present on the third 

exon, and lead to isoleucine substitute instead of 
Valine in Serbian patients with Psoriasis and 
Serbian control. In the population of Saudi Arabia, 
rs11465553 showed no association with RA but 
show susceptibility with asthma. The South 
Korean population has no association of 
rs11465553 with Behcet disease (Ryu, Lee et al. 
2006). In healthy people of Serbia, the allelic 
frequency of A was high as compared with the 
South Korean and Saudi Arabian populations. 
Similarly, the association of IL-17F SNP 
rs11465553 with RA also study with different 
cohorts.  

In the Polish population, the association of IL-
17F SNP rs11465553 shows a high risk with 
Psoriasis. The homozygous CC genotype 
frequency was observed high in patients 
365(89.68%) and in healthy 188 (91.71%), in 
homozygous TT genotype frequency was 
detected high in patients 3 (0.74%) as compared 
to healthy 0 (0.00%), in heterozygous CT 
genotype were detected high in patients 39 
(9.58%) as compared to healthy 17 (8.29%), 
(P=0.57), the association is non-significant. Due to 
insulin deficiency in a body, it leads to diabetes 
mellitus, in organ transplantation have a high risk 
of post-transplant diabetes mellitus (PTDM) 
(Semlali, Almutairi et al. 2021) From various 
associations between polymorphism in the IL-17F 
SNP (rs11465553) gene with PTDM. The 
homozygous GG genotype frequency was 
observed low in PTDM patients 20 (13.25%), as 
compared to control 131 (86.75%). Homozygous 
AA genotype polymorphism was 0 in patients and 
control. Heterozygous GA genotype 
polymorphism was observed low in PTDM 
patients 3 (16.67%) as compared to control 15 
(83.33%). IL-17F SNP rs11465553 allele show 
association with PTDM, allele G frequency was 
observed low in PTDM patients 43 (93.48%) as 
compared to control 277 (94.86%), and allele A 
frequency was observed also low in PTDM 
patients 3 (6.52%) as compared to control 15 
(5.14%) There is no significant association of IL-
17F rs11465553 with RA in Szczecin, Poland. 

 
CONCLUSION 

In the current study, two variants of IL-17F 
gene were genotyped. The variant rs2397084 
showed no association with RA in the Pakistani 
case-control study. Whereas, in the case of IL-
17F rs11465553 a significant association both at 
genotype and allele frequency level was 
observed. We found a significant difference in 
genotypes and alleles. This study was performed 
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on a small sample set of cases and controls which 
will be better if replicated on a larger sample set to 
confirm the findings of this study. These 
observations can be helpful to patients and 
clinicians in the proper management and 
treatment of this disease. 
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