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ARTICLE INFO ABSTRACT

Received: 01/06/2025 Rheumatoid arthritis (RA) is a persistent inflammatory autoimmune disease that
Accepted: 12/08/2025 impacts joints and leads to gradual deterioration. Cytokines like IL-17 and IL-21 are
Available online: 28/02/2026 associated with the etiology of rheumatoid arthritis due to their involvement in fostering
April Issue inflammation and autoimmunity. This study investigated the association between single-

nucleotide polymorphisms (SNPs) in IL-17F (rs2397084 and rs11465553) and 1L-21
(rs2221903) genes and susceptibility to rheumatoid arthritis in an Iraqi cohort. The
case-control study included 90 participants (50 RA patients and 40 healthy controls)
(“ CiTE @ JUAPS) from Ramadi, Al-Anbar, between November 2023 and January 2024. Genomic DNA
was extracted from blood samples, and SNP genotyping was conducted using AS-PCR
and ARMS-PCR techniques. Results showed a significant association between the
C allele of IL-17F rs2397084 and RA susceptibility (frequency: 0.31 in patients vs.
0.16 in controls, )(2 = 5.235, p = 0.022), with genotype distributions of T/T (0.48),
T/C (0.42), and C/C (0.10) in patients compared with 0.72, 0.22, and 0.05 in controls
(p=0.063). The dominant model (T/C + C/C) indicated increased risk (OR=7.71,
95% CI: 1.43-41.53, p=0.008). For rs11465553, the A allele was more frequent in
patients (0.38 vs. 0.06, )(2 = 24.641,p < 0.001), with genotype distributions of
A/A (0.30), G/A (0.16), and G/G (0.54) in patients compared with 0.02, 0.08, and
0.90 in controls (Xz = 14.881, p = 0.001). The dominant (OR=6.28, 95% CI: 1.43-
27.60, p=0.0097) and recessive models (OR=11.64, 95% CI: 1.21-111.53, p=0.0095)
confirmed this association. For IL-21 rs2221903, the T allele was more prevalent (71
in patients vs. 44 in controls,y? = 6.378, p = 0.012), with genotype distributions of
T/T (n=23), T/C (n=25), and C/C (n=2) in patients compared with T/C (n=28), C/C
(n=4), and T/T (n=8) in controls (x> = 46.586, p < 0.001). However, genetic model
analysis showed no significant associations (e.g., dominant model OR=0.30, p=0.095).
Deviations from Hardy-Weinberg equilibrium were observed for rs11465553 in patients
(p<0.0001) and 152221903 in controls (p=0.023), possibly reflecting disease effects or
sample size limitations. These findings suggest that IL-17 and IL-21 genetic variations
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1 INTRODUCTION joints, leading to inflammation, pain, stiffness, and pro-

heumatoid arthritis (RA) is a chronic immune- gressive joint destruction [1]. Its systemic nature also
Rme diated condition that primarily affects synovial contributes to complications in multiple organ systems
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and increased morbidity and mortality [2]. Rheumatoid
arthritis results from a complex interaction among ge-
netic susceptibility, environmental factors, and immune
dysregulation, although its precise etiology remains un-
clear [3,4]. Despite the need for prompt diagnosis and
appropriate therapy to mitigate joint deterioration and
improve outcomes, many patients with RA show poor
responses to current treatments, highlighting the need for
novel biomarkers and targeted therapies [1,5]. Cytokines
are crucial to the etiology of rheumatoid arthritis by
mediating inflammatory pathways that drive synovial
inflammation and joint degeneration [6]. Interleukin-
17 (IL-17) and interleukin-21 (IL-21) are pivotal pro-
inflammatory cytokines that facilitate inflammation and
autoimmunity [7]. IL-17 is mainly synthesized by Th17
cells, promotes neutrophil recruitment to the synovium,
induces the expression of other cytokines, and supports
osteoclastogenesis [8,9]. IL-21, secreted primarily by T
follicular helper (Tfh) cells, enhances B cell activation,
autoantibody production, and Th17 differentiation, fur-
ther intensifying autoimmune responses [10,11]. Genetic
variations, particularly single-nucleotide polymorphisms
(SNPs) in cytokine genes, may affect cytokine expres-
sion or protein function, potentially influencing RA
susceptibility and disease progression [12, 13]. Poly-
morphisms such as rs11465553 and rs2397084 in IL-
17A, and rs2221903 in IL-21, have been investigated
across various populations for associations with RA
risk [14-16]. However, findings remain inconsistent,
likely due to ethnic differences, environmental factors,
sample sizes, and methodologies [13, 17]. Several stud-
ies have examined the association between IL-17F and
IL-21 gene polymorphisms and rheumatoid arthritis,
focusing particularly on SNPs rs2397084, rs11465553,
and r$2221903. For instance, a Pakistani study [18]
reported a significant association between rs11465553
and RA, whereas rs2397084 showed no such association.
In contrast, the IL-21 rs2221903 SNP yielded mixed
findings: an Iraqi study [19] found no correlation with RA,
whereas studies from Mexico and China demonstrated
significant associations [13, 17]. These discrepancies
suggest that genetic susceptibility to RA may vary by
ethnicity and geographic region. However, data on Iraqi
populations remain limited. Therefore, this study was
designed to evaluate the association of IL-17F rs2397084
and rs11465553, and IL-21 rs2221903 polymorphisms
with RA susceptibility among Iraqi patients, in an effort
to address this knowledge gap and contribute to under-
standing the genetic factors influencing RA in Middle
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Eastern populations. This study focused exclusively on
the genetic aspects of the disease. Despite the abundance
of global research addressing the genetic basis of RA,
data from Middle Eastern populations, including Iraq,
remain significantly limited.

2 MATERIALS AND METHODS

2.1 Study population

This case-control study included 90 participants: 50
patients diagnosed with rheumatoid arthritis (RA) and
40 healthy controls. All participants were recruited
from private medical laboratories in Ramadi, Al-Anbar
province, between November 2023 and January 2024.
The patient group consisted of 10 males and 40 females,
aged 18 to 65 years. Rheumatoid arthritis was confirmed
by specialist rheumatologists based on clinical evaluation
and laboratory markers, including rheumatoid factor (RF)
and anti-cyclic citrullinated peptide (anti-CCP). Only
patients who met the ACR/EULAR classification criteria
were included.

The control group included 16 males and 24 females
with no known history of autoimmune disorders, chronic
inflammatory diseases, or recent infections. All control
subjects underwent clinical screening and provided a
health declaration confirming the absence of immuno-
logical conditions and current medication use. None of
the controls were smokers or were receiving immunosup-
pressive drugs.

2.2 Isolation of human genomic dna

Venous blood samples (5 mL) were collected in
EDTA tubes under sterile conditions. Genomic DNA
was extracted using the gSYNC DNA Extraction Kit
(Geneaid, Taiwan, Cat. No. GS100).

2.3 Assessment of dna concentration and purity

The purity and concentration of the isolated DNA were
evaluated using a NanoDrop spectrophotometer (Thermo
Fisher Scientific, USA). DNA concentrations ranged
between 10 and 50 ng/pL, with slight variations among
samples. The A260/A280 purity ratios were between 1.7
and 2.0, indicating sufficient purity for downstream PCR
amplification and molecular analysis.

2.4 Primer design and preparation

The primer sequences used to amplify the IL-17F
gene polymorphisms (rs2397084 and rs11465553) were
adopted from a previously published study (Ali et al.,
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Table 1 Primers sequences of IL-17F (rs2397084 and rs11465553) and IL-21 (rs2221903)

SNP ID Gene Primer 5’ - Oligo Seq - 3’ Allele Product size Reference
type specify (bp)
Fl TCCGGACGACCAGGGTCC c
F2 CTCCGGACGACCAGGGTCT T 250
307084 Lt7F R CCAGGCTGTGTGGCTCCAGAA -
Fl TGACTGTTGGCTGCACCTGCA A
F2 ACTGTTGGCTGCACCTGCG G 170
R AAGGTGGAGGAGGAACTGGT
Fl CAATGGGGTTTTGTTTTCTTA A
F2 CAATGGGGTTTTGTTTTCTTC c _ _
152221903 IL-21 F3 CAATGGGGTTTTGTTTTCTTG G 228 ;‘Lsé‘;m'des‘g“ed part of this
F4 CAATGGGGTTTTGTTTTCTTT T
R TGAGTGATAGGGCACCTG

2023), whereas the primers for the IL-21 gene (rs2221903)
were custom-designed in this study using the NCBI
Primer-BLAST tool based on the reference sequence
NM_021803.3. All primers were synthesized by Macro-
gen Inc. (South Korea) according to standard specifi-
cations. The oligonucleotide primers for the amplifica-
tion of IL-17F (rs2397084 and rs11465553) and IL-21
(rs2221903) polymorphisms, along with their expected
product sizes, are summarized in Table 1.

2.5 Preparation of primers

Deionized distilled water (NFW) was used to dissolve
the lyophilized primers to a concentration of 100 pmol/pL.
A working solution of 10 pmol/pL. was then prepared by
transferring 10 pL from the master tube to a separate tube
and diluting to 100 pL. with NFW.

2.6 Components of the polymerase chain reaction
(per)

Two different PCR techniques were employed in this
study, depending on the nature of each SNP. Allele-
specific PCR (AS-PCR) was used to detect the rs2221903
polymorphism in the IL-21 gene. For the rs2397084
and rs11465553 polymorphisms in the IL-17F gene, the
amplification refractory mutation system PCR (ARMS-
PCR) technique was used, which employs allele-specific
primers to accurately determine genotypes. Each PCR
reaction was performed in a total volume of 10 pL
and consisted of 5 pL. of 2x EasyTaq PCR Super Mix
(TransGen Biotech, China), 1 pnL of each primer (forward
and reverse) at 10 pmol/iL, 2 nL. of genomic DNA (10-50
ng/uL), and 1 pL of nuclease-free water. Table 2 details
the components and their concentrations used in the PCR
reactions.
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Table 2 Components and Concentrations of the Polymerase
Chain Reaction (PCR) Mixture for Genotyping

Component Volume per reaction Final
(uL) concentration

Master Mix (2X) 5 1X

Forward Primer 1 10 pmol

Reverse Primer 1 10 pmol

DNA Template 2

Nuclease-free Water 1

Final reaction volume 10u L

2.7 Protocol for polymerase chain reaction

The thermal cycling conditions were optimized indi-
vidually for each SNP based on annealing temperature
and primer design. Details of the thermal profiles for
each polymorphism are presented in Table 3.

Table 3 Thermal cycling conditions were optimized for each

SNP

Stage Cycles IL-17 rs11465553 IL-17 rs2397084 IL-21 rs2221903

Initial Denaturation 1X 95°C for 5 min 95°C for 5 min 95°C for 5 min

Denaturation 35X 95°C for 30 sec 95°C for 30 sec 95°C for 30 sec

Annealing 35X 65°C for 30 sec 69.2°C for 30 sec 59°C for 30 sec

Extension 35X 72°C for 40 sec 72°C for 40 sec 72°C for 40 sec

Final Extension 1X 72°C for 5 min 72°C for 5 min 72°C for 5 min

Hold 4°C Hold 4°C Hold 4°C Hold

Agarose gel electrophoresis was used to confirm the
amplification of allele-specific PCR products. Gels were
prepared with 1.2% agarose in TAE buffer and stained
using SYBR Safe DNA stain. A volume of 5 pL from
each PCR product was loaded into individual wells,
alongside a 100 bp DNA ladder (TransGen Biotech,
China) for molecular weight estimation. The gel was
run at a constant voltage of 5 V/cm for 45 minutes, and
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bands were visualized under UV illumination using a
transilluminator. The expected amplicon sizes were:

e IL-17F rs2397084: 250 bp for both T and C alleles
(ARMS-PCR)

e IL-17F rs11465553: 170 bp for both G and A
alleles (ARMS-PCR)

o 1L-21 rs2221903: 228 bp for both C and T alleles
(AS-PCR)

The presence of one or both allele-specific bands
indicated homozygosity or heterozygosity, respectively,
depending on the SNP. Band interpretation was based
on the allele-specific primers used and the presence of
diagnostic bands for each genotype.

2.8 Statistical analyses

Genotype and allele frequency analyses were carried
out using SNPStats online software (SNPStats website)
and SPSS version 25.0 (IBM Corporation, USA). Geno-
type and allele distributions of each single-nucleotide
polymorphism (SNP) were calculated for both RA pa-
tients and control groups and expressed as percentages.
Hardy-Weinberg equilibrium (HWE) was assessed for
each SNP within the control group using the chi-square
(x?) test to verify the population’s genetic stability. A
p-value greater than 0.05 was considered indicative
of equilibrium. To evaluate the association between
each SNP and susceptibility to rheumatoid arthritis, five
genetic inheritance models were applied: codominant,
dominant, recessive, overdominant, and log-additive.
These models were analyzed using logistic regression to
compute the odds ratio (OR), 95% confidence interval
(CD), and p-value for each comparison. All statistical tests
were two-tailed, and results were considered statistically
significant when p < 0.05.

3 RESULTS AND DISCUSSION

3.1 Interpretation of gel electrophoresis results for
IL-17F rs2397084

Figure 1 shows the ARMS-PCR amplification results
for the IL-17F rs2397084 single-nucleotide polymor-
phism (SNP). Allele-specific primers were used to am-
plify the T and C alleles in separate reactions for each
sample. The PCR products were electrophoresed on a
1.2% agarose gel, stained with SYBR Safe, and visualized
under UV illumination. A 100 bp DNA ladder was loaded
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on the left side of the gel to estimate product size. The
expected band length for both alleles was 250 base pairs
(bp). Eight DNA samples were analyzed and distributed
as follows: four from rheumatoid arthritis patients on
the left (case) and four from healthy individuals on the
right (control). Each sample included two lanes, one
for the T allele and one for the C allele. Genotypes
were determined based on the observed band patterns: a
band appearing only in the T-specific lane indicates the
T/T homozygous genotype; a band appearing only in the
C-specific lane indicates the C/C homozygous genotype;
and bands present in both lanes (T and C) indicate the T/C
heterozygous genotype. The gel image displays all three
genotype patterns across the samples, indicating genetic
variation at the rs2397084 locus among both patients and
controls.

The allele and genotype frequencies of the IL-17F
rs2397084 polymorphism were analyzed in rheumatoid
arthritis (RA) patients and healthy controls using allele-
specific polymerase chain reaction (ARMS-PCR). The
results revealed a significant association between the C
allele and increased RA susceptibility in the Iraqi popu-
lation, with notable differences in genotype distribution
between the two groups. Hardy-Weinberg equilibrium
(HWE) analysis was performed to confirm the accuracy
of the genotyping process. Table 4 summarizes the allele
frequencies, genotype distribution, and HWE analysis for
this polymorphism. Figure 1 illustrates electrophoresis
of PCR-amplified IL-17F rs1234567 products (250 bp)
on a 1.2% agarose gel, showing sample genotypes.

Case Control

& fC TJIC TI[C TI[C THC THC TIJIC T1

Fig. 1 Electrophoresis of DNA-PCR amplified products (250
bp) for the IL-17 2397084 SNPs on 1.2% agarose (5 V/cm?2 for
45 min) showing genotypes for samples, DNA Ladder (100 bp)
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Table 4 Allele frequency, genotype distribution, and
Hardy-Weinberg Equilibrium (HWE) Analysis of IL-17F
1s2397084

A. Allele frequency

Allele All All Status = Status = Status = Status =
subjects subjects C count C prop. P count P prop.
count prop.
T 136 0.76 67 0.84 69 0.69
C 44 0.24 13 0.16 31 0.31
?Sir_ss"“ 5235 | DF=1 =
q 0.022
B. Genotype distribution
Allele All All Status = Status = Status = Status =
subjects subjects C count C prop. P count P prop.
count prop.
T 30 0.33 9 0.22 21 0.42
C 53 0.59 29 0.72 24 0.48
Iée}?ir_ss(’“ 5514 | DF=2| P=
q 0.063
C. Hardy-Weinberg Equilibrium (HWE) Analysis
Group T/T T/C c/C T C P-value
All subjects 53 30 7 136 44 0.39
Status = C 29 9 2 67 13 0.25
Status = P 24 21 5 69 31 1

In this study, the IL-17F rs2397084 polymorphism
showed statistically significant differences in allelic dis-
tribution between rheumatoid arthritis (RA) patients and
the control group. The frequency of the C allele was
0.31 among patients, compared with 0.16 in controls, and
this difference was statistically significant (Chi-square =
5.235,df =1, p=0.022). Regarding genotype distribution,
the T/T, T/C, and C/C genotypes were 0.48, 0.42, and
0.10 among patients, compared with 0.72, 0.22, and 0.05
in controls, respectively, with the differences approaching
statistical significance (p = 0.063).

Hardy-Weinberg equilibrium (HWE) analysis for IL-
17F rs2397084 indicated that both the rheumatoid arthritis
(RA) patient group (p = 1.00) and the control group (p =
0.25) were in equilibrium, as the p-values were greater
than 0.05. This suggests that the genotype frequencies
for rs2397084 in both groups are consistent with the
expected frequencies under HWE, indicating a stable
genetic structure and reliable genotyping in the studied
Iraqi population. The absence of deviation from HWE
supports the validity of the allele and genotype frequency
data, reinforcing the observed significant association of
the C allele with RA susceptibility (y? = 5.235, df =
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1, p = 0.022). The equilibrium in both groups also
suggests that factors such as population stratification,
selection pressure, or genotyping errors are unlikely to
have influenced the results for this SNP. Overall, these
results suggest a potential association of the C allele with
increased susceptibility to RA in the Iraqi sample.

In contrast, a Polish study [20] found no significant
association between rs2397084 and RA susceptibility;
however, it reported a relationship with longer disease
duration, suggesting that this variant may be more relevant
to disease progression than to the initial onset of RA.
Similarly, a Turkish study conducted on 161 RA patients
and 88 healthy controls using RFLP-PCR did not find
any significant differences in the allelic or genotypic
distribution of rs2397084, suggesting no association of
this polymorphism with RA risk in the Turkish popula-
tion [21].

In contrast, a recent Tunisian study by [22] document-
ed a significant association between rs2397084 and RA
susceptibility in the Tunisian population, as well as an
association with improved response to biological therapy,
highlighting its potential as a genetic biomarker to guide
treatment decisions. Furthermore, a study conducted on
a Pakistani sample by [23] supported the current findings,
showing that the C allele was associated with increased
RA risk. They also noted that this SNP causes an amino
acid change in the IL-17 protein, which may confer
functional effects that contribute to the inflammatory
response. On the other hand, the study by Ali et al. [18],
conducted in Pakistan, did not find a direct significant
association between rs2397084 and RA but reported a
possible association with disease duration, suggesting
a potential role of this mutation in disease progression
rather than its initiation. The variability in findings
among these studies may be due to population differences
(genetic and ethnic), environmental factors, or differences
in analytical methodologies, such as the use of different
techniques (RFLP, TagMan, ARMS-PCR), sample size
variation, or reliance on different clinical classification
systems, emphasizing the importance of conducting large-
scale local studies to understand the specific genetic
influences in each population.

The analysis of genetic models for the IL-17F
1s2397084 polymorphism revealed a significant associa-
tion between this variant and susceptibility to rheumatoid
arthritis (RA) in the Iraqi population. As shown in
Table 5, the dominant model demonstrated significant
differences, with carriers of the C allele (T/C + C/C)
accounting for 51% of RA patients compared with 27.5%
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of healthy controls (OR = 7.71, CI = 1.43-41.53, p =
0.008). Additionally, the overdominant model indicated
a meaningful association (OR =4.72, CI = 1.02-21.72,
p = 0.034), while the log-additive model also showed a
significant correlation (OR =4.48, CI = 1.26-15.98, p =
0.012).

Multiple inheritance models were analyzed to assess
the association between the IL-17F rs2397084 polymor-
phism and susceptibility to rheumatoid arthritis (RA)
in the Iraqi population. The codominant, dominant,
overdominant, and log-additive models were assessed to
determine the impact of the C allele on disease risk. The
results demonstrated significant associations, particularly
in the codominant and dominant models, suggesting that
the presence of at least one C allele may significantly
increase RA susceptibility, especially in heterozygous
form. Table 5 presents the odds ratios, confidence
intervals, and statistical significance for the different
genetic models analyzed for IL-17F rs2397084.

Table 5 Analysis of Inheritance Models for IL-17F rs2397084
Polymorphism in Rheumatoid Arthritis Susceptibility.

Model Status = C

29 (72.5%), 9 (22.5%),
2 (5%)

Genotype Status=p OR(95% CI) | Pvalue | AIC | BIC

24 (49%), 21 (42.9%),
4 (8.2%)

Codominant T/T. CIT.C/IC 1.00 — — —

T/T, C/ITC/IC 29 (72.5%), 11 (27.5%) 24 (49%), 25 (51%) 7.71 (1.4341.53) 0.008 74.5 96.9

T/T-C/T. C/IC 38 (95%), 2 (5%) 45 (91.8%), 4 (8.2%) 3.36(0.2545.29) 0.36 80.7

minant T/T-C/C, CIT 31 (77.5%), 9 (22.5%) 28 (57.1%), 21 (42.9%) | 4.72(1.0221.72) 0.034 77 99.4

Logadditive — — — 4.48 (1.2615.98) 0.012 752 97.6

The analysis of genetic inheritance models for the
IL-17F rs2397084 polymorphism revealed a significant
association between this SNP and increased susceptibility
to rtheumatoid arthritis (RA) in the Iraqi population. As
presented in Table 5, the dominant model (T/C + C/C vs.
T/T) demonstrated strong statistical significance, with
51% of RA patients carrying at least one copy of the C
allele compared with 27.5% of healthy controls (OR =
7.71, 95% CI: 1.43—41.53, p = 0.008). This suggests that
a single C allele may substantially increase the risk of
RA. Additionally, the overdominant model (T/C vs. T/T +
C/C) showed a significant association (OR =4.72, 95% CI:
1.02-21.72, p = 0.034), indicating that the heterozygous
genotype may contribute independently to disease risk.
The log-additive model also yielded significant results
(OR =4.48, 95% CI: 1.26-15.98, p = 0.012), supporting
a dose-dependent relationship in which risk increases
progressively with each additional C allele. On the
other hand, the recessive model (C/C vs. T/C + T/T)
did not show a statistically significant association (p =
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0.36), suggesting that the homozygous mutant genotype
(C/C) alone does not confer a significantly higher risk
within this cohort, likely due to its low frequency in both
groups. Collectively, these findings suggest that the C
allele of rs2397084 may play a role in RA pathogenesis,
particularly when present in a heterozygous state or under
additive and dominant genetic effects, warranting further
investigation into its potential functional implications.

3.2 Interpretation of gel electrophoresis results for
IL-17F rs11465553

Figure 2 shows the electrophoretic pattern obtained
from ARMS-PCR analysis of the IL-17F rs11465553
polymorphism. Allele-specific primers were used to
amplify the A and G alleles in separate reactions for
each DNA sample. The PCR products were resolved on a
1.2% agarose gel, stained with SYBR Safe, and visualized
under UV illumination. 100 bp DNA ladders were loaded
on both sides of the gel for accurate size estimation. The
expected product size for both alleles was 170 base pairs
(bp). A total of 12 DNA samples were analyzed: left
side (control group), 4 healthy individuals; right side
(case group), 8 patients with rheumatoid arthritis. Each
sample had two separate lanes, one for the A allele and
one for the G allele. The observed banding patterns were
interpreted as follows: a band appearing only in the G-
specific lane indicates the G/G genotype; a band appearing
only in the A-specific lane indicates the A/A genotype;
and bands present in both lanes (A and G) indicate the
A/G heterozygous genotype. The image demonstrates
clear band separation and confirms the presence of all
three genotypes across the analyzed samples. The case
group (right side) exhibits a higher proportion of A/G
and A/A patterns, whereas the control group (left side)
predominantly shows G/G and A/G genotypes, indicating
variation in allele distribution.

Control Case

..|A G||A G|[A G|[A G[[A G|[A G|[|A G|[A G|[A G|][A G||A G||A G||A G

- - e — -

100 pb

Fig. 2 Electrophoresis of DNA-PCR amplified products (170
bp) for the IL-17 rs11465553 SNPs on 1.2% agarose (5 V/cm?2
for 45 min) showing genotypes for samples, DNA Ladder (100

bp).

The IL-17F rs11465553 polymorphism was investi-
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gated to assess its association with RA susceptibility in
the Iraqi population. The analysis showed a significantly
higher frequency of the A allele among RA patients
compared with controls, accompanied by significant
differences in genotype distribution. A notable deviation
from the Hardy-Weinberg equilibrium was observed
in the patient group, potentially indicating a disease-
related genetic imbalance. Table 6 presents the allele
frequencies, genotype distribution, and HWE analysis for
this polymorphism.

Analysis of the IL-17F rs11465553 polymorphism
revealed significant differences in allelic and genotypic
distributions between rheumatoid arthritis (RA) patients
and healthy controls. At the allelic level, the frequency of
the G allele was 0.62 in patients versus 0.94 in controls,
while the A allele was 0.38 in patients versus 0.06 in
controls. These differences were statistically significant
(Chi-square = 24.641, df = 1, p<0.001). Regarding
genotype distribution, the A/A genotype was observed in
0.30 of patients compared with 0.02 in controls, while
the G/A genotype occurred in 0.16 of patients and 0.08
of controls. Conversely, the G/G genotype was more
common in controls (0.90) than in patients (0.54), with
statistically significant differences between groups (Chi-
square = 14.881, df =2, p = 0.001).

In contrast, the HWE analysis for IL-17F rs11465553
revealed a significant deviation from equilibrium in the
RA patient group (p<0.0001) and the total population,
while the control group remained in equilibrium (p=0.12).
This deviation in the patient group suggests a disease-
related genetic imbalance, likely driven by the strong
association of the A allele (frequency: 0.38 in patients
vs. 0.06 in controls, p = 0.000) and the A/A genotype
(0.30 in patients vs. 0.02 in controls, p = 0.001) with
RA susceptibility. Such deviations are often observed
in disease cohorts due to selection pressures or genetic
associations with the disease phenotype. The equilibrium
in the control group supports the representativeness of
the healthy population, while the deviation in the patient
group aligns with the significant genetic associations
observed (e.g., dominant model OR = 6.28, p = 0.0097;
recessive model OR = 11.64, p = 0.0095). Possible expla-
nations for the deviation include the disease’s influence
on allele frequencies or non-random mating within the
RA cohort, although the small sample size (50 patients)
may also contribute. When compared with previous
studies, the current findings align closely with those of
Ali et al. [18], who also reported a significant associ-
ation between rs11465553 and RA risk in a Pakistani
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population.

Table 6 Allele Frequency, genotype distribution and
Hardy-Weinberg Equilibrium (HWE) Analysis of IL-17F
rs11465553

A. Allele frequency

Allele All All Status = Status = Status = Status =
subjects subjects | C Count C Prop. P Count P Prop.
Count Prop.
G 137 0.76 75 0.94 62 0.62
A 43 0.24 5 0.06 38 0.38
Pcet?ir_sgn 24641 | DF =1 =
q 0.000
B. Genotype distribution
Genotype All All Status = Status = Status = Status =
subjects subjects C Count C Prop. P Count P Prop.
Count Prop.
A/A 16 0.18 1 0.02 15 0.3
G/A 11 0.12 3 0.08 8 0.16
G/G 63 0.7 36 0.9 27 0.54
Iz:eﬁir_sg’“ 14881 | DF=2| P=
q 0.001
C. Hardy-Weinberg Equilibrium (HWE) Analysis
Group AA GA GG A G P-value
All subjects 63 11 16 137 43 <
0.0001
Status = Control 36 3 1 75 5 0.12
Status = Patients 27 8 15 62 38 <
0.0001

On the contrary, a study conducted in Poland [24]
reported no significant differences in either allelic or
genotypic distribution of rs11465553 between RA pa-
tients and controls. Moreover, the polymorphism was not
associated with any clinical parameters, including age
at diagnosis, rheumatoid factor status, or extra-articular
manifestations (p = 1.00, OR = 0.98). Similarly, [25]
found no consistent association between rs11465553 and
RA across multiple ethnic groups in a comprehensive
meta-analysis. However, another Pakistani study [26]
confirmed a significant association, supporting the idea
that ethnic and geographical factors may contribute to
these discrepancies. Based on the totality of the evidence,
rs11465553 in the IL-17F gene is a promising genetic
marker warranting further investigation in the Iraqi popu-
lation, particularly given the scarcity of regional studies
on this SNP. The strong statistical association found in
this study supports the potential of rs11465553 as a risk
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factor for RA and calls for multicenter, multiethnic studies
to further explore its biological and clinical implications.

The association between the IL-17F rs11465553
polymorphism and rheumatoid arthritis susceptibility
was further assessed using different genetic inheritance
models. As shown in Table 7, genetic model analysis
revealed statistically significant associations: the dom-
inant model (A/G + A/A vs. G/G) yielded OR = 6.28,
95% CI = 1.43-27.60, p = 0.0097; the recessive model
(A/A vs. G/G + G/A) showed OR = 11.64, 95% CI =
1.21-111.53, p = 0.0095; and the log-additive model
also demonstrated a meaningful association (OR = 3.65,
95% CI = 1.32-10.09, p = 0.0043). Collectively, these
findings strongly suggest that rs11465553 is significantly
associated with increased RA susceptibility in the studied
Iraqi cohort, particularly in the presence of the A allele
or A/A genotype.

A genetic model analysis of the IL-17F rs11465553
polymorphism was conducted to examine its contribution
to RA susceptibility in the Iraqi cohort. The codomi-
nant, dominant, recessive, and log-additive models were
evaluated, revealing significant associations with RA
risk, particularly for the A/A genotype, which exhibited
the highest odds ratios. These findings suggest a strong
association between the A allele and disease susceptibility.
Table 7 summarizes the odds ratios, confidence intervals,
and p-values for the genetic models analyzed for IL-17F
rs11465553.

Table 7 Analysis of Inheritance Models for IL-17F
rs11465553 Polymorphism in Rheumatoid Arthritis
Susceptibility

Model Status=C
36 (90%)
3 (7.5%)
1 (2.5%)
36 (90%)
4 (10%)

39 (97.5%)
1(2.5%)

37 (92.5%)
3(7.5%)

Genotype P-value | AIC | BIC
G/G
AIG
A/A
G/G
AIG-AIA
G/G-AIG
AIA
G/G-A/A

AIG

Status=p
26 (53.1%)
8 (16.3%)
15 (30.6%)
26 (53.1%)
23 (46.9%)
34 (69.4%)
15 (30.6%)
41 (83.7%)
8 (16.3%)

OR (95% CI)
1.00
3.00 (0.49-18.30)
15.03 (1.49-151.65)
1.00
6.28 (1.43-27.60)
1.00
11.64 (121-111.53)

0.016 | 75.3

)

Codominant 100.2

Dominant 0.0097 | 74.8 | 97.2

Recessive 0.0095 | 74.8 | 97.2

1.00
1.65 (0.28-9.83)
3.65 (1.32-10.09)

Overdominant 0.57 81.2 | 103.6

Log-additive | — — — 0.0043 | 734 | 95.8

The genetic model analysis of the rs11465553 poly-
morphism in the IL-17F gene revealed strong statistical
evidence supporting a potential association between this
variant and increased susceptibility to rheumatoid arthritis
(RA). In the codominant model, the A/A genotype was
observed in 30.6% of RA patients, compared with only
2.5% in healthy controls, yielding an odds ratio (OR)
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of 15.03 (95% confidence interval [CI], 1.49-151.65).
This indicates a markedly elevated risk among individuals
carrying two copies of the mutant allele. Additionally, the
A/G genotype was found in 16.3% of patients and 7.5%
of controls (OR = 3.00, 95% CI: 0.49-18.30). Overall,
differences in genotype distribution under this model
were statistically significant (p = 0.016), highlighting a
potential genetic influence.

In the dominant model (A/A + A/G vs. G/G), 46.9% of
RA patients carried at least one copy of the mutant A allele,
compared with 10.0% of controls. The OR was 6.28
(95% CI: 1.43-27.60), with p = 0.0097, suggesting that a
single A allele significantly increases disease risk. The
recessive model (A/A vs. G/G + A/G) further emphasized
this risk, with the A/A genotype again appearing in 30.6%
of patients and 2.5% of controls. The OR in this model
was 11.64 (95% CI: 1.21-111.53), with p = 0.0095,
indicating that individuals homozygous for the A allele
are at significantly greater risk than heterozygous or
wild-type carriers.

In the log-additive model, the risk of RA increased
progressively with each additional copy of the A allele,
with an OR of 3.65 (95% CI: 1.32-10.09) and p = 0.0043.
This dose-dependent pattern strengthens the evidence for
arole of the A allele in RA susceptibility. In contrast,
the overdominant model (A/G vs. A/A + G/G) did not
demonstrate a significant difference (OR = 1.65, p =
0.57), suggesting that heterozygosity for this SNP does
not confer a protective or intermediate effect. Taken
together, these findings suggest that the rs11465553
polymorphism is significantly associated with RA risk
in the studied Iraqi population. The presence of the A
allele, whether heterozygous or homozygous, appears to
substantially increase disease susceptibility, particularly
under the dominant, recessive, and log-additive models,
highlighting its potential utility as a genetic biomarker
for RA.

3.3 Interpretation of electrophoresis results for
rs2221903 polymorphism (il-21)

Figure 3 illustrates the electrophoresis results for
allele-specific PCR (AS-PCR) used to detect the
rs2221903 single-nucleotide polymorphism (SNP) in
the IL-21 gene. This analysis was conducted using four
allele-specific primers targeting each possible nucleotide
(A, C, G, and T). The PCR products were loaded into four
separate lanes per sample, with each lane corresponding
to a specific allele. A visible band appears only in the
lane containing the primer that matches the allele present
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in the sample.

PCR products were resolved on a 1.2% agarose gel
stained with CyberSafe and visualized under UV illu-
mination. A 100 bp DNA ladder was loaded on the
left side of the gel to estimate band size. The expected
size of the amplified product is approximately 228 base
pairs (bp). A total of eight samples were analyzed:
left side (case group), four samples from patients with
rheumatoid arthritis (RA); right side (control group),
four samples from healthy individuals. Each sample
is represented by four consecutive lanes (A, C, G, T).
Genotypes were interpreted based on the position of the
visible band(s) within these four lanes: a band appearing
only in the T lane indicates a T/T genotype; a band
appearing only in the C lane indicates a C/C genotype;
and bands appearing in both C and T lanes indicate a C/T
heterozygous genotype.

Control Case

..|A G||A G|[A G||A G[[A G|[A G|[A G||A G||A G||A G|[A G||A G[|A G

100 pb

Fig. 3 electrophoresis of DNA-PCR amplified products
(228bp) for the IL-21 rs2221903 SNPs on 1.2% agarose (5
V/cm?2 for 45 min) showing genotypes for samples, DNA
Ladder (100 bp).

The IL-21 rs2221903 polymorphism was examined to
evaluate its role in RA susceptibility among Iraqi patients.
The results indicated a significantly higher frequency
of the T allele in RA patients compared with controls,
with significant differences in genotype distribution, par-
ticularly for the T/T genotype. A deviation from the
Hardy-Weinberg equilibrium was observed in the control
group, suggesting potential population stratification or
sample size limitations. Table 8 summarizes the allele
frequencies, genotype distribution, and HWE analysis for
this polymorphism. Figure 3 displays the electrophoresis
of PCR-amplified IL-21 rs1234569 products (228 bp) on
a 1.2% agarose gel, showing the sample genotypes. The
current study found statistically significant differences in
the allelic and genotypic distributions of the IL-21 gene
polymorphism rs1234569 between patients with rheuma-
toid arthritis (RA) and healthy individuals, suggesting
a possible association between this polymorphism and
disease susceptibility.
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Table 8 Allele Frequency, genotype distribution and
Hardy-Weinberg Equilibrium (HWE) Analysis of IL-17F
rs11465553

A. Allele frequency

Allele All All Status = Status = Status = Status =
subjects subjects C Count C Prop. P Count P Prop.
Count Prop.
T 115 0.64 44 0.55 71 0.71
C 65 0.36 36 0.45 29 0.29
Pearson
Chi-Sq 6.378 1 0.012 1
B. Genotype distribution
genotype All All Status=C | Status=C | Status=p | S p
subjects subjects Count Prop. Count Prop.
Count Prop.
C/C 6 0.07 4 0.1 2 0.04
T/C 53 0.59 28 0.7 25 0.5
T/T 31 0.34 8 0.2 23 0.46
Pearson
Chi-Sq 46.586 2 0.000
C. Hardy-Weinberg Equilibrium (HWE) Analysis
Group N11 N12 N22 N1 N2 P-
value
All subjects 31 53 6 115 65 | 0.012
Status = Control 8 28 4 44 36 | 0.023
Status = Patients 23 25 2 71 29 0.18

The total number of T alleles among all participants
was 115, compared with 65 for the C allele, with a Chi-
square value of 6.378 and a p-value of 0.012. When
stratified by group, the T allele appeared in 71 RA
patients versus 44 healthy controls, while the C allele was
present in 29 RA patients and 36 controls, supporting the
hypothesis of the T allele’s association with increased RA
risk. Regarding genotypic distribution, the T/C genotype
was the most frequent among all participants (n = 53),
followed by T/T (n =31) and C/C (n = 6). The Chi-square
test for genotype distribution showed a highly significant
value of 46.586 (p<0.001). In subgroup analysis, the T/T
genotype was most common among RA patients (n =
23), followed by T/C (n = 25) and C/C (n = 2). Among
controls, the T/C genotype was most frequent (n = 28),
followed by C/C (n = 4) and T/T (n = 8). This variation
supports a potential association between the T/T genotype
and increased RA risk, whereas the C/C genotype may
confer a protective effect.

The HWE analysis for IL-21 rs2221903 showed a
deviation from equilibrium in the control group (p =
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0.023) and the total population (p = 0.012), while the
RA patient group remained in equilibrium (p = 0.18).
The deviation in the control group is unexpected, as
healthy populations are typically in HWE unless affected
by factors such as population stratification, small sample
size, or genotyping errors. The control group’s devi-
ation may reflect the relatively small sample size (40
individuals) or genetic diversity in the Iraqi population,
potentially influenced by regional factors in Al-Anbar.
The equilibrium in the RA patient group suggests a
stable genetic structure, supporting the reliability of the
observed associations, particularly the higher frequency
of the T allele (71 in patients vs. 44 in controls, p =
0.012) and the T/T genotype (n = 23 in patients vs. n = §
in controls, p<0.001). The deviation in the control group
warrants caution in interpreting the genetic model results
for 152221903, which showed no significant associations
(e.g., overdominant model p = 0.054), and highlights the
need for larger control cohorts to confirm these findings.

These findings are consistent with those of Ibrahim
et al. [27], who conducted a study in Egypt involving
60 participants (40 RA patients and 20 healthy controls).
Their study reported statistically significant differences
in both genotypic and allelic distributions for rs2221903
(p =0.002 and p = 0.001, respectively), concluding that
this SNP is a susceptibility locus for RA. Conversely,
other studies have reported no significant association
between this polymorphism and RA susceptibility. For
instance, [28] conducted a study in Poland involving
422 RA patients and 338 healthy controls and found
no association between rs2221903 and disease occur-
rence. Similarly, the Iraqi study [19], which included
60 RA patients and 20 healthy individuals, reported no
significant differences in genotype or allele distribution,
concluding that there were no significant differences in
genotype distribution or allele frequency between the
RA and control groups. It is noteworthy that while
some studies did not associate this polymorphism with
disease susceptibility, they did link it to disease activity.
Study [28] found that the CT and CC genotypes were
significantly more common among patients with high
disease activity (DAS28 > 2.5), with a p-value of 0.035.
Additionally, [13] demonstrated that haplotype analysis
combining rs2221903 and rs2055979 within the IL-21
gene was significantly associated with both susceptibility
and disease activity, with the AT haplotype being signifi-
cantly associated with RA (p = 0.006; OR = 1.395). The
discrepancies among these findings may be attributed
to several factors, including differences in sample size.
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For example, the control group in the study [19] con-
sisted of only 20 participants, potentially reducing the
analysis’s statistical power. Geographic variation within
Iraq, between Baghdad and Al-Anbar, may also reflect
genetic background diversity, along with differences in
genotyping methods and clinical classification criteria.
Therefore, the current study confirms that rs2221903 may
serve as a potential genetic marker for RA susceptibility
in the studied population, highlighting the need for larger,
multicenter studies to evaluate this polymorphism in
diverse ethnic and environmental contexts.

Genetic model analysis of the IL-21 rs2221903 poly-
morphism showed no statistically significant associations
in the Iraqi cohort, suggesting no clear relationship
between this variant and susceptibility to rheumatoid
arthritis (RA). As presented in Table 9, none of the tested
genetic models demonstrated significant differences (p >
0.05).

In the dominant model, the odds ratio (OR) was 0.30
with a 95% confidence interval (CI) of 0.07-1.30 and
a p-value of 0.095. The overdominant model showed
an OR of 0.25 (CI: 0.06-1.11) with a p-value of 0.054,
which approached statistical significance but remained
inconclusive. The recessive model showed an OR of
1.82 (CI: 0.20-16.59) with a p-value of 0.6, indicating no
association. Similarly, the log-additive model produced
an OR of 0.56 (CI: 0.18-1.72) with a p-value of 0.3.
To further elucidate the role of the IL-21 rs2221903
polymorphism in RA susceptibility, various inheritance
models, including codominant, dominant, recessive,
overdominant, and log-additive, were analyzed. The
results indicated a near-significant association in the
overdominant model and a trending association in the
dominant model, suggesting that the C allele may act as
a protective factor against RA.

Table 9 Analysis of Inheritance Models for IL-17F
rs11465553 Polymorphism in Rheumatoid Arthritis
Susceptibility

Model Genotype Status=C Status=p Pvalue | AIC | BIC

. T/T, CIT, 8 (20%), 28 (70%), | 23 (46.9%), 24 (49%),
Codominant crc 410%) 24.1%) — 0.15 | 79.8
T/T,
C/T-C/IC
T/T-C/T,
c/ic
T/T-C/C,
C/IT

OR (95% CI)

104.7

8 (20%), 32 (80%) | 23 (46.9%), 25 (53.1%) | 0.30 (0.07-1.30) | 0.095 | 78.7 | 101.1

36 (90%), 4 (10%) | 47 (95.9%), 2 (4.1%) | 1.82(0.20-16.59) | 0.6 | 81.2 | 103.6

Overdominant 12 (30%), 28 (70%) | 25 (51%), 24 (49%) 0.25(0.06-1.11) | 0.054 | 77.8 | 100.2

Log-additive — — — 0.56 (0.18-1.72) 0.3 80.4 | 102.8

Collectively, these findings suggest that the rs2221903
polymorphism may not play a substantial role as a genetic

CCBY 4.0


https://creativecommons.org/licenses/by/4.0/

Journal of University of Anbar for Pure Science

Vol. 20, No. 1 (2026)

susceptibility marker for RA in the studied Iraqi popula-
tion. Although certain models, such as the overdominant
model, exhibited borderline trends, all results remained
statistically nonsignificant. These observations highlight
the importance of conducting further large-scale studies
across diverse populations to elucidate any potential role
of this variant in RA pathogenesis. Genetic analysis
of IL-21 rs2221903 revealed no statistically significant
association with rheumatoid arthritis susceptibility in
the studied Iraqi cohort. Although certain models, such
as the overdominant model, approached significance,
all findings remained below the conventional threshold.
These results underscore the need for further large-scale
studies to clarify the potential role of this polymorphism
in diverse populations.

4 CONCLUSION

This study provides compelling evidence for signif-
icant associations between the IL-17F polymorphisms
(rs2397084 and rs11465553) and the IL-21 polymorphism
(rs2221903) with rheumatoid arthritis (RA) susceptibility
in the Iraqi population. The C allele of IL-17F rs2397084
and the A allele of rs11465553 were significantly more
frequent in RA patients compared with controls, with
the A/A genotype of rs11465553 showing a particularly
strong association with disease risk. Similarly, the T
allele and T/T genotype of IL-21 rs2221903 were more
prevalent among RA patients, suggesting a potential
role in increasing RA susceptibility. These findings
underscore the importance of genetic variations in IL-17F
and IL-21 as potential risk factors for RA pathogenesis in
the Iraqi cohort, consistent with some regional studies but
divergent from others, highlighting population-specific
genetic influences. The observed deviations from the
Hardy-Weinberg equilibrium in certain groups further
suggest disease-related genetic imbalances warranting
further exploration. However, the study’s limitations,
including the relatively small sample size and focus on a
single geographic region, necessitate cautious interpre-
tation of the results. Future research involving larger,
multiethnic cohorts, coupled with functional studies to
elucidate the molecular mechanisms of these polymor-
phisms, is essential to validate these associations and
explore their clinical implications. Such investigations
could enhance risk prediction, facilitate personalized
therapeutic strategies, and improve the management of
RA in Middle Eastern populations.
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