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ABSTRACT

The goal of the current study was to determine if interleukin-10 (IL-10) promoter polymorphisms may predict how well Iraqi patients
with rheumatoid arthritis (RA) will respond to etanercept (ETN). The trial was conducted at the Baghdad Teaching Hospital's
rheumatology unit in Medical City, Baghdad, Iraq. Three IL-10 promoter single-nucleotide polymorphisms (SNPs) were genotyped for
a cohort of ninety RA patients: rs1800871 (-824), rs1800872 (-597), and rs1800896 (-1082). The patients were clinically evaluated for
ETN response at baseline, three, and six months after ETN therapy. Based on the Disease Activity Score 28-Erythrocyte Sedimentation
Rate (DAS28-ESR). The results demonstrated that the mutant G allele of rs1800896 was significantly more frequent among responders
(45.2%) compared to non-responders (25.0%) (OR=0.40, 95% C10.21-0.77, p=0.0055). Binary logistic regression further confirmed
the G allele's strong association with a positive outcome (OR=0.217, p=0.001). Additionally, patients with the AG genotype exhibited
a significantly greater improvement in DAS28-ESR than others after six months (p=0.009). In conclusion, the IL-10 rs1800896 G allele
is a promising predictive biomarker for a favorable response to ETN therapy in Iraqi RA patients.
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. developed a scoring system to ensure accurate diagnosis and
Introduction ] o .

remission evaluation in RA [5]. Tumor necrosis factor (TNF)
inhibitors, including ETN, are part of biologic disease-modifying
antirheumatic drugs (bDMARDs), are widely used for RA

management [4]. Etanercept is a soluble TNF receptor fusion

One of the chronic heterogeneous inflammatory autoimmune
diseases, rheumatoid arthritis, is characterised by persistent

synovitis, which is accompanied by stiffness, pain, swelling, and

destruction of the joints. It significantly impairs the wrists as well protein that binds TNF-atand lymphotoxin, thereby diminishing

as the proximal interphalangeal and metacarpophalangeal joints the inflammatory responses [6, 7).

[1]. The prevalence s higher among women and older adults, and ETN has shown significant effectiveness in decreasing disease

activity (DAS28-ESR) and enhancing clinical outcomes in RA

the occurrence of comorbidities correlates with higher disease
patients [8]; yet, 30-40% of RA patients exhibit insufficient

activity scores [2-4]. The American College of Rheumatology-

European League Against Rheumatism (ACR-EULAR) criteria response and are classified as non-responders 9, 10].

The cytokine network plays a pivotal role in RA development
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and pathogenesis, where an imbalance between pro-

Website: www japer.in E-ISSN: 2249-3379 inﬂammatory and anti—inﬂammatory mediators drives the disease

process. Interleukin-10 is an essential immunoregulatory

cytokine with double and often paradoxical functions in RA; it
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Despite the presence of IL-10 in the rheumatoid synovium, its
levels are often insufficient to counteract the overwhelming
inflammatory response, and its deficiency is associated with
exacerbated bone and cartilage damage in experimental models
[13, 14]. Clinically, low serum levels of IL-10 have been
frequently documented in RA patients in comparison to healthy
controls [15, 16]. A recent study revealed that a higher blood IL-
10 level was markedly related to a predicted greater clinical
response and improvements in DAS28-CRP for RA patients
treated with biological therapy [17].

Numerous studies have investigated the association between
genetic polymorphisms of TNF-at and interleukins such as IL-6,
IL-4, and IL-10, and RA susceptibility and therapeutic response
to anti-TNF agents [13, 18-21]. Particular attention has focused
on three promoter region polymorphisms (-1082A>G, -
592C>A, and -819C>T), which appear to modulate IL-10
expression, influence RA susceptibility [13, 22], and also act as a
clinical response predictor of RA patients to ETN [23].
Additionally, the IL-10 polymorphisms were also implicated in
the susceptibility to type 2 diabetes mellitus and toxoplasmosis
[24].

While the immunoregulatory cytokine IL-10 is known to inhibit
TNF-a¢ and its genetic polymorphisms influence RA
susceptibility and IL-10 production, the specific role of these
polymorphisms in determining ETN treatment outcomes
remains inadequately investigated and poorly defined [23, 25],
and the data regarding this aspect is scanty; therefore, the present
study aimed to investigate the association between IL-10 gene
promoter polymorphisms and potential influence on the clinical

response to ETN thcrapy in Iraqi patients with RA.

Materials and Methods

Study population and design

A cohort (n=90) of RA patients (82 females and eight males,
mean age 51.34 £ 10.51 years) was recruited from the
Rheumatology unit at Baghdad Teaching Hospital in Medical
City, Baghdad, Iraq. The study extended from March 2024 to
March 2025. All patients were diagnosed depending on the RA-
ACR/EULAR dlassification criteria (2010). The study was
approved by the ethical committee of the College of Pharmacy,
University of Baghdad,
(RECAUBCP123202406150H). Following treatment with ETN
(Altebrel®; AryoGen Pharmed, Iran), study participants were

registration number

categorized as either responders or non-responders based on
ACR/EULAR criteria (2010).

Inclusion criteria
All RA patients were Iraqi adults (over 18 years), the severity of
RA ranged from moderate to severe active RA (DAS28-ESR >
3.2), who had been receiving a consistent regimen of 50 mg of

ETN weekly for at least six months.

Exclusion criteria

Patients who lost follow-up or were unable to comply with the
study duration, Patients with missed doses (by measuring
adherence through the medication possession ratio (MPR) of

85%), and patients with missing data.

Treatment  protocol  and  response

assessment

Altebrel® was administered subcutaneously to the RA patient
(50 mg/mL) weekly for six months. Treatment response was
measured at different stages, including baseline, three, and six
months post-induction of treatment.

Depending on the response criteria of EULAR, patients were
subdivided into two groups: Responders: Patients who achieved
areduction in DAS28 to < 5.1 with a change (ADAS28) of 2 0.6.
The non-responders were defined as patients who failed to
achieve the above criteria (DAS28 remained = 5.1 with ADAS28
<0.6).

Sample collection

Peripheral blood samples (10 mL) were collected from each
patient; 6 mL was used for CBC and ESR assessments, and the
other 4 mL was collected in K3 EDTA tubes for DNA extraction.

Laboratory analyses

Genotyping of IL-6  promoter

polymorphisms
G-spin™ Total DNA Extraction Kit (Promega/USA) was used
for genomic DNA extraction according to the manufacturer's
protocol. The target promoter region was amplified by PCR
(Thermal Cycler, BioRad, USA) using four specific primers,
which were designed by the primer BLAST option in NCBI. The
20 uL PCR reaction mixture contained 1 pL of each primer (10
pmol/uL), 2 uL of DNA template, 10 uL of PCR Master Mix,
and 6 pL of nuclease-free water. The primers used were:
IL10-F1: CAGGGAGGATGAGTGATTTG
IL10-R1: GTGTTCCAGGCTCCTTTAC
IL10-F2: GCCTCAGTTTGCTCACTATAA
IL10-R2 GTAGACCTTCACCTCTCTGT

The PCR cycling reaction conditions were used according to
Abbas et al. (2023) [26]. The amplicons were visualized on a 2%
agarose gel. Subsequently, PCR products were sent for Sanger
sequencing  (Macrogen, Korea) for definitive genotype

identification.

Measurement of erythrocyte

sedimentation rate (ESR)
ESR was determined using the modified Westergren method.

Statistical analysis
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Genotype and allele frequencies will be compared between
responders and non-responders using chi-square (X?) or Fisher's
exact tests. Mean I standard deviation was compared using a t-
test and LSD depending on data distribution. The association
between genotypes and treatment response was evaluated using
logistic regression, adjusted for potential confounding variables.
Paired t-tests and Welch's t-test for unequal variances were used
to analyze the differences within and between groups,
respectively, at different time points. Hardy—Weinberg
expectations were used to ensure the random distribution of.
The 95 % confidence intervals (CI) and odds ratios (OR) were
utilized to calculate the minor allele. Welch's ANOVA (or
Welch t-test for two-group comparisons) was used; otherwise,

one-way ANOVA was also applied.

1500bp

1000bp

S00bp

100bp

Results and Discussion

PCR amplification of the il-10 gene promoter

region

Amplification of the promoter regions for IL-10 via PCR yielded
specific and distinct amplicons corresponding to the expected
sizes for each primer set. The first IL-10 primer pair (IL-10
Fragment 1) resulted in an 818-base pair (bp) product, and the
second pair (IL-10 Fragment 2) generated a slightly smaller
amplicon of 788 bp (Figures 1, 2).

The genetic analysis of the amplified promoter sequences in RA
revealed a total of three SNPs. The IL-10 gene harbored three
variants: rs1800871 (-824C>T), rs1800872 (-597C>A), and
rs1800896 (-1082A>G) (Figure 3).

818bp

Figure 1. Electrophoretic analysis of the amplified IL-10 region was performed using a 1.5% agarose gel impregnated with ethidium
bromide. A first amplicon fragment of 989 bp, corresponding to the target sequence, was successfully amplified and visualized in lanes

30 through 53.

1500bp

1000bp

soobp

100bp

788bp

Figure 2. Electrophoretic analysis of the amplified IL-10 region was performed using a 1.5% agarose gel impregnated with ethidium
bromide. A second amplicon fragment of 788 bp, corresponding to the target sequence, was successfully amplified and visualized in

lanes 54 through 75.
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Distribution of IL-70 genotype

polymorphisms in the patient cohort

Three IL-10 promoter variants (rs1800871, rs1800872, and
rs1800896) were identified in the full cohort of RA patients (n =
90), revealing clear patterns in their genotypic and allelic
distribution. All analyzed loci conformed to Hardy—Weinberg
equilibrium (HWE) (p>0.05), confirming the genetic stability
and representativeness of the study population and the absence
of selection bias within the sampled cohort [27]. The primary
findings indicate that all three variants are located within the
promoter/ 5’ flanking region of the IL-10 gene with a consistent
pattern of major allele predominance across all three IL-10 loci.
For IL-10 rs1800871 (C>T), both CC and CT genotypes
occurred at equal frequencies (42% each), while TT was less
common (16%). The C allele thus constituted 63%, compared
with 37% for T. In IL-10 rs1800872 (C>A), the CC genotype
appeared in 47% of individuals, CA in 40%, and AA in 13%,
giving a C-allele frequency of 67% and an A-allele frequency of
33%. Finally, for IL-10 rs1800896 (A>G), AG heterozygotes
were the most prevalent (47%), followed by AA (40%) and GG
(13%), corresponding to allele frequencies of 63% (A) and 37%
(G).

This study has established the prevalence and equilibrium status
of three IL-10 promoter polymorphisms (rs1800871,
rs1800872, and rs1800896) in a well-characterized RA cohort.
These variants have been widely studied, with multiple articles
reporting an association between these variants and altered IL-10
expression patterns and RA susceptibility. Evidence from
Chinese and East Asian populations reports an association of
rs1800872 and rs1800871 with RA susceptibility, a finding
postulated to be linked to lower IL-10 expression [22, 28]. A
study by Hassanzadeh et al. [29] in a southwestern Iranian
population identified the rs1800872 SNP as a significant
susceptibility marker for RA. In contrast. However, findings
from Iraq show no significant association between these variants
and RA susceptibility in Iraqi Arab women [30], suggesting a
population-specific pattern effect.

For IL-10 rs1800896, a recent meta-analysis by Stephen et al.
[31] demonstrated a significant linkage between RA susceptibility
and rs1800896 polymorphism driven by the G allele and the
dominant genotypes model (GG and AG). Much evidence
supported this genetic influence; Tayel et al. [32] directly
correlated the -1082A allele and AA genotype with low IL-10
production. Earlier work by Hee et al. [33] in a Malaysian cohort
demonstrated a significant association between the -1082 A>G
and -824 C>T polymorphisms and increased RA susceptibility,
linking  specific genotypes to significantly lower IL-10
production. Similarly, studies in European populations, such as
those by Pawlik et al. [34] and Paradowska-Gorycka et al. [35] in
Poland, reported a higher correlation between the -1082
polymorphism and RA patients, suggesting a disease-
predisposing role. While Yucel et al. [36] reported a possible

protective role for the -1082 AA genotype against RA in the
Turkish population.

IL-10 is a pivotal immunoregulatory cytokine with potent anti-
inflammatory features; genetic variations that subtly influence its
production could have profound implications for the chronic
inflammatory processes that characterize RA [37, 38]. For
instance, the -1082A/G (rs1800896) SNP has been extensively
studied in various immune-mediated diseases, with certain alleles
correlating with altered IL-10 production [39, 40]. Therefore,
the variants identified here are strong candidates for functional
studies to elucidate their precise impact on IL-10 expression in

the context of RA.

Changes in  clinical and  laboratory

parameters after ETN treatment

Before treatment, no significant differences were detected
between responders and non-responders in terms of disease
activity indices, including Clinical Disease Activity Index (CDAI)
and DAS28-ESR, or laboratory and clinical measures such as
swollen joint count (SJ) and ESR, confirming pre-treatment
comparability. Only tender joint counts (T]) in non-responders
were significantly higher than in responders (P = 0.007).

After 3 months, responders showed a statistically significant
reduction in S] and TJ, ESR, CDAI, or DAS28-ESR along with
patient and physician assessments, including Assessment of
Patient Global Disease Activity (PtGA) and
Provider Global Assessment of Disease Activity (PrGA) (all
P<0.001), while non-responders showed no or slight

improvement.
rs1800871
G A T G T T A |
e
T = T T
T ] T
[WTIGIC)
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Figure 3. Genotyping of the IL10 rs1800871, rs1800872, and
rs1800896 polymorphisms was performed via Sanger
sequencing. Chromatogram analysis revealed wild
homozygous genotypes characterized by a singular nucleotide
peak in A, B, and C, while mutant heterozygous genotypes
were identified by the concurrent presence of both peaks at

the relevant position. Additionally, the mutant homozygous
genotypes are also present in samples.

Improvement among responders persisted and deepened at 6
months, with the mean ADAS28-ESR decreasing from 5.16 *
0.80 to 3.43 £ 0.76 (P<0.001), while non-responders showed
stable or higher disease activity scores (5.14 £ 1.04).

At three and six months, there was a significant difference
between the groups (P<0.001), indicating a distinct difference
in clinical response patterns. Additionally, responders had a
substantially higher mean ADAS28-ESR drop (1.73 = 0.83 vs. -
0.35 %+ 0.65, P <0.001).

These findings align with multiple studies like Nizar et al. [41,
42] and Aghdashi ez al. [43], who reported that ESR, TJC, and
DAS28 decreased significantly in RA patients several months post
ETN induction. Matucci-Cerinic et al. [44] demonstrated that
significant rates of good and moderate EULAR response were
observed at six months post-treatment. Su et al. [45]
Demonstrating significant improvement in all measured disease
activity indices with durable remission.

On the other hand, after receiving ETN treatment, the non-
responder group showed either a statistically significant
deterioration in clinical measures or very little improvement.
Reduced ETN levels [43, 46], genetic variability, increased
inflammatory burden, and metabolic or concomitant disorders
are some of the reasons why many RA patients did not respond
to these medications as anticipated, and remission frequency is
still less than 50% in RA patients [47].

Comparative baseline profiles and IL-10
genotype distributions between responders

and non-responders

Table 1. Comparison of IL-10 genotypes and allele distributions between responders and non-responders after etanercept

SNP Genotypes Responders n=52 (%) Non-Responders n=38 (%) P-Value OR (95% CI)
cc 22 (42.3%) 16 (42.1%)
IL-10: CT 22 (42.3%) 16 (42.1%) 0.9986
rs1800871 TT 8 (15.4%) 6 (15.8%)
C>T
C 66 (63.5%) 48 (63.2%)
1 1.01(0.55-1.87)
T 38 (36.5%) 28 (36.8%)
cc 24 (46.2%) 18 (47.4%)
IL-10: CA 20 (38.5%) 16 (42.1%) 0.7912
rs1800872 AA 8 (15.4%) 4(10.5%)
C>A c 68 (65.4%) 52 (68.4%)
0.67 0.87 (0.46-1.64)
A 36 (34.6%) 24 (31.6%)
AA 13 (25.0%) 23 (60.5%)
IL-10: AG 31 (59.6%) 11 (28.9%) 0.0028%*
rs1800896 GG 8 (15.4%) 4 (10.5%)
A>G
A 57 (54.8%) 57 (75.0%)
0.0055%* 0.40 (0.21-0.77)
G 47 (45.2%) 19 (25.0%)
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Chi-square test was applied for 2 X 3 genotype comparisons, whereas Fisher’s exact test was used for 2 X 2 allele comparisons or whenever any expected cell count was

<5. When OR > 1 indicates increased odds of non-response; OR < 1 indicates a protective (response-favoring) effect. *P< 0.05, **¥P< 0.01

The baseline features of the study cohort showed a significantly
higher mean age (P=0.0025) among non-responders compared
to responders (54.8 £ 5.3 vs 48.8 = 12.5 years), suggesting that
younger patients were more likely to be better responders to
ETN treatment.

Females predominated in both groups (94% of the non-
responders group was female vs. 85% for the responders' group);
however, the differences were not statistically significant,
suggesting that sex-specific factors didn't predict response.

All other baseline parameters showed no significant differences,
including the age of onset, disease duration, or baseline DAS28-
ESR.

As shown in Table 1, comparison of genotypic and allelic
distributions among responders and non-responders revealed
significant differences in one SNP, IL-10 rs1800896 (A>G).

For the IL-10 rs1800896 (A>G), the G allele was more common
among responders (45.2 %) than non-responders (25.0 %),

conferring a protective effect against non-response (OR = 0.40,
95 % CI10.21-0.77, P 0.0055). The other loci (rs1800871 C>T,
rs1800872 C>A) showed no statistically significant variation in
genotype or allele distributions between the two categories
(P>0.05). IL-10 rs1800896 G allele appears beneficial and is
associated with an improved response to ETN therapy.

The findings highlight the potential of specific IL10-SNPs as
predictive biomarkers for treatment outcome. The allelic
analysis suggests that G allele carriers possess 60% reduced odds
of being non-responders. The genotypic analysis indicated that
genotype distribution (AA, AG, GG) between responders and
non-responders was highly significant (P=0.0028), suggesting a
model of inheritance where the presence of the G allele alters the
likelihood of response. Additionally, the inheritance patterns
strongly implicate the rs1800896 G allele as a marker for

improved response to ETN.

Table 2. Binary logistic regression analysis of IL-10 polymorphisms predicting non-response to etanercept under dominant,

recessive, and additive genetic models.

SNP Model Minor allele  Major allele B Coefficient Std. Error OR 95% CI p- Value
IL10: Dominant T c 0.008 0.432 1.008 0.43-2.35 0.985
rs1800871 Recessive T c 0.031 0.588 1.031 0.33-3.26 0.958
T Additive T c 0.012 0.3 1.012 0.56-1.82 0.968
LL10: Dominant A c 20.049 0.428 0.952 0.41-2.20 0.909
rs1800872 Recessive A c 0435 0.654 0.647 0.18-2.33 0.505
A Additive A c 20125 0.307 0.883 0.48-1.61 0.684

LL10: Dominant G A -1.526 0.461 0.217 0.09-0.54 0.001 **
rs1800896 Recessive G A 20435 0.654 0.647 0.18-2.33 0.505

A>G Additive G A 20,952 0.353 0.386 0.19-0.77 0.007 **

The dependent variable was treatment outcome (non-responder = 1, responder = 0). Independent variables were genotype categories coded according to dominant,

recessive, or additive genetic models. Dominant (minor-allele carriers 2 1 vs non-carriers), recessive (minor-allele homozygotes vs others), and additive (per-allele

increase in minor-allele count). The [ coefficient represents the log odds of non-response, with the corresponding odds ratio (OR = "), 95% confidence interval
(CI), and Wald p-value. Significance thresholds: * p < 0.05; ** p < 0.01

From a translational perspective, the identification of rs1800896
as a potential predictive marker holds promise for personalizing
RA therapy. Genotyping this SNP could help clinicians stratify
patients, identifying those more likely to respond favorably to
ETN versus those for whom alternative biological therapies
might be considered first [48, 49].

After ETN treatment, Schotte et al. [23] compared good
responders versus moderate and non-responders in RA patients
(as defined by the EULAR criteria). They indicated a significant
difference in the allelic and haplotypic distribution pattern of the
IL10 loci in patients with good response versus non-responders
(46% vs. 22%).

Although the present findings support a favorable effect of certain
IL-10 promoter variants, particularly rs1800896, on the clinical
response to ETN, it is important to note that not all IL-10 loci

190)

exert the same influence on therapeutic outcomes. As reported
by Schotte et al. [23]. This observation aligns with the model
proposed by Padyukov et al. [50], who mentioned that the
combined effect of multiple cytokine-related SNPs, including
both pro-inflammatory (e.g., TNF-a, IL-6)
(c.g., IL-10), shapes the

environment in rheumatoid arthritis and also affects the clinical

and anti-

inflammatory inflammatory
response to ETN. Padyukov et al. [50] reported that a
combination of both IL-10 and TNF-a alleles correlated with
diminished inflammatory reaction and improved response to
ETN, and the —1087 G allele was associated significantly with

good responsiveness to ETN.
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Association between genotypes and the

likelihood of being a non-responder

The binary logistic regression analysis offers a clinically intuitive
perspective (Table 2) demonstrating a substantial protective
effect of the G allele against non-response in the -1082 A>G
locus. The significant associations under both the dominant (OR
=0.217, p = 0.0009) and additive (OR = 0.386, p = 0.007)
models indicate a strong, dose-independent relationship.
Carriage of even a single G allele nearly quintuples the odds of
being a responder (1/0.217 = 4.6), an effect size that is
considerable in the context of pharmacogenetic studies.

The remaining IL-10 (rs1800871 C>T and rs1800872 C>A)
polymorphisms  demonstrated no  statistically  significant
correlation across any inheritance model (P > 0.05).

At the genotype level, two polymorphisms demonstrated
significant associations with ETN treatment response after
multiple-testing correction.

This result is further supported by the genotype-level analysis in
Table 3, which that IL-10 rs1800896 (A>G)

demonstrated a strong, inverse relationship between genotype

shows

and treatment outcome. The AA genotype (wild-type) was
associated with the highest non-response rate (A ~ +0.22; ® =
+0.36; p = 0.0007), whereas carriers of the G allele (AG, GG)
showed lower non-response rates (A = —0.16 and —0.09,
respectively). This pattern indicates a protective role of the G
allele and implicates the A allele in ETN resistance.

Bartelds et al. [51] identified that RA patients' carriage of the (AA
genotype) for IL10/-1082 showed a significant negative or

unfavorable correlation with the anti-TNF agent (adalimumab)
due to the rise of adalimumab antibodies in the serum of RA
patients and subsequently with the response to anti-TNF.
Interleukin-10 is considered a potential anti-inflammatory agent
that exerts a critical role in modulating cell-mediated immunity
and maintaining immunological tolerance. It counteracts the pro-
inflammatory effects of cytokines like TNF-, the very target of
ETN. It is well-established in the study that the rs1800896 (-
1082A>G) polymorphism influences IL-10 gene transcription
and subsequent cytokine production. The G allele has been
previously related to higher levels of IL-10 secretion. Therefore,
the observed pharmacogenetic association can be mechanistically
explained: patients carrying the G allele likely have a genetically
predetermined propensity for higher IL-10 production. This
elevated anti-inflammatory background may act synergistically
with TNF-a inhibition by ETN, leading to a more effective
suppression of the inflammatory cascade and a superior clinical
response [52-56].

The other IL-10 (rs1800871 C>T) and (rs1800872 C>A)
variants exhibited no significant genotype-level associations [57-
66].

This study reveals that IL-10 rs1800896 (A>G) is the key
functional variant influencing inter-individual differences in ETN
responsiveness among rheumatoid arthritis patients. In contrast,
the lack of significant associations for the other tested IL-10
(rs1800871, rs1800872) highlights the specificity of the
rs1800896 effect. This suggests that not all polymorphisms
within these cytokine genes are functionally equivalent in

influencing response to TNF-a inhibition [67-77].

Table 3. Genotype-specific association of IL-10 polymorphisms with non-response to ETN therapy in RA patients.

SNP Genotypes Effect size (P) p-value A non-response
cC -0.002 0.985 -0.001
IL-10: rs1800871 (C>T) CT -0.002 0.985 -0.001
TT 0.006 0.958 0.006
CcC 0.012 0.909 0.006
IL-10: rs1800872 (C>A) CA 0.037 0.727 0.022
AA -0.07 0.503 -0.089
AA 0.358 0.0007 ** 0.217
IL-10: rs1800896 (A>G) AG -0.304 0.004 ** -0.16
GG -0.071 0.503 -0.089

Data represent the correlation between each genotype and treatment non-response status (non-responder = 1, responder = 0). @-coefficient indicates the signed

strength and direction of association (positive = higher likelihood of non-response). A non-response = P(non-response | genotype) — P(non-response overall),

expressing the deviation in non-response rate for that genotype relative to the whole cohort. P-values were derived using the Chi-square test for valid expected counts

or Fisher’s exact test when assumptions were not met. Significance thresholds: * p < 0.05; ** p < 0.01

The de Lima et al. [78] study identified significant associations
between only specific genetic polymorphisms and disease activity
in RA. The IL10-1082 mutant genotype was associated with
reduced disease activity (CDAI) and correlated with increasing
IL-10 production; in other words, low severity of RA, measured
by CDAI score. In contrast to other genotypes, which are linked
to higher disease activity, including CDAI, DAS28, bone

Journal of Advanced Pharmacy Education & Research | Jul — Sep 2025 | Vol 15 | Issue 3

erosions, ESR, and IFN-Y. These findings suggest that the IL10-
1082 polymorphisms have potential prognostic and monitoring

value in RA.

The correlations between the genotypes and
the difference in DASZ8-ESR over 6 months
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Table 4 summarizes the comparison of 6-month changes in
disease activity (ADAS28-ESR) among RA patients stratified by
IL-10 genotypes. Significant genotype-related differences in
clinical response were observed for IL-10 rs1800896 (A>G),
whereas the other polymorphisms showed no significant
associations [58-66, 79-83].

Regarding IL-10 rs1800896 (A>G), the Welch ANOVA
indicated a significant overall genotype effect (P 0.009, w? =
0.09). Post-hoc Games—Howell comparison showed that
individuals with the AG genotype achieved significantly greater
improvement in DAS28-ESR compared with GG homozygotes
(P 0.0016), whereas the AA genotype showed an intermediate
response without a statistically significant association with the
other groups. In contrast, IL-10 rs1800871 (C>T) and IL-10
rs1800872 (C>A) did not show significant differences in
ADAS28-ESR among genotypes (p > 0.05).

Overall, these outcomes inferred that specific polymorphisms
within IL-10, namely rs1800896 (A>G), were significantly

related to the magnitude of clinical improvement (Disease
activity indices) after six months of ETN therapy. The observed
genotype-response associations for these loci were consistent
with the corresponding logistic regression results, supporting
their potential role as predictive genetic markers of therapeutic
response in rheumatoid arthritis.

Collectively, these data highlight that while rs1800795 appears
to be a functionally relevant predictor of IL-6-mediated
treatment response, the rs1800796 and rs1800797 variants likely
lack significant biological impact in the context of anti-TNF
therapy.

These findings are consistent with Schotte et al. [23], who
identified a statistically significant association between IL-10
promoter microsatellite polymorphisms and clinical response to
ETN in RA. Their analysis of patient groups revealed distinct
distributions of specific alleles and haplotypes; some alleles were
associated with a favorable response, and others were

predominant in patients with moderate or no response.

Table 4. Effect of IL-10 Gene Polymorphisms on 6-Month Change in Disease Activity (ADAS28-ESR) Among Rheumatoid
Arthritis Patients Receiving Etanercept.

SNP Genotype n ADAS28-ESR mean * SD p-value Effect size (w?) Post-hoc (Games—Howell)
CC 38 0.64 = 1.37
IL-10: rs1800871
CT 38 1.13+1.27 0.209 NS
(¢>T)
TT 14 0.66 = 0.95
CcC 42 0.71 £1.37
IL-10: rs1800872
CA 36 0.90 £ 1.17 0.499 NS
(C>A)
AA 12 1.19£1.28
AA 36 0.41 £1.17b
IL-10: rs1800896
AG 42 1371 1.42a 0.009 ** 0.09 AG vs GG p=0.0016
(A>G)
GG 12 1.07 £ 1.10ab

ADAS28-ESR represents the 6-month change in the Disease Activity Score based on erythrocyte sedimentation rate; higher positive values indicate greater clinical

improvement after etanercept therapy. Statistical comparisons were performed between genotype groups. When genotype variances or sample sizes were unequal,

Welch’s ANOVA (or Welch t-test for two-group comparisons) was used; otherwise, one-way ANOVA was applied. Post-hoc pairwise comparisons were conducted

using the Games-Howell test, which does not assume equal variances. Reported p-values correspond to the omnibus (overall) test of group mean differences. The effect

size (w?) represents the proportion of total variance in ADAS28-ESR explained by the genotype, interpreted as small (=0.01), medium (=0.06), or large (=0.14).

Superscript letters (a, b) denote statistically distinct groups: means that share the same letter do not differ significantly (p > 0.05), while those with different letters
differ significantly (p < 0.05). NS: not significant; * p < 0.05; **

The ecarlier results (Table 4) demonstrated that carriers of the
AG genotype for IL-10 rs1800896 exhibited greater clinical
improvement compared to the homozygote GG genotype
following ETN therapy, which is an interesting observation.
Although the G allele is known to be associated with higher IL-
10 production compared to the A allele, the superior response of
AG over GG suggests a non-additive, overdominant model of
inheritance. This may be due to very high IL-10 (as expected in
GG carriers), which may oversuppress antigen-presenting cell
signaling and alter TNF-a/IL-6 feedback [84], potentially
reducing the pharmacodynamic impact of TNE-at inhibition.
Conversely, very low IL-10 expression (as expected with the AA
genotype) may permit persistent inflammatory activity that

decreases or limits ETN efficacy. The AG genotype may

therefore create an optimum balance in the inflammatory
environment [85] for ETN efficacy. Such a heterozygote
advantage has been demonstrated in several studies, including for
IL-10 promoter haplotypes [86].

It is important to mention that not all studies agreed with the
above explanation. Some studies reported a better response in
GG carriers, including de Lima et al. [78] and Li ez al. [87], who
linked the —1082 G allele to reduced disease activity. This
reduction in disease activity is explained by the anti-
inflammatory properties of IL-10 that block or suppress pivotal
pro-inflammatory molecules in RA synovitis, such as TNF-o and
IL-1$3 [88], and reduce their levels in synovial cultures [89]. Since
these cytokines drive joint destruction by activating matrix

metalloproteinases [90], the IL10-1082 AG and GG genotypes
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may confer a genetic advantage. By upregulating IL-10 mRNA,
this genotype could promote milder RA activity, as measured by
the sensitive CDAI score, via the inhibition of pro-inflammatory

cascades.

Conclusion

These results suggested that age might be a demographic
predictor of ETN response. The study demonstrated the
effectiveness of ETN in lowering RA disease activity in
responders' patients by lowering TJC, SJC, CDAI, ESR, PtGA,
PrGA, and DAS28-ESR at two intervals of three and six months
after the start of treatment. Non-responders, however, showed
little to no decrease in these metrics.

Evaluation of the IL-10 rs1800896 (—1082 A>G) polymorphism
demonstrated that carriers of the A allele showed poor response
to ETN at the six-month post-onset of therapy, whereas the
presence of the G allele, particularly within the AG genotype,
correlated with better therapeutic outcome. This emphasizes the
functional relevance of —=1082 A>G as the principal regulatory
polymorphism within the IL-10 promoter. However, other IL-
10 variants (rs1800871, rs1800872) did not show a predictive
effect; rs1800896 appears to hold potential as a useful
pharmacogenetic marker for stratifying patient response and

optimizing ETN treatment strategies.
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