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Genetic polymorphism of the IL-6 gene (-174 G/C, rs1800795) may affect interleukin-6 expression and contribute to the development of age-as-
sociated phenotypes of rheumatoid arthritis (RA).

Objective: to study the distribution of 1L-6 gene alleles and genotypes in RA patients depending on age at onset (AAO).

Material and methods. The study included 167 patients with RA. Group 1 included patients with RA AAO <45 years (median AAO 36 [29; 42]
years; n=95); Group 2 included patients with RA AAO 260 years (median AAO 66.5 [62; 70] years; n=72). DNA from 301 healthy donors served
as controls. All patients underwent genotyping of 1L-6 gene polymorphisms using polymerase chain reaction.

Results and discussion. In patients with AAO =60 years, the CC genotype was detected more often than in patients with AAO <45 years (31.9%
vs 12.6%, respectively; p=0.01). In RA patients with the CC genotype, the risk of developing the disease at the age of =60 years was almost three
times higher compared with carriers of other genotypes (odds ratio 3.25; 95% confidence interval 1.39—7.65; p=0.004).

Conclusion. The established association of the CC genotype of the -174 G/C polymorphism of the IL-6 gene with the development of RA after
60 years allows this genetic variant to be considered a predictor of RA onset in older age, which supports the rationale for stratifying RA by age-
related phenotypes and opens prospects for the development of diagnostic and preventive approaches.
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Introduction

Rheumatoid arthritis (RA) is an immune-mediated inflam-
matory (autoimmune) rheumatic disease of unknown etiology,
characterized by chronic erosive arthritis and systemic involvement
of internal organs [1]. An important clinical feature of RA is its
significant heterogeneity, which manifests, among other aspects,
as variability in the age at onset (AAO) of the disease. Epidemiological
studies indicate that the peak incidence of RA occurs in at the age
of 30—50 years, with an additional increase in new cases at older
age (>60 years) termed late-onset RA [2].

Although the exact cause of RA remains unknown, numerous
studies point to a combination of environmental and genetic
factors [3]. According to current data, an imbalance in the
production of pro-inflammatory and anti-inflammatory cytokines,
chemokines, growth factors, and other active molecules plays an
important role in the pathogenesis of RA; therefore, the study of
genes encoding cytokines is of particular interest [4].

One of the key cytokines involved in sustaining inflammation
in RA is interleukin-6 (IL-6) [5]. IL-6 is a pleiotropic cytokine
synthesized by cells of the immune system (neutrophils, T- and
B-lymphocytes, monocytes, and NK-cells), as well as by fibroblasts,
osteoblasts, and endothelial cells [6]. The following main effects
lead to progressive bone destruction in RA: leukocyte activation,
stimulation of synoviocytes and osteoclast maturation [7], induction
of cytotoxic T-lymphocyte and B-lymphocyte differentiation with
subsequent production of autoantibodies, and stimulation of he-
patocytes to produce acute-phase proteins such as C-reactive
protein (CRP), fibrinogen, serum amyloid A, etc. These changes

account for increased RA activity and the development of systemic
manifestations [8].

1L-6 levels are elevated in the serum and synovial fluid of RA
patients [9], and several studies report that blood 1L-6 levels
correlate with RA activity [10] and radiographic progression [11].

Polymorphisms in the promoter region of the IL-6 gene,
located on the short arm of chromosome 7 (7p21), may lead to in-
terindividual variations in transcription and protein expression.
The most studied polymorphism of the IL-6 gene is the single-
nucleotide polymorphism rs1800795, which represents a substitution
of guanine (G) for cytosine (C) at position -174 [12]. A Russian
study conducted on a cohort of patients with RA duration of up to
2 years established an association of the IL-6 -174G/C (rs1800795)
polymorphism with markers of RA activity and progression: CRP,
swollen joint count (SJC), DAS28-CRP (Disease Activity Score
28 using CRP), total Sharp score, as well as with RA AAO. Specif-
ically, RA AAO was statistically significantly higher in C/C genotype
carriers (n=20, 57.9x11.1 years) compared with C/G (47.9+
11.8 years) and G/G (47.4+12.34 years) carriers, p=0.005 [13].

Results from international studies have shown that the presence
of the G allele at position -174 of the IL-6 promoter region
increases transcriptional activity and, consequently, levels of this
cytokine in serum and synovial fluid of RA patients [14]. In a
study by Ceccarelli et al. [15], patients carrying the -174G allele
exhibited higher disease activity according to the DAS28 index
and faster radiographic progression.

Currently, substantial evidence has accumulated indicating
an association of IL-6 gene polymorphisms with the risk of devel-
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Table 1. General characteristics of RA patients (n=167)
Parameter

Female/male, n(%)

AAO, years, Me [25th; 75th]|

RA duration, years, Me [25th; 75th]
RF+, n(%)

ACPA+, n(%)

RF+, ACPA+, n(%)

Erosive arthritis, n(%)

Morning stiffness, min, Me [25th; 75th]
SJIC, Me [25th; 75th]

TJC, Me [25th; 75th]

CRP, g/L, Me [25th; 75th]
DAS28-CRP, Me [25th; 75th]

RF, IU/mL, Me [25th; 75th]
ACPA, U/mL, Me [25th; 75th]

HAQ, M+SD

Note: SJIC — swollen joint count; TJC — tender joint count; HAQ — Health Assessment Question-

naire.

oping RA in general, but the results of many studies are often
contradictory and depend on the ethnicity of the population
studied [16—19]. The influence of IL-6 gene polymorphisms on
phenotypic features of RA, particularly on AAO, remains largely
unexplored. It can be hypothesized that certain allelic variants as-
sociated with increased production of this cytokine may contribute
to earlier disease onset, whereas other genetic variants may be as-
sociated with later onset.

Current data suggest the existence of age-associated RA phe-
notypes that differ in immunological profile, clinical presentation,
and prognosis [20, 21]. Identifying genetic markers associated
with RA AAO may have important practical implications for
earlier identification of at-risk patients with potentially more
severe disease, thereby enabling personalized therapeutic
approaches.

Objective — to study the distribution of IL-6 gene alleles and
genotypes in RA patients depending on AAQO, and to assess their
significance as molecular genetic markers of predisposition to
developing RA at an older age.

Material and Methods

The study included 108 patients receiving outpatient and in-
patient care at V.A. Nasonova Research Institute of Rheumatology
in 2022—-2023, who were enrolled in the fundamental research
project FURS-2022-008 (state assignment Ne1021051503137-7).
All patients provided informed consent to participate in the study.
The study was approved by the local ethics committee of V.A. Na-
sonova Research Institute of Rheumatology (Protocol
No24 dated 01.12.2022).

To increase the sample size, an additional 59 patients from
the program “Early Arthritis: Diagnosis, Outcome, Criteria, Active

127(76.1)/40(23.9)

8.05[1.9; 23.17]

48.719.5; 177]
29.75 [1.9; 100]

1.075 £ 0.716

Treatment (RADIKAL),” with disease du-

Value ration not exceeding 2 years, were included

in the analysis.
General patient characteristics at en-

44 [33; 65] rollment are presented in Table 1. At the
time of inclusion, the median RA duration
12[5.5;22.5] was 12 [5.5; 22.5] years, with a predomi-
nance of females (76.1%). Most patients
113(67.6) .. .
were seropositive for rheumatoid factor
99(59.3) (RF, 67.6%) and anti-cyclic citrullinated
peptide antibodies (ACPA, 59.3%), with
87(52) more than a half (52%) being positive for
64(38.3) both types of autoantibodies.
Patients were divided into two groups
60 [20; 120] based on AAO: Group 1 included patients
with RA AAO from 18 to 45 years (n=95);
3391 Group 2 included patients with RA AAO
10 [6: 15] 260 years (n=76). DNA from 301 healthy

blood donors served as controls. Donors
had no autoimmune pathology and were
comparable in sex and age to the patient
groups.

Venous blood samples were collected
from all patients upon admission, put into
K2EDTA tubes and stored frozen at -70°C
until DNA extraction and genotyping.
Genotyping of the IL-6 gene polymorphism
(-174G/C, rs1800795) was performed using
real-time polymerase chain reaction with
original sequence-specific primers and
probes labeled with different fluorescent dyes (Syntol, Russia).
Genotyping was conducted according to the manufacturer’s in-
structions. Automatic registration and interpretation of results
were performed using the domestic innovative detecting amplifier
“DTprime” (DNA-Technology, Russia).

Statistical analysis. Quantitative variables are presented as
mean and standard deviation (M+SD), and where normal distri-
bution was absent, as median with interquartile range (Me [25th;
75th percentiles]). Normality of distribution was tested using the
Shapiro—Wilk test. Qualitative variables are presented as absolute
values and relative frequencies (%). Differences in allele and
genotype distribution between groups were assessed using the chi-
square (x?) independence test. To estimate the risk of disease de-
velopment, the odds ratio (OR) and 95% confidence interval (CI)
were calculated using logistic regression analysis. Differences were
considered statistically significant at p<0.05.

312.2;4.6]

Results

Comparative analysis of 167 RA patients revealed significant
differences between groups with early (<45 years) and late (=60
years) AAO. Despite comparability in sex and disease duration
(p>0.05), the serological profile differed: patients with AAO <45
years were significantly more often ACPA-positive than those
with late AAO (66.3% vs. 50.0%, respectively; p=0.034). Meanwhile,
the late-onset RA group showed significantly higher CRP levels
(p=0.023) and more pronounced functional impairment according
to HAQ (p=0.015). SJC, tender joint count (TJC), and DAS28-
CRP did not differ significantly between the groups (Table 2).

The distribution of IL-6 (rs1800795) CC, CG, and GG geno-
types differed statistically significantly between the two patient
groups (p=0.01; Table 3). The minor CC genotype was more
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Table 2. Comparative clinical and laboratory characteristics of patients with early- and late-onset RA

Parameter Group 1 (n=95), Group 2 (n=72), ]
AAO RA <45 years AAO RA >60 years

Female/male, n(%) 75(78.9) / 20(21.1) 52(72.2)/20(27.8) 0.314
AAO, years, Me [25th; 75th] 36 [29; 42] 66.5 [62; 70] 0.000
RA duration, years, Me [25th; 75th]| 12 [7; 22] 8[5;24] 0.167
RF+, n(%) 66(69.5) 47(65.3) 0.566
ACPA+, n(%) 63(66.3) 36(50) 0.034
RF+, ACPA+, n(%) 55(57.9) 32(44.4) 0.085
Erosive arthritis, n(%) 33(34.7) 31(43.06) 0.274
Morning stiffness, min, Me [25th; 75th] 60 [30; 120] 52.5[16.25; 120] 0.662
SIC, Me [25th; 75th] 51(3; 9] 6[3;10] 0.441
TIJC, Me [25th; 75th] 9[5; 15] 10 [7; 15] 0.488
CRP, g/L, Me [25th; 75th] 6.6 [1.1; 19] 10.6 [3; 24] 0.023
DAS28-CRP, Me [25th; 75th] 2.98 [2.08; 4.28] 3.06 [2.4; 5.3] 0.239
RF, IU/mL, Me [25th; 75th] 44.919.5; 167] 49 [9.5; 180] 0.920
ACPA, U/mL, Me [25th; 75th] 48.8 [3.25; 100] 11.4[0.7; 100] 0.117
HAQ, M*=SD 0.95 + 0.68 1.23 £0.73 0.015

frequent in the AAO =60 years group than in the AAO<45 years
group (31.9% vs. 12.6%; p=0.002) and in the control group (31.9%
vs. 17.9%, respectively; p=0.01; see Figure).

When compared with the control group, RA patients carrying
the CC genotype had nearly three times higher risk of developing
the disease at an age =60 years compared with carriers of GG+GC
genotypes (OR 3.25 [1.39—7.65]; p=0.004).

Correlation analysis to identify associations of IL-6 genotypes
and alleles with clinical and laboratory parameters revealed no
statistically significant differences.

Discussion

The association of IL-6 -174G/C (rs1800795) polymorphism
with susceptibility to RA has been repeatedly confirmed in genetic
studies; however, these data are contradictory, as the distribution
of polymorphic variants differs depending on the population
studied. For example, a case-control study conducted in Delhi
(India) found that the C allele was more frequent in RA patients
than in controls (OR 0.1928; 95% CI 0.0926—0.3928; p=0.00001),
and the CC genotype was associated with increased RA risk in
North Indians (OR 40.902; 95% CI 2.208—757.6; p=0.013).

A meta-analysis by the same authors, including 12 studies in
Asian, Caucasian, and mixed populations, showed that the CC
genotype was associated with RA risk in Asian populations
(OR 4.886; 95% CI 1.830—13.043; p=0.002), but this was not
confirmed in the Caucasian population (OR 1.138; 95% CI 0.809—
1.600; p=0.458) [16]. In contrast, studies in Turkish and Mexican
populations demonstrated that the 1L-6 -174G/C (rs1800795)
polymorphism was not associated with RA risk [17, 18]. A study
by Russian authors also found no statistically significant differences
in genotype and allele frequencies between RA patients and healthy
donors, but stratification by age revealed an association of the
above polymorphism with RA AAO [19].

Existing data on the association of the IL-6 -174G/C poly-
morphism with RA AAO are scarce. It is hypothesized that the
same genetic variants may play a protective role or contribute to
disease development at different ages. For instance, a case-control
study in the United Kingdom found that the IL-6 -174G/C poly-
morphism was significantly associated with susceptibility to systemic
juvenile rheumatoid arthritis, with the strongest association in
children with disease onset <5 years. In this patient group, genotype
distribution differed significantly from controls, with a significant

Table 3. Frequency of genotypes and alleles of the -174 G/C (rs1800795) polymorphism of the /L-6 gene in RA patients depending on AAO, n (%)

Genotypes/alleles -174 G/C Group 1 (n=95), Group 2 (n=72), Control group P
AAO RA <45 years AAO RA >60 years (n=301) (AAO RA <45 vs. >60)
GG 36 (37,9) 25 (34,7) 85(28,3)
GC 47 (49,5) 24 (33.,4) 162 (53,8) x> =9.91
CC 12 (12,6) 23 (31,9) 54 (17,9) 0,01
G 119 (62,6) 74 (51,4) 332 (55,1)
C 71 (37,4) 70 (48,6) 270 (44.,9) 0,04
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%
100,0
90,0 87,4 82,1
80,0
70.0 68,1
60,0
50,0
40,0 31,9
30,0
20,0 12,6 I 17,9
]
y ]
Age of onset RA Age of onset RA Control
<45 years >60 years group
W Genotype GG + GC m Genotype CC

Comparison of the frequency of CC and GG + GC
genotypes in the study groups

predominance of the heterozygous GC genotype (64% vs. 44%)
and a statistically significant reduction in the homozygous CC
genotype (7% vs. 18%; overall genotype distribution p=0.01). The
homozygous CC genotype was significantly associated with lower
RA risk (OR 0.34; 95% CI 0.12—0.98; p=0.04) [22].

Interestingly, a study conducted in the Republic of Belarus
reported alternative findings on the association of the IL-6
-174G/C polymorphism with RA and juvenile idiopathic arthritis
(JIA). In JIA patients, a significant association with disease risk
was found: the homozygous CC genotype (OR 2.19; 95% CI
1.31-3.67; p=0.01) and the C allele (OR 1.44; 95% CI 1.04—
2.00; p=0.03) were significantly more frequent than in controls.
However, in adults with RA, this association did not reach statistical
significance [23].

It should be noted that RA and JIA are distinct nosological
forms that may differ in the inductive and effector phases of
pathogenesis; therefore, the differential role of the IL-6 -174G/C
(rs1800795) polymorphism in these diseases cannot be excluded.
For example, Pascual et al. [24] found no significant differences
in genotype distribution or allele frequencies of the IL-6 -174G/C
(rs1800795) between RA patients and healthy donors. However,

the authors concluded that IL-6 genotype may influence the
AAO. Significant differences were found in the mean AAO between
patients homozygous for the C allele (43.2%16 years) and those
homozygous for the G allele (51.25+12 years), p=0.03, with CG
heterozygotes having a mean AAO of 48.8+13 years.

Our study demonstrated statistically significant differences in
genotype distribution between patients with early and late RA
onset, confirming the genetic heterogeneity of the disease depending
on AAO. The CC genotype of the -174 G/C polymorphism in the
IL-6 gene was identified as a significant risk factor for RA
developing at an age 260 years. This allows this genetic variant to
be considered a predictor of RA onset at an older age, which may
serve as a basis for distinguishing a separate RA phenotype with
older age onset [25]. Additionally, we found that patients with
AAO 260 years, unlike those with early onset, had higher CRP
levels, while the frequency of ACPA positivity was significantly
lower in this group. Despite comparable DAS28 scores in both
groups, functional impairment according to HAQ was significantly
more pronounced in late-onset patients. Thus, RA with onset in
the older age group is associated with a higher acute-phase response
and greater functional impairment, but a less pronounced au-
toimmune component. Our results are consistent with data reported
by other authors [26, 27].

Another important aspect of our study was the examination
of the association of the IL-6 -174G/C (rs1800795) polymorphism
with phenotypic features such as RF, ACPA, and the presence of
erosions. However, no statistically significant association was
found between these parameters, which is consistent with data
from national and international studies [17, 19].

Conclusion

The results of this study indicate that the examined polymor-
phism plays an important role as a genetic marker of predisposition
to RA at an older age, emphasizing the validity of distinguishing
RA phenotypes based on the AAO of the disease. In the future,
studying genetic predisposition to RA may facilitate the development
of more precise algorithms for individual risk assessment and pre-
ventive strategies in rheumatology depending on patient age.
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