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Abstract
Objective

Rheumatoid arthritis (RA) is a complex, multifactorial autoimmune disease, whose aetiopathogenesis involves genetic 
and environmental factors. The aim of this case-control study is to confirm the impact of interaction of genetic and 

environmental factors in the pathogenesis of RA in Greek smoker and non-smoker patients. 

Methods
We assessed the effects of shared epitope (SE) alleles and smoking on the presence of ACPA autoimmunity in three 
hundred Greek patients with longstanding RA (150 smokers and 150 non-smokers). Three hundred and forty-six 

Greek blood donors volunteers and hospital personnel served as controls.  

Results
An increased frequency of HLA-DRB1 *01:01, *10:01, *04:04 and *04:05 alleles, as well as the protective role 

of *04:03 allele in Greek patients were confirmed during comparison with controls. The presence of any SE influenced
 the development of RA (OR: 4.37[3.13-6.11], p<0.001). A strong effect for ACPA production was observed in individuals 
carrying any SE allele (OR: 4.3[2.57-7.22], p<0.001). Single SE carriers in combination with smoking had an increased 
risk of developing ACPA-positive RA (OR: 6.53[1.47-28.91], p=0.013), which further increased in smokers with a double 
gene copy (OR: 15.27[1.39-167.52], p=0.026). The strongest interaction, with regard to ACPA-positive RA, was observed 

in individuals that possessed the HLA-DRB1 *01:01 (OR: 12.55[1.32-119.35], p=0.028) SE allele, whereas the 
combination of SE genes and smoking did not influence the risk of ACPA-negative RA (OR: 2.01[0.76-5.26], p=0.15). 

Conclusion
We identified that smoking and the presence of SE alleles increased the risk of developing ACPA-positive RA, indicating 

a strong genetic-environmental correlation that probably triggers the pathogenesis of RA in Greek patients.
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Introduction 
Rheumatoid arthritis (RA) is a chronic, 
systemic inflammatory disease that af-
fects up to 1% of adult population (1) 
and predominantly involves synovial 
joints (2), resulting structural damage 
of cartilage, bone and ligaments (1-3). 
Subsequently, extra-articular manifes-
tations may occur, affecting significant-
ly morbidity and mortality of patients. 
The aetiology is not fully understood, 
however genetic and environmental 
factors influence the disease pathogen-
esis (2, 5). 
A genetic background has been estab-
lished in twin and family studies, and 
RA heritability reached 60% (6). The 
strongest genetic association is thought 
to be within the major histocompat-
ibility complex (MHC), also known as 
the human leukocyte antigen system 
(HLA), particularly the HLA-DRB1 
gene, accounting for 30–50% of the 
total predisposition (7). The HLA-DR 
molecules are heterodimers, consisting 
of an α (DRA) and a β-chain (DRB), 
the two chains are anchored to the mem-
brane of the antigen-presenting cells 
and their basic function is presentation 
of antigenic peptides to T-lymphocytes 
(8, 9). Multiple HLA-DRB1 alleles en-
coding the shared epitope (SE) amino 
acid sequence at positions 70 to 74 in 
the third hypervariable region of the 
DRB1 molecule have been associated 
with a higher risk of RA (10). The SE 
motif may be directly involved in RA 
pathogenesis by allowing the presenta-
tion of arthritogenic peptides to CD4 
T-cells, which further induce production 
of antibodies against cyclic citrullinated 
peptides (anti-CCP) by B-cells (6, 11).
Citrullination is a post-transcriptional 
procedure characterised by conversion 
of a peptidyl-arginine to peptidyl-cit-
rulline by peptidylarginine deaminase 
enzyme (PADI) (12). Citrullination 
imparts neo-antigenic properties to the 
protein molecule and takes place intra-
cellularly under conditions of cell apop-
tosis (12). 
ACPAs (anti-citrullinated protein anti-
bodies) are detected in the majority of 
RA patients, and they are highly spe-
cific for RA (95%), as 75% of patients 
with positive antibodies and undiffer-
entiated arthritis will develop RA at 

least three years later (13). Compared 
to rheumatoid factor (RF), they have 
a higher diagnostic value. In addition, 
seropositive patients experience a more 
aggressive form of disease, compared 
to seronegative patients, in terms of 
disease activity, radiographic damage 
and progression, while their presence 
may predict erosive disease (14). The 
distinction between ACPA-positive and 
ACPA-negative RA proved particularly 
useful once the determinant effect of 
genetic factors (HLA-DRB1-SE) on se-
ropositive RA was recognised (14, 15). 
A strong association between SE alleles 
and ACPAs in RA patients has been 
found, suggesting that DR molecules 
encoded by SE alleles are involved in 
the presentation of citrullinated pep-
tides to T-cells (16). A study with hu-
man DR4 transgenic mice reported that 
the presence of citrullinated peptides 
leads to increased affinity to DR mole-
cules and subsequent activation of CD4 
T-cells (16, 17). 
Smoking has been recognised as the 
most important relevant environmental 
risk factor only for ACPA-positive dis-
ease, particularly in individuals carry-
ing one or two copies of HLA-DRB1 
SE (14, 18). Numerous studies have 
highlighted a strong genetic and envi-
ronmental interplay between smoking 
and SE alleles in the risk of developing 
ACPA-positive RA, which increases in 
proportion to the cumulative exposure 
to smoking, measured in pack-years (3, 
19, 20). This could be explained by the 
observation of citrullinated proteins in 
the lungs of smokers, which upon bind-
ing to HLA class II molecules, are pre-
sented to CD4 T-cells (12). Thus, smok-
ing is associated with an increased risk 
of developing RA by inducing the pro-
duction of ACPA antibodies, suggest-
ing mechanisms associated with B-cell 
activation (6). Recent studies have indi-
cated that smoking not only influences 
the ACPAs positivity but also correlates 
with elevated levels of ACPAs and RF 
(21). However, the precise mechanism 
by which smoking contributes to ACPA 
production in patients with different ge-
netic background remains unclear. The 
reported results are conflicting, possi-
bly due to genetic and environmental 
heterogeneities among different studied 
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populations. The genetic background 
differs between ethnicities. For in-
stance, in Greek RA patients, SE alleles 
are detected in about half of them and 
disease seems to be milder (22, 23). 
This is a case-control study with preva-
lent cases in order to confirm the impact 
of environmental and genetic factors in 
the pathogenesis of RA in the Greek 
population. More specifically we aim 
to assess the association of HLA-DRB1 
SE and smoking in the presence or ab-
sence of ACPA autoimmunity in Greek 
RA patients.

Materials and methods
We conducted a case-control study of 
300 Greek patients with longstanding 
RA who were followed up at the De-
partment of Pathophysiology, School 
of Medicine, University of Athens and 
Department of Rheumatology of KAT, 
General Hospital of Attica. All pa-
tients met at least four of the American 
College of Rheumatology criteria for 
RA (ACR 1987) at the time of enrol-
ment (24). Three hundred and forty-
six Greek blood donor volunteers and 
hospital personnel with known HLA-
DRB1 status served as controls, with 
consideration given to age and gender, 
after answering questionnaire about to-
bacco exposure and blood sampling for 
ACPA determination. Participation was 
voluntary and written consent obtained 
from all patients. This study has been 
approved by the research ethics com-
mittee of the National and Kapodistrian 
University of Athens (protocol code 
180 and date of approval 18.09.2019). 
The data that support the findings of 
this study will be available in request 
from the corresponding author. The 
data are not publicly available due to 
privacy or ethical restrictions.
At inclusion, cases and controls were 
asked to provide blood samples and 
smoking history was assessed by ques-
tionnaires. Current and past smokers 
were classified as smokers and those 
who had never smoked were classi-
fied as non-smokers. ACPA antibodies 
were determined by an enzyme-linked 
immunosorbent assay (ELISA) using 
commercial kits (QUANTA Lite In-
ova – Diagnostics Inc. San Diego CA 
92131). An antibody titre ≥25IU was 

considered as positive. Genomic DNA 
was extracted from peripheral venous 
blood using salting-out procedures (25). 
The HLA-DRB1 high-resolution typ-
ing was performed by molecular tech-
niques: polymerase chain reaction and 
hybridisation with sequence-specific 
oligonucleotide probes and/or specific 
primers (PCR-SSOP, PCR-SSP) (26, 
27) in the Department of Immunology - 
Histocompatibility of the Evangelismos 
General Hospital of Athens. The HLA-
DRB1 *01:01, *01:02, *04:01, *04:02, 
*04:03, *04:04, *04:05, *04:08, *10:01 
were classified as the SE alleles.

Statistics
In a series of multiple logistic regres-
sion analyses, odds ratios (ORs) and 
95% confidence intervals were calcu-
lated, in order to compare the allelic 
frequency between cases and controls 
and to clarify the possible effects of SE 
alleles and smoking on ACPA antibody 
production. Presence of ACPAs was the 
dependent variable, non-smokers and 
non-SE carriers were served as refer-
ence groups. In addition, we investi-
gated the interaction between smoking 
and SE genes with regard to the risk 
of developing ACPA-positive RA, by 
performing multiple logistic regression 

analysis on a multiplicative scale. Anal-
yses were adjusted for age and gender, 
according to the principle of control 
selection. p-values less than 0.05 were 
considered as statistically significant. 
The Statistical Package for the Social 
Sciences, v. 25 (IBM SPSS statistics) 
was used.

Results 
Patients’ characteristics
The overall study population consisted 
of 300 Greek RA patients, with mean 
age 65.18±12.05 years and mean dis-
ease duration 10.23±6.43 years, and 346 
controls. In total 74.3% of cases were 
women, 57.7% were ACPA-positive 
and 64.7% possessed at least one copy 
of HLA-DRB1 SE allele. More specifi-
cally 47% and 17% of cases possessed 
a single and double copy of SE gene 
respectively. Among cases 50% were 
smokers and 50% had never smoked 
(Table I). Among our study population, 
only nine cases and five controls were 
past smokers; these individuals were 
classified as smokers for the purposes 
of this analysis.

SE alleles frequencies
An increased frequency of HLA-DRB1 
*01:01, *10:01, *04:04, *04:05 alleles, 

Table I. Characteristics of the patients and controls.

  RA patients (n=300) Controls (n=346)

Female (%) 223  (74.3) 260  (75.1)
Male (%) 77  (25.7) 86  (24.9)
Age (mean ± SD) years 65.18 ± 12.05 64.58 ± 11.73
Disease duration (mean ± SD) years 10.23 ± 6.43  -
Current smokers (%) 150  (50) 129  (37.3)
ACPA + (%) 173  (57.7) 106  (30.6)
HLA-DRB1 SE + (%) 194  (64.7) 101  (29.2)
SD: standard deviation

Table II. Frequencies of SE alleles in Greek RA patients and controls.

 RA patients n (%) Controls n (%) OR 95% CI, p-value

*01:01 67  (22.3) 32  (9.2) 3.24  [1.99-5.25], <0.001
*01:02 15  (5) 11  (3.2) 2.16  [0.93-5.03], 0.07
*04:01 10  (3.3) 7  (2) 2.12 [0.75-5.95], 0.15
*04:02 8  (2.7) 5  (1.4) 2.49  [0.75-8.2], 0.13
*04:03 13  (4.3) 21  (6.1) 0.99  [0.46-2.12], 0.9
*04:04 19  (6.3) 5  (1.4) 5.69  [2.04-15.9], 0.001
*04:05 45  (15) 15  (4.3) 4.56  [2.41-8.61], <0.001
*04:08 3  (1) 0  (0) 8.1  [0.41-158.4], 0.16
*10:01 62  (20.7) 14  (4) 6.47  [3.47-12.06], <0.001
Any SE 194  (64.7) 101  (29.2) 4.37  [3.13-6.11], <0.001
Single SE 141  (47) 83  (24) 4.12  [2.88-5.9], <0.001
Double SE 53  (17.7) 13  (3.8) 9.16  [4.75-17.68], <0.001
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as well as the protective role of *04:03 
alleles in Greek RA patients were 
confirmed (28, 29). The HLA-DRB1 
*01:01 allele was the most common 
found within the HLA-DR1 group, with 
allelic frequency of 22.3% among cases 
versus 9.2% of controls (OR: 3.24 [95% 
CI: 1.99–5.25], p<0.001). We identified 
HLA-DRB1 *10:01 allele in 20.7% of 
patients versus 4% of controls (OR: 6.47 
[95% CI: 3.47–12.06], p<0.001), HLA-
DRB1 *04:04 allele in 6.3% of patients 
versus 1.4% of controls (OR: 5.69 [95% 
CI: 2.04–15.9], p=0.001) and HLA-
DRB1 *04:05 allele in 15% among 
cases versus 4.3% among controls (OR: 
4.56 [95% CI: 2.41–8.61], p<0.001). 
Additionally, we confirmed the protec-
tive role of HLA-DRB1 *04:03 allele in 
Greek population, with a frequency of 
4.3% of patients versus 6.1% of controls 
(OR: 0.9, [95% CI: 0.46–2.12], p=0.9) 
(Table II).

Effects of HLA-DRB1 SE alleles 
and smoking on RA occurrence
After comparison of patients with con-
trols, we observed that the presence of 
any HLA-DRB1 SE highly influenced 
the development of RA (OR: 4.37 [95% 
CI: 3.13–6.11], p<0.001). More specifi-
cally, a double gene dose, notably in-
creased the RA occurrence compared to 
a single gene copy (OR: 9.16 [95% CI: 
4.75–17.68], p<0.001, OR: 4.12 [95% 
CI: 2.88–5.9], p<0.001, respectively). 
Tobacco exposure was also associated 
with increased RA occurrence (OR: 
1.67 [95% CI: 1.17–2.38], p=0.005).

Effects of HLA-DRB1 SE alleles 
on ACPA antibody production
The shared epitope status (single or dou-
ble gene) influenced the production of 
ACPA antibodies. A stronger effect was 
observed in individuals with a double 
copy of SE (OR: 17.19 [95% CI: 6.17–
47.85], p<0.001) compared to those with 
single SE allele (OR: 3.38 [95% CI: 
1.97–5.81], p<0.001), indicating a gene 
dosage effect on antibody formation. 
Among the analysed alleles, *01:01, 
*04:01, *04:04, *04:05 and *10:01 were 
significantly associated with production 
of ACPA antibodies (OR: 5.42 [95% CI: 
2.69–10.95], p<0.001, OR: 5.32 [95% 
CI: 1.04–27.27], p=0.045 OR: 9.06 

[95% CI: 2.34–35.02], p=0.001, OR: 
3.61 [95% CI: 1.66–7.85], p=0.001 and 
OR: 6.4 [95% CI: 3.04–13.49], p<0.001) 
respectively.

Effects of smoking on 
ACPA antibody production
Furthermore, we analysed the effect of 
smoking exposure on ACPAs produc-
tion and it was determined that smok-
ing conferred to a significant increase 
in production of auto-antibodies (OR: 
2.18 [95% CI: 1.27–3.74], p=0.004).

Interaction between smoking and 
HLA-DRB1 SE alleles in relation 
to ACPA-positive RA
We aimed to investigate the potential 
interaction between smoking and SE 
alleles for ACPA-positive RA by com-
paring the different combinations of 
smoking and SE for the presence of 
ACPA antibodies, in the two subsets 
of RA (Table III). Non-smokers with-
out the SE allele served as the refer-
ence group. Smoking slightly increased 
the risk for ACPA-positive RA in SE-
negative individuals (OR: 2.58 [95% 
CI: 1.02–6.56], p=0.04). Moreover, the 
presence of a single HLA-DRB1 SE 
allele in combination with smoking, 
appeared to increase the risk of devel-
oping ACPA-positive RA in Greek pa-
tients (OR: 6.53 [95% CI: 1.47–28.91], 
p=0.013, p=0.012 for interaction). This 
risk further increased among smokers 
who carried double copies of SE (OR: 
15.27 [95% CI: 1.39–167.52], p=0.026, 
p=0.01 for interaction). This gene-en-

vironment interaction was also evident 
when analysing the combination of to-
bacco exposure with different subtypes 
of SE alleles separately. Among the 
analysed SE alleles, only HLA-DRB1 
*01:01 in combination with smok-
ing conferred the highest risk (OR: 
12.55 [95% CI: 1.32–119.35], p=0.028, 
p=0.02 for interaction). The analysis of 
*01:01 SE allele resulted quite broad 
95% CI, probably due to small sample 
size of exposed cases among those who 
had never smoked and did not possess 
SE alleles. Finally, the combination of 
SE genes and smoking did not influence 
the risk of ACPA-negative RA (OR: 
2.01 [ 95% CI: 0.76–5.26], p=0.15).

Discussion 
Rheumatoid arthritis is a multifacto-
rial disease, influenced by genetic and 
environmental factors (3). HLA-DRB1 
SE alleles, represent the most important 
RA-associated genetic risk factor (30). 
The SE not only increases the likeli-
hood of developing RA, but also cor-
relates with earlier disease onset, more 
severe bone erosions and generation of 
ACPAs. SE allows the presentation of 
arthritogenic peptides to CD4 T-cells 
and further induces ACPAs production 
by B-cells (31). However, the strength 
of association between various SE al-
leles and RA susceptibility varies (30, 
32). According to some studies, HLA-
DR4 alleles seem to confer higher risk 
for ACPAs compared with HLA-DR1 
and HLA-DR10 alleles (30). This could 
be explained by the fact that different 

Table III. Odds ratio developing ACPA-positive RA in subjects exposed to different com-
binations of smoking and SE genes.

 ACPA +RA(n) OR 95% CI, p-value ACPA -RA(n) OR 95% CI, p-value
 (Ca/Co)  (Ca/Co) 

Single SE+/Sm+  51/4 6.53  [1.47-28.31], 0.013 * 20/14 2.7  [0.9-7.57], 0.06
Single SE+/Sm- 39/29 2.92  [1.42-6], 0.003 31/36 1.8  [0.8-3.3], 0.07
Single SE-/Sm+ 14/16 2.58  [1.02-6.56], 0.04 26/90 0.62  [0.35-1.09],0.09
Single SE-/Sm- 21/48 Ref.  45/96 Ref.
Double SE+/Sm+  37/1 15.27  [1.39-167.52], 0.026 ** 2/4 0.6  [0.11-3.27], 0.5
Double SE+/Sm- 11/8 3.71  [1.24-11.09], 0.019 3/0 8.78  [0.5-199], 0.13
Double SE-/Sm+ 14/16 2.58  [1.02-6.56], 0.04 26/90 0.62  [0.35-1.09], 0.09
Double SE-/Sm- 21/48 Ref.  45/96 Ref.
*01:01+/Sm+  41/1 12.55  [1.32-119.35], 0.028 *** 6/9 1.13  [0.25-5.14], 0.8
*01:01+/Sm- 12/13 1.15  [0.5-2.76], 0.7 8/9 1.49  [0.55-4.07], 0.42
*01:01-/Sm+ 61/20 4.91  [2.45-9.85], <0.001 42/99 0.74  [0.46-1.19], 0.21
*01:01-/Sm- 59/72 Ref.  71/123 Ref.

SE: shared epitope, Sm: smoking, Ca/Co: cases/controls, *p=0.012 for interaction, **p=0.01 for interaction, 
***p=0.02 for interaction.
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alleles encode different amino acid se-
quence at the position 70-74 of the third 
hypervariable region (HVR3) of the 
DB1 molecule, affecting the antigen 
binding affinity (12). However, Ting et 
al. presented that this different peptide 
affinity may occur due to β-chain poly-
morphisms that reside outside the SE 
motif (33). 
On the other hand, the genetic back-
ground of RA differs across different 
regions such as southern and north-
ern Europe, Asia and United States of 
America (28). For example, RA is less 
prevalent and less severe in southern 
than in northern Europe, where the SE 
alleles are detected in about 75% of RA 
patients and the disease course tends 
to be more severe (22, 23). In Greek 
RA patients, SE alleles are detected 
in about half and disease seems to be 
milder (28). 
Smoking is the most important and well 
recognised environmental risk factor 
for RA, inducing production of AC-
PAs only in SE carriers (34). In 2007, 
Klareskog et al. studied patients with 
early RA and by analysing cells from 
the bronchoalveolar lavage for the pres-
ence of citrullinated proteins, identified 
the strongest genetic-environmental in-
teraction between smoking and SE on 
the development of ACPA-positive RA, 
suggesting a new model of aetiology of 
the disease (34). In particular, the rela-
tive risk (RR) for ACPA-positive RA 
in smokers was 6.5 (95% CI 3.8–11.4) 
for single and 21 (95% CI 11–40.2) for 
double SE alleles carriers (34). Unlike 
the data of the EIRA study, a case – 
only analysis of 3 North American RA 
cohorts (NARAC, Inception Cohort 
and SONORA), verified a weak gene-
environment interaction between smok-
ing and SE alleles only in the NARAC 
cohort, indicating a need for further 
studies in order to detect other environ-
mental factors that may be associated 
with citrullination and RA (35). A study 
that analysed an African-American 
population with RA failed to show this 
SE-smoking interaction (36).
In a recent research, incident cases of 
RA were divided into four subgroups, 
based on the presence or absence of 
RF and ACPAs, and different effects of 
gene-environmental interaction were 

observed in each group (37). The most 
dramatic interaction was observed in 
cases with simultaneous presence of 
both autoantibodies, suggesting that 
smoking and SE may play different 
roles in the pathogenesis of different se-
rologically defined subsets of RA (37). 
A possible explanation could be that RF 
generated T-cell independent effects of 
smoking would enhance class II MCH-
dependent T-cell activation against 
citrullinated proteins at mucosal sites 
where smoke encounters the immune 
system (38). 
Based on these data, we conducted a 
case-control study in order to clarify the 
impact of environmental, life-style and 
genetic factors on development of RA. 
The studied population was genetically 
homogenous, consisting exclusively of 
Greek patients with RA and two basic 
conclusions emerged. Firstly, smoking 
and SE alleles were mainly associated 
with an increased risk of developing 
ACPA antibodies. Secondly, we ob-
served a significant genetic-environ-
mental interaction between smoking 
and SE alleles, particularly in cases of 
ACPA-positive RA. Additionally, we 
examined the hypothesis that different 
SE alleles in association with smoking 
interacted differently regarding devel-
opment of ACPA-positive RA. 
We observed that 64.7% of patients 
possessed at least one copy of HLA-
DRB1 SE allele, an increased fre-
quency of *01:01, *10:01, *04:04 and 
*04:05 alleles in Greek RA patients and 
the protective role of *04:03 alleles in 
comparison with controls. Presence of 
a single or double SE allele highly in-
fluenced the development of RA (OR: 
4.12 and OR: 9.16 respectively). Fur-
thermore, we analysed the impact of SE 
alleles on ACPAs production. A strong-
er effect was observed in patients with 
double SE copy (OR: 17.19) in contrast 
with individuals with a single SE one 
(OR: 3.38). Patients carrying *01:01, 
*04:01, *04:04, *04:05 and *10:01 al-
leles developed positive ACPAs. On the 
other hand, smokers were also at sig-
nificantly increased risk of developing 
ACPA autoantibodies, an observation 
that is consistent with previous stud-
ies (34, 44). In our study, SE interacted 
with smoking in the development of 

ACPA-positive RA. The risk of ACPA- 
positive RA was strongly influenced by 
the presence of a single HLA-DRB1 SE 
(OR: 6.53, p=0.012 for interaction) and 
further increased in smokers who pos-
sessed a double gene copy of SE (OR: 
15.27, p=0.01 for interaction). Smoking 
conferred to a smaller degree in the risk 
of developing ACPA-positive RA in SE 
negative patients. Among the analysed 
alleles, the stronger gene-environmen-
tal interaction was observed for the 
*01:01 allele. The estimated OR of in-
teraction models analyses should be in-
terpreted in the context of small sample 
sizes that resulted large 95% CI.
Certain SE alleles, such as HLA-DRB1 
*04:05 and *10:01 are prevalent in Asia 
but are less common in the Caucasian 
populations, in which instead HLA-
DRB1 *04:01 and *04:04 are more 
frequently found (39, 40). A meta-anal-
ysis revealed variations in the genetic 
predisposition to RA across different 
parts of Europe (28). In certain regions 
of southern Europe, particularly those 
outside the Mediterranean basin (e.g. 
northwestern Spain) the genetic sus-
ceptibility profile of RA resembles that 
of northern Europe (28). Even within 
the Mediterranean Europe region, some 
heterogeneity across areas, regarding 
the frequency of SE and the strength of 
the association with RA susceptibility 
was observed (28). This could be prob-
ably explained by the fact that SE al-
leles are less prevalent in Greeks than 
other Mediterranean populations (41). 
According to Reviron et al., in a Latin/
Greek population in southern France, 
DRB1 *01:01 was the most common 
SE allele (41%) followed by *04:01 
(25%) and *04:04 (13%) (42). Simi-
larly, in our studied population, *01:01 
allele was also the most prevalent SE 
allele (22.3%). Contrary to previous 
studies (41), our research indicated that 
a significant majority of Greek RA pa-
tients (64.7%) possess SE alleles, pos-
sibly due to larger sample size of our 
examined population. 
Our study’s strengths lie in its inclusion 
of RA patients and controls from a real-
world setting, where controls have been 
selected after being matched for age 
and gender. Additional advantages of 
our research include the genetic homo-



6 Clinical and Experimental Rheumatology 2025

Genetic and environmental interplay in RA / E.N. Mole et al.

geneity of the studied population, and 
the equal proportion of smokers and 
non-smokers, which reduced the risk of 
bias in assessing environmental effects. 
Furthermore, past smokers – as was 
previously mentioned – were classified 
as smokers, to capture the cumulative 
lifetime impact of tobacco exposure, 
which is relevant for understanding 
gene-environmental interactions in RA. 
This classification is consistent with 
prior research, showing that even a his-
tory of tobacco exposure, regardless of 
cessation, can contribute to RA patho-
genesis through sustained immune 
modulation (14).
We collected detailed smoking his-
tory, including the onset and duration 
of smoking relative to disease onset. 
While the long disease duration at en-
rolment may introduce some degree 
of recall bias, our structured data col-
lection was designed to minimise this 
limitation and improve reliability of 
smoking exposure assessment. None-
theless, we acknowledge that recall bias 
remains a potential source of error. 
Several studies across different popu-
lations-including Caucasian, Asian and 
African RA patients-have shown that 
smoking and/or SE alleles increased the 
risk of developing ACPA antibodies, 
suggesting a strong gene-environmental 
interaction on the disease pathogenesis 
(18, 31, 35, 43, 44). We demonstrated 
a significant interaction between smok-
ing and SE alleles in ACPA-positive 
RA and this might be explained by the 
observation that MCH class II immu-
nity may be triggered at sites in which 
smoke interacts with immune system, 
i.e. the lungs and related mucosal tis-
sues of smokers (45, 46). 
HLA class II molecules, exhibit a 
strong association with RA, but this as-
sociation accounts only for one-third of 
genetic susceptibility (47). Our study 
focused on HLA-related factors; how-
ever, other genes - such as PTPN22 and 
PADI4 - and additional environmental 
exposures (e.g. alcohol, coffee, tea, 
diet, occupational pollutants, and infec-
tions) may also play significant roles 
in RA pathogenesis (2, 35, 48). These 
factors were not assessed in the current 
analysis, which represents a limitation. 
Future work in our cohort will aim to 

incorporate a broader range of genetic 
and environmental variables to build a 
more comprehensive understanding of 
RA pathogenesis. A recent study com-
paring Greeks and Polish RA patients, 
investigated the distribution of gene 
polymorphisms in relation to the pres-
ence of HLA-DRB1 SE alleles. Results 
suggested that besides HLA-DRB1 
alleles, MICA and NKG2D polymor-
phisms are involved in RA develop-
ment, with their frequencies differing 
between the two populations (49). Ad-
ditionally, a recent case-control study 
revealed interactions between smoking, 
alcohol and HLA-DRB1 SE, in ACPA- 
positive RA, emphasising the need for 
further research into various environ-
mental and genetic factors for elucidat-
ing the aetiology and pathogenesis of 
RA (50). 
Multiple studies undertaken to date 
have revealed a completely new picture 
of RA pathogenesis and gave us the 
knowledge of existing ethnic hetero-
geneity among different populations. 
To the best of our knowledge, this is 
the first study conducted on Greek RA 
patients to explore the interaction be-
tween SE and smoking. We believe it 
will enhance the understanding of the 
pathogenesis and clinical presentation 
of the disease. In summary, our findings 
suggest that smoking or SE increase the 
risk of ACPA antibodies in patients with 
RA, while their combination results in 
higher risk for ACPA production, sug-
gesting a strong gene-environmental in-
teraction that triggers RA pathogenesis 
in the Greek RA patients. This interac-
tion seems to apply between smoking 
and HLA-DRB1 *01:01 allele.
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