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Abstract

The present study aimed to analyse and compare the distribution of MICA (rs1051792) and  
NKG2D/KLRK1 (rs1154831, rs1049174, rs2255336) polymorphisms in 61 Greek and 100 Polish pa-
tients with rheumatoid arthritis in relation to the presence of the HLA-DRB1 shared epitope and clinical 
parameters. Genotyping of selected polymorphism was performed using real-time PCR. HLA-DRB1 
shared epitope alleles segregated differently in Greek and Polish patients but in both populations were 
detected in over 60% of cases. The rs1051792-A variant was more common among SE-positive Polish 
patients (p = 0.003) while the rs1049174-G allele was more frequently observed in Greeks than in Poles  
(p < 0.001). Moreover, among Greek patients, the rs1051792-GG homozygotes more frequently present-
ed with anti-CCP antibodies and rheumatoid factor (RF), while carriers of the rs1049174-G variant and 
rs1154831-CC homozygotes were characterized by lower disease activity scores (p < 0.05 in all cases). 
These results imply that, in addition to the HLA-DRB1 SE alleles, MICA and NKG2D polymorphisms 
may also play a role in rheumatoid arthritis.
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Introduction
Rheumatoid arthritis (RA) is described as a common 

autoimmune disease, characterized by chronic, symmetric 
joint inflammation. It causes bone and cartilage destruction 
leading to functional disability and is considered as an in-
dividual, social and economic problem [1, 2]. RA occurs 
in 1% of the population worldwide with female predomi-
nance [3]. The risk of RA can increase up to 60% in people 
with certain genetic factors [4]. 

One of the most significant genetic links to the dis-
ease is the HLA-DRB1 shared epitope and the major hy-
pothesis describing it was enunciated in the late 1980s.  
The shared epitope (SE) is a specific five amino acid se-

quence in positions 70 to 74 within the antigen-binding 
groove of HLA-DR-b chains [5]. 

The shared epitope is responsible for antigen presenta-
tion, T-cell repertoire and self-peptide selection and may 
have a role in autoreactive adaptive immune response stim-
ulation. HLA-DRB1 is recognized as being associated with 
RA in those patients who are positive for the rheumatoid 
factor (RF) or anti-cyclic citrullinated peptide (anti-CCP) 
[6]. It was found that 70% of anti-CCP positive patients 
possessed one of the SE variants [7]. It seems that anti-CCP 
positive and anti-CCP negative disease types are different 
in terms of the genetic background of RA development [8]. 

Furthermore, the strength of association is different 
for separate allelic variants. In North Europeans, a pow-
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erful risk variant is HLA-DRB1*04:01, especially with-
in the HLA-DRB1*04:04/04:01 heterozygous genotype. 
In contrast, DRB1*13:01 seems to play a protective role 
in anti-CCP positive disorder [9, 10]. Among Greek RA 
patients, DRB1*04:05, DRB1*01:01 and DRB1*10:01 
belong to the most frequent SE alleles [11]. This is not 
surprising, as in general there are differences in HLA-
DRB1 allele distribution between the Polish and southern 
European populations [12]. 

Despite that, environmental factors such as smoking, 
which has been identified as the main inductor of citrulli-
nation, may be harmful in combination with HLA-DRB1 
molecules and promote the autoimmune reaction [13]. 

Variability within the KLRK1 gene coding for an ac-
tivator of the immune system — Natural Killer Group 2, 
Member D (NKG2D), a receptor belonging to the C-type 
lectin-like family of transmembrane proteins – constitutes 
another RA related genetic factor. The NKG2D receptor 
is expressed on the natural killer (NK) cell surface as well 
as CD8+T cells and γδ+ T cells [14]. The T lymphocytes 
and NK cells, both of which express NKG2D, are recog-
nized as being an important part of RA pathogenesis [15]. 
This may suggest potential involvement of NKG2D in RA. 
Increased numbers of unique CD4+ cells lack the CD28 
molecule and express the NKG2D receptor. It was also 
observed in peripheral blood and synovial tissue of patients 
suffering from this disease [15, 16].

NKG2D is associated with multiple ligands, but among 
the first described were MHC class I-chain related pro-
teins, MICA and MICB, with the ability to activate NK 
cells [17]. Exposure to cellular stress, infection, inflam-
mation and DNA damage upregulate MIC expression [18]. 
Previously investigated single nucleotide polymorphisms 
in MICA and NKG2D regions suggested an association 
with susceptibility to RA in German and Indian patients 
[19, 20]. Nonetheless, to the best of our knowledge, there 
has been no study examining MICA and NKG2D variants 
in both Polish and Greek populations. 

Our recent findings regarding the effect of MICA [21] 
and NKG2D polymorphism on RA treatment outcome 
[22] have prompted us to analyse and compare the genet-
ic variability of Greek and Polish patients with respect to 
the presence of the HLA-DRB1 SE as well as MICA and 
NKG2D variants. 

Material and methods

Patients and controls
61 Greek and 100 Polish RA patients, diagnosed ac-

cording to the 2010 American College of Rheumatology 
(ACR)/European League Against Rheumatism (EULAR) 
criteria, were investigated. Collected data of the patients 
are summarized in Table 1. The study was approved by 
the Wrocław Medical University Ethics Committee and 
Evangelismos Hospital. 

Genotyping

The single nucleotide polymorphisms (SNPs) in the 
genes coding for MICA and its receptor, NKG2D, were 
selected based on available literature analysis as well as 
search results from the NCBI Database of Short Genet-
ic Variations (dbSNP). Information regarding predicted 
functional consequences of SNPs was obtained using the 
SNPinfo Web Server [23]. The following SNPs were se-
lected: MICA rs1051792 (G>A; missense variant in exon 3 
– Val129Met), KLRK1 rs1154831 (C>A; intronic vari-
ant; potential transcription factor binding site), KLRC4- 
KLRK1 rs1049174 (C>G; 3′ untranslated region (UTR); 
potential miRNA binding site) and KLRC4-KLRK1 
rs2255336 (A>G; nonsynonymous polymorphism in  
exon 4 – Thr72Ala). 

Genotyping for MICA rs1051792, KLRK1 rs1154831 
and KLRC4-KLRK1 rs1049174 was performed using 
a LightSNiP assay (TIB MOLBIOL, Germany). The  
KLRC4-KLRK1 rs2255336 was studied employing 
a TaqMan SNP genotyping assay (Thermo Fisher Scientif-
ic, Waltham, MA, USA). The LightCycler 480 Real-Time 
PCR system (Roche Diagnostics, Rotkreuz, Switzerland) 
was used in this analysis. HLA-DRB1 alleles were geno-
typed by polymerase chain reaction (PCR) followed by hy-
bridization with sequence-specific oligonucleotide probes 
(PCR-SSOP), PCR with sequence specific primers (PCR-
SSP) or sequence-based typing (SBT). Genotyping results 
were correlated with clinical parameters. 

Statistical analysis

Potential associations between examined SNPs and 
clinical parameters of RA patients were analysed by 
Fisher’s exact test for parametric values. The same test 
was also used to compare genotype variation distribution 
within patients. P-values less than 0.05 were considered 
statistically significant. All statistical calculations were 
performed using the GraphPad7 Prism software. 

Table 1. Characteristics of Polish and Greek rheumatoid 
arthritis (RA) patients

Variables RA patients (N)

Poland
(n = 100)

Greece
(n = 61)

Females/males (% females) 92/8 (92.0) 37/24 (60.7)

Age (years) [mean ±SD] 49.6 (±11.7) 65.8 (±10.7)

Disease onset (years) [mean ±SD] 37.9 (±11.9) 52.6 (±16.2)

DAS28 level at baseline [mean ±SD] 6.50 (±0.65) 3.71 (±1.62)

CRP level at baseline [mean ±SD] 23.1 (±29.6) 2.04 (±2.78)

anti-CCP positive [%] 90 (90.0%) 46 (75.4%)

RF-positive [%] 54 (54.0%) 47 (77.0%)

DAS28 – disease activity score, CRP – C-reactive protein, RF – rheumatoid 
factor, anti-CCP – anti-cyclic citrullinated peptide autoantibodies, SD – standard 
deviation 
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Results and discussion
HLA-DRB1 SE has been of particular interest for 

many years, especially in regard to its association with RA 
[10, 11].

Table 2 depicts SE risk alleles in both Greek and Polish 
RA patients. As expected, the majority of patients, 62.3% 
of Greek and 72.0% of Polish RA cases of the present 
study, were characterized by the presence of HLA-DRB1 
SE alleles. Also in line with the results of the previous 
studies, involving both studied populations of RA patients, 
DRB1*01:01, *04:05 and *10:01 were predominantly rep-
resented among Greek patients [24-26] while DRB1*01:01 
and *04:01 alleles were predominantly represented among 
Polish patients [10]. The latter DRB1*04:01 allele was as-
sociated with RA susceptibility in various populations as 
shown, for example, also for UK patients [27]. Accord-
ing to another study in UK patients, HLA-DRB1*04:04 
is more frequently observed than HLA-DRB1*01:01, es-
pecially in anti-CCP-positive and RF-positive RA patients 
[28]. On the other hand, in Korean RA patients, HLA-
DRB1*04:05 correlated with the disease [29], whereas 
other HLA-DRB1 alleles, such as *04:05, *04:01, *09:01, 
*01:01, *14:01, *16:02, *04:03, and *14:05, were sig-
nificantly associated with RA in the Japanese [30]. These 
results underline the differences in HLA-DRB1 SE segre-
gation between various populations and confirm the pre-
dominant representation of specific HLA-DRB1 SE alleles 
associated with the RA risk among Greek and Polish pa-
tients.

For the past few years, non-classical HLA polymor-
phism, including MICA and NKG2D, has been investi-
gated in Polish patients with RA [21, 22, 31]. As those 
publications were focused only on one population, there is 
still a lack of knowledge about the effect of these genetic 
factors in Greeks [11, 26]. Therefore, in the present study, 

MICA and NKG2D polymorphisms were also analysed in 
a group of Greek patients. 

Firstly, we compared the distributions of MICA al-
leles and their association with HLA-DRB1 alleles in both 
groups of patients. As shown in Table 3, no significant dif-
ferences were observed in genotype distribution between 
Polish and Greek patients within MICA rs1051792. In both 
groups the AA homozygous MICA genotype was the rarest. 

No significant differences were observed in the pres-
ence of the SE among Greek patients with various MICA 
rs1051792 alleles or genotypes. However, the Polish A al-
lele carriers were more likely to possess one of the HLA-
DRB1 SE alleles (p = 0.003), particularly DRB1*01:01 
and/or DRB*01:02 (p = 0.001) (Fig. 1). 

Secondly, MICA rs1051792 polymorphism was inves-
tigated for a potential association with clinical parameters 
in both Polish and Greek RA patients. A subsequent anal-

Table 2. HLA-DRB1 shared epitope frequency in rheuma-
toid arthritis (RA) patients

Variables Poland  
(n = 100)

Greece  
(n = 61)

HLA-DRB1 n (%) n (%)

SE positive 72 (72.0) 38 (62.3)

*01:01 29 (35.8) 13 (29.5)

*01:02 2 (2.47) 2 (4.54)

*04:01 27 (33.3) 3 (6.82)

*04:04 10 (12.3) 5 (11.4)

*04:05 0 (0.0) 11 (25.0)

*04:08 7 (8.64) 1 (2.27)

*10:01 6 (7.41) 9 (20.5)

The most frequent HLA-DRB1 SE alleles are marked in bold. Note that the 
frequencies of HLA-DRB1*04:01, *04:05, *10:01 significantly differ between 
the two groups of patients (p < 0.001, p < 0.001, and p = 0.044, respectively).

Table 3. Distribution of MICA and NKG2D alleles, geno-
types in rheumatoid arthritis (RA) patients

Variables Poland  
n (%)

Greece  
n (%)

MICA rs1051792

GG 37 (37.0) 26 (44.1)

GA 45 (45.0) 24 (40.7)

AA 18 (18.0) 9 (15.2)

G 119 (59.5) 76 (64.4)

A 81 (40.5) 42 (35.6)

NKG2D rs1154831

CC 71 (71.0) 37 (60.7)

CA 27 (27.0) 20 (32.8)

AA 2 (2.00) 4 (6.60)

C 169 (84.5) 94 (77.0)

A 31 (15.5) 28 (23.0)

NKG2D rs1049174

CC 42 (42.0)a 10 (16.4)

CG 49 (49.0) 31 (50.8)

GG 9 (9.00) 20 (32.8)b

C 133 (66.5) 51 (41.8)

G 67 (34.5) 71 (58.2)

NKG2D rs2255336

AA 2 (2.00) 4 (6.56)

AG 35 (35.0) 18 (29.5)

GG 63 (63.0) 40 (65.6)

A 39 (19.5) 24 (19.7)

G 161 (80.5) 98 (80.3)
a CC vs. G+, p < 0.001, b GG vs. C+, p < 0.001
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ysis revealed that the GG homozygotes are more frequent 
among Greek patients with anti-CCP antibodies and RF as 
compared to those carrying the A variant (p = 0.038 and  
p = 0.028, respectively) (Fig. 2). It has been also docu-

mented by Alexiou et al. that a higher level of anti-CCP 
antibodies may have prognostic significance in Greek 
patients with extra-articular manifestation [32] as well as 
radiographic joint damage [33]. 
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On the other hand, these relationships between anti-CCP 
and RF positivity and MICA GG homozygosity detected in 
Greeks were not seen in the Polish group of RA patients. 
Note, however, the results of our previous study by Iwaszko 
et al. documenting that MICA rs1051792 polymorphism can 
affect the efficiency of anti-tumour necrosis factor (TNF) 
therapy in Polish patients [21]. Thus this MICA polymor-
phism seems to play a significant role also in Polish RA pa-
tients. In a German and French cohort, the MICA rs1051792 
G allele was also associated with disease development risk 
[19]. Interestingly, the correlation between GG homozy-
gotes and RF presence was shown in Tunisians [34], which 
is in line with our results for the Greek cohort. 

In the third part of the study, we focused on analysis 
of the NKG2D genetic variants. The mechanism and func-
tions of MICA-128Met/Val (G/A) dimorphism in disease 
pathogenesis remain partly obscure [35]. However, it has 
been documented that the protein encoded by the MICA-
129-Met (A) allele is characterized by stronger interaction 
with NKG2D than the alternative Val (G) isoform. There-
fore, downregulation of NKG2D by the Met (A) variant is 
more efficient.

The role of NKG2D genetic variants, including those 
selected in the present study (rs1049174, rs2255336), has 
been previously investigated by Mariaselvam et al. in re-
gard to RA susceptibility in an Indian population. Howev-
er, this study did not reveal any statistically significant cor-
relation between those single nucleotide polymorphisms 
and clinical parameters of the disease [20].

In this present study, the NKG2D rs1049174 G vari-
ant and GG homozygosity were more frequent among 
the Greeks than the Polish patients (p < 0.001) (Table 3). 
However, no significant differences were observed in gen-
otype distribution between Polish and Greek patients with-
in NKG2D rs1154831 and NKG2D rs2255336.

Moreover, the NKG2D rs1049174 G variant was found 
to be associated with lower disease activity score in Greek 
RA patients (p = 0.032, Fig. 3A). In addition, NKG2D 
rs1154831 CC homozygotes were also characterized by 
a lower disease activity score (p = 0.015, Fig. 3B). This is 
a novel observation not previously described. This finding 
is supported by a Korean study conducted by Park et al., 
where presence of NKG2D rs2255336 wild type homozy-
gosity, but not NKG2D rs1049174, resulted in an increased 
risk of RA [36]. 

Summarizing the above, HLA-DRB1 SE alleles are 
well-documented risk factors for RA development, but 
the association of particular alleles varies between popula-
tions. The vast majority of Polish and Greek patients with 
RA are positive for SE alleles, but DRB1*01:01, *04:05 
and *10:01 predominate among Greek while DRB1*01:01 
and *04:01 predominate among Polish patients. Differenc-
es between the two populations are also seen with respect 
to the other genetic loci. In Polish patients the presence of 
DRB1 SE is associated with the MICA rs1051792 A allele. 
Among Greek patients, the NKG2D rs1051792-GG ho-
mozygotes more frequently presented with anti-CCP anti-
bodies and RF, while carriers of the NKG2D rs1049174-G 
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variant and rs1154831-CC homozygotes were character-
ized by lower disease activity scores (p < 0.05 in all cases).

In conclusion, the results of the present study show 
that HLA-DRB1 SE alleles, as well as MICA and NKG2D 
genetic variants, are associated with RA development and 
their frequencies differ between the Greek and Polish pop-
ulations of RA patients. 
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