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Knee osteoarthrosis (OA) is a multifactorial disease with genetic factors playing an important part in its development. 

Our research goal was to examine associations between polymorphic variants rs1060105 and rs56116847 of SBNO1 gene, 
rs6499244 of NFAT5 gene and rs34195470 of WWP2 gene and developing stage 4 knee osteoarthrosis in people living in the 
Central Chernozem Region in Russia. 

Genotyping of polymorphic loci of candidate genes was accomplished in 95 patients with stage 4 knew osteoarthrosis 
and 500 people without the disease who were included into the reference group. We estimated associations between poly-
morphic loci of candidate genes and knee OA by using logistic linear regression within the allele, additive, recessive and 
dominant genetic models with gPLINK software. 

As a result, we replicated an association between a GWAS-significant rs6499244 polymorphism of NFAT5 gene and 
knee OA in people living in the Central Chernozem Region in Russia. An allele variant A of rs6499244 of NFAT5 gene was 
established to be “a risk factor” regarding stage 4 knee OA within the additive (OR = 1.61, рperm = 0.02) and recessive 
(OR = 2.07, рperm = 0.02) genetic models. The rs6499244 locus of NFAT5 gene is located in an area of DNAse I hypersensi-
tivity; it increases DNA affinity to four transcription factors (CDP_6, RFX5_known1, RORalpha1_2, TCF4_known1); it is 
localized in functionally active promoters and enhancers; it is associated with expression of nine genes (CLEC18A, COG4, 
EXOSC6, NFAT5, NOB1, NPIPB14P, NQO1, PDXDC2P, SMG1P7) and alternative mRNA splicing of three genes (NOB1, 
NPIPB14P, NQO1) in various organs and tissues in the body including those that are pathogenetically significant for OA 
(fat tissue, tibial nerves and arteries, and skeletal muscles). 

Keywords: knee osteoarthritis, NFAT5 gene, polymorphic locus, associations, candidate genes, risk factor, nuclear 
factor of activated T cells 5, evaluation of functional effects produced by polymorphism. 
 

 
Knee osteoarthrosis (OA) or gonarthrosis 

is a complex disease that involves degenera-
tive, dystrophic and sometimes inflammatory 
changes in tissues forming the knee joint (car-
tilage, menisci, subchondral bone, synovial 
membrane, ligaments, and fibrous capsule) as 
well as in tissues beyond it, which are still an 
integral part of functions performed by the 
knee joint and are located close to it (tendons 
and muscles) [1]. According to data available 
in literature, OA prevalence is different in dif-
ferent populations across the world [2–5]. OA 

prevalence varies from 1.5 to 29.1 % in Euro-
pean countries [2, 3, 6–8] whereas this indica-
tor is higher in Asia where it can reach 44 % 
[9–12]. According to official statistics, in Rus-
sia 13 % of people who are older than 18 have 
OA of the knee or hip joint [5, 13] and this 
corresponds to the disease prevalence in Euro-
pean populations. Gonarthrosis is also known 
to become more frequent among older people 
and its prevalence is higher among women [6, 
14]. We should remember that knee OA de-
velops in working age population thus deterio-
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rating their health and resulting in untimely 
disability [15]. 

Osteoarthrosis, just like some other hu-
man diseases, is considered a multifactorial 
disease that occurs due to interactions between 
several environmental, epigenetic and genetic 
risk factors [16]. As it has been stated in re-
search works, a contribution made by the ge-
netic component to OA development may vary 
from 40 to 65 % [17, 18]. Genetic grounds for 
OA development are being actively studied by 
various research teams who perform whole-
genome sequencings aimed at detecting rele-
vant associations. According to the GWAS 
Catalog, over a period from 2008 up to now 
24 whole-genome sequencings have been ac-
complished with their focus on the knee and 
hip joints as well as hand joints1. As a result, 
researchers have detected more than 250 
GWAS-significant single-nucleotide polymor-
phisms (SNPs) associated with OA develop-
ment. We should note that 13 out of 24 studies 
have concentrated on examining a role that 
belongs to genetic factors in knee OA devel-
opment; they made it possible to establish 
more than 80 polymorphic loci associated with 
risks of knee OA development (p ≤ 5·10-08). 
The majority of these loci that are GWAS-
significant for knee OA (more than 95 %) 
were established by analyzing samplings made 
of Caucasian people. But we should also note 
that Russian people have never been included 
in samplings analyzed in the aforementioned 
whole-genome sequencings. 

In addition to whole-genome sequencing 
of OA, we should mention replication studies 
that are also significant. They give an opportu-
nity to establish a role played by specific po-
lymorphic markers that are GWAS-significant 
for OA in development of the disease in a 
given population across the world, Russian 
ones included. According to data available in 
literature, by now there has been a rather lim-
ited number of replication studies with their 
focus on knee OA and OA with other localiza-
tions performed in various populations world-

wide [19–26]. These replication studies have 
established associations with the disease for 
isolated GWAS-significant polymorphic 
loci: OA in general, 4 SNPs (rs2302061, 
rs7639618, rs4836732, rs3204689); knee OA, 
7 SNPs (rs4867568, rs143383, rs3884606, 
rs10947262, rs7639618, rs6976, rs2302061). 
Three out of seven SNPs (rs4867568, 
rs143383, rs3884606) had a confirmed asso-
ciation with knee OA in Asian populations and 
four SNPs (rs10947262, rs7639618, rs6976, 
rs2302061) in European ones or in mixed 
samplings that included both Europeans and 
Asians. 

It is important to point out that in Rus-
sian literature there has been only one replica-
tion study focusing on OA among women in 
Bashkortostan [26]. The authors analyzed as-
sociations between OA in women and nine 
GWAS-significant polymorphisms including 
rs4836732of ASTN2 gene; rs1298744 and 
rs2302061 of DOT1L gene, rs3204689 of 
ALDH1A2 gene, rs6976 of GLT8D1 gene, 
rs11177 of GNL3 gene, rs6094710 of NCOA3 
gene, rs11841874 of MCF2L gene, and 
rs7639618 of DVWA gene. The analysis was 
performed in two groups, the test one made of 
256 patients and the reference one made of 161 
women without the disease. The study con-
firmed associations with OA with different lo-
calizations only for five SNPs (rs2302061 
DOT1L, rs7639618 DVWA, rs4836732 ASTN2, 
rs6976 GLT8D1, and rs3204689 ALDH1A2); an 
association with knee OA was confirmed only 
for three SNPs, namely rs2302061 DOT1L, 
rs7639618 DVWA, and rs6976 GLT8D1.  

Therefore, there are more than 80 known 
polymorphic loci that are GWAS-significant 
for knee OA. Still, any associations with the 
disease among European populations are con-
firmed by replications studies only for four of 
them, namely rs10947262 of BTNL2 gene, 
rs7639618 of COL6A4P1 gene, rs2302061 of 
DOT1L gene, and rs6976 of GLT8D1 gene 
and this is extremely insufficient. We should 
note that these replication studies performed 

__________________________ 
 
1 GWAS Catalog. The NHGRI-EBI Catalog of human genome-wide association studies. National Human Genome 

Research Institute. Available at: https://www.ebi.ac.uk/gwas/search?query=osteoarthritis (May 20, 2022). 
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on European populations (or mixed sam-
plings) have not confirmed any associations 
with knee OA for 10 SPNs. All the aforemen-
tioned facts call for conducting further repli-
cation studies of knee OA in various popula-
tions, Russian included. 

Our research goal was to examine asso-
ciations between polymorphic variants 
rs1060105 and rs56116847 of SBNO1 gene, 
rs6499244 of NFAT5 gene, and rs34195470 of 
WWP2 gene and developing stage 4 knee os-
teoarthrosis among people living in the Central 
Chernozem Region in Russia. 

Materials and methods. To conduct our 
study, we created two samples. The first  
one, or the test group, was made of 95 pa-
tients with knee OA (their average age was 
52.69 ± 5.67 years); the second one was the 
reference group made of 500 people (their 
average age was 52.96 ± 6.72 years). All the 
patients had radiological stage 4 of the dis-
ease characterized with the most apparent de-
struction of various joint tissues, first of all, 
cartilage and bone [2]. Clinical and instru-
mental examinations of the patients were per-
formed and their diagnosis was verified by 
certified physicians at the Traumatology De-
partment No. 1 of the Belgorod City Hospital 
No. 2. We relied on the following criteria 
when including patients into our test group:  
a) a patient had primary knee OA diagnosed 
in accordance with clinical and radiological 
criteria developed by the American College 
of Rheumatology [27]; b) a patient had stage 
4 knee OA as per Kellgren – Lawrence scale 
[28]; c) a patient suffered from knee joint 
pains (pain syndrome intensity was ≥ 40 mm 
as per the visual-analog scale when walking); 
d) movement was limited in the knee joint. 
The reference group included people without 
any pathology of the musculoskeletal system 
(its absence was identified during periodical 
medical examinations). All the participants 
were born in the Central Chernozem Region, 
were native Russians and were not blood rela-
tives; they all gave their consent to participate 
in the study prior to it. People with severe hy-
pertension, ischemic heart disease, diabetes 
mellitus, liver and kidney failure or oncologi-

cal diseases were excluded from the analyzed 
samples. 

We examined genome DNA in our study. 
It was isolated from leukocytes by phenol chlo-
roform extraction. DNA samples were geno-
typed by performing the polymerase chain reac-
tion with TaqMan probes. 

We selected polymorphic loci of candi-
date genes to analyze them in our study using 
the following criteria: 1) an association with 
knee OA established in European population 
by previous whole-genome studies (GWAS); 
2) apparent functional significance of a poly-
morphism (regulatory potential, an association 
with expression and alternative gene splicing) 
[29, 30]; 3) frequency of a polymorphism be-
ing not less than 5 %. Four SPNs of three 
genes were selected for the present study in 
accordance with these criteria. They were 
rs1060105 and rs56116847 of SBNO1 gene, 
rs6499244 of NFAT5 gene and rs34195470 of 
WWP2 gene. 

We determined empirical distribution of 
genotypes for the analyzed samplings and 
checked whether it corresponded to a theoreti-
cally expected one in accordance with the 
Hardy – Weinberg law (deviations were con-
sidered statistically significant at p ≤ 0.05). 
When comparing frequency of alleles and 
genotypes in the test group (patients with OA) 
and the reference group, we applied χ2 crite-
rion with Yates’s correction for continuity and 
contingency 2×2. Intensity of associations was 
estimated using odds ratio (OR) with 95 % 
confidence interval (95 % CI) with STATIS-
TICA for Windows 6.0. Associations between 
OA and the analyzed polymorphic loci of can-
didate genes were estimated by using logistic 
linear regression (we considered four genetic 
models, namely, allele, additive, recessive and 
dominant one), such covariants as age and 
BMI taken into account. All the calculations 
were performed with gPLINK software [31]. 
We performed multiple comparison correction 
allowing for a permutation test (pperm < 0.05 
was considered statistically significant) [32]. 

We estimated functional effects produced 
by polymorphism of candidate genes that had 
significant associations with OA by using 
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HaploReg (v4.1)2 to examine regulatory poten-
tial [29, 33] and GTExPortal3 to examine in-
fluence exerted on gene expression and alter-
native splicing [30]. 

Results and discussion. We established 
that the actual distribution of genotypes corre-
sponded to the expected one according to the 
Hardy – Weinberg equilibrium for all the ana-
lyzed polymorphic loci of candidate genes in the 
test and reference groups (p > 0.05) (Table 1). 

We analyzed associations between alleles 
and genotypes of examined candidate genes 
polymorphism and developing stage 4 knee 
OA and established an association between 
rs6499244 locus of NFAT5 gene and the dis-
ease (Table 1). The logistic regression analysis 
revealed that the minor allele A in rs6499244 
of NFAT5 gene had certain “risky” signifi-
cance for OA within the additive (OR = 1.61, 
95 % CI = 1.09–2.38, p = 0.02, рperm = 0.02) 
and recessive (OR = 2.07, 95 % CI = 1.10–3.90, 
p = 0.02, рperm = 0.02) genetic models. 

Therefore, we identified a genetic risk 
factor of knee OA development in our study. 
This factor is the allele A in rs6499244 of 
NFAT5 gene. 

The next stage in our study involved ana-
lyzing regulatory effects produced by 
rs6499244 of NFAT5 gene (using up-to-date 
bioinformatics resources). The analysis re-
vealed that this locus had critical functional 
importance in the body. 

 Use of HaploReg (v4.1)2 made it possible 
to establish that rs6499244 was located in the 
3'-non-translated area in NFAT5 gene, in an 
evolutionary conservative area of DNase I hy-
persensitivity in ovary tissues, in a region of 
regulatory motifs to four transcription fac-
tors (CDP_6, RFX5_known1, RORalpha1_2, 
TCF4_known1). We identified that rs6499244 
of NFAT5 gene was localized in a DNA area 
associated with histones (H3K27ac) that 
marked active enhancers in chondrocyte cell 
culture, brain, fat tissue, and peripheral blood 
cells. It was also localized in a DNA-area in-
teracting with H3K9ac type histones that 

marked functionally active promoter sections 
in fat tissue cells and primary mononuclear 
cells in peripheral blood. The allele A, which 
is “risky” as regards OA development, in-
creases affinity to four transcription factors: 
CDP_6 (ΔLOD = 3,3), RFX5_known1 
(ΔLOD = 10,9), RORalpha1_2 (ΔLOD = 
12), TCF4_known1 (ΔLOD = 5). 

Use of GTExPortal3 made it possible to 
establish that the locus rs6499244 had a sig-
nificant association with expression of nine 
genes (CLEC18A, COG4, EXOSC6, NFAT5, 
NOB1, NPIPB14P, NQO1, PDXDC2P, 
SMG1P7) and alternative mRNA splicing of 
three genes (NOB1, NPIPB14P, NQO1) in cell 
cultures, tissues and organs that had pathoge-
netic significance for OA development (fat 
tissue, skeletal muscles, tibial arteries and 
nerves) (Table 2). We revealed that rs6499244 
was associated with expression of CLEC18A, 
EXOSC6, NPIPB14P, SMG1P7 genes and al-
ternative mRNA splicing of three genes 
NOB1, NPIPB14P, NQO1 in fat tissues. Fat 
tissue is known to produce adipokines that not 
only participate in metabolic processes but 
also make for chronic inflammatory reactions 
in the body. Adipokines and some other cytoki-
nes act together and these combined actions lead 
to cartilage tissue degradation [34]. T.N. Boer 
with colleagues (2012) showed that levels of 
adipokines were substantially higher in pa-
tients with radiological stage 4 osteoarthrosis 
than in the reference group (p < 0.001) [35]. 
We should note that NFAT5 gene also partici-
pates in regulating inflammatory reactions in 
the body due to activation of immune cells, 
especially T-cells and macrophages [36]. 

We established that the allele А in 
rs6499244 of NFAT5 gene was associated with 
low expression of CLEC18A, NOB1, NPIPB14P 
genes and alternative mRNA splicing of NOB1 
gene in skeletal muscles (Table 2). The condition 
of muscle tissues, muscle weakness included, is 
known to make a substantial contribution to OA 
development and progressing [37, 38]. Muscle 
weakness can be caused not only by absence of

__________________________ 
 
2 HaploReg v4.1. Available at: http://compbio.mit.edu/HaploReg (May 18, 2022). 
3 GTExPortal. Available at: http://www.gtexportal.org/ (May 18, 2022). 
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T a b l e  1  
Frequencies of alleles and genotypes established for polymorphic loci of candidate genes in the 

patients with stage 4 knee OA and the reference group 

Polymorphism Alleles, genotypes 
Patients with stage  

4 knee OA (n = 95), 
abs.(%) 

Reference group 
(n = 500), 
abs.(%) 

OR (95 % CI) p 

С 149 (78.42 %) 788 (78.80 %) 0.98 (0.66–1.95)
T 41 (21.58 %) 212 (21.20 %) 1.02 (0.69–1.52) 0.98 

C/C  58 (61.05 %) 315 (63.00 %) 0.92 (0.57–1.48) 0.81 
C/T 33 (34.74 %) 158 (31.60 %) 1.15 (0.71–1.87) 0.63 
T/T 4 (4.21 %) 27 (5.40 %) 0.77 (0.22–2.39) 0.82 
Ho/He  
(PHWE) 0.347/0.338 (1.000) 0.316/0.334 (0.229)   

Minor allele T 
(allele model)   1.02 (0.70–1.49) 0.91 

C/Cvs. C/Tvs. T/T 
(additive model)   1.24 (0.77–1.98) 0.38 

C/Cvs. C/T + T/T  
(dominant model)   1.37 (0.78–2.42) 0.28 

rs1060105 

C/C + C/Tvs. T/T  
(recessive model)   0.95 (0.25–3.65) 0.94 

G 119 (62.63 %) 640 (64.26 %) 0.93 (0.67–1.30)
A 71 (37.37 %) 356 (35.74 %) 1.07 (0.77–1.50) 0.73 

G/G 37 (38.95 %) 213 (42.77 %) 0.85 (0.53–1.37) 0.56 
A/G 45 (47.37 %) 214 (42.97 %) 1.19 (0.75–1.90) 0.50 
A/A 13 (13.68 %) 71 (14.26 %) 0.95 (0.48–1.87) 1.00 
Ho/He  
(PHWE) 0.474/0.468 (1.000) 0.430/0.459 (0.145)   

Minor allele A 
(allele model)   1.07 (0.78–1.48) 0.67 

G/G vs. A/G vs. A/A  
(additive model)   0.84 (0.56–1.28) 0.42 

G/Gvs. A/G + A/A 
(dominant model)   0.82 (0.47–1.45) 0.50 

rs56116847 

G/G + A/Gvs. A/A  
(recessive model)   0.76 (0.33–1.77) 0.53 

T 94 (49.47 %) 543 (54.30 %) 0.82 (0.60–1.14)
A 96 (50.53 %) 457 (45.70 %) 1.21 (0.88–1.68) 0.25 

T/T 26 (27.37 %) 157(31.40 %) 0.82 (0.49–1.38) 0.51 
A/T 42 (44.21 %) 229 (45.80 %) 0.94 (0.59–1.49) 0.86 
A/A 27 (28.42 %) 114 (22.80 %) 1.34 (0.80–2.26) 0.29 
Ho/He  
(PHWE) 0.442/0.500 (0.304) 0.458/0.496 (0.087)   

Minor allele A 
(allele model)   1.21 (0.89–1.66) 0.22 

T/T vs. A/T vs. A/A  
(additive model)   1.61 (1.09–2.38) 0.02 

T/T vs. A/T + A/A 
(dominant model)   1.74 (0.91–3.32) 0.09 

rs6499244 

T/T + A/Tvs. A/A  
(recessive model)   2.07 (1.10–3.90) 0.02 

G 101 (53.72 %) 523 (52.40 %) 1.05 (0.76–1.46)
A 87 (46.28 %) 475 (47.60 %) 0.95 (0.67–1.31) 0.80 

G/G 24 (25.53 %) 136 (27.25 %) 0.92 (0.54–1.56) 0.83 
A/G 53 (56.38 %) 251 (50.30 %) 1.28 (0.80–2.04) 0.33 

rs34195470 

A/A 17 (18.09 %) 112 (22.45 %) 0.76 (0.42–1.39) 0.42 
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E n d  o f  t h e  t a b l e  1   
 

Polymorphism Alleles, genotypes 
Patients with stage  

4 knee OA (n = 95), 
abs.(%) 

Reference group 
(n = 500), 
abs.(%) 

OR (95 % CI) p 

Ho/He  
(PHWE) 0.564/0.497 (0.222) 0.503/0.499 (0.929)   

Minor allele A 
(allele model)   0.95 (0.69–1.30) 0.74 

G/G vs. A/G vs. A/A  
(additive model)   0.97 (0.64–1.47) 0.89 

G/Gvs. A/G + A/A 
(dominant model)   1.05 (0.55–2.01) 0.88 

 

G/G + A/Gvs. A/A  
(recessive model)   0.87 (0.42–1.77) 0.69 

N o t e :  OR is odds ratio, 95 % СI is 95 % confidence interval of odds ratio, p is the significance level, Ho/He 
is observed / expected heterozygosis, PHWE is the significance level of a deviation from the Hardy – Weinberg law. 

 

T a b l e  2  
Data on associations between rs6499244 of NFAT5 gene expression (eQTL) and alternative 

mRNA splicing (sQTL) of genes in cells, tissues and organs pathogenetically significant for OA  

Gene Tissue/organ/cell culture The significance 
level p 

Linear regression 
coefficient β 

eQTL analysis 
Thyroid gland 1.9e-9 -0.35 
Fat tissue 2.4e-7 -0.30 CLEC18A 
Skeletal muscles 0.000057 -0.18 

COG4 Fibroblast cell culture 0.000041 -0.10 
Fat tissue 0.0000038 -0.21 EXOSC6 Thyroid gland 0.00040 -0.14 
Thyroid gland 9.1e-19 0.18 NFAT5 Fibroblast cell culture 0.0000012 0.083 
Skeletal muscles 3.9e-10 -0.11 
Thyroid gland 3.3e-7 -0.14 NOB1 
Brain 0.000020 -0.33 
Tibial nerves 4.7e-15 -0.31 
Fibroblast cell culture 1.4е-13 -0.28 
Aorta 3.0e-10 -0.27 
Tibial artery 3.8е-10 -0.21 
Blood 1.0e-9 -0.17 
Brain 2.0e-9 -0.42 
Skeletal muscles 6.7e-9 -0.21 

NPIPB14P 

Fat tissue 7.6e-7 -0.17 
NQO1 Brain 0.000061 -0.21 
PDXDC2P Blood 0.000029 0.11 
SMG1P7 Fat tissue 0.00013 -0.16 

sQTL analysis 
Skeletal muscles 3.8e-36 -0.61 
Fat tissue 8.1e-33 -0.66 
Tibial artery 2.0e-30 -0.62 
Thyroid gland 7.9e-30 -0.56 
Fibroblast cell culture 3.4e-29 -0.68 
Tibial nerves 3.6e-26 -0.63 

NOB1 

Blood 1.2е-16 0.42 
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E n d  o f  t h e  t a b l e  2  
  

Gene Tissue/organ/cell culture The significance 
level p 

Linear regression 
coefficient β 

Blood 2.8e-9 -0.34 
Fat tissue 0.0000032 0.29 NPIPB14P 
Fibroblast cell culture 0.0000059 -0.28 
Fibroblast cell culture 2.9е-8 0.30 
Fat tissue 1.6е-7 0.31 NQO1 
Tibial nerves 0.000023 0.25 

N o t e :  eQTL and sQTL are data taken from GTExPortal [30]. 
 

physical loads in muscles or their low levels but 
also by inflammation in them [38] which can be 
regulated, among other things, by NFAT5 gene 
[36]. S. Muraki and others (2015) showed that 
weakness of the quadriceps muscle of thigh was 
associated with pains in patients with knee OA 
[37]. B.E. Oiestad with colleagues performed a 
systemic review and meta-analysis (2015) and 
obtained certain data on weakness of knee joint 
muscles being associated with elevated risks of 
knee OA both in men and women [38].  

S.J. Rice and others (2019) provided data 
on associations between the locus rs7359336 
that was not in equilibrium regarding coupling 
with rs6499244 (r2 = 0.91), which we analyzed 
in our study, with elevated DNA methylation 
in WWP2 gene in patients with OA [39]. The 
authors also established a substantial increase 
in CLEC18A gene expression in cartilage tis-
sue in patients who had arthroplasty to treat 
OA (p = 0.02). 

NFAT5 gene is known to code a transcrip-
tion factor that regulates expression of genes 
participating in osmotic stress in mammals. 
The latter can become a basis for developing 
pathological processes in various hyperosmo-
lar tissues and organs (the kidneys, intestinal 
epithelium, cornea and skin epidermis, and 
skeletal muscles)4 [40, 41]. Some data confirm 
a role NFAT5 gene plays in creating inborn 
immunity by activating gene expression in 
macrophages during TLR (Toll-like) receptor 
ligation [36, 42, 43]. We should note that im-
mune disorders and inflammation of the syno-

vial membranes (synovitis) are believed to 
contribute significantly to OA pathogenesis [2, 
44, 45]. In future this may lead to “activation” 
of matrix metalloproteinases [46] that produce 
apparent proliferative and pro-inflammatory 
effects. TLR2 and TLR4 are known to be ex-
pressed intensely in macrophages of synovial 
fluid and to be responsible for macrophages 
activation [47]. NFAT5 gene also plays an im-
portant role in proliferation of synoviocytes 
[48]. Inflammatory infiltrate of synovial fluid 
taken from patients with gonarthrosis contains 
large quantities of macrophages and T-lym-
phocytes [44]. According to data available in 
literature, macrophages mostly prevail in this 
infiltrate accounting for 65 %, followed by  
T-lymphocytes with their share being up to 
22 % and B-lymphocytes up to 5 % [49]. 

There is a rather limited number of stud-
ies with their focus on how the locus 
rs6499244 of NFAT5 gene (which is associ-
ated with knee OA as we have established in 
the present study) is involved into develop-
ment of various human diseases. The GWAS 
Catalog provides data on the results produced 
by only two whole-genome sequencings that 
revealed significant associations between the 
analyzed locus and knee osteoarthrosis [50] 
and an age when menarche occurs [51]. Thus, 
I. Tachmazidou with colleagues performed a 
GWAS study (2019) on samples made of 
77,052 patients who had OA with different 
localizations, knee OA included, and 378,169 
people in the reference group. The study estab-

__________________________ 
 
4 GeneCards: The Human Gene Database. Available at:  http://www.genecards.org/ (May 20, 2022). 
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lished an association between the allele A in 
rs6499244 of NFAT5 gene and knee OA in an 
European population [50] and this is com-
pletely in line with our results.  

Conclusion. Our study confirmed (repli-
cated) an association between the GWAS-
significant polymorphic variant rs6499244 of 
NFAT5 gene and knee OA in people living in 
the Central Chernozem Region in Russia. We 
established that the allele A in rs6499244 
NFAT5 was a risk factor of stage 4 knee OA 
(OR = 1.61–2.07). rs6499244 polymorphism 
of NFAT5 gene produces apparent functional 
effects (it is located in an area of DNase I hy-
persensitivity, increases DNA affinity to four 

transcription factors, is localized in function-
ally active promoters and enhancers and is as-
sociated with expression of nine genes 
(CLEC18A, COG4, EXOSC6, NFAT5, NOB1, 
NPIPB14P, NQO1, PDXDC2P, SMG1P7) and 
alternative mRNA splicing of three genes 
(NOB1, NPIPB14P, NQO1)) in various tissues 
and organs (tibial nerves and arteries, fat tis-
sue, skeletal muscles and others) that are in-
volved into pathophysiology of the disease. 
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