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Аннотация
Цель – исследовать ассоциации полиморфизмов rs3134069, rs4355801 и 
rs3102735 гена TNFRSF11B с остеоартритом коленных суставов у женщин 
постменопаузального возраста.
Материал и методы. Обследовано 483 женщины постменопаузального 
возраста. Из них 157 пациентов имели остеоартрит коленных суставов. 
Остальные 326 женщин не имели признаков заболевания суставов и со-
ставили контрольную группу. Все обследованные женщины при помощи 
метода полимеразной цепной реакции в режиме реального времени были 
обследованы на однонуклеотидные полиморфизмы rs3134069, rs4355801 
и rs3102735 гена TNFRSF11B. 
Результаты. Установлено, что распределение генотипов полиморфизмов 
rs3134069, rs4355801 и rs3102735 гена TNFRSF11B в общей группе об-
следованных женщин (n=483) соответствовало закону Hardy – Weinberg 
(р>0,05). Анализ частоты полиморфных вариантов гена TNFRSF11B по-
зволил выявить повышенную частоту генотипов АС или СС полиморфиз-
ма rs3134069 у больных с остеоартритом коленных суставов (OR=1,91; 

95% CI: 1,10–3,32; р=0,030). Также среди больных ОА была увеличена 
частота регистрации аллеля С вышеуказанного полиморфизма (OR=1,78; 
95% CI: 1,06–2,99; р=0,040). Для двух других исследованных полимор-
физмов гена TNFRSF11B (rs4355801 и rs3102735) связи с остеоартритом 
коленных суставов обнаружено не было (p>0,05).
Заключение. Повышенная частота регистрации генотипов АС или СС, 
а также аллеля С полиморфизма rs3134069 гена TNFRSF11B при остео-
артрите коленных суставов у женщин постменопаузального возраста 
свидетельствует о важной роли мутаций в гене TNFRSF11B в развитии 
и прогрессировании остеоартрита. Дальнейшие исследования в этом 
направлении представляют большой интерес как для более глубокого 
понимания патогенеза заболевания, так и для разработки критериев 
персонифицированного похода в профилактике и лечении остеоартрита 
коленных суставов у женщин постменопаузального возраста.
Ключевые слова: женщины, постменопауза, остеоартрит, полиморфиз-
мы, ген остеопротегерина.
Конфликт интересов: не заявлен.
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Abstract
Aim – to investigate the associations of rs3134069, rs4355801 and 
rs3102735 polymorphisms in the TNFRSF11B gene with knee osteoarthritis 
in postmenopausal women. 
Material and methods. 483 postmenopausal women were examined, including 
157 patients with knee osteoarthritis. The remaining 326 women had no signs 
of joint disease and formed the control group. All examined women were tested 
using real-time polymerase chain reaction for single nucleotide polymorphisms 
rs3134069, rs4355801 and rs3102735 in the TNFRSF11B gene.
Results. It was found that genotypes distribution of polymorphisms 
rs3134069, rs4355801 and rs3102735 in the TNFRSF11B gene in the total 
group of examined women (n = 483) corresponded to the Hardy – Weinberg 
law (p > 0.05). The analysis of the polymorphic variants’ frequency in the 
TNFRSF11B gene revealed an increased frequency of AC or CC genotypes 
of rs3134069 polymorphism in patients with knee osteoarthritis (OR 

= 1.91; 95% CI: 1.10–3.32; p = 0.030). Also, the allele C frequency of 
the above-mentioned polymorphism was increased among patients with 
osteoarthritis (OR = 1.78; 95% CI: 1.06–2.99; p = 0.040). No association 
with knee osteoarthritis was found for two other studied polymorphisms in 
the TNFRSF11B gene – rs4355801 and rs3102735 (p > 0.05).
Conclusion. The increased frequency of genotypes AC or CC registration, 
as well as allele C of rs3134069 polymorphism in the TNFRSF11B gene in 
postmenopausal women with knee osteoarthritis indicates the important role of 
TNFRSF11B gene mutations in the osteoarthritis development and progression. 
Further research in this area is of great interest both for a deeper understanding 
of the disease pathogenesis and for the development of personalized approach in 
the prevention and treatment of knee osteoarthritis in postmenopausal women. 
Keywords: women, postmenopause, osteoarthritis, polymorphisms, 
osteoprotegerin gene.
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 INTRODUCTION

Osteoarthritis (OA) is one of the more common diseases 
of the musculoskeletal system. The chronic pathological 

process in OA may involve various joints. Most often, the 
disease affects the knee joints. Gonarthritis is a progressive 
disease with degenerative changes of all tissues of the knee 
joint: meniscus, cartilage, subchondral bone tissue, ligaments 
and muscles associated with them, and subcutaneous fat.

The incidence of OA grows significantly with age. 
Conducted epidemiological studies indicate the highest 
prevalence of pathology in middle age and especially in 
advanced and old age. Thus, in 33.2% of cases OA is found in 
people of retirement age, and, according to some data, among 
people over 60 years of age it even reaches 50% or more [1–4]. 
It should be noted that 10% of people over 55 years of age has 
damage to the knee joints, which is accompanied by severe 
functional impairments in a quarter of cases.

The damage to the knee joints in OA comes with pain, 
swelling, reduced range of motion and increasing loss of the 
joint function. The majority of patients demonstrates sleep 
disorders, reduced ability of performing exercise, lifting heavy 
objects and walking. Gradually, the capability to perform and 
to lead an independent life are decreasing. OA inevitably leads 
to the disability of the patient. As a result, due to the patient’s 
loss of ability to work, the costs of diagnosing and treating 
the pathology, paying for sick leave and disability pensions, 
knee joint disease places a huge burden not only on the family 
budget, but also on the budget of the entire healthcare system 
and society as a whole.

Recent achievements in the studies of pathogenesis of OA 
show new opportunities in the treatment of the disease and 
unlock promising mechanisms and targets for new therapeutic 
agents. It is to be noted, however, that now there are no methods 
of therapy to effectively stop the pathological process and 
further damage to the tissues of the joint or to eliminate any 
of the structural damage to the cartilage tissue that might have 
developed [5]. Total joint replacement in OA might involve 
adverse consequences, specifically, it may be accompanied 
with infectious complications and fibrosis [6]. Besides, despite 
the success in the development of artificial joints, the surgery 
is a high-risk and costly alternative to conservative therapy, 
and the service life of prosthetic devices is limited.

The very high incidence of ОА and the lack of therapy to 
ensure the structural and functional restoration of the joints 
indicate the necessity of development of up-to-date methods 
of early diagnosis and prevention of the disease. One of the 
measures to prevent the development of OA should be the 
identification of high-risk groups for the development of 

joint pathology for the timely administration of appropriate 
preventive programs to patients. To do that, the medical 
practitioners should have distinct criteria for early identification 
of people at high risk of OA and justify the need to prescribe 
preventive and therapeutic measures for them.

The development of prognostic criteria affecting the 
risk of developing the disease should be based on a deep 
understanding of its etiopathogenesis. It must be considered 
that OA is a polygenic, multifactorial pathology. Osteoarthritis 
is the result of combined action of several factors on the 
human organism that might conventionally be divided into 
two groups, genetic and non-genetic. The non-genetic risk 
factors of OA include excessive weight and obesity, metabolic 
syndrome, physical inactivity, trauma, advanced and old age, 
alcohol consumption, smoking, history of joint diseases (Reiter 
disease, gouty arthritis, etc.) [6]. One of the main predisposing 
factors to the disease is female gender, and postmenopausal 
women are most susceptible to the disease.

Undoubtedly, the most important contributor to the OA 
etiopathogenesis is the genetic component. The analysis 
of results of molecular and genetic studies of OA allowed 
identification of several hundred genes, whose polymorphisms 
may affect the risk of development of joint disease [7]. It is to 
be noted that among these candidate genes a group of genes 
are identified as coding the immune factors. Particularly, such 
genes as IL-11, TLR-4, TGFB1, TNFSF11 are mentioned. 
They participate in the development of the immune response 
and inflammation. There are some studies focusing on research 
of the role of polymorphisms of the gene TNFRSF11B in 
the development of the joint damage. This gene codes the 
osteoprotegerin (OPG), a cytokine from the family of tumor 
necrosis factor. In particular, a study was carried out on the 
role of genetic mutations in the said gene on the development 
of knee OA among the population of Great Britain and China 
[8–11]. No similar studies have been conducted in Russia.

 AIM
Study the associations of the polymorphisms of rs3134069, 

rs4355801 and rs3102735 in the TNFRSF11B gene with knee 
osteoarthritis in postmenopausal women.

 MATERIAL AND METHODS
The study was performed within a complex joint research 

of the Federal State Funded Educational Institution of Higher 
Education Donetsk State Medical University of the Ministry 
of Health of the Russian Federation and the S.I. Georgievsky 
Medical Academy of the Federal State Autonomous 
Educational Institution of Higher Education “Crimean 
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Federal University named after V.E. Vernadsky.” The study is 
approved by the Ethics Committee of the FSFEI HE DSMU 
of the Ministry of Health of the Russian federation (Protocol 
No. 27/5-1 dated 14.04.2021.) The analysis included results 
of diagnostic findings of 483 postmenopausal women. The 
median and interquartile range of age of the examined women 
were 61 [55; 67] years, duration of the menopause, 12 [6; 20] 
years. The height, weight and body mass index values were 
162 [157; 166] cm, 72 [64; 82] kg, and 27.6 [24.2; 31.3], 
respectively.

The design of the work involved a case-control study. 157 
patients with clinical and instrumental confirmed osteoarthritis 
of the knee joint were included in the main group, and the 
control group consisted of the remaining 326 women without 
signs of joint disease.

Inclusion criteria in the main group: female gender, 
postmenopause, osteoarthritis of the knee joints, written 
voluntary informed consent.

Inclusion criteria in the control group: female gender, 
postmenopause, absence of joint diseases, written voluntary 
informed consent.

Exclusion criteria: male gender, joint injuries, diseases of the 
endocrine and immune systems, rheumatic, mental, oncological 
and hematological pathologies, chronic inflammatory diseases.

The parameters of the women from the main and the control 
groups are given in Table 1. The results show a correlation 
between the representatives of the two groups in age (р=0.798) 
and duration of postmenopause (р=0.545).

To perform molecular genetic studies, peripheral blood 
of the patients was used that was sampled following an 
overnight fast into plastic vacuum blood tubes with EDTA 
as anticoagulant. Isolation of DNA from blood leukocytes 
was carried out using a set of reagents “PROBA-RAPID-
GENETIKA” (Scientific Production Company “DNK-
Technologia,” Russia). The isolated DNA sample was used 
to identify three polymorphisms of the gene TNFRSF11B – 
rs3134069 (245 A>C), rs4355801 (A>G), and rs3102735 (163 
(160) T>C).

To detect the above polymorphisms, the real time polymerase 
chain reaction method was used. Commercially available 
sets of reagents manufactured by Scientific Production 
Company “DNK-Technologia” LLC, (Russia). The method 
was implemented with the use of the following laboratory 
equipment: detecting amplifier DT-96 (Scientific Production 
Company “DNK-Technologia,” Russia,) high-speed laboratory 
centrifuge Micro-120 (Hettich Zentrifugen, Germany), 
solid-state thermostats 24-15 and microcentrifuges/shakers 
(“Biokom,” Russia), compartment BAVp-01-“Laminar-S”-1,2 
(“Laminarnie Sistemy,” Russia), medical laboratory dispensers 
of various volumes (Brand, Germany.)

The results were processed using the Medstat statistical 
software package. Age and duration of postmenopause were 
assessed using median and interquartile range indicators (Ме 
[Q1; Q3]). The frequency of identification of polymorphous 
variants of the gene TNFRSF11B in the samples was represented 
both in absolute values and percentages. To determine whether 
the distribution of the studied genotypes corresponded to the 
Hardy–Weinberg law, as well as to analyze the frequency of 
genetic markers in groups, the Chi-square test was used. In 
assessing the associations of the genotypes and the alleles with 
the disease, the odds ratio (OR) was calculated as well as the 
95% confidence interval (95% CI).

 RESULTS
The studies revealed that the distribution of the genotypes 

of the polymorphisms rs3134069, rs4355801 and rs3102735 
of the gene TNFRSF11B among the studied women in the 
postmenopausal age corresponded to the Hardy–Weinberg 
law without showing significant difference from the expected 
occurrence (р>0.05). The genotypes of the polymorphism 
rs3134069 АА, AС and СС were registered respectively in 
424 (87.8%), 56 (11.6%) and 3 (0.6%) cases. The analysis 
of gene variants based on the rs4355801 polymorphism 
showed, that 99 women (20.5%) were homozygous for the 
A allele (AA), 141 women (29.2%) were homozygous for 
the G allele (GG), and 243 examined individuals (50.3%) 
were heterozygous (AG). The ТТ and СС genotypes of the 
rs3102735 polymorphism were found in 370 (76.6%) and 5 
(1.0%) of women, respectively, and the ТС genotype in 108 
individuals (22.4%).

The occurrence of genotypes and alleles of the rs3134069 
polymorphism of the TNFRSF11B gene among patients with 
osteoarthritis of the knee joint follows in Table 2. Due to 
the small number of women with the CC genotype (1 in the 
main group, 2 in the control group), they were combined with 
carriers of the AC genotype. The data obtained indicate an 
increased frequency of the AC or CC genotype in patients 
with joint pathology (OR=1.91; 95% CI: 1.10–3.32; р=0.030). 
There was also an increased incidence rate of the C allele of the 
said polymorphism (OR=1.78; 95% CI: 1.06–2.99; р=0.040) 
in the group of patients with osteoarthritis. 

The results of testing for polymorphisms rs4355801 
and rs3102735 of the TNFRSF11B gene showed the lack 
of their association with osteoarthritis of the knee joint in 
postmenopausal women (Tables 3, 4). 

Parameter Control group 
(n=326)

Main group 
(n=157) P

Age, years 61,0 [55,0; 67,0] 61,0 [55,0; 67,0] 0,798

Duration of 
postmenopause, age 12,5 [6,0; 20,0] 12,0 [6,0; 19,0] 0,545

Table 1. Age and postmenopause duration in the examined 
postmenopausal women
Таблица 1. Возраст и длительность постменопаузы у 
обследованных женщин постменопаузального возраст

Genotypes 
and alleles

Control group (n = 326) Main group (n = 157)
P

N % N %

АА 294 90,2 130 82,8
0,030

АС+СС 32 9,8 27 17,2

А 618 94,8 286 91,1
0,040

С 34 5,2 28 8,9

Table 2. Genotypes and alleles frequency of rs3134069 
polymorphism in the TNFRSF11B gene in postmenopausal women 
with knee osteoarthritis
Таблица 2. Частота регистрации генотипов и аллелей 
полиморфизма rs3134069 гена TNFRSF11B среди женщин 
постменопаузального возраста с остеоартритом коленных 
суставов
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 DISCUSSION
The pathophysiology of OA is associated with numerous 

factors, which include metabolic disorders, oxidative stress, 
apoptosis, cellular aging, and mitochondrial dysfunction [6]. 
Among the sophisticated complex of pathogenic mechanisms 
of the disease, one of the key contributors is the immune [6, 
12]. Numerous studies indicate that the decisive trigger in the 
development of the disease is intra-articular inflammation. 
The persistence of the inflammatory component causes the 
process to become chronic, and its severity reflects the degree 
of progression of OA. Undoubtedly, the cause of inflammation 
is the overexpression of proinflammatory cytokines in plasma 
and synovial fluid, which leads to the death of chondrocytes, 
catabolism of cartilage tissue, synovitis, and damage to the 
subchondral bone. 

Important cellular elements involved in the inflammatory 
response are chondrocytes, synoviocytes, macrophages; among 
cytokines, interleukins (IL)-6, IL-1β, IL-8, IL-17 are considered 
key mediators in joint tissue damage, as well as tumor necrosis 
factor alpha (TNF-α), which are respectively referred to as 
prodegenerative factors [13]. An increase in the secretion 
of the above prodegenerative proinflammatory cytokines is 
associated with an increase in the expression of catabolic 
markers (matrix metalloproteinases -3, -13, aggrecanases 
ADAMTS-4 and ADAMTS-5, and others), involved in the 
breakdown of collagens and proteoglycans. These cytokines 
are counteracted by pro-anabolic factors, which include insulin-
like growth factor 1 (IGF-1), transforming growth factor beta 
(TGF-β), IL-4, IL-10, and others. It should be noted that an 
imbalance in cytokine regulation towards the predominance 
of the function of prodegenerative cytokines underlies the 
degradation of the extracellular matrix of cartilage and the 
development of OA. 

Cytokine dysfunction developing in OA leads to damage 
to joint tissues through various mechanisms. Degradation of 
cartilage tissue is mediated by signaling pathways such as 
MAPKs, Wnt/β-catenin, Notch. One of the major pathways 
is the NF-κB (nuclear factor-κВ), and the most important 
mediators are representatives of the RANКL/RANK/OPG 
cytokine system (RANK and RANKL are activators of the 
receptor of the nuclear factor κВ and its ligands, respectively). 
The system is the key in the activation of the NF-κB-signaling 
pathway, in the regulation of osteoclastogenesis and remodeling 
of the bone tissue in the normal and in the pathologic 
condition. The disorders of this system, among other things, 

are leading in the pathogenesis of osteoporosis [14, 15]. The 
receptor activator of the nuclear factor κВ ligand (RANKL) 
ensures maturation, differentiation and activation of osteoclasts 
through its specific receptor RANK. Osteoprotegerin, the main 
producing cells of which are osteoblasts, as an important 
component of the RANКL/RANK/OPG cytokine system, has 
the opposite effect. OPG inhibits the activity of osteoclasts 
and thereby provides a protective role against bone resorption, 
being a soluble “trap receptor” for RANKL.

In OA, there is a close correlation between dysfunction of 
the OPG/RANK/RANKL regulatory system and histological 
changes in the subchondral bone with the appearance of a 
proinflammatory osteoblast phenotype [16]. It was established, 
however, that OPG and RANKL affect more than just the 
subchondral bone. Both cytokines are also expressed in the 
cartilage damaged in the course of OA [17]. The increased 
production of RANKL results in the degradation of the cartilage 
tissue, because the increased RANKL/OPG ratio is related to 
the high synthesis of matrix metalloproteinases -3, -9, -13 and 
increase of catabolic processes, whereas the induction with 
OPG bay be a protective and compensatory phenomenon [16]. 
Administration of the drug osteoprotegerin leads to a decrease 
in the intensity of pain, inhibits the formation of osteophytes 
and improves the structural characteristics of the affected 
joint in OA [18]. Experimental models in mice also show the 
beneficial effect of systemic administration of OPG on the 
state of bone and cartilage tissue in OA [19].

Thus, based on the evidence obtained to date, OPG is 
believed to play an important role in the pathogenesis of 
knee OA. It has been shown that OPG together with RANКL 
demonstrates an association with the severity of OA, especially 
in the early stages of the disease. It is assumed, therefore, that 
an increase in OPG concentration can be considered as an early 
marker of the disease, and the level of cytokine expression as 
a sign of the degree of its progression [20, 21]. Considering 
the foregoing, it is possible to suggest that the mutations 
of the gene TNFRSF11B coding the OPG molecules, may 
influence the etiopathogenesis of ОА. This can be explained 
from the pathogenic perspective, since single-nucleotide 
genetic polymorphisms can cause quantitative or structural-
functional changes in the encoded protein, which, in turn, can 
affect the pathogenesis of OA, either promoting or preventing 
the development of the disease.

In our work, we found an association with knee OA 
in postmenopausal women for one of the three gene 

Genotypes 
and alleles

Control group (n = 326) Main group (n = 157)
P

N % N %

СС 4 1,2 1 0,6

0,569ТС 69 21,2 39 24,9

ТТ 253 77,6 117 74,5

С 77 11,8 41 13,1
0,654

Т 575 88,2 273 86,9

Table 4. Genotypes and alleles frequency of rs3102735 
polymorphism in the TNFRSF11B gene in postmenopausal  
women with knee osteoarthritis

Таблица 4. Частота регистрации генотипов и аллелей 
полиморфизма rs3102735 гена TNFRSF11B у женщин 
постменопаузального возраста с остеоартритом  
коленных суставов

Genotypes 
and alleles

Control group (n = 326) Main group (n = 157)
Р

N % N %

АA 67 20,5 32 20,4

0,541GA 159 48,8 84 53,5

GG 100 30,7 41 26,1

А 293 44,9 148 47,1
0,568

G 359 55,1 166 52,9

Table 3. Genotypes and alleles frequency of rs4355801 
polymorphism in the TNFRSF11B gene in postmenopausal women 
with knee osteoarthritis
Таблица 3. Частота регистрации генотипов и аллелей 
полиморфизма rs4355801 гена TNFRSF11B у женщин 
постменопаузального возраста с остеоартритом коленных 
суставов
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polymorphisms studied (rs3134069) of the TNFRSF11B. 
It should be noted that the currently available works 
devoted to the study of the role of genetic polymorphisms 
of the TNFRSF11B gene in the development of knee OA 
are few and do not provide a clear understanding of the 
significance of polymorphic variants of the above gene in 
the etiopathogenesis of the disease. In a study conducted 
in China that included 132 men and 261 women with knee 
OA, associations of single nucleotide polymorphisms of the 
TNFRSF11B gene with the disease were also established [9]. 
The rs1485286, rs1905786 and rs1032128 polymorphisms 
were associated with joint pathology. It is noteworthy 
that the sampling used in the study, as differentiated from 
our research, included not only women, but men as well; 
besides, the polymorphism rs3134069 used in our work was 
not tested by the Chinese authors. The latter polymorphism 
was not studied by the English researchers [8], who found 
an association of the alleles in the VNTR (rs71569778) 
area of the gene TNFRSF11B only in women with OA of 
the knee joint, but not in men. In another study, whose 
authors included in their research results of inspection of 
749 women aged 43–67 with OA of the knee joint, the 
association of the polymorphism rs1564858 of the gene 
TNFRSF11B with the progression of the disease and the 
formation of osteophytes was shown [10]. The same team 
of authors identified a connection of haplotypes of the 
two polymorphisms s1564858 and rs2073618 of the gene 
TNFRSF11B with the risk of development of OA of the knee 
joints in a mixed group of patients that included 298 men 
and 305 women aged [11].

Thus, in our study, as well as in other studies, connections 
were established between polymorphic variants of the 
TNFRSF11B gene and OA of the knee joints, including in 
postmenopausal women. Despite the fact that different groups 
of authors studied various polymorphisms of the above 
gene, the results obtained, at a minimum, may indicate the 
important role of mutations in the TNFRSF11B gene in the 
development and progression of osteoarthritis. Further studies 
aimed at studying the role of osteoprotegerin in OA, including 
at the genetic level, are of great interest both for a deeper 
understanding of the pathogenesis of the disease and for the 
development of criteria for a personalized approach in the 
prevention and treatment of a highly common disease of the 
musculoskeletal system.

 CONCLUSION
A molecular genetic examination of 157 postmenopausal 

women with osteoarthritis of the knee joints and 326 women 
without signs of joint damage showed an association of the 
rs3134069 polymorphism of the TNFRSF11B gene with the 
disease. In patients with OA, an increased incidence of he 
genotype АС or СС (р=0.030) as well as allele С (р=0.040) 
of the said polymorphism was seen. For the two other studied 
polymorphisms of the gene TNFRSF11B (rs4355801 and 
rs3102735), no connection with the OA of the knee joints was 
found (p>0.05).

The results obtained indicate the need for a further study of 
the role of osteoprotegerin, a cytokine of the tumor necrosis 
factor superfamily, in the etiopathogenesis of knee OA at both 
the molecular and genetic levels. 
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