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Pesiome

MoTeHUManbHas B3aMOCBA3b MeXAY ANCOMO30M KULLIEYHOW MUKPOBMOTBI M OCTEO0aPTPUTOM MOATBEPHAAETCA BCE 60/1bLIMM KONMYECTBOM UCC/IeA0-
BaHWIA. YUUTbIBaA BbICOKYIO COLMA/bHYIO 3HAYMMOCTb M PacrpoCTPaHEHHOCTb OCTEOApPTPUTA, a TaKKe JOoKa3aTe/IbCTBa TOr0, YTO KO/IMYECTBEHHbIe
1 Ka4yeCTBEHHbIe M3MEHEHWSA KULIEYHOW MUKPOGMOTbI OKa3blBaloT B/IMAHME Ha €ro MPOrpeccupoBaHye, MpeACTaBAAeTCA BaXKHbIM NPOACHUTbL MeXaHU3-
Mbl, /I€)KallMe B OCHOBE AaHHOM accoLmaLmu.

OCTeoapTpuT ABNAETCA MHOrOpaKTOPHbIM 3a60/1eBaHNEM CYCTaBOB, B OCHOBE KOTOPOTO JIEXKMT, B MEPBYI0 O4epe/b, POrpeccupyoliee paspylueHne
CyCTaBHOro xpAlla. HapyleHHas MeTabo/MyecKas akTUBHOCTb XOHAPOLMTOB, NPOABAAIOWAACA ANC6aNaHCOM NPOLLECCOB CUHTE3a U Jerpajaumnm
BHEK/IETOYHOIO MaTPUKCa, CNOCOBCTBYET NePCUCTUPYIOLLEMY BbICBOBOX/AEHMIO MO/IEKY/IAPHBIX NAaTTEPHOB, CBA3aHHBIX C MOBPEX/AEHNEM. ITO Npu-
BOJMT K aKTVBALMV LIMPOKOTO CNEKTPa PeLienTOPOB BPOXK/AEHHbIX UMMYHHbIX K/I€TOK U ABNAETCA OCHOBOW PasBUTYWA BOCMA/IMTE/IbHOM peaKLmm B Cy-
ctaBe. MpuBneyeHne MakpodaroB B CMHOBMA/IbHYIO 060/I04KY M MX aKTUBALMUA, MPUBOAMUT K BbIpaboTKe MPOBOCMANNTE/NbHBIX LUTOKMHOB, MPUBOAA
K Pa3BUTMIO BOCMA/IMTE/IbHOTO COCTOAHWA HU3KOW CTeNeHN aKTUBHOCTM B CyCTaBe, MOAAEPXKUBaA CMHTE3 KaTaboNMyeCcKUX pepMeHTOB XOHApOLUTaM
N ycyrybnas AgereHepavuio xpaLa.

MWKpOG6HBIN ANCcHMO03, onpesenfeMbllii Kak HebnaronpuATHOE U3MeHeHNe pa3Hoo6pasus, CTPYKTYPbl UM MeTabo/IMHeCcKOn aKTUBHOCTU KULLEYHOM
MUKPOBMOTbI, ABNAETCA CKPbITHIM PpaKTOPOM PUCKA, COMPOBOXKAAMWMMCA MeTaboIMHeCKON SHAOTOKCEMUEN U, KaK CNeACTBUE, MOBbILEHHON Bbl-
paboTKoii NPOBOCMA/IMTE/IbHBIX LUTOKMHOB, MOAAEPKUBAIOLMX CUCTEMHOE BOCMa/IMTE/IbHOe COCTOAHUE HU3KOW CTEMeHU aKTUBHOCTU U natodpu-
3M0/10rM4eCcKne MexaHU3Mbl OCTeoapTpuTa. [oKasaHo, YTO ANCEMO3 KULLEYHWMKA MPUHMMAET yyacThe B GOPMMPOBAHUM APYrUX $aKTOPOB pUCKa
0CTeoapTpUTa, HarMpuUMep, OXKUPEHUA U MeTaboNNYeCKMX HapyLUEHWIA.

OnpejenieHvie BaXHbIX B3aMMOCBA3aHHbIX NaTOGU3MONOrNHECKUX MEXAHU3MOB AaHHBIX NaToNOrMii 6yAeT cnocobCTBOBaTh pa3paboTKe HOBbIX CMO-
co60B /Ie4eHNA NaTOreHeTUHECKO HanpaB/@HHOCTY C MOC/IeAYIOLLMM UX aKTUBHBIM BHEJPEHWEM B KIMHUYECKYHO MPaKTUKY.
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Abstract

The potential association between dysbiosis of the gut microbiota and osteoarthritis is confirming by a growing number of studies. Given the social
significance, the high prevalence of osteoarthritis, and evidences that quantitative and qualitative modification of the gut microbiota affects its
progression, it seems important to clarify the underlying mechanisms of this association.

Osteoarthritis is a multifactorial joint disease, which is based primarily on the progressive degeneration of articular cartilage. Impaired metabolic
activity of chondrocytes, consisting in an imbalance in the extracellular matrix synthesis and degradation processes, causes the persistent release
of molecular patterns associated with damage. This leads to the activation of a wide range of innate immune cells receptors and is the basis for the
development of an inflammatory reaction in the joint. The involvement of macrophages in the synovial membrane and their activation leads to the
production of pro-inflammatory cytokines, leading to the development of chronic low-grade inflammation in the joint, supporting the synthesis of
catabolic enzymes by chondrocytes and escalating the cartilage degeneration.

Microbial dysbiosis, defined as an adverse modification in the diversity, structure, or metabolic activity of the gut microbiota, is a hidden risk factor,
accompanied by metabolic endotoxemia and, consequently, by increased production of pro-inflammatory cytokines, that support the systematic
low-grade inflammation and pathophysiological mechanisms of osteoarthritis. It has been shown that dysbiosis of the gut microbiota intestinal takes
part in the formation of other osteoarthritis risk factors for, for example, obesity and metabolic disorders.

The identification of important interrelated pathophysiological mechanisms of these pathologies will contribute to the development of new

pathogenetic treatment methods with their subsequent active introduction into clinical practice.
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IL-1p — interleukin-1B, DAMPs — damage-associated molecular patterns, MMP — matrix metalloproteinase, TNF — tumor necrosis factor, OA —
osteoarthritis

Introduction and OA, were dedicated to the role of metabolic syn-

Osteoarthritis (OA) is one of the most common mus-
culoskeletal system disorders associated with arthrodial
cartilage degeneration, subchondral bone remodelling,
synovial membrane inflammation resulting in restricted
joint movement; this disease in one of the leading causes
of disability and poorer quality of life [1]. OA affects
around 303 million people all over the world; and, since
the population is ageing and there are more and more
obese people, there is an upward trend in the number
of cases. The incidence of this pathology has grown by
8-10 % vs. 1990 [2].

Risk factors for OA are ageing, sex, joint traumas,
obesity, genetic predisposition [3]. Currently, the trig-
ger of OA is unknown. Recent studies which confirmed
the association between type 2 diabetes mellitus, obesity

drome in joint damage induction or worsening. The
link between metabolic disorders and OA is probably
a chronic, mildly active systemic inflammation. Avail-
able data from numerous studies demonstrate that this
inflammatory condition is facilitated by gastrointestinal
microbiota translocation [4]. It was demonstrated that
blood and synovial fluid lipopolyssacharide (LPS) levels
in gastrointestinal microbiota representatives had close
association with joint inflammation severity and activ-
ity. Also, data presented by Zhao, et al. (2018) confirm
the presence of bacterial nucleic acids in synovial fluid of
patients with OA [5]. Dunn, et al. (2020) found nucleic
acids of gram-negative bacteria in cartilage of patients
susceptible to OA vs. controls who have certain resis-
tance to degenerative joint damages [6].
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Thus, these results evidence the significance of
bacteria translocation from gastrointestinal micro-
biota due to marked impairment of the barrier func-
tion of gastrointestinal epithelium for the develop-
ment of inflammatory degenerative processes in joints.
A systematic analysis of studies allows assuming that
there are cause-effect relationships between the quali-
tative and quantitative composition of gastrointestinal
microbiota and the probability of osteoarthritis; assess-
ing the pathogenic role in the activation of system and
local joint inflammation, bacteria-associated molecular
patterns, as well as their direct and indirect impact on
synovial environment in the joint [7-9].

This review presents the results of literature analysis
for 2010-2023 in RSCI, PubMed, Scopus. The analysis
includes data from authors who conducted clinical and
experimental studies to explain possible mechanisms of
the role of intestinal dysbiosis in onset and progression
of osteoarthritis in various locations.

Pathogenic Aspects of
Osteoarthritis Development

Osteoarthritis (OA) is a heterogeneous degen-
erative joint disease of various origin associated with
articular cartilage destruction and united by common
biological, morphological and clinical presentation
and outcome [10]. OA progression is affected by meta-
bolic, epigenetic, genetic and cellular disorders. Risk
factors of OA development and progression are elderly
age, traumas, sex, obesity, nutrition, sedentary lifestyle
[11-14].

The key components of a healthy joint are cartilage,
synovial membrane, synovial fluid as well as a subchon-
dral bone, ligaments, capsule and periarticular muscles.
OA is caused by involvement of all joint components:
subchondral bone thickening, periosteophytes, syno-
vial membrane inflammation (synovitis), ligaments and
menisci degeneration, joint capsule hypertrophy, but first
and foremost — progressive articular cartilage destruc-
tion. Cartilaginous cells are a cellular component of the
cartilage and play an important role in maintaining tissue
homeostasisa, acting as sensors of mechanic, ionic and
osmotic signals in cartilage microenvironment. In physi-
ological conditions, cartilaginous cells produce extracel-
lular matrix (ECM) components including type II col-
lagen, glycoproteins, proteoglycans and hyaluronic acid
that are essential for maintaining cartilage structure and
functions [15].

Such factors as excessive loads, hypermobility,
impaired congruence result in excessive mechanic

stress and chronic cartilage damage. Cellular and
tissue cartilage pathology is characterised by mis-
match in synthesis and extracellular matrix degrada-
tion processes caused by changes in metabolic activity
of cartilaginous cells. Cartilaginous cells reduce ECM
component production, increase secretion of enzymes
that destroy ECM, including collagenases and aggreca-
nase. Collagenases, namely matrix metalloproteinases
(MMPs) 1 and 13, are the leading factors resulting in
general degradation of collagen lattice, whereas aggre-
canases, namely A Disintegrin and Metalloproteinase
with Thrombospondin motifs (ADAMTS 4 and 5), are
proteolytic enzyms that destroy proteoglycans [16].
Cartilage damage impairs normal joint functioning
and causes poor congruence and reduced mechanical
load absorbance.

Macrophages are a main source of inflammation
mediators in OA. Production of pro-inflammatory
cytokines, IL-1P (interleukin-1p), IL-6 (interleukin-6),
IL-8 (interleukin-8), TNF (tumour necrosis factor) by
activated macrophages is believed to be the main factor
of continued joint damage. Persistent destruction of
cartilage and adjacent tissues ensures steady supply
of endogenous stimuli that maintain low-activity local
chronic inflammation [17]. Extracellular and intracel-
lular damage-associated molecular patterns (DAMPs)
are released into synovial fluid following tissue damage
or cellular stress and initiate inflammatory reaction.
DAMPs activate pattern recognising receptors (PRR),
including Toll-like receptors (TLR), nucleotide bind-
ing domain-like oligomerization receptors or NOD-
like receptors (NLR) and receptors for advanced glyca-
tion end (RAGEs), that are expressed on macrophages
present in a joint, on synoviocytes and cartilaginous
cells, and initiate signal cascades resulting in activation
of transcription factors participating in production
of inflammatory mediators and enzymes that destroy
extracellular matrix. Activation of PRR cartilaginous
cells is associated with catabolic factor production [18].
TLR2/TLR4 receptor stimulation results in recruit-
ment of adaptor proteins such as MyD88, TICAM-1,
TICAM-2, that activate signal paths for NF-xB, MAPK
and PI3K, causing production of pro-inflammatory
cytokines, NO, synthesis of PGE2 and MMPs. NLRs
mediate activation of inflammasomes that trigger pore
formation in cellular membrane associated with release
of IL-1a, p and IL-18 [19]. The complement system also
contributes to the development of joint inflammation,
since DAMPs can bind and activate complement mol-
ecule cascade resulting in formation of a membrane
attack complex that triggers cytolysis.
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Extracellular DAMPs originate from extracellular
matrix and are released as a result of mechanical or
proteolytic cartilage damage: fibronectin, hyaluronan,
biglycan, tenastin-C, syndecan-4, fragments of type II
collagen and aggrecan, the concentration of which in
synovial fluid in OA increases drastically and forms
a vicious circle of cartilage destruction. For instance,
fibronectin facilitates an inflammatory reaction of
macrophages by activation of TLR and JNK2 (JAK 2)
and p38 MAPK signal path causing production of TNE,
IL-1B and IL-8 [20]. Also, fibronectins trigger cata-
bolic processes in cartilage by cartilaginous cell acti-
vation for production of pro-inflammatory cytokines
and MMP-1 and 3. Crystals of calcium pyrophosphate
dihydrate (CPPD) and basic calcium phosphate (BCP)
can react both with TLR and NLR of macrophages,
resulting in inflammasome activation and release of
pro-inflammatory cytokines IL-1B and IL-18 and can
also induce production of NO and MMPs by carti-
laginous cells by means of activation of TLR2-NF-kB
signal path [21].

Intracellular DAMPs are endogenous molecules
acting as alert molecules and participating in various
inflammatory diseases: HMGBI, s100 proteins, heat
shock proteins, IL-1a, IL-33 and other [22]. Passive
release of these molecules can result from necrosis
and cell death, whereas active release is mediated by
secreted extracellular vesicles [23]. Vascular exudation
is another sources of DAMPs. Fibrinogen, Gc-globu-
lin, al-microglobulin and a2-macroglobulin levels in
synovial fluid in OA increase and correlate with dis-
ease severity. These molecules activate macrophages
and other innate cells in TLR4-dependent way causing
IL-1pB, IL-6 and TNF production.

Ageing is the main factor contributing to OA
development. Senescence-associated secretory phe-
notype (SASP) is developed which is characterised
by increased production of pro-inflammatory agents,
catabolic mediators and DAMP in tissue microenvi-
ronment. Long-term release of these predictors results
in low-activity pro-inflammatory system condition
(inflammaging) that facilitates degenerative processes
in tissues. Cartilaginous cells undergo cellular senes-
cence due to mitochondrial dysfunction, oxidative
stress, endoplasmic reticulum stress, damaged cellular
protein accumulation and damage to cellular DNA.
Accumulation of ageing cartilaginous cells jeopardises
the ability of cartilaginous cells to maintain cartilagi-
nous homeostasis and contributes to production of
inflammatory cytokines, DAMPs and enzymes that
destroy extracellular matrix [24].

Association Between
Disbacteriosis and
Osteoarthritis

The affinity of pathogenic mechanisms in OA and
intestinal dysbiosis manifests itself through similar risk
factors: age, sex, physical inactivity, diet with excessive
fats and carbohydrates, obesity that participate in OA
progression wither directly or via intestinal microbiota
modulation. Microbial dysbiosis can be one of the key
triggers of OA, and microbial patterns can stimulate
existing mechanisms of OA development [25].

The most recognised link between dysbiosis and OA
onset is a low-grade chronic inflammation. Dysbiosis
affects OA pathogenesis both at the system and local
levels via mechanisms of inborn immunity activation
[26]. Through activation of innate receptors and stimu-
lation of pro-inflammatory cytokines synthesis, exist-
ing intestinal dysbiosis causes dysregulation of pro-
duction of transmembrane (occludins, claudins) and
intracellular (ZO-1, ZO-2, ZO-3) tight proteins that
are main components of tight junctions of apical part
of enterocytes. In particular, y-IFN inhibits expres-
sion both of ZO-1 and occludin. Besides, dysregula-
tion of tight junction assembly can be associated with
increased activity of zonulin, a physiological regula-
tor of intestinal permeability, which is pathologically
stimulated by pro-inflammatory cytokines and bacte-
rial pathogens in case of dysbiotic microbiome [27].
Impaired integrity of enterocyte tight junctions results
in increased intestinal barrier permeability, thus cre-
ating conditions for excessive permeation of bacteria-
associated molecular patterns (lipopolyssacharide,
peptidoglycane, flagellin, bacterial DNA) to the blood
flow. Resulting endotoxemia causes pro-inflammatory
reaction of residential immunocytes, also in cartilage
and synovial membrane [28].

Macrophages are an important component of the
innate immune system and play an important role in OA
onset and progression. Macrophage-associated inflam-
mation is a driving factor for structural damage and OA
progression. For instance, when metabolites produced by
Streptococcus spp. pass the intestinal barrier, they either
activate macrophages in synovial membrane, causing
inflammation and joint damage, or get into the blood
flow and activate macrophages so that they become pro-
inflammatory macrophages, thereby causing system
inflammation which triggers and worsens joint damage
[29]. M1/M2 macrophage ratio defines disease sever-
ity. The former induces cartilaginous cell apoptosis and
inhibits synthesis of extracellular matrix components,
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while the latter stimulates chondrogenesis and forma-
tion of collagen II and proteoglycans via expression of
transforming growth factor-$ (TGF-f) [30].

Joint tissue macrophages are activated upon stim-
ulation of pattern recognition receptors by molecular
patterns associated with the damage, not only as a result
structural joint damage, but also due to endotoxemia
from dysbiosis. Lipopolyssacharide activates innate
immune response by binding CD14-LPS-LBP (CD14-
lipopolyssacharide-lipopolyssacharide-binding  pro-
tein) complex to TLR4, and also co-receptor myeloid
differentiation protein-2 (MD-2), expressed on the cell
surface of various types of cells, especially macrophages
[31]. It results in higher levels of NF-«B transcriptional
factor, production of pro-inflammatory cytokines and
chemokines, such as TNF, IL-1B, IL-6, receptor acti-
vator of nuclear factor kappa-B ligand (RANKL) and
IL-8, that enhance MMPs production, reduce synthesis
of collagen and proteoglycan and enhance activation of
NF-«B transcription factor even more, causing second-
ary joint tissue inflammation.

Besides, bacterial cell wall lipopolyssacharide (LPS)
activates cartilaginous cells and induces production
of complement Clr sub-component, complement B
factor, complement C3, mimecan and PTX3-bound
protein. It results in activation of a complement cascade
and production of active complement proteins which
can bind to receptors or accumulate on synovial cells,
thus causing an increase in pro-inflammatory cytokine
production [32]. Therefore, LPS not only induce innate
immunity via TLR4 activation, but also aggravate exist-
ing low-activity chronic inflammation and make OA a
chronic disease.

Bacterial peptidoglycane stimulates intraarticular
synovial fibroblasts and induces expression of matrix
metalloproteinases (MMPs), pro-inflammatory cyto-
kines via TLR2 receptor activation. Peptidoglycane also
initiates system innate immunity via NLRs recognition,
causing inflammasome activation and increased pro-
duction of pro-inflammatory cytokines [33].

Intestinal microbiota participates in OA progres-
sion and impacts adaptive immunity. T-cells play a bio-
logical role in inflammation control and recovery. They
produce catabolic cytokines that stimulate proteases to
destroy cartilage matrix, modulate pro-inflammatory
cytokine secretion and cytokine receptor expression,
i.e., they can impact OA progression. Via TLR4 acti-
vation, LPS triggers an inflammatory cascade, where
interferons and inflammatory cytokines are released,
which act as transcription factors and induce matura-
tion of naive immune cells [34]. Dysbiosis can deter-

mine the predominant lineage for primitive CD4+
T-cells to become effector T-cells. The balance between
Treg-cells and effector T-cells of subsets Thl, Th2 u
Th17 is essential for immune homeostasis, the imbal-
ance of which can result in chronic inflammation,
including joint inflammation. Biologically active sub-
stances, biosynthesis of which depends on microbiota,
affect T-cell biology. For example, butyrate produced
by intestinal microbiota helps in maintaining immune
homeostasis of intestines by inducing Treg-cell differ-
entiation. Moreover, butyrate inhibits collagen-induced
arthritis via Treg-cells/ IL-10/ Th17-cells axis [35].

Another well-known risk factor for OA is obesity,
which usually is associated with intestinal dysbiosis
development. In terms of the mechanistic theory, the
association between obesity and OA is due to excessive
joint stress resulting from higher body weight. Changes
in intestinal microbiota are closely related to develop-
ment of obesity and insulin resistance. Endotoxemia in
dysbiosis facilitates transformation of adipose tissue
macrophages from phenotype M2 to phenotype M1
and their activation, resulting in increased secretion of
pro-inflammatory cytokines and adipokines and aggra-
vating low-activity system inflammation what makes
joint inflammation even worse [36]. Hyperglycemia
promotes inflammatory reaction and oxidative stress
in articular tissue, thus aggravating OA. Besides, pro-
inflammatory hyperproduction and resulting endotox-
emia can be caused by excessive adipose tissue associ-
ated with hyperproduction of adipokines, such as leptin,
resistin, visfatin and adiponectin [37]. Leptin, secreted
both by adipose tissue and by additional secretion stim-
ulation due to endotoxin translocation to blood flow,
via binding with leptine receptors (Ob-Rb), promotes
IL-6 expression via signal paths of JAK2/signal pro-
tein and transcription activator 3 (JAK2/STAT3), p38
MAPK [38]. Also, leptin can enhance expression of
other factors, such as IL-1, matrix metalloproteinases-9
and 13 (MMP-9, MMP-13).

Dysbiosis is associated with significantly increased
expression of genes related to synthesis of free fatty
acids (FFAs) and FFAs transport in liver. FFAs metabo-
lite levels in synovial fluid, such as myristic acid, oleinic
acid and lanosterol, demonstrate positive correlation
with OA progression [39]. Lipotoxic effects aggravate
synovitis in patients with OA. Hypercholesterolemia
facilitates system inflammatory response, and accu-
mulation of low density lipoprotein (LDLP) in synovial
fluid and cartilaginous cells (observed in patients with
OA) promotes local inflammation reactions and carti-
lage degeneration [40].
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The structure and functions of intestinal microbial
community are closely associated with the diet. OA
pathophysiology is also depends on various dietary
factors, such as saturated fatty acids, polyunsaturated
fatty acids (PSFAs), antioxidants and aminoacids. Some
microbial metabolites interact with inflammatory
signal paths and affect host immunity, which can speed
up OA progression. For instance, choline and carnitine
can be metabolised by intestinal microbiota to form tri-
methylamine N-oxide (TMAO) [41]. TMAO increases
TNF-a and IL-1p levels, reduces IL-10 levels and can
cause oxidative stress which plays an important role in
OA pathogenesis [42].

Intestinal microbiota has direct and indirect impact
on bone tissue metabolism, affecting absorption of
vitamins, calcium and sex hormone levels. Short-chain
fatty acids (SCFAs) promote IGF-1 (insulin growth
factor-1) levels in serum and brain, therefore, intesti-
nal microbiota has anabolic action for bone tissue [43].
Intestinal microbiota significantly affects bone mass via
signal paths NOD1 and NOD2. MAMPs distributed in
bone tissue have direct impact on bone remodelling via
stimulation of innate immune osteocyte receptors [44].

The bidirectional communication between the brain
and intestine is considerably dependent on intestine
microbiota [45]. Intestine microbiota impacts CNS
functions via stimulation of enteroendocrine cells
which produce neuropeptides and bacterial neurotrans-
mitters, especially serotonin (5-HT) and tryptophane
metabolites. Imbalance between the CNS and intesti-
nal nervous system participates in development of the
above metabolic mechanisms and, therefore, facilitates
OA progression. Hyperactivity of dorsal horn microg-
lia underlies central pain sensibilization mechanisms
in OA [46]. It is possible that SCFAs that stimulate
microglia maturation and regulate homeostatic meta-
bolic status participate in regulation of OA-associated
pain [47].

The role of intestinal dysbiosis in osteoarthritis
pathogenesis is supported by studies of the microbial
profile of articular tissue of OA patients. In a study by
Dunn et al. (2020), gene 16s of ribosomal RNA was
sequenced to identify microbial nucleic acids in affected
and intact articular cartilage samples of patients with
knee and hip OA as well as of controls. Significant dif-
ferences in microbial profile of knee and hip joints were
reported. Articular cartilage samples from patients
with knee OA demonstrated abundance of Firmicutes
spp.» whereas articular cartilage samples from patients
with hip OA had Proteobacteria spp., specifically Beta-
and Gammaproteobacteria. The results were compared

to a similar study of articular cartilage samples from
OA-sensitive C57BL6 mice and OA-resistant MRL-
mice. MRL-mice that were protected against OA dem-
onstrated a microbial profile similar to the results of
the study of articular cartilage samples from controls,
whereas OA-sensitive B6-mice had microbial patterns
similar to those in patients with OA [46]. Therefore, it
can be assumed that a number of bacterial OA-associ-
ated species can induce and maintain OA.

The route of articular cartilage contamination is still
unknown. In this connection, it is interesting to find
out that these sequencing results differ for one and the
same joint. It might be explained by the fact that eroded
cartilage areas are exposed to blood flow products to a
greater extent, therefore, microbial profile changes take
place significantly faster that in intact areas.

In their study, Zhao et al. (2018) also used sequenc-
ing of gene 16s of ribosomal RNA to identify bacterial
nucleic acids in synovial tissue and synovial fluid of
patients with OA and rheumatoid arthritis. Significant
differences were identified in the flora: Agrobacterium,
Comamonas, Kocuria, Meiothermus and Rhodoplanes
are typical of synovial tissue of patients with rheumatoid
arthritis, whereas Atopobium, Rhodotorula mucilagi-
nosa, Bacteroides uniformis, Turicibacter, Leptotrichia,
Haemophilus parainfluenzae, Bacteroides fragilis, Por-
phyromonas and Streptococcus are a characteristic of
synovial tissue of patients with OA [47].

Nevertheless, these studies do not provide a clear
opportunity to draw any conclusions on the direct role
of bacteria or any species in the development or pro-
gression of OA. Further studies are required to analyse
bacterial metabolites for better understanding of poten-
tial changes in cartilage microbiome as a new factor of
OA pathogenesis. Also, it is essential to analyse when
and how cartilage is contaminated with its own micro-
biome, to assess its changes with age and, hence, age-
related increase in susceptibility to OA.

Explanation of the possible pathogenic role of cer-
tain bacteria species in OA development will make it
possible to develop new therapies. For instance, O-Sul-
livan et al. (2022) present data demonstrating that Lac-
tobacillus acidophilus significantly modify the intes-
tine microbiota structure in an experimental model,
promoting accumulation of Akkermansia spp. and
Lachnospiraceae app. with favourable antiiflammatory
effects. A systemic effect was identified which is mani-
fested via reduced levels of pro-inflammatory cytokines
and mediators of pain. A histological examination con-
firmed that Lactobacillus acidophilus also have favour-
able effect on cartilage integrity as a result of RUNX2/
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Figure 1. Pathogenetic relationship of intestinal dysbiosis and osteoarthritis
Notes. TNF — tumor necrosis factor; IL-1p — interleukin-1p; IL-6 — interleukin-6; IL-8 — interleukin-8; CCL2 — C-C motif ligand 2; NF-kB — nuclear factor kappa light-chain-
enhancer of activated B cells; C1r — complement Clr subcomponent; C3 — complement C3 component; PTX3 — pentraxin 3; MMPs — matrix metalloproteinases; ADAMTS —
a disintegrin and metalloprotease with thrombospondin motif; COX-2 — cyclooxygenase-2; PGE-2 — prostaglandin E2; NO — nitric oxide; RANKL — receptor activator of NF-kB
ligand; ThO — undifferentiated T-helper cell; Th1 — T-helper cell type 1; Th2 — T-helper cell type 2; Th17 — T-helper cell type 17; Treg — regulatory T cell

MMP13 inhibition [48]. Future studies may provide
additional evidence of the substantial potential of the
strategies for OA diagnostics and management, includ-
ing the use of probiotics.

Conclusion

Thus, despite the limitations in available studies, all
the data consistently evidence involvement of intestinal
dysbiosis in OA initiation and progression. Dysbiosis
contributes to OA development, aggravates existing
risk factors, such as obesity, metabolic syndrome and
joint traumas, activates immune system, affects T-cells
differentiation and system metabolism, and impairs
normal interaction of the CNS and intestinal vegetative
nervous system. The most probable linking mechanism
between these two disorders is a common low-activity
chronic inflammation. Although not specific for OA, a
chronic systemic inflammatory reaction has an impor-
tant role to play in disease development via persistent
local inflammation in synovial membrane and catabolic

reactions of cartilaginous cells resulting in articular
cartilage degeneration (Fig. 1).

Healthy intestinal microbiota is fundamental for
prevention of initiation and progression of a number of
diseases, including OA. Intestinal microbiome profile
may be used as a tool for forecasting and identification
of potential disorders. Moreover, it can be expected that
in the near future targeted manipulations with intesti-
nal microbiome will become an integral part of osteo-
arthritis management. However, detailed mechanisms
of the association between dysbiosis and OA are still
unknown and require further exploration.
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