
REVIEW ARTICLE

Research Progress on the Pathogenesis of
Knee Osteoarthritis

Xin Du, MM1 , Zi-yu Liu, MM1, Xing-xing Tao, MM1, Yong-liang Mei, MM2, Da-qian Zhou, MM2, Kang Cheng, MM2,
Si-long Gao, MM2, Hou-yin Shi, PhD3, Chao Song, MM2, Xiao-min Zhang, MD2

1Center for Phenomics of Traditional Chinese Medicine, 2Department of Orthopaedics and Traumatology (Trauma and Bone-setting) and
3Medical Department, The Affiliated Hospital of Traditional Chinese Medicine of Southwest Medical University, Luzhou, China

Knee osteoarthritis (KOA) is a chronic joint bone disease characterized by inflammatory destruction and hyperplasia of
bone. Its main clinical symptoms are joint mobility difficulties and pain, severe cases can lead to limb paralysis, which
poses major pressure to the quality of life and mental health of patients, but also brings serious economic burden to soci-
ety. The occurrence and development of KOA is influenced by many factors, including systemic factors and local factors.
The joint biomechanical changes caused by aging, trauma and obesity, abnormal bone metabolism caused by metabolic
syndrome, the effects of cytokines and related enzymes, genetic and biochemical abnormalities caused by plasma
adiponectin, etc. all directly or indirectly lead to the occurrence of KOA. However, there is little literature that systematically
and comprehensively integrates macro- and microscopic KOA pathogenesis. Therefore, it is necessary to comprehensively
and systematically summarize the pathogenesis of KOA in order to provide a better theoretical basis for clinical treatment.
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Introduction

Knee osteoarthritis (KOA) is the most common joint
inflammatory lesion in orthopaedics. The progressive

degeneration and loss of articular cartilage is its main fea-
ture, accompanied by the changes of joint structure and
function. Meniscus, periarticular ligaments, subchondral
bone alterations, and synovium are further pathological
signs.1 The main clinical symptoms of KOA are limb mobil-
ity difficulties, pain and swelling around the joint, which is
more obvious after morning, and can lead to paralysis in the
later stage.2 Because of the rapid development of the econ-
omy, which leads to a rise in life expectancy and body mass
index (BMI), the prevalence of KOA patients has increased
dramatically and become younger since the 21st century.
Currently, KOA accounts for 85% of osteoarthritis world-
wide, and the incidence of symptomatic KOA is 8.1%.3 Stud-
ies have shown that the prevalence of KOA is slightly higher
in women than in men, and is mainly in people over
50 years old.4 Inflammation is the most common cause of
joint pain and disability in patients, and few effective treat-
ments has been found to delay the progression of KOA. To

alleviate symptoms and enhance physical performance, the
majority of patients will thus undergo complete joint replace-
ment; nevertheless, it is costly, painful, and takes a long time
to heal.5 Therefore, understanding the pathogenesis of KOA
is essential for formulating and targeting effective interven-
tions to appropriate joint sites and injuries. There are many
publications on the pathogenesis of KOA, but there is little
literature that systematically and thoroughly combines
macro- and microscopic KOA pathogenesis, according to a
study of domestic and foreign literature. Therefore, it is nec-
essary to comprehensively and systematically summarize the
pathogenesis of KOA in order to provide a better theoretical
basis for clinical treatment.

The combination of several factors, which results from
the interaction of systemic elements and local factors, is what
drives KOA’s growth. We discovered that the occurrence
and progression of this debilitating and progressive disease
are primarily related to the biomechanical changes of joints
brought on by aging, trauma, knee joint dislocation, obesity,
abnormal bone metabolism brought on by metabolic syn-
drome, the effects of cytokines and related enzymes, genetic
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factors, plasma adiponectin, etc.(Figure 1).6,7 Briefly, the
pathogenesis of KOA can be summarized into two categories:
mechanical factors and biological factors. Mechanical ele-
ments include changes in the biomechanics, that is the
breakdown of the balancing system of the mechanical con-
duction of lower limb strength at the knee joint, which con-
tribute to KOA. The imbalance of proliferation and
apoptosis of chondrocytes in the knee joint is an appearance
of biological factors, which are aberrant biological alterations
of chondrocytes brought on by a variety of causes.

Biomechanical Change
The knee joint’s primary roles are weight bearing and load
transfer, participation in lower limb motion, and force gener-
ation for lower leg activities. The internal osseous stabiliza-
tion system of the knee joint is composed of the femoral
head, internal and external meniscus, tibia head, fibula and
patella, joint capsule and accessory ligament structure, so as
to coordinate the support of body mass and maintain
mechanical balance.8 When the mechanical balance is bro-
ken, the distribution of forces within the knee joint is
affected, resulting in decompensation of the knee joint and
its surrounding tissues, accelerating the degenerative changes
of the articular cartilage.9 In recent years, numerous studies
have demonstrated that aging, trauma, knee dislocation, obe-
sity, increased joint weight bearing, and decreased joint sta-
bility all play a significant role in the development of KOA.
These factors also cause and affect one another, creating a
vicious cycle that results in the development of KOA.10

Age is considered to be the most prominent risk factor
for KOA development.11 The aging of the body leads to
degeneration of joint tissue, from subchondral bone dilata-
tion, myelopathy, meniscus tear and compression, to carti-
lage defects, and a series of structural changes occur in the
joint. It may eventually lead to advanced cartilage loss and
osteoarthritic changes.12 The meniscus, ligaments, peri-
articular muscles, and joint capsule may also have a role in
the development of osteoarthritis, according to a number of
different pieces of data. Patients with KOA even have inflam-
matory cells in their sub-patellar fat pads, which can contrib-
ute to discomfort in the anterior KOA region.13 KOA tends
to cause bone enlargement and swelling, especially in larger
joints. Bone swelling occurs due to pathological changes such
as soft tissue edema, blood circulation obstruction, chondro-
cyte damage, increased bone density, and cystic changes dur-
ing osteoarthritis. Together, these pathological changes
trigger bone remodeling, leading to adverse outcomes such
as marginal osteophytes, joint subluxation, joint capsule
thickening, synovial hyperplasia, and synovial effusion.14 The
presence of inflammation in the course of KOA, particularly
IL-1a and TNF-a, induces a high expression of genes associ-
ated with senescence and thus exacerbates the aging process.
Thus, the changes in bone structure associated with aging
lead to reduced range of active and passive movement in
patients.15 In addition, articular cartilage is a durable tissue
that can withstand repeated stress created by daily physical
activity. However, it is still prone to damage of cartilage and
subchondral bone after trauma. Repetitive exercise-induced
joint injury, especially squatting and kneeling in the elderly,
is a common risk factor for KOA. Occupations that squatted
or knelt for >2 h a day were associated with a significant
two-fold increased risk of moderate to severe KOA.16 Peri-
articular muscles play an important role in maintaining joint
stability, and the structure and function of skeletal muscles
are related to the development and progression of KOA.17

The decline of muscle strength in the elderly and knee
arthritis has a pathological effect on each other. As aging
muscles gradually atrophy and the strength of knee muscles
declines, the system functions of wrapping, binding, and
maintaining balance decline, which will lead to the reduction
of the stability of knee joints, uneven distribution of joint
load, and the loss of cartilage due to metabolic imbalance
caused by local cartilage stress exceeding its physiological
load.18 With the progression of KOA, pain, joint adverse
symptoms aggravated, reduced activity, further affecting the
biomechanical properties of muscle.

Obesity is considered to be another important risk fac-
tor for KOA progression. There was a linear relationship
between BMI and severity of KOA.19 Obesity can directly
increase the mechanical pressure of the knee joint,20 aggra-
vate cartilage damage, and cause abnormal bone metabolism
and remodeling response, resulting in uneven stress distribu-
tion of the tibial plateau and increased knee joint load.21 The
chance of developing or worsening osteoarthritis later on can
be increased by increased strain on the knee, which can

Fig. 1 Macroscopic factors affecting the occurrence and development

of knee osteoarthritis.
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result in stress fractures and anterior cruciate ligament rup-
ture.22 In obese individuals, the incidence of cartilage dam-
age and permanent disintegration is higher than that of
articular chondrogenesis. However, obesity is also the most
modifiable risk factor among the many risk factors affecting
KOA.23 Studies have shown that weight loss or removal of
the infrapatellar fat pad can improve OA severity and reduce
mechanical load around the knee joint.24 In addition, the
metabolic and inflammatory changes associated with obesity
are also important factors affecting the progression of KOA,
and the specific mechanisms are described below.

Another significant factor in knee joint abnormalities
is abnormal gait. Women are twice as likely as males to
develop KOA.25 It is believed that heel height may be a
potential factor contributing to the higher incidence of osteo-
arthritis in women because studies have shown that heel
height significantly influences knee kinematics and dynamics
during walking and that walking in high heels increases knee
extension torque, which increases knee joint load.26 Further-
more, increased trunk flexion in patients with KOA is associ-
ated with elevated knee flexor activity and medial co-
contraction.27 Gait adjustment was most effective in reducing
the knee adduction and also increased joint contraction, thus
reducing the impact on the net load of the knee joint.28

In conclusion, age, trauma, obesity, increased joint
loading, and reduced joint stability all play a role in the
development of KOA. These factors also lead to and influ-
ence each other, creating a vicious circle that leads to the
development of KOA. At the same time, these macroscopic
factors are also causative factors leading to changes in the
microscopic environment, in particular, changes in non-
exogenous factors such as age and obesity that are associated
with changes in the body itself.

Metabolic Syndrome and Bone Metabolism
In recent years, the association between metabolic syndrome
and KOA has aroused many scholars’ interests in the field of
osteoarthritis. The metabolic syndrome consists mainly of
hypertension, hyperglycemia, dyslipidemia, and central obe-
sity, all associated with the pathology and risk of progression
of KOA.29 Articular cartilage in particular is vulnerable to
the harmful effects of elevated glucose and lipids.

Hypertension is one of the most common com-
orbidities of OA. A cross-sectional analysis of 254 patients
with KOA showed that 63% of KOA patients had a history
of hypertension,30 which can physically and biochemical dis-
rupt joint homeostasis. The mechanism of hypertension
affecting OA mainly includes the following two aspects:
hypertension increases intraosseous pressure and causes hyp-
oxia, which in turn triggers the remodeling of the junction of
subchondral bone and osteochondral.31 Elevated blood pres-
sure may lead to increased RANKL/OPG ratio, IL-6 and
M-CSF expression, all of which promote osteoclast formation
and enhanced activity, thus promoting osteoclast differentia-
tion and bone resorption.32 On the other hand, there is
growing evidence that vascular dysfunction is closely related

to the pathogenesis of KOA. In patients with hypertension,
the state of equilibrium between the vascular regulators pro-
duced by endothelial cells is disrupted, leading to changes in
vascular tone, manifested by a decrease in peripheral blood
flow, leading to ischemia and cell death, which negatively
affects the subchondral bone.33 Hypertension can also lead
to arteriosclerosis, which directly affects subchondral bone
ischemia, resulting in changes in joint cell metabolism. High
concentrations of pro-inflammatory peroxidase lipids
detected in plasma of patients with metabolic syndrome
accelerate degradation of periarticular matrix, directly affect-
ing articular cartilage.34

Both type 2 diabetes and KOA are common chronic
diseases in the older population, and clinical observations
and studies have found a significantly increased risk of devel-
oping KOA in patients with type 2 diabetes.35 Hyperglycemia
and insulin resistance are important factors inducing KOA
in patients with type 2 diabetes. Oxidative stress caused by
chronic hyperglycemia can lead to excessive production of
pro-inflammatory cytokines and advanced glycation end
products (AGEs) and insulin resistance in joint tissues,
which may lead to local and systemic low-grade chronic
inflammation, causing damage to cell matrix, subchondral
bone, and chondrocyte.36,37 For articular chondrocytes, glu-
cose is not only an important source of energy, but also an
important precursor of glycosaminoglycan synthesis. How-
ever, due to reduced collagen synthesis and increased proteo-
glycan catabolism, excessive glucose can lead to abnormal
cell metabolism and morphological changes. Hyperglycemia
is directly related to the accumulation of AGEs, which can
lead to lipid peroxidation and cell membrane damage by
stimulating extracellular matrix (ECM) degradation and oxi-
dative stress. In addition, AGEs can promote the develop-
ment of diabetic peripheral neuropathy, thereby accelerating
KOA.38

Lipid abnormalities may also promote the pathological
process of KOA. The disruption of high-density lipoprotein
(HDL) metabolic pathway and the elevation of free fatty acid
levels can aggravate adipose tissue inflammation by activat-
ing macrophages through TLR-2/4, leading to imbalance in
cartilage remodeling and destruction of bone homeostasis.39

By analyzing the serum of 41 patients with KOA, it was
found that hypertriglyceridemia was closely related to carti-
lage anabolism and catabolism. Hypertriglyceridemia had a
significant independent effect on cartilage metabolism and
could make cartilage homeostasis change to degeneration.40

BMI-related central obesity is another important com-
ponent of the metabolic syndrome, and up to two-thirds of
elderly obese people are affected by KOA.41 Obese people
may have considerable overload and injury to their weight-
bearing joints due to weight increase brought on by elevated
BMI. Obesity can bring mechanical overload to weight-
bearing joints, such as knee joints, hip joints, etc., resulting
in wear, injury and microtrauma, uneven stress on the joint
surface, joint dysfunction, further leading to cartilage loss,
osteophyte formation, and osteoarthritis.42 In addition,

2215
ORTHOPAEDIC SURGERY

VOLUME 15 • NUMBER 9 • SEPTEMBER, 2023
THE PATHOGENESIS OF KNEE OSTEOARTHRITIS



metabolic problems can also be brought on by high BMI.
KOA is closely correlated with abnormal adipocyte produc-
tion of leptin and adiponectin in adipose tissue. Leptin is
one of the most important factors secreted by adipose tissue
and plays an important role in the pathogenesis of KOA.
Jiang et al.43 found that leptin induced CD14/TLR4 activa-
tion through JAK2-STAT3 signaling pathway to promote
KOA. In addition, Wang et al.44 found elevated levels of
TNF-α, IL-1, and IL-6 in synovial fluid, synovium, sub-
chondral bone, and cartilage in KOA patients, and adipose
tissue is considered to be a major source of these pro-
inflammatory cytokines. TNF-α, IL-1, and IL-6 can induce
the production of other cytokines, such as matrix
metalloproteinases (MMPs) and prostaglandins, and inhibit
the synthesis of proteoglycans and type II collagen. It can be
seen that obesity plays an important role in the bone metab-
olism of KOA.

In summary, KOA is closely related to the molecular
mechanisms of oxidative stress, inflammatory response, vas-
cular endothelial injury, metabolic abnormalities, obesity,
hypertension, and lipid metabolism dysfunction. Those path-
ogeneses may extend to multiple organs of the body, and
actively control the metabolic syndrome. Systemic treatment
may help delay the progress of KOA, and the improvement
of KOA activity disorder may also reduce the metabolic
syndrome.

Cytokines and Related Proteases

Cytokines and Chemokines
During the illness process, chemicals influence the creation of
cells, cytokines, and other inflammatory substances and
enzymes in joints via intracellular signal transduction pathways.

The tissue secretions of cartilage, synovium, infrapatellar fat
pad, and meniscus in knee joint have many cytokines,
chemokines, and growth factors. These factors activate MAPK,
AKT, NFКB, and other signaling pathways in chondrocytes,
release a variety of inflammatory mediators, accelerate cho-
ndrocytes dedifferentiation, and increase chondrocytes fibrosis.
It has been observed in KOA subjects that the levels of IL-7, IL-
12, interferon (IFN)-γ, IL-10, and IL-13 in synovial fluid are
associated with knee pain during KOA progression.45 Among
the many cytokines associated with KOA, IL-1β, TNF-α, and
IL-6 are considered to be the most critical pro-inflammatory
factors that promote the progression of KOA46 (Figure 2).

IL-1β is a member of the IL-1 family and achieves its
role by binding to the corresponding receptor (IL-1RI).47

IL-1β is mainly involved in induced catabolic events (such as
cartilage degradation) through mitogen-activated protein
kinase (MAPK) signaling,48 which is the most important pro-
cess in KOA (Figure 3). MAPK is mainly composed of extra-
cellular signal-regulated kinases (ERK), c-Jun N-terminal
kinases (JNKs) and p38 MAPK.23 IL-1β can induce the pro-
duction of collagenases and aggresomes through these signaling
pathways of MAPK, and inhibit the synthesis of proteoglycans
and collagen, leading to ECM degradation. In addition, it can
also stimulate the secretion of IL-6, and other pro-inflammatory
cytokines through three signaling pathways of MAPK,49 and
induce the gene expression or enhanced activity of COX-2 and
iNOS in chondrocytes to stimulate nitric oxide (NO), prosta-
glandin E2 (PGE2), and other inflammatory mediators. NF-κB
is another important signaling pathway involved in the activa-
tion of IL-1β. Its participation in the process of KOA is similar
to MAPK, which can not only induce the release of MMP1 and
MMP13, but also decrease the disengagement of inflammatory
factors such as IL-6.50,51 It can also produce inflammatory

Fig. 2 The role of proinflammatory factors in the pathogenesis of knee osteoarthritis schematic diagram. IL-1β, TNF-α, IL-6, and other pro-

inflammatory factors bind to their corresponding receptors, activate NF-kB and MAPK signaling pathways. By promoting the expression of ADAMT-4,

ADAMT-5, MMP1, MMP3, MMP13, and other enzymes, it inhibits the synthesis of proteoglycans and collagen resulting in ECM degradation. In

addition, the same signaling pathway can increase the expression of inflammatory mediators such as COX-2, PGE-2, NO, iNOS, and induce

inflammatory factors such as IL-6 and TNF-α to aggravate the inflammatory response.
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mediators such as NO and PGE2 through the PI3K/AKT sig-
naling pathway (Figure 4).52

TNF-α is also an effective pro-inflammatory cytokine
and plays an important role in the process of KOA. TNF-α
is a protein that shows cytotoxic activity and causes certain
types of necrosis to subside. It is part of the tumor necrosis
factor superfamily and was discovered by Carswell et al. in
1975.53 Tumor necrosis factor receptor 1 (TNRF-1) can be
activated by two forms of TNF-α, but TNRF-1 activity has a
greater effect on local cartilage tissue loss.54 TNF-α, like
IL-1β, can induce the degradation of ECM by inducing
collagenase and aggrecanases (including MMP-1, MMP-3,
MMP-13, and ADAMTS-4).55 In addition, TNF-α increases
the synthesis of IL-6, IL-8, RANTES, and VEGF.56

One significant inflammatory cytokine is IL-6, which is
mostly generated by chondrocytes, osteoblasts, and synovial

cells in KOA patients.57 IL-6 activates JAK/STAT, MAPK,
and PI3K signaling pathways by binding to two receptors:
binding protein IL-6R(gp80, CD126) and signal transduction
protein gp130(CD130).58,59 By activating the above signaling
pathways, it regulates the production of enzymes such as
TIMP, MMP, and ADAMTS, thereby affecting the synthesis
of type II collagen and proteoglycans. Therefore, IL-6 plays a
dominant role in anti-inflammatory and pro-inflammatory
effects, leading to the progression of osteoarthritis.56

Chemokines, also known as chemotactic cytokines, are
small molecular proteins that induce the chemotaxis of a
variety of cells. They exert biological functions mainly by
interacting with corresponding chemokine receptors and gly-
cosaminoglycans on the surface of endothelial cells. It has
been found to play an important role in the development of
KOA.60 Chemokine CCL2, a monocyte chemoattractant,

Fig. 3 Diagram of MAPK signaling pathway in knee osteoarthritis. The pathway diagram shows that factors such as IL-1 and TNF-a can be used as

initiators of MAPK signaling pathway to mediate signal expression and participate in catabolic events such as cartilage degradation.
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works by binding to the CCR2 receptor. A significant
increase in CCL2 was found in synovial fluid of patients with
KOA and knee injury.61,62 Overexpression of CCL2 increases
the expression of MMP3 and MMP13, leading to the loss of
proteoglycans and cartilage degradation. Blocking the CCL2
signaling pathway significantly attenuated macrophage accu-
mulation, synovitis, and cartilage damage in the OA mouse
model. In addition, CCL3, CCL4, and CCL5 in CC family
chemokines have also been found to be important
chemokines in the development of KOA. The increase of
CCL3, CCL4, and CCL5 can be detected in plasma and syno-
vial fluid of KOA patients.63

KOA patients stimulated by proinflammatory factors
such as lipopolysaccharide (LPS) and TNF-αsecrete-related
chemokines (CXCL6, CXCL10 and CXCL16) and growth
factors such as angiopoietin-like protein 1(ANGPTL1), fibro-
blast growth factor 5 (FGF5)and insulin-like growth factor
2 (IGF2).64 In vitro studies have shown that human synovial
fibroblasts (HFLS) can stimulate bone regeneration by acti-
vating the PI3K/AKT signaling pathway in mesenchymal
stem cells, leading to the formation of osteophytes.65 These
cytokines and chemokines in the catabolic cascade amplifica-
tion cartilage matrix decomposition further enhance the
destruction of articular cartilage cells, causing the induction

Fig. 4 Diagram of NF-kB signaling pathway in knee osteoarthritis. The pathway diagram showed that IL-1β, TNF-α, and other factors could mediate

signal expression as initiators of NF-kB signaling pathway. TRAF6 and TAK1 are NF-κB pathway hub factors, which ultimately lead to the expression of

inflammatory factors such as IL-8, IL-1β, TNF-α, A20, COX-2, and MIP-1β, leading to increased inflammation and ECM degradation.
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Table 1 Aberrant expression of lncRNAs and their function in the development of knee osteoarthritis

Gene name Expression Related factor Function Tissue and cell sources

LncRNA SNHG1 Down PI3K/Akt/mTOR ECM degradation" Inflammation" Apoptosis" Rat chondrocyte
LncRNA MEG3 Down miR-93/TGFBR2 Chondrocyte proliferation# Apoptosis"

ECM degradation"
Rat knee cartilage tissue

LncRNA MEG3 Down miR-16/SMAD7 Chondrocytes proliferation"
Apoptosis#

Rat knee cartilage tissue

LncRNA MEG3 Down MEG3/miR-361-5p/FOXO1 Chondrocyte proliferation#
Apoptosis"
Cartilage matrix degradation"

Human knee cartilage
tissue

LncRNA ANRIL Up miR-122-5p/DUSP4 Synovial cell proliferation" Human knee cartilage
tissue, Normal
synoviocytes (NS) and
osteoarthritis
synoviocytes (OAS)

LncRNA HOTTIP Up miR-663a/FRK Chondrocyte proliferation"
Chondrocyte apoptosis#

Human knee cartilage
tissue

LncRNA FAS-AS1 Up MMP1, MMP13, COL2A1 Chondrocyte proliferation# Apoptosis"
ECM degradation"

Human knee cartilage
tissue

LncRNA THUMPD3-AS1 Down p38MAPK
NF-kB p65

Apoptosis" Inflammation# Human knee cartilage
tissue, Human cartilage
C28/I2 cells

LncRNA HOTAIR Up miR-1277-5p/SGTB Chondrocyte apoptosis" Inflammation" Human chondrocyte cell
line CHON-001

LncRNA HOTAIR Up Wnt/β-catenin Synovial Inflammation" Synovial cell
proliferation"

Synoviocyte cell apoptosis#

Synovial tissue of rat knee
joint

LncRNA-CIR Up Activated autophagy ECM degradation" Human articular cartilage
tissue

LncRNA CIR Up miR-27/MMP13 ECM degradation" Human knee cartilage
tissue

LncRNA-CIR Up miR-130a/Bim ROS generation" Inflammatory mediators"
Chondrocyte apoptosis"

Human knee cartilage
tissue

LncRNA NKILA Down miR-145/SP1/NFκB Inflammation" Chondrocyte proliferation#
Apoptosis"

Human articular cartilage
tissue

LncRNA SNHG5 Down miR-26a/SOX2 Chondrocyte proliferation# Human knee cartilage
tissue

LncRNA SNHG5 Down miR-10a-5p/H3F3B Chondrocyte apoptosis" Human knee cartilage
tissue

LncRNA-H19 Up miR-140-5p Chondrocyte apoptosis Human knee cartilage
tissue

LncRNA H19 Up miR-130a apoptosis" Inflammation" Human cartilage C28/I2
cells and human renal
epithelial cells 293T

LncRNA TM1-3P Up miR-144-3p/ONECUT2 ECM degradation" Rat knee cartilage tissue
LncRNA TUG1 Up miR-195/MMP-13 ECM degradation" Human knee cartilage

tissue
LncRNA CASC2 Up IL-17 Chondrocyte proliferation#

Chondrocyte apoptosis"
Human plasma and
synovial fluid

LncRNA CASC19 Up miR-152-3p/DDX6 Chondrocyte apoptosis" Proinflammatory cytokine" Human knee cartilage
tissue, Human cartilage
C28/I2 cells

LncRNA MIAT Up miR-488-3p/SOX11 Apoptosis" Inflammation" Human knee cartilage
tissue, Human cartilage
C28/I2 cells

LncRNA SNHG14 Up miR-124-3p/FSTL-1/
NLRP3

TLR4/NF-κB

Chondrocyte apoptosis"
Inflammatory mediator"

Human articular cartilage
tissue, Rat knee articular
cartilage tissue

LncRNA GAS5 Down KLF2/NF-Κb
KLF2/Notch pathways

Inflammation" Murine chondrocytic ATDC5
cell line

LncRNA GAS5 Down mir-146a/Smad4 Chondrocyte apoptosis" Human knee and hip
cartilage tissue

LncRNA LEMD1-AS1 Down miR-944/PGAP1 Chondrocyte apoptosis"
Chondrocyte proliferation#
Inflammation"

Human knee cartilage
tissue

LncRNA ZFAS1 Down Wnt3a Chondrocyte proliferation" Apoptosis#
Extracellular matrix#

Human knee cartilage
tissue

2219
ORTHOPAEDIC SURGERY

VOLUME 15 • NUMBER 9 • SEPTEMBER, 2023
THE PATHOGENESIS OF KNEE OSTEOARTHRITIS



Table 1 Continued

Gene name Expression Related factor Function Tissue and cell sources

LncRNA SNHG16 Up miR-373-3p Apoptosis"
Inflammation"

Human chondrocyte cell
line CHON-001, Human
joint tissue

Linc00341 Down YAF2 Chondrocyte apoptosis" Human knee cartilage
tissue

LncRNA MIR22HG Up miR-9-3p/ADAMTS5 Chondrocyte apoptosis" ECM degradation" Human knee cartilage
tissue

LncRNA SNHG7 Down miR-214-5p/PPARGC1B Chondrocyte viability# Cartilage apoptosis"
Inflammation"

Human knee cartilage
tissue, Mouse knee
cartilage tissue

LncRNA SNHG7 Down miR-34a-5p/SYVN1 Cell proliferation# Apoptosis"
Autophagy reaction"

Human knee cartilage
tissue

LncRNA SNHG9 Down miR-34a Chondrocyte apoptosis# Synovial fluid of human
knee joint and hip joint

LncRNA CTBP1-AS2 Up miR-130a Chondrocyte proliferation# Synovial fluid of human
knee joint and hip joint

LncRNA LOXL1-AS1 Up miR-423-5p/KDM5C Chondrocyte proliferation"
Inflammation"

Human knee and hip
cartilage tissue

LncRNA MEG8 Down PI3K/AKT Cell proliferation#
Apoptosis"
Inflammation"

Human knee cartilage
tissue, Human cartilage
C28/I2 cells

LncRNA DANCR Up miR-577/SphK2 Apoptosis" Human knee cartilage
tissue

LncRNA-MSR Up TMSB4 ECM degradation" Human knee cartilage
tissue

LncRNA MINCR Down miR-146a-5p/BMPR2 Cell proliferation#
Apoptosis"
ECM degradation"

Human knee cartilage
tissue

LncRNA-ROR Down HIFla
p53

Chondrocyte viability#
Autophagy reaction#
Apoptosis"

Human knee cartilage
tissue

LncRNA-ATB Down miR-223/MyD88/NF-Κb
miR-223/p38MAPK

Inflammation" Murine chondrocytic ATDC5
cell line

LncRNA RP11-445H22.4 Up mir-301a/cxcr4 Apoptosis"
Inflammation"

Human cartilage ATDC5
cells

LncRNA FOXD2-AS1 Up miR-206/CCND1 Chondrocyte proliferation" Human knee cartilage
tissue, Human cartilage
C28/I2 cells

LncRNA FOXD2-AS1 Up miR-27a-3p/TLR4 Chondrocyte proliferation"
Inflammation"
ECM degradation"

Human articular cartilage
tissue, Human cartilage
C28/I2 cells

LncRNA OIP5-AS1 Down miR-29b-3p/PGRN Apoptosis"
Inflammation"

Human knee cartilage
tissue, Human
chondrocyte cell line
CHON-001, Murine
chondrocytic ATDC5 cell
line and human
embryonic kidney cell line
HEK293

LncRNA PVT1 Up miR-149 ECM degradation"
Inflammation"

Human knee cartilage
tissue

LncRNA PVT1 Up miR-140 ECM degradation" Human knee cartilage
tissue

LncRNA PVT1 Up miR-488-3p Chondrocyte apoptosis" Human knee cartilage
tissue

LncRNA SNHG15 Down mir-7/KLF4 ECM degradation"
Chondrocyte formation#

Human knee cartilage
tissue

LncRNA NEAT1 Up miR-16-5p Chondrocyte proliferation" Human knee cartilage
tissue

LncRNA NEAT1 Up miR-543/PLA2G4A Chondrocyte proliferation#
Apoptosis"

Human knee cartilage
tissue

LncRNA NEAT1 Up miR-181c/OPN Synovial cell proliferation" Human synovium tissues
LncRNA RMRP Up miR-206/CDK9 Chondrocyte proliferation#

Apoptosis"
Human knee cartilage
tissue
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of catabolic pathways, inhibition of matrix synthesis, and
promotion of apoptosis.

Proteinase
Matrix metalloproteinases (MMPs), a class of ECM-eroding
enzymes that are expressed in joint tissues, are thought to be
a key factor in the degeneration of joints in patients.
MMP-1, MMP-3, MMP-9, and MMP-13 in the MMPs fam-
ily are considered to be the core substances that promote the
degradation of cartilage matrix and are the main promoters
of the occurrence and aggravation of KOA.66 Jarecki et al.
evaluated the correlation between serum and synovial fluid
MMPs and clinical stage in obese women with KOA. The
results showed that the levels of MMP-3, MMP-9, and pro-
MMP-13 were higher in the later stage of KOA.67 MMP-13
is the most expressed in KOA,68 which has the same func-
tion as other MMPs (such as MMP-1, MMP-3), that is, the
destruction of collagen network. In MMPs, MMP-1 is mainly
expressed by synovial cells, and MMP-13 is mainly expressed
by chondrocytes. Both MMPs can degrade collagen, but

MMP-13 can also degrade proteoglycan molecules and poly-
meric proteins, suggesting that MMP-13 has a dual role in
matrix degradation.69 Although MMP-13 can degrade many
collagens, even proteoglycan and other proteins, the main
target of MMP-13 is type II collagen, which is the most com-
mon type of collagen in cartilage structure.68 With the
change of ECM, the matrix around the cell is also degraded
by the increase of protease activation.70 The production of
cartilage degradation products and the secretion of damage-
associated molecular patterns (DAMPs) further increase the
release of pro-inflammatory mediators such as IL-1β, TNF-α,
etc. These cytokines can trigger the increase of MMPs
expression and inhibit MMPs enzyme inhibitors, reducing
ECM synthesis. They also affect the proliferation of adjacent
synovium and induce inflammation, ultimately aggravating
the decomposition of cartilage.3

Long Non-coding RNA(LncRNA)

LncRNA is an RNA molecule with a length of more than
200 nucleotides and is a by-product of RNA polymerase

Table 1 Continued

Gene name Expression Related factor Function Tissue and cell sources

LncRNA MCM3AP-AS1 Up miR-142-3p/HMGB1 Chondrocyte apoptosis" Synovial fluid of human
knee joint and hip joint

LncRNA MALAT1 Up miR-150-5p/AKT3 Cell proliferation"
Apoptosis#
ECM degradation#

Human knee cartilage
tissue

LncRNA MALAT1 Up miR-146a-PI3K/Akt/mTOR Apoptosis# Rat knee cartilage tissue,
Human knee cartilage
tissue

LncRNA MALAT1 Up MALAT1/miR-145 Chondrocyte viability#
ECM degradation"

Human articular cartilage
tissue

LncRNA—p21 Up miR-451 Cell viability#
Chondrocyte apoptosis"

Human knee cartilage
tissue

LncRNA CHRF Up miR-146a/NFκB, miR-146a/
JAK1/STAT3

Cell viability#
Apoptosis"
Inflammation factors"

ATDC5 cells

LncRNA PACER Down lncRNA HOTAIR Chondrocyte apoptosis" Human discomfort plasma,
Human chondrocyte cell
line CHON-001

LncRNA LUADT1 Down miR-34a/SIRT1 Chondrocyte apoptosis" Synovial fluid of human
knee joint and hip joint

LncRNA LOC101928134 Up IFNA1/JAK/STAT Synovial hyperplasia"
Cartilage destruction"

Synovial tissue of rat knee
joint

LncRNA AFAP1-AS1 Up miR-512-3p/MMP-13 Chondrocyte proliferation"
Extracellular matrix"

Human knee cartilage
tissue, Mouse articular
cartilage tissue

LncRNA PART-1 Down miR-590-3p/TGFBR2/Smad3 Cell viability#
Chondrocyte apoptosis"

Human knee cartilage
tissue, The immortalized
human chondrocytes cell
lines C20/A4

LncRNA CAIF Down miR-1246 Chondrocyte apoptosis"
IL-6"

Synovial fluid of human
joint tissue, Human
chondrocyte cell line
CHON-001

LINC00623 Down miR-101/HRAS/MAPK ECM degradation"
Chondrocyte apoptosis"

Human knee cartilage
tissue

LncRNA UFC1 Down miR-34a Chondrocyte proliferation#
Apoptosis"

Human knee cartilage
tissue

2221
ORTHOPAEDIC SURGERY

VOLUME 15 • NUMBER 9 • SEPTEMBER, 2023
THE PATHOGENESIS OF KNEE OSTEOARTHRITIS



II transcription. LncRNA does not encode proteins and was
previously considered to have no biological function. With
the development of bioinformatics and high-throughput
sequencing technology, more and more studies have reported
that lncRNA plays a key role in gene regulation and epige-
netic modification.71 It also participates in cell proliferation,
apoptosis, differentiation, and other biological processes, and
affects the occurrence and prognosis of the disease.72 In
recent years, numerous lncRNA have been shown to be dif-
ferently expressed in distinct pathogenic stages of osteoar-
thritis. Liu et al. found 418 up-regulated lncRNA and
347 down-regulated lncRNA in KOA patients. Enrichment
analysis found that DE lncRNA was mainly enriched in bio-
logical processes, molecular functions, and signaling path-
ways related to inflammation and bone formation.73 Even
some lncRNA are considered to be biomarkers that distin-
guish osteoarthritis from healthy people and disease progres-
sion. They found that eight lncRNA had the value of
predicting KOA risk, and six candidate lncRNA could inde-
pendently predict KOA risk.73 In addition, Chen et al. con-
ducted a comprehensive network analysis of lncRNA-related
ceRNA and found eight lncRNA molecular biomarkers asso-
ciated with the progression of KOA.74 Zhao et al. found that
exosomal lncRNA PCGEM1 may be a powerful indicator for
distinguishing early and late OA.75 In addition, lncRNA
CRNDE and LINC00152 were identified as key lncRNA for
age-related degeneration of articular cartilage.76 More and
more studies have confirmed that lncRNA is involved in
ECM degradation, chondrocyte apoptosis, inflammatory
response, autophagy, and other processes. Table 1 summa-
rizes the lncRNA involved in the development of KOA. A
large number of studies have found that the intervention of
specific LncRNA has an inhibitory effect on the development
of osteoarthritis. For example, Achyranthes bidentata poly-
saccharide (ABP) can slow down the degradation of ECM by
regulating the expression of lncRNA GAS5.77 It can also
inhibit thapsigargin (TG)-induced chondrocyte endoplasmic
reticulum stress (ERS)78 through the lncRNA NEAT1/miR-

377-3p axis to protect osteoarthritis. In conclusion, lncRNA
plays an important role in regulating gene expression,
maintaining cartilage and synovial cell phenotype, and stabi-
lizing the intra-articular environment.79 It is expected to
become a new way for the diagnosis and treatment of KOA.

Conclusion

Systemic and local elements combine to create KOA in
the development process. In terms of the macrocosm, it

is mostly related to changes in joint biomechanics brought
on by aging, trauma, knee dislocation, and obesity. The
micro-level is brought on by the metabolic syndrome, aber-
rant bone metabolism, cytokines and associated enzymes,
genetic mutations, and alterations in plasma adiponectin.
There are no rigid borders between macro and micro; rather,
they interact and affect one another. Consequently, a patho-
logical process from the macro to the micro system develops.
People will find it easier to diagnose and treat KOA effec-
tively if they completely comprehend its pathophysiology.
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