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Abstract
There is a current need to develop novel therapeutic strategies to improve osteoarthritis
(OA) by reducing joint pain, slowing cartilage degeneration progress, and supporting car-
tilage regeneration.  In order to reduce the progression of OA, several small molecules
with chondrogenic, anti-inflammatory, and extracellular matrix modulatory activities are
being investigated as potential OA medications. Kartogenin (KGN) is one such molecule
recently identified through an image-based-high-throughput screening. Since its discov-
ery, many studies have been conducted to determine its biological effects in chondrogen-
esis, increased cartilage regeneration, reduced OA-induced pain, reduced inflammation
and role in modulating limb development. Additionally, many biomaterial-based carriers
have been developed for the sustained release of KGN. Lastly, several biological mecha-
nisms of action of KGN are identified too.  These include the Filamin A/CBFβ/RUNX1, In-
dian Hedgehog (Ihh), TGFβ/Smad Pathway for Chondrogenesis, the AKT/PI3K and
TAOK1/Hippo Pathways for its anti-inflammatory effects and IL-10 mediated analgesic ef-
fect. The observed impacts on the formation of cartilage cells, maintaining a balance of
anabolic and catabolic effects, decreasing inflammation and offering pain alleviation,
emphasise the potential benefits of administering KGN for treating osteoarthritis.

Introduction
Osteoarthritis is a chronic joint disease characterized by degenerative changes in the joint
tissues [1,2]. It is considered the most common form of arthritis affecting over 32.5 million
adults in the United States alone and is a leading cause of disability among older adults
[3]. Osteoarthritis results from injury to articular cartilage due to trauma, pathological
disease, or wear and tear [4]. A  hallmark of osteoarthritis is the progressive destruction of
the articular cartilage extracellular matrix [5]. As articular cartilage has poor vascular sup-
ply, lymphatic drainage, and poor progenitor cell access to the lesions they lack the ability
to regenerate upon injury. In addition, several risk factors have been identified that affect
the development of osteoarthritis, including age, gender and weight. Even though os-
teoarthritis can affect any joint in the body, it commonly affects the hands, knees, hips,
and spine. The major symptoms of osteoarthritis are joint pain and a decreased range of
motion secondary to the pain. Other associated symptoms include stiffness and swelling.
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These symptoms may be mild at first but can become more severe over time and as such,
treatment options are increasingly important to improve the quality of life [4,6] .

The current therapeutic options for osteoarthritis to reduce pain and functional dis-
ability includes non-pharmacological interventions to dietary supplements, pharmaco-
logical therapies, intra-articular injections and finally, invasive surgical approaches [7,8] .
Exercise and physical therapy can help improve flexibility and strength of the affected
joint and also help to reduce the strain on the joints. Topical or oral non-steroidal anti-
inflammatory drugs (NSAIDs) are commonly used to treat the pain and inflammation of
osteoarthritis; however, the cardiovascular, gastrointestinal and renal side effects of
NSAIDs raise significant concerns.  Opioids which present another option, however, are
limited by severe side effects, including addiction. Recently, targeted approaches to OA
treatment with small molecules over palliative drugs are gaining interest. These include
the local administration of small molecular drugs via intraarticular injections. The
intraarticular injection of corticosteroids has shown an effective, short-term reduction in
OA pain [2]. Similarly, capsaicin, a small molecule that binds to TRPV1 receptors, has been
shown to provide OA pain relief via the desensitization of nerve fibers [9]. The injection of
hyaluronic acid, also known as visco-supplementation, works as a short-term treatment
for OA pain and improves joint functions by acting as a lubricant [10]. Lorecivivint is a po-
tential disease-modifying osteoarthritis drug recently shown to improve OA joint pain
and improve joint functions through its interaction with the Wnt signaling pathway
[9,11]. These small molecules, however, do not provide an effective long-term solution to
combat OA. Novel and or alternative therapeutic strategies are being investigated to im-
prove the outcome by reducing joint pain, slowing down the progress of cartilage degen-
eration and supporting cartilage regeneration.  Several small molecules with chondro-
genic, anti-inflammatory and extracellular matrix modulatory properties are being inves-
tigated as disease modifying OA drugs to alleviate or even reverse the development of OA.
Cell-based screening of small molecule libraries has led to the identification of several
candidate molecules capable of supporting cartilage differentiation and protecting carti-
lage from degeneration. The review presents an overview of the recent studies demon-
strating the potential of kartogenin as a chondrogenic molecule and its mechanism of ac-
tion.

Kartogenin
Kartogenin (KGN) is a small heterocyclic molecule discovered by Johnson et al., in 2012 [1]
as a potential disease-modifying small molecule for osteoarthritis therapy by regulating
chondrogenesis.  Using an image-based high-throughput screening of 22,000 structurally
diverse hetrocycles using human bone marrow-derived mesenchymal stem cells (hMSCs),

Fig 1: Chemical structure of Kartogenin
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KGN was identified for its ability to promote chondrogenesis.  The cartilage nodules
formed in the presence of KGN contained proteoglycans and collagen II, the essential
structural components of the hyaline cartilage.  In addition, KGN was able to significantly
reduce nitric oxide (NO) and cytokine-induced degradation of glycosaminoglycans
(GAGs) in cartilage explants under pathophysiological conditions. Using the collagenase
VII-induced chronic joint injury model and acute ligament ligation model, the study also
demonstrated the ability of intraarticular injection of KGN to support cartilage regenera-
tion as indicated by a decrease in the fibrillations in the superficial and midzone of articu-
lar cartilage.  Incapacitance measurements in these models demonstrated the ability of
KGN to alleviate OA-induced pain. The study attributed the in vivo efficacy of KGN to a
combination of regenerative/repair and protective effects.

The above-discussed study significantly increased the interest in KGN as a regenera-
tive molecule and led to the investigation of the molecule for a wide range of biological
applications.  Kwon at al. investigated the ability of KGN to combat the OA-induced joint
pathogenisis [12].  Using mono iodoacetate (MIA) induced inflammatory OA rat model,
the study investigated the ability of KGN to reduce pain and improve cartilage repair upon
intraarticular injection.  The study demonstrated that intraarticular injection of KGN sig-
nificantly reduced joint destruction, decreased chondroclast expression, increased Treg
cell expression, and decreased the severity of joint pain. In addition, using IL-1β stimu-
lated human OA chondrocytes, the study showed the ability of KGN to increase the mRNA
levels of anti-inflammatory cytokine IL-10.  The authors attributed the reduction of pain,
catabolic activity and inflammation by KGN to the upregulation of IL-10. The study attrib-
uted the protective activity of KGN towards cartilage degeneration to the downregulation
of MMPs, inflammation and reduced chondroclast activity.  In addition, the study showed
decreased osteoclastogenesis upon KGN treatment. Jia et al., using rabbit synovial fluid-
derived mesenchymal stem cells (SF-MSCs) studied the combined effect of KGN with
transforming growth factor-β3 (TGF-β3), a known chondrogenic molecule [13].  Addition
of KGN significantly increased Type II collagen and SRY-box 9 (SOX-9) expression and de-
creased Type-X collagen. Moreover, the combined approach showed significantly in-
creased hyaline cartilage regeneration in a rabbit cartilage defect model. Using cartilage
stem/progenitor cells, another study investigated the transcriptomic changes upon KGN
treatment [14].  In addition to enhancing cell proliferation, KGN treatment led to in-
creased expression of IL-6 and its coreceptor Gp130 as well as phosphorylation of Stat3.
Intraarticular injection of KGN in rat medial meniscus transection model resulted in in-
creased articular cartilage thickness and showed upregulated Stat3 phosphorylation and
increased presence of CD55/CD105 cells in the cartilage in the presence of KGN. The regu-
lation of matrix metalloproteases (MMPs) is extremely important to maintain cartilage
homeostasis as MMPs are known to cause matrix degradation. The ability of KGN to
modulate matrix degradation enzymes to reduce cartilage degeneration was recently
studied [15]. Using interleukin-1β (IL-1β) treated chondrocytes, the study showed the abil-
ity of KGN to maintain a balance between anabolism and catabolism by increasing matrix
(type-II collagen and aggrecan) production and reducing the expression of matrix-de-
grading enzymes (MMP13 and ADAMTS5).  In an OA mouse model, the study showed the
ability of KGN to ameliorate cartilage degeneration and subchondral bone sclerosis in
vivo.  A related study investigated the effect of KGN on chondrogenesis, by exposing adi-
pose-derived stem cells (ADSCs) to KGN-pretreated ADSC derived exosomes [16].  The
pretreated exosomes significantly increased the proliferation, clone formation, migration
and chondrogenic differentiation of ADSCs.  This study also showed the ability of KGN to
balance the anabolic and catabolic response by increasing matrix production and decreas-
ing the production of matrix-degrading enzymes.  Structurally, KGN consists of 4-amino-
biphenyl (4-ABP) and phthalic acid (PA) held together via an amide bond.  A recent study
showed that the hydrolysis of KGN and subsequent introduction of 4-ABP into cartilage
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can promote MSC proliferation and chondrogenic differentiation [17]. A stronger effect of
4-ABP in increasing CD44+/CD105+ stem-cell recruitment and prevention of matrix loss
compared to KGN was demonstrated.

Apart from the effect of KGN on chondrogenesis, its biological effect on other tissues
were also investigated.  For instance, one study investigated the potential of KGN to regu-
late the limb developmental process [18].  Using mouse embryo limb buds, the study dem-
onstrated the ability of KGN to stimulate cartilage nodule formation and boost digit carti-
laginous anlage elongation, synovial joint formation and interzone compaction, tendon
maturation and interdigit invagination. Interestingly, in addition to chondrogenesis, a re-
cent study showed the ability of KGN to improve the osteogenesis of bone marrow MSCs
[19]..   The study showed a significant increase in autophagy activities and autophagy-re-
lated genes, as well as upregulation of phosphorylated Smad1/5/9 signalling in bone mar-
row MSCs upon KGN treatment.  Another study investigated the potential of KGN to sup-
port chondrogenic differentiation of patellar tendon stem/progenitor cells [20].  Apart
from supporting chondrogenic differentiation of tendon progenitors, KGN also induced
cartilage-like tissue formation upon injection into intact rat patellar tendons, and injured
rat Achilles tendon-bone joints.   Using a rat tendon graft-bone tunnel model, KGN was
shown to promote the formation of fibrocartilage zones between a tendon graft and the
bone interface, when combined with platelet-rich-plasma (PRP) as a carrier [21]. Due to
the phenotypic similarity of MSCs and dermal fibroblasts, Wang et al., studied the effect
of KGN on dermal fibroblasts [22].  KGN significantly enhanced type-I collagen synthesis
without causing fibroblast apoptosis. Lack of expression of á-skeletal muscle actin, matrix
metallopeptidase 1 (MMP1) and MMP9 was also demonstrated.  In addition to this
favourable in vitro response, dermal administration of KGN using microneedles demon-
strated the ability of KGN to increase dermal thickness and collagen deposition signifi-
cantly.  Since previous studies have shown the association of Filamin A with Smad5, the
study proposed that KGN dissociates CBFâ and smad5 from FLNA, thereby activating the
Smad4/smad5 of the TGF-β signalling pathway without changes in the MAPK signalling
pathway. The study demonstrated the potential of KGN for wound healing and cosmetic
applications.

Sustained KGN delivery systems

Due to the established biological activities of KGN, several studies investigated the poten-
tial of developing sustained KGN delivery systems to maximise its biological potency.
Most of these are designed as local delivery systems to minimise systemic exposure. In-
jectable formulations are very attractive, particularly for intraarticular delivery to treat
OA.  One of the earliest studies in this direction investigated the efficacy of intraarticular
injection of KGN-conjugated chitosan nano and microparticles to support cartilage regen-
eration[23].  The particles showed sustained release of KGN for 7 weeks. The improved ef-
ficacy of nanoparticles compared to microparticles in supporting chondrogenesis was also
demonstrated. Using a surgically induced OA model, the study demonstrated the reduced
degenerative changes with KGN conjugated nano or microparticle intraarticular injection.
Similar effects were reported by using KGN-polyurethane (KGN-PU) nanoparticles [24].
Intraarticular injection of KGN-PU nanoparticles significantly reduced cartilage degen-
eration and showed reduced OARSI scores.  Su et al. demonstrated the feasibility of devel-
oping a pH-responsive nano-level micelle composed of acid-responsive methoxy
poly(ethylene oxide)-hydrozone-poly(εcaprolactone) (mPEG-Hz-b-PCL) [25].  The mi-
celle formulation showed more than 90% of KGN release within 5 h at pH 7.4, showing
the need to further optimise the carrier for prolonged release.  In another study, a carti-
lage targeting KGN nanocarrier was developed using multi-arm cationic nano-construct
of Avidin (mAv) [26].  The uniqueness of the particle allowed rapid penetration of the car-
rier into the cartilage matrix.  The versatility of the system allowed sustained KGN release



OMSTH, 2023; 1(2): e23012 Kartogenin for managing osteoarthritis

OPINIONS IN Medical Sciences, Technology and Health                               July 31, 2023 5/10

for over 2 weeks using a releasable ester linker (mAV-OH-KGN) and a non-releasable for-
mulation using an amide linker (mAV-NH-KGN) wherein the chondrocytes will take up
the nanoparticle. The in vitro efficacy of the formulation was demonstrated using a carti-
lage explant model wherein cytokine-induced catabolism was suppressed. Another recent
study investigated the potential of iron oxide nanoparticles to guide intracartilaginous
delivery of KGN magnetically [27]. Iron oxide nanoparticles showed sustained release of
KGN for over 10 days. The bioactivity of the nanoparticles was established in vitro as it
supported chondrogenic differentiation of MSCs. In addition, the magnetic particles
showed improved tissue penetrating properties in the presence of a magnetic field. Using
an OA rat model, the study showed the ability of the particles to reduce cartilage degen-
eration and alleviate inflammation.  Hydrogel carriers are another attractive drug delivery
system for cartilage regeneration.  Shi et al. developed an injectable composite carrier
consisting of KGN-loaded PLGA nanoparticles encapsulated in hyaluronic acid hydrogel
[28].  The composite carrier showed sustained delivery of KGN for more than 60 days.
The ability of the composite carrier to support hyaline cartilage formation, as well as sig-
nificant BMSCs and SMSCs homing to the site, was demonstrated using a full-thickness
cartilage defect in a rabbit model. Chen et al. developed a theranostic system composed of
KGN/synthetic melanin nanoparticles and cellulose nanocrystal/gelatin-methacrylate an-
hydride (GelMA)/Hyaluronic acid-methacrylic anhydride) hydrogel [29]. In addition to
good mechanical properties and magnetic resonance imaging contrast enhancement, the
composite matrix showed sustained release for several days. Yuan et al. studied the effi-
cacy of ultrasound-responsive hydrogel as a carrier for KGN for cartilage regeneration
[30]. Here, KGN-loaded PLGA microparticles were embedded in carboxymethyl chitosan-
oxidized chondroitin sulfate. The microparticles showed collapse under ultrasound and
showed sustained release of KGN for about 28 days. A recent study incorporated KGN in
electrospun polycaprolactone (PCL) and poly(lactic-co-glycolic acid) (1:1) blends [31]. The
incorporation of KGN did not affect the spinnability of the blend, nor did it affect the fibre
morphology or mechanical properties. The electrospun fibres displayed a typical biphasic
release profile with a sustained release lasting up to 28 days. These studies show the fea-
sibility of local sustained delivery of KGN using biomaterial carriers for improved efficacy
to support cartilage regeneration.

Mechanism of Action

Several mechanisms of action have been identified to support the chondrogenic effects of
KGN.

Filamin A/CBFβββββ/RUNX1 pathway for chondrogenesis

Structure-activity-relationship study by Johnson et al., identified association of KGN with
FilaminA, an actin-binding protein, which is known to play a key role in cytoskeleton for-
mation by cross-linking actin filaments, anchoring several proteins in the cytoskeleton,
and controlling cell adhesion and migration [32]. KGN did not show a significant effect on
G-actin (monomeric) or F-actin (filamentous), nor did it affect the distribution of FLNA in
these two fractions [1], KGN was shown to block the interaction between CBF-β and FC-1
(a fragment of FLNA) causing translocation of  CBF-β into the nucleus to interact with
RUNX1 and transcribe genes involved in the chondrogenesis of MSCs [1].  The study,
therefore, concluded that RUNX1 may be the downstream effector of KGN. CBF-β is
known to activate RUNX1, a transcription factor that promotes cartilage formation by en-
hancing chondrogenic differentiation of MSCs through transcriptional induction of
COL2A1 while suppressing hypertrophic differentiation [33]. Additionally, it was reported
that RUNX1 promotes chondrogenic differentiation and cartilage matrix production
through its interaction with Sox5, Sox6, and Sox9, members of the SOX family [33]. Sox5,
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Sox6, and Sox9 are specifically involved in the development and maintenance of cartilage
tissue [34]. They are known to function by interacting with SOX DNA motifs that are part
of enhancer regions which are predominantly linked to cartilage-specific genes and thus
regulate the expression of various genes involved in chondrogenesis, including genes en-
coding for extracellular matrix proteins such as collagens and proteoglycans [35]. The
functions of Sox5, Sox6, and Sox9 suggest that they play important roles in the develop-
ment and maintenance of cartilage tissue. An important role of this pathway is the sup-
pression of hypertrophic differentiation by down-regulation of RUNX2, the main activator
of hypertrophic chondrocyte differentiation. One study showed that Runx1 possibly sup-
pressed hypertrophic chondrocytes in a Bapx1-dependent manner, where Bapx1 has a par-
tial role in the suppression of hypertrophic differentiation. A previous study showed that
Sox9 can directly interact with Bapx1 and promote its gene expression, which in turn
down-regulates RUNX2 expression [36] by directing RUNX2 to the lysosome for degrada-
tion [37]. Another plausible way that RUNX2 could be suppressed is through an autoregu-
lation method. Prior studies have shown that both canonical and non-canonical RUNX2
genomic sites contribute to the autoregulation of the RUNX2 [38]. As all members of the
RUNX family recognize the same DNA sequence, it is plausible that the CBFâ/RUNX1 com-
plex in the presence of KGN suppresses RUNX2 transcription through competitive inhibi-
tion, thus keeping RUNX2 at a relatively low level [1,39].

Indian Hedgehog (Ihh) pathway for chondrogenesis

The Indian hedgehog (Ihh) pathway plays a critical role in the development and mainte-
nance of cartilage tissue. Ihh is a key signaling protein secreted by pre-hypertrophic
chondrocytes in the growth plate that is needed to sustain chondrocyte proliferation. Ab-

Fig 2: Mechanism of action of Kartogenin via the Filamin A/CBFb/RUNX1
Pathway (left) and the TGF-βββββ/Smad Pathway (right)
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sence of this protein prevents the formation of synovial joints in embryos [18]. The Ihh
pathway is activated by the binding of the Ihh protein to the Patched-1 (PTCH1) receptor
on the cell surface. This, releases and activates Smoothened (Smo). Smo then translocates
to the cilium and recruits the suppressor of fused homologue Sufu-Gli complex to the ci-
lium. The Smo then dissociates the bond between Gli and Sufu, thereby allowing the acti-
vated Gli2/3 to enter the nucleus and activate the expression of the Ihh target genes in-
cluding Ptch1 and Gli [40]. Treatment of isolated forelimb bud pairs from mouse embryos
treated with KGN resulted in the upregulation of Ihh target genes. Moreover, the Ihh sig-
naling by KGN was prevented by the co-treatment of KGN with cyclopamine (CPN), a
hedgehog chemical inhibitor [18].

TGF-βββββ/Smad Pathway for Chondrogenesis

The TGF-β signalling pathway is another important regulatory pathway for
skeletogenesis and joint development. More specifically, this pathway is also responsible
for chondrogenesis and lubricin expression [41]. TGF-β activates multiple cell receptors
that phosphorylate the Smad secondary messenger proteins, including Smad2/3 and
Smad1/5/8. Smad2/3 is responsible for protecting against chondrocyte hypertrophy while
Smad1/5/8 cause chondrocyte hypertrophy and OA-like pathogenesis [42].  Kartogenin
was shown to impact TGF-β/Smad pathway by promoting phosphorylation and subse-
quent activation of Smads.  KGNs unique activities lie in its ability to activate Smad2/3 re-
sulting in chondroprotective effect [18]. The combination of Kartogenin and TGF-β3 has
been shown to more effectively stimulate the chondrogenic differentiation of synovial
fluid-derived MSCs than through their individual use [13]. This effect is established via a
greater promotion of the Smad2/3 pathway through their combined effect, while KGN in-
hibits the hypertrophy caused by TGF-β3 via the SMad1/5/8 pathway.

AKT/PI3K and TAOK1/Hippo Pathways

In addition to the pathways discussed above, recent studies showed the role of KGN in
other mechanisms mediated via AKT/P13K and the TAOK1/Hippo Pathways. The ability of
KGN in combination with PRP to significantly reduce the inflammatory response and
cause enhanced wound healing is attributed to the inhibition of AKT/PI3K/NF-κB path-
way [43]. The exact details of the mechanism of action are not completely elucidated. The
Hippo Signaling pathway is another known pathway involved in regulating differentia-
tion and development [44-46]. Small extracellular vesicles derived from KGN-precondi-
tioned mesenchymal stem cells have shown to enhance chondrogenesis. Using high
throughput sequencing, the underlying chondrogenic mechanism of action was studied.
The chondrogenesis was attributed to one of the most abundant miRNAs, miR-381-3p, in
extracellular vesicles derived from KGN-pretreated cells. Dual-Luciferase reporter study
demonstrated the direct suppression of TAOK1 and the Hippo signalling pathway [47].
The study demonstrated yet another KGN pathway in modulating chondrogenesis.

Anti-inflammatory effect

Inflammation in OA has mostly been attributed with interleukin-1 beta ((IL-1β) [48]. IL-1β
is an early-stage inflammatory cytokine that induces the activation of multiple pathways,
such as NF-κB, PI3K/AKT, and MAPK. These pathways further support the release of other
inflammatory molecules. Subsequently, matrix-degrading enzymes such as matrix
metalloproteinase-13 (MMP-13) and metalloproteinase with thrombospondin motifs-5
(ADAMTS5) may be secreted and further contribute to the cartilage degradation in OA
[49,50] .

In this aspect, treatment with KGN has shown to enhance the synthesis of type II col-
lagen and aggrecan in a dose-dependent manner in chondrocytes treated with IL-1β [15].



OMSTH, 2023; 1(2): e23012 Kartogenin for managing osteoarthritis

OPINIONS IN Medical Sciences, Technology and Health                               July 31, 2023 8/10

Interestingly, this effect is only seen under inflammatory environments, whereas in
healthy chondrocytes KGN seemed to have little to no effect on type II collagen and
aggrecan levels. Additionally, KGN has a role in suppressing MMP-13 and ADAMTS5
which thereby protects the cartilage extracellular matrix [15] and addresses inflamma-
tion.

Another mechanism of inflammation in OA is attributed to the high levels of superox-
ide anion radical (O2-), hydroxyl radical (HO-), and hydrogen peroxide produced in an
OA joint (H2O2) [38]. Nuclear factor erythroid 2-related factor 2 (NRF2), a key transcrip-
tion factor that regulates more than 200 cytoprotective genes [15], has been shown to en-
ter the nucleus in response to oxidative stress. There it binds to an antioxidant response
element (ARE) and triggers the transcription of antioxidant enzymes [51]. It has been
shown that overexpressing NRF2 prevents the apoptosis and mitochondrial dysfunction
brought on by IL-1β in human chondrocytes [52]. As KGN binds to and inhibits miR-146a,
an NRF2 inhibitor, it helps reduce the oxidative stress in the cartilage matrix and amelio-
rates inflammation by allowing for a reduction of Radical Oxygen Species. Overall, the
study showed that KGN-mediated cytoprotection is through the reduction of oxidative
stress, rescue of structural matrix proteins, and suppression of matrix-degrading en-
zymes.

Analgesic Effect

Intra-articular injections of KGN in OA mouse models showed a significant reduction of
pain as measured by the distribution of weight between the treated and untreated legs [1].
Jiang et al. evaluated the efficacy of intraarticular (IA) KGN treatment in an OA-induced
rat pain model using a magnetically guided biodegradable nanocarrier delivery system
and found an improvement to the duty cycle, print area, stance phrase and swing speed
using a Cat Walk system. These results imply that KGN is effective in treating OA-induced
pain [27]. Similarly, another study found a significant decrease in the paw withdrawal la-
tency (PWL), paw withdrawal threshold (PWT) and improvement in the weight distribu-
tion of MIA-induced OA rat models upon IA injection of KGN. This study concluded that
the KGN injection significantly decreased pain severity in these OA models [1].  The sig-
nificant decrease in pain molecules such as CGRP and MCP-1 in dorsal root ganglion in
KGN-treated rats further supports this. The study attributed the observed significant pain
relief to the increase in the expression of IL-10 and Treg cell differentiation upon KGN
treatment.  Overall, intraarticular KGN seems to be an effective treatment for pain man-
agement.

Conclusions
In vitro studies and in vivo preclinical studies clearly demonstrated the positive effects of
KGN in supporting chondrogenesis, balancing anabolic and catabolic response, reducing
inflammation and providing pain relief, thereby highlighting the potential advantages of
intra-articular KGN delivery for treating OA.  In addition to using KGN alone, a combina-
tion of KGN with other chondrogenic molecules also raises significant interest due to their
potential synergistic effects.  The promising preclinical studies warrant further funda-
mental studies to thoroughly understand the mechanism of action of intra-articular KGN
injections.  Furthermore, there exists a significant need to optimise novel biomaterial car-
riers to effectively deliver the molecule intraarticularly for optimized therapeutic efficacy.
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