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Osteoarthritis (OA) is defined as a degenerative joint disease that can affect all tissues of the joint, including the articu-
lar cartilage, subchondral bone, ligaments capsule, and synovial membrane. The conventional nonoperative treat-
ments are ineffective for cartilage repair and induce only symptomatic relief. Platelet-rich plasma (PRP) is a platelet
concentrate derived from autologous whole blood with a high concentration of platelets, which can exert anti-
inflammatory and regenerative effects by releasing multiple growth factors and cytokines. Recent studies have shown
that PRP exhibits clinical benefits in patients with OA. However, high operational and equipment requirements greatly
limit the application of PRP to OA treatment. Past studies have indicated that high-concentration PRP growth factors
and cytokines may be applied as a commercial replacement for PRP. We reviewed the relevant articles to summarize
the feasibility and mechanisms of PRP-based growth factors in OA. The available evidence suggests that transforming
growth factor-a and 3, platelet-derived growth factors, epidermal growth factor, insulin-like growth factor-1, and con-
nective tissue growth factors might benefit OA, while vascular endothelial growth factor, tumor necrosis factor-q,
angiopoietin-1, and stromal cell derived factor-1a might induce negative effects on OA. The effects of fibroblast
growth factor, hepatocyte growth factor, platelet factor 4, and keratinocyte growth factor on OA remain uncertain.
Thus, it can be concluded that not all cytokines released by PRP are beneficial, although the therapeutic action of PRP
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Background

Osteoarthritis (OA) is a degenerative joint disease char-
acterized by cartilage degradation, osteophyte forma-
tion, and synovial inflammation [1]. This disease can
affect all tissues in the joint, including the articular car-
tilage, subchondral bone, the ligament capsule, and the
synovial membrane, leading to joint failure [2]. The con-
ventional nonsurgical treatments for OA, such as hyalu-
ronan, corticosteroids, nonsteroidal anti-inflammatory
drugs, IL-4 and IL-1 receptor antagonists, paracetamol,
and chondroitin sulfate products, are mainly focused
on relieving pain and improving joint functions [3-6];
these treatments are ineffective for cartilage repair and
induce only symptomatic relief. An increasing number of
novel treatments have been developed recently, includ-
ing platelet-rich plasma (PRP), vitamin D, oral collagens,
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methylsulfonylmethane, and curcumin [7-10]. How-
ever, not all of these treatments have relatively credible
guidelines.

PRP is a platelet concentrate derived from autologous
whole blood, that has a high concentration of platelets,
containing 3-6 fold platelets compared to that in whole
blood [11-13]. PRP exerts anti-inflammatory and regen-
erative effects, which are mediated through the release
of multiple growth factors and cytokines, including
platelet-derived growth factors (PDGF), transforming
growth factor (TGF), vascular endothelial growth fac-
tor (VEGF), epidermal growth factor (EGF), fibroblast
growth factor (FGF), connective tissue growth factor
(CTGE), insulin-like growth factor (IGF), hepatocyte
growth factor (HGF), keratinocyte growth factor (KGF),
angiopoietin-1 (Ang-1), platelet factor 4 (PF4), stro-
mal cell derived factor (SDF), and tumor necrosis factor
(TNF) [14]. Currently, studies have demonstrated that
PRP exhibits clinical benefits in patients with musculo-
skeletal disorders [15—17]. Moreover, systematic reviews
and meta-analyses have concluded that OA patients can
benefit from intra-articular administration of PRP [18—
20]. Although PRP has been widely used in OA due to
its regenerative potential, its efficacy remains debatable
due to individual differences and different preparations,
which lead to varied therapeutic effects. In particular, the
different preparations of PRP may account for different
effects on treating diseases in different studies.

As described previously, the high demand of operation
and equipment limits the application of PRP [21]. If a
patient receives PRP treatment, the patient’s blood is first
drawn and centrifuged to collect the platelets. As a result,
PRP is difficult to repeatedly administer and develop as
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a commercial drug for easy application. However, stud-
ies have indicated that high concentrations of growth fac-
tors and cytokines in PRP may be used as a commercial
replacement for PRP [21, 22]. Many PRP-based growth
factors and platelet cytokines have been examined in cells
through in vitro and in vivo animal experiments to deter-
mine their effects and mechanisms in OA. We reviewed
published articles and summarized the feasibility and
mechanisms of PRP-based growth factors in OA.

Cytokines that are beneficial for OA treatment
(Fig. 1)

TGF-B

TGEF-B plays an important role in tissue repair and
regeneration [23]. The TGF-B superfamily includes over
30 members, which can be divided into two ligand sub-
families [24]. These subfamilies, which are defined by
sequence similarity and the activation of SMAD pro-
teins, include the TGEF-B/activin/nodal subfamily and
the bone morphogenetic protein/growth and differen-
tiation factor/Muellerian inhibiting substance subfam-
ily [24]. TGF-B binds to TGE-B receptor type II and
exerts its effects by bringing together pairs of type I and
type II receptors on the cell surface [24]. TGF-f recep-
tors are serine/threonine kinases, but type II receptors
can induce type I receptor phosphorylation. TGF-p was
significantly upregulated in osteophytes and cartilage in
mice [25]. Moreover, TGF-} expression was increased in
the joint synovium and subchondral bone in OA mouse
models [26, 27]. Inhibiting endogenous TGF-p could
decrease osteophyte formation and cartilage degrada-
tion in a mouse OA model [25, 27]. A previous review
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Fig. 1 Mechanisms of cytokines in PRP that have positive effects on OA treatment
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suggested that TGF-p could increase cartilage degrada-
tion and osteophyte formation and decrease cartilage
maintenance through the TGF-B/SMAD2/3 and BMP/
SMAD1/5/8 pathways, resulting in OA development
[28]. However, these studies focused on endogenous
TGEF-B. Recent studies have gradually focused on the
effects of exogenous TGF-$ on OA, which is more suit-
able for elucidating the effect of TGF-p in PRP. Wang
et al. treated OA with TGF-$1 (10 ng/mL)-induced mes-
enchymal stem cell-derived exosomes and found that
it could decrease cartilage degeneration and enhance
chondrocyte proliferation in rats [29]. Moreover, the
researchers proved that the protective effects resulted
from TGF-Pl-mediated Spl downregulation and miR-
135b upregulation [29]. Another study by these authors
was published in 2021 and reported that TGF-B1 (10 ng/
mL) was useful in the treatment of borrow mesenchymal
stem cell exosomes, as it upregulated mir-135b, which
suppressed the expression of MAPK®, resulting in M2
macrophage polarization in synovial tissue and reduc-
ing cartilage damage in OA rat models [30]. The results
of Wang et al. seem to contradict to those of past studies.
However, there are obvious differences in the methods
that make a comparison unsuitable. The TGF-B1 concen-
tration in PRP is approximately 200 ng/mL [31], which is
much higher than that of endogenous TGF-p1 in the car-
tilage of OA patients. To the best of our knowledge, there
is no direct evidence illustrating the relationship between
endogenous and exogenous TGF-p and the effect of dif-
ferent concentrations of TGF-p in cartilage. However,
these results showed that TGF- had a positive effect
on cartilage protection and that a high concentration of
exogenous TGF-P released by mesenchymal stem cells
could attenuate OA cartilage injury. Thus, the functions
of TGE-P in PRP treatment of OA deserve to be further
explored.

PDGF

PDGF was first identified in platelets and includes four
monomers: PDGF-A, -B, -C, and -D [32]. These four
monomers constitute five types of dimers: PDGF-AA,
-AB, -BB, -CC, and -DD [32]. PDGF exerts its effects by
binding to PDGFR. PDGF-AA, -AB, -BB, and -CC can
bind to PDGFRa, while PDGF-BB and -DD can bind to
PDGERp [32]. Moreover, PDGF-AB, -BB, and -CC can
stimulate the heterodimeric PDGFRa/p complex [32].
The PDGF family plays an important role in wound heal-
ing through its positive effects on mitosis, chemotaxis,
and angiogenesis [33]. The main types of PDGF in PRP
are PDGF-AA, -AB, and -BB [14]. Regarding its effects on
chondrocytes, PDGF-AA has been reported to increase
proteoglycan production in chondrocytes and pro-
mote cartilage repair in rabbits [34]. Moreover, a study
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published in 2019 showed that suppressing the produc-
tion of PDGF-AA in subchondral bone through strenu-
ous running downregulated the PDGF/AKT signaling
pathway and promoted cartilage degeneration in mice
[35]. However, there have been relatively fewer studies
on PDGF-AA and -AB than on PDGF-BB. Many studies
have reported that PDGF-BB exerts a protective effect on
OA by promoting cartilage repair, decreasing inflamma-
tion, and inhibiting cartilage hypertrophy and osteophyte
formation [21, 22, 36—38]. Our study was published in
2021 and showed that PDGF-BB could suppress chon-
drocyte apoptosis by upregulating Erk phosphorylation
and inhibiting the p38/Bax/caspase-3 pathway in rats
[21]. In addition, we discovered that PDGF-BB binding
to PDGFRP could enhance chondrocyte proliferation and
cartilage matrix synthesis in rat OA models [22]. How-
ever, a study reported that the serum levels PDGF-BB
increased in OA patients during the early stage [39]. Sun
et al. showed that an elevated serum level of endogenous
PDGEF-BB contributed to OA development by stimu-
lating angiogenesis and that knocking out pdgfb led to
less damage in articular cartilage after medial meniscus
destabilization surgery in mice [40]. These results can be
explained as follows: (1) the compensatory increase in
PDGEF-BB is an early event in OA; (2) the serum concen-
tration of PDGF-BB is approximately 20 ng/mL in mice,
which may be much less than that in cartilage [39, 40];
and (3) gene knockout affects the overall expression of
PDGE, which may involve more confounding factors and
thus influence the objectivity of the results. Although the
PDGEF-BB concentration in PRP is approximately 10 ng/
mL in human [31], a relatively high local concentration of
endogenous PDGF can exert different effects. Therefore,
PDGE-BB still presents high potential in protecting car-
tilage and preventing OA progression. However, whether
PDGEF-AA and PDGF-AB exert similar effects is unclear
and warrants further research.

EGF and TGF-a

The EGF family contains 11 structurally related proteins,
including EGF, TGF-a, amphiregulin, epigen, heparin-
binding EGF-like growth factor (HBEGF), epiregulin,
betacellulin, and neuregulin [41]. These subfamilies have
similar EGF-like motifs and exert effects via the Erb sub-
class of the receptor tyrosine kinase superfamily (EGFR)
[42]. Previous studies have reported that EGFR activation
can lead to cell proliferation, cell survival, and stem cell
maintenance via the PI3K/AKT, MAPK, and JAK/STAT
signaling pathways [43, 44]. The effects of EGF/TGF-a-
EGER activation have not been completely revealed. Long
et al. reported that HBEGF expression was increased in a
mouse OA model and human OA articular cartilage [45].
Moreover, 10-100 ng/mL HBEGF increased catabolic
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activity in normal chondrocytes and activation of the
Erk and p38 signaling pathways in mice [45]. However,
recent studies present different conclusions. Jia et al.
showed that Egfr-deficient mice developed more severe
OA than wild-type mice after surgical induction, as indi-
cated by fewer superficial chondrocytes, less secretion of
boundary lubrication, and weaker mechanical strength
at the cartilage surface [46]. Moreover, previous studies
suggested that activation of the EGFR signaling pathway
under controlled conditions may promote the anabolic
activity of articular cartilage and act as a viable strategy
for articular cartilage repair and OA treatment in mice
[47, 48]. A study conducted in 2021 on HBEGF-overex-
pressing mice investigated the effects of increasing EGFR
activation during OA [49]. The researchers suggested
that TGF-a and HBEGF were increased, which was asso-
ciated with the formation of cell clusters after cartilage
damage, but their endogenous expression was not suf-
ficiently high for cartilage regeneration [49]. Therefore,
whether increasing EGFR activity via TGF-a or HBEGF
exert a protective effect on cartilage during OA needs
further investigation.

IGF-1

IGF-1 is a cytokine that regulates skeletal growth and
development [50]. Most IGF-1 in circulation is produced
by the liver in response to stimulation with growth hor-
mone (GH) [50]. Moreover, it has been proven that
chondrocytes produce IGF-1 [50, 51]. A previous study
demonstrated that IGF could upregulate the synthesis of
proteoglycan and collagen II and downregulate the syn-
thesis of MMP-13 via the phosphorylation of ERK1/2 and
AKT in rat endplate chondrocytes [52]. A recent study
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published in 2021 demonstrated that IGF-1 downregu-
lated the p38, PI3K/AKT, and NF-kB signaling pathways
to decrease reactive oxygen species production, resulting
in antiapoptotic effects in OA rabbit models [53]. How-
ever, studies focused on the whole body concluded that
serum IGF-1 levels were positively related to morbidity
due to OA in humans [54-56]. On the other hand, some
studies showed that OA patients exhibited increased
serum GH levels and decreased serum IGF-1 levels [57,
58]. Serum IGF-1 mainly comes from the liver and is
regulated by the GH/IGF-1 axis [59]. As a result, serum
levels of IGF-1 and its regulation are a complex process
and are difficult to examine. However, to evaluate the
local treatment efficacy of IGF-1 or PRP, it is not required
to know whether IGF-1 expression decreases in OA car-
tilage and whether IGF-1 exerts positive effects when
directly administered to chondrocytes.

Cytokines that have negative effects on OA
treatment (Fig. 2)

VEGF

VEGE is the key survival factor for growth plate chondro-
cytes during embryonic development [60, 61] and plays
an important role in endochondral ossification and skel-
etal development [62]. The VEGF family contains VEGF-
A, -B, -C, -D, and placental growth factor. VEGF exerts its
effects by binding to VEGF receptors (VEGFR)-1 (Flt-1),
-2 (KDR), and -3 (Flt-4), which are tyrosine kinases that
mediate subsequent signal transduction [63]. VEGFR-1
can bind with VEGF-A, -B, and placental growth fac-
tors; VEGFR-2 can bind with VEGF-A, -C, and -D; and
VEGEFR-3 can bind with VEGF-C and -D [64, 65]. During
the progression of OA, the expression of VEGF increases
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Fig. 2 Mechanisms of cytokines in PRP that have negative effects on OA treatment
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in articular cartilage, the synovium, synovial fluid, sub-
chondral bone, and serum, indicating that VEGF is a bio-
marker of OA, as indicated in the DisGeNET database
[63]. The main effects of VEGF during OA progression
are believed to be induced through angiogenesis. Previ-
ous studies have reported that VEGF promotes vascular
invasion in not only cartilage [66—68] but also the syn-
ovium and meniscus [68—72]. As summarized in a pub-
lished review, VEGF binding to VEGEFR led to cartilage
degeneration, osteophyte formation, subchondral bone
cysts and sclerosis, synovitis, and pain [63]. Inhibiting the
effects of VEGF and VEGEFR in OA animal models could
attenuate the progression of OA in rabbits [73]. Based on
these studies, VEGF may exert negative effects on PRP
treatment of OA due to the promotion of angiogenesis
and cartilage degeneration. A study published in 2022
showed that VEGF-attenuated PRP-mediated improve-
ments in OA in rats by preventing unwanted biological
activity using growth factor-binding microspheres [74].
These studies suggested that VEGF-mediated attenua-
tion of PRP exhibited better tissue repair effects than tra-
ditional PRP treatment [74]. This study suggests that if a
synthetic cytokine mixture was developed to replace PRP,
VEGEF can be ignored.

TNF-a

TNF-«a is a pleiotropic cytokine produced by a variety of
cells, such as adipocytes, lymphocytes, endothelial cells,
osteoblasts, and smooth muscle cells, that plays impor-
tant roles in homeostasis and disease pathogenesis [75,
76]. TNE-a exerts its effects by binding to TNF receptors
1 and 2, and it has well-known antitumor functions [77].
In addition, it also plays a role in stimulating lympho-
cytes, monocytes, and neutrophils, modulating tempera-
ture, and combating infection [78—80]. Regarding its role
in OA, TNF-« can increase the production of inflamma-
tory cytokines, MMPs, and prostaglandin 9 and inhibit
the synthesis of proteoglycan and collagen II in chon-
drocytes, leading to the degeneration of cartilage and
promoting OA progression in rats [81, 82]. Moreover,
TNF-a can decrease the expression of the transcription
factor SOX-9 and reduce the efficiency of the respiratory
chain in mice and normal human chondrocytes [83, 84].
Mechanistically, TNF-a can activate the NF-«xB, JNK,
and p38 signaling pathways in chondrocytes to promote
the occurrence of OA in humans and rats [83, 85-87].
Recently, researchers have focused on the adipokine role
of TNF-«, which has been proven to regulate the meta-
bolic balance in joints by influencing the expression of
cytokines, chemokines, matrix-degrading enzymes,
and cell growth and differentiation factors in rats [88].
Moreover, an increase in serum levels of TNF-a was dis-
covered in obese adults [89]. It has been discovered that
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obesity is positively related to the occurrence of muscu-
loskeletal disorders, and adipocytokines secreted by adi-
pose tissues can promote the occurrence of OA [90, 91].
The activation of the adipocytokine signaling pathway by
TNEF-a may explain the close relationship between obe-
sity and OA [77, 92]. Considering its proinflammatory
effect and the high probability of negative effects on OA,
the levels of TNF-a in PRP should be monitored when
PRP is used to treat OA.

Ang-1

Ang-1 is a cytokine that mainly regulates angiogenesis
[93, 94]. The effects of Ang-1 are triggered by VEGE,
followed by binding to its receptors Tiel and Tie2 [93,
94]. When VEGF-mediated formation of immature ves-
sels occurs, Ang-1 stabilizes the new blood vessels by
recruiting neighboring mesenchymal cells and promoting
mesenchymal cell differentiation into vascular smooth
muscle cells in mice [93]. The level of Ang-1 is increased
in the OA joint synovium, but there are no significant dif-
ferences in OA osteoblasts in normal joints [95, 96]. The
level of Ang-1 in OA chondrocytes has not yet been dis-
covered. Although there is little evidence on the effects
of Ang-1 on OA, previous studies have proven that it is a
downstream factor of VEGE, indicating that its status in
PRP treatment of OA may be similar to that of VEGE.

SDF-1a

SDEF-1, which is also known as CXC motif chemokine
ligand 12 (CXCL12), is a member of the CXC motif
family [97]. It exerts effects by binding to its receptor
CXC chemokine receptor types 4 and 7 [98]. SDF-1a is
a subtype of SDF-1. SDF-1 is involved in the regulation
of cell differentiation, cell distribution, cell prolifera-
tion, cell adhesion, gene expression, neovascularization
in multiple cells and tissues, and embryonic develop-
ment [99]. SDF-1a promotes chondrocyte proliferation
via Erk- and NF-kB-mediated cyclin D1 upregulation
in primary mouse chondrocytes [100]. Moreover, some
studies suggest that the downregulation of SDF-1 could
inhibit proliferation in human chondrocyte lines [101,
102]. The potential mechanisms of SDF-1 in OA carti-
lage are complicated. SDF-1 can be produced by the OA
joint synovium and bind to CXCR4 and CXCR?7, which
are expressed on chondrocytes [103—-105]. The SDF-1/
CXCR4 axis can activate the PI3K/Akt, NF-kB, and
Wnt/B-catenin pathways and suppress the TGF-f3/Smad3
pathway, leading to an imbalance in aggrecan in rat OA
cartilage [106, 107]. Compared to that in normal joints,
the level of SDF-1 in subchondral bone is increased
in OA, which results in the formation of subchondral
osteosclerosis in humans [108, 109]. A study published
in 2021 noted that inhibiting the SDF-1/CXCR4 axis
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could alleviate abnormal bone formation and angiogen-
esis, resulting in improvements in the subchondral bone
microenvironment in OA mouse models [110]. Exog-
enous SDF-la loaded on nanofibrous hyaluronic acid
scaffolds has been applied to minipig joints [111]. This
study reported that the articular cartilage repair capac-
ity of SDF-1a was limited and could weaken the cartilage
repair effects of TGF-f [111]. Although some studies
have reported that SDF-1a could promote chondrocyte
proliferation, its negative effects on the extracellular
matrix and subchondral bone limit its potential use in the
treatment of OA.

Cytokines with unknown effects on OA

CTGF

CTGF is composed of five domains: the secretory signal
peptide, IGF binding protein (IGFBP), von Willebrand
factor type C repeat (VWC), thrombospondin type 1
repeat (TSP1), and C-terminal cystine-knot (CT) mod-
ules [112]. IGFBP binds to IGF and enhances its affinity
for IGFR [113]. The TSP1 domain binds to various mol-
ecules, including collagen V, fibronectin, TGF-f, and
VEGE. Previous studies have reported that the TSP1
domain could upregulate the TGF-f signaling pathway
and downregulate the VEGF pathway [114, 115]. Regard-
ing its effects on OA, CTGF was overexpressed in OA
cartilage and synovial fluid in mice and humans [116,
117]. CTGF could increase the production of inflamma-
tory factors such as MMP3 and promote cartilage degen-
eration by activating NF-kB in mouse OA chondrocytes
[117]. As mentioned earlier, PRP contains multiple bio-
logical factors, including CTGF, IGE, TGF-f3, and VEGFE.
Whether exogenous CTGF in PRP exerts positive or
negative effects on OA in the presence of IGF, TGF-p, or
VEGF remains unclear. However, studies have shown that
CTGF promotes the effects of TGF-P and inhibits the
effects of VEGEF, indicating that exogenous administra-
tion could benefit OA. These findings suggest that CTGF
exerts complex effects due to its multiple biological tar-
gets in different contexts. Regarding the effect of PRP on
OA, further studies need to be conducted to confirm this
hypothesis.

FGF

FGF is a mitogen that regulates cellular migration, pro-
liferation, differentiation, and survival. FGF exerts its
effects by binding to the FGF receptor (FGFR), trigger-
ing conformational changes in FGFR and leading to the
phosphorylation of tyrosine residues on the cytoplasmic
side of FGFR [118]. The FGF/FGER signaling pathway
exerts important effects on the development and homeo-
stasis of articular cartilage. One study revealed that the
expression of FGFR1 was upregulated, and the expression
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of FGFR3 was downregulated in human OA cartilage
[119]. The FGFR1 signaling pathway could accelerate
matrix degradation by upregulating the transcription fac-
tors RUNX-2 and ELK-1 [120]. Previous studies showed
that inhibiting FGR1 expression could decrease the syn-
thesis of MMP13 and reduce the progression of cartilage
degeneration [121]. Regarding the FGFR3 signaling path-
way, previous studies have proven that it could promote
anabolism in chondrocytes, decrease the production of
inflammatory factors, and decrease hypertrophic differ-
entiation by downregulating the IHH signaling pathway
[122—-124]. The results that FGFR1 and FGFR3 in OA
were antipodals seemed contradictory because both fac-
tors were activated by FGF [125]. Moreover, FGFs are
a large family associated with multiple reactions and
effects, constituting a complex network [125, 126]. As a
result, whether FGF exerts any effects on PRP treatment
of OA remains unclear. Whether changing the mode of
action of FGF by triggering FGFR3 can lead to a positive
effect of PRP needs to be explored further.

HGF

HGF is a cytokine that is secreted by multiple cells, such
as platelets, mesenchymal cells, and endothelial cells. It
was first identified as a promoter of liver regeneration
[127, 128]. HGF an exert its effects by being converted to
an active heterodimeric form by HGF activator (HGFA)
and then binding to its receptor c-Met, which is a trans-
membrane tyrosine kinase [129]. Previous studies have
reported that HGF could promote the organization and
reconstruction of tissues, indicating its potential for tis-
sue repair [130]. Moreover, HGF levels were upregulated
in chondrocytes and the plasma of OA patients [127,
131]. HGF has also been proven to modulate extracellu-
lar matrix components and increase the level of TGF-$
in Leydig cells [132]. A study published in 2022 reported
that HGF overexpression could activate the HGF/c-Met
signaling pathway and induce the degradation of the
extracellular cellular matrix, promoting the progression
of OA in mice [133]. However, research focusing on the
association between HGF and OA is limited, and the
exact relationship between OA and HGF and exogenous
HGF and whether it benefits OA patients remain unclear.

Conclusion

This is the first review to summarize the effects of
cytokines in PRP on OA. However, because there are
few available studies on PF4 and KGEF, they have not
been included in this review. The cytokines that are
potentially beneficial or detrimental for OA treatment
are summarized in Table 1. As described previously,
PRP components are complex and could can various
effects via complex mechanisms. The available evidence
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Table 1 Summary of the cytokines that are beneficial or detrimental for OA treatment

Cytokines Years Effect Model Species Description

TGF-p 2002  Beneficial OA Mouse  Inhibition of endogenous TGF- decreased osteophyte formation
[21] and cartilage degradation
2013 OA Mouse
[23]
2018  Beneficial OA Rat TGF-B decreased cartilage degeneration and enhanced chondrocyte
[25] proliferation
2021 OA Rat TGF-{3 suppressed MAPK6 expression and led to M2 macrophages
[26] polarization in the synovium

PDGF-AA 2019  Might be detrimental  Cartilage degeneration Mice PDGF-AA in subchondral bone led to articular cartilage degeneration
[31]
1991  Might be beneficial cartilage lesion Rabbit  PDGF-AA could increase proteoglycan production in chondrocytes
[30] and promote cartilage repair

PDGF-BB 2020  Detrimental OA Mice Elevated serum levels of endogenous PDGF-BB contributed to OA
[36] development
2021 Beneficial OA Rat PDGF-BB could inhibit p38/Bax/caspase-3-dependent chondrocyte
[17] apoptosis
2022 OA Rat PDGF-BB could enhance chondrocyte proliferation and cartilage
[18] matrix synthesis

EGFandTGF-a 2015  Might be detrimental ~ Normal chondrocyte Mouse  HBEGF-treated normal chondrocyte showed increased catabolic
[41] activity
2016  Beneficial OA Mouse  Egfr-deficient mice developed more severe OA than wild-type mice
[42]
2014 OA Mouse  Activation of the EGFR signaling pathway promoted the anabolic
[43] activity of articular cartilage
2013 OA Mouse
[44]
2021 OA Mouse  TGF-a and HBEGF were increased during the formation of cell clus-
[45] ters after cartilage damage

IGF-1 2009  Might be beneficial Normal chondrocyte Rat IGF could upregulate the synthesis of proteoglycan and collagen Il
[48] and downregulate the synthesis of MMP-13 in rat endplate chon-

drocytes

2021 beneficial OA Rabbit  IGF-1 decreased reactive oxygen species production, resulting
[49] in antiapoptotic effects

VEGF 2014 Beneficial OA Rabbit Inhibition of the effects of VEGF and VEGFR in OA animal models
[69] could attenuate the progression of OA
2022 OA Rat VEGF-depleted PRP improved the healing of OA
[70]

TNF-a 2005  Detrimental OA rat TNF-a could increase the production of inflammatory cytokines
[771 and inhibit the synthesis of proteoglycan and collagen Il in chondro-
2004 OA Rat cytes, leading to the degeneration of cartilage
[78]
2000  Might be detrimental ~ Normal chondrocyte Rat TNF-a could decrease the expression of the transcription factor
[79] SOX-9 and reduce the efficiency of the respiratory chain
2006 Normal chondrocyte Human  TNF-a could decrease the expression of the transcription factor
[80] SOX-9 and reduce the efficiency of the respiratory chain

Ang-1 1999  Might be detrimental ~ Normal mesenchymal cells  Mouse  Ang-1 stabilized new blood vessels by recruiting neighboring mes-
[89] enchymal cells during VEGF-mediated vessels formation

SDF-1a 2019  Detrimental OA Rat The SDF-1/CXCR4 axis could lead to an imbalance in aggrecan in rat
[102] OA cartilage
2016 OA Rat
[103]
2006 OA Human  SDF-1in subchondral bone was increased in OA, which resulted
[104] in the formation of subchondral osteosclerosis
2017 OA Human
[105]
2021 OA Mouse  SDF-1/CXCR4 axis could alleviate abnormal bone formation
[106] and angiogenesis
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Table 1 (continued)
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The evaluative criteria of the “Effect” item are shown below

Detrimental: Cytokines have negative effects on OA treatment

Might be detrimental: Cytokines could harm the chondrocytes or other cells or tissues related to OA

Might be beneficial: Cytokines could benefit chondrocytes or other cells or tissues related to OA

Beneficial: Cytokines have positive effects on OA treatment

suggests that TGF-a and B, PDGF, EGF, and IGF-1 have
potential for treating OA, while VEGF, TNF-«, Ang-1,
and SDF-1a can induce negative effects on OA patients
(Fig. 3). In addition, the effects of CTGF, FGF, HGF, PF4,
and KGF on OA remain unclear (Fig. 3). Based on these
studies, we concluded that not all cytokines in PRP can
benefit OA patients and that the therapeutic effects of
PRP have significant potential for improvement. Moreo-
ver, with consideration to the complicated preparation
of PRP and the restrictions requiring repeated opera-
tions, a cytokine mixture containing these beneficial
cytokines at appropriate concentrations and eliminating

subchondral osteosclerosist
angiogensisT

angiogenesis{

PI3K/Akt , NF-xB

cartilage and chondrocyte .
and Wnt/catenin

I/
subchondral/bone iy
p38, JNK, and

NF-kB activation? SOX-9| adipokines role

e

BAD

(TSP1 domain) T+

GOOD

detrimental cytokines can be a strategy to replace PRP.
This article mainly focused on OA. The same cytokines
may exert different effects on other musculoskeletal dis-
orders. For example, angiogenesis is generally considered
a key process in OA and inhibits OA recovery, which
explains why VEGF and Ang-1 are not beneficial for OA.
However, angiogenesis is important for healing of rotator
cuff tears [134, 135], indicating that VEGF and Ang-1 are
beneficial cytokines for rotator cuff tears. Thus, the pro-
posed replacement scheme can provide an opportunity
to adjust the components for different diseases to induce
the best benefits.

Cr6e> .
(IW

p38, PI3K, and
NF-kB activation |

(TSP1 domain)

Erk and p38 activation 1

/

\50X'9T

RunX-2|

\

—— @GH

Erk 1

Sp1 | miR135bt

M2 macrophages
polarization |

caspase-3 dependent
apoptosis |

PRP

UNCERTAIN

Fig. 3 The effects of cytokines contained in PRP on OA. Cytokines can exert their effects by reacting with chondrocytes/cartilage, subchondral
bone, and the synovium. In summary, TGF, PDGF, EGF and IGF-1 may exert positive effects on OA treatment; VEGF, TNF-a, and SDF-1a may exert
negative effects on OA treatment; and the effects of CTGF, FGF, HGF, PF4 and KGF on OA are still unknown
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Abbreviations

OA Osteoarthritis

PRP Platelet-rich plasma

PDGF Platelet-derived growth factors
TGF Transforming growth factor
VEGF Vascular endothelial growth factor
EGF Epidermal growth factor

FGF Fibroblast growth factor

CTGF Connective tissue growth factor
IGF Insulin-like growth factor

HGF Hepatocyte growth factor

KGF Keratinocyte growth factor
Ang-1 Angiopoietin-1

PF Platelet factor

SDF Stromal cell derived factor

TNF Tumor necrosis factor
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