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Abstract

Objective. This paper reviews the research of platelet-rich plasma (PRP) in articular cartilage injury repair, to assess the
mechanism, utilization, and efficacy of PRP in the treatment of articular cartilage injury, hoping to provide a theoretical
basis for the clinical application of PRP in the future. Materials and Methods. A comprehensive database search on PRP
applications in cartilage repair was performed. Among them, the retrieval time range of PRP in clinical trials of repairing
knee cartilage injury was from January |, 2021 to January |, 2022. Non-clinical trials and studies unrelated to cartilage
injury were excluded. Result. PRP can affect inflammation, angiogenesis, cartilage protection, and cellular proliferation and
differentiation after articular cartilage injury through different pathways. In all, 13 clinical trials were included in the analysis.
Conclusion. PRP is an emergent therapeutic approach in tissue engineering. Most studies reported that PRP has a positive
effect on cartilage injury, improving the joint function, meanwhile there is a lack of standardized standards. The technology

of PRP in the repair and treatment of articular cartilage injury is worthy of further research.
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Introduction

Articular cartilage relieves stress and lubricates joints, play-
ing a crucial role in joint movement. It is mainly composed
of chondrocytes and cartilage matrix. When cartilage is
damaged, it secretes metalloproteinase and inflammatory
factors. The composition of extracellular matrix changes,
and the cartilage synthesis and catabolism are imbalanced,
resulting in the degradation of the cartilage matrix, as well
as articular cartilage lesions are formed.! Once articular car-
tilage is damaged, it is difficult to recover, mainly for 2 rea-
sons: first, articular cartilage has no nerves and blood
vessels, and its nutrients must be obtained from articular
fluid, which can provide very limited nutrition, and second,
articular chondrocytes have poor proliferation, differentia-
tion, and migration ability and are difficult to aggregate to
the injured site for articular cartilage repair.

Articular cartilage injury will affect the structure and
function of the joint. If not treated in time, it will cause joint
pain and movement disorder, eventually lead to osteoarthri-
tis.? It is reported that people with knee cartilage injury are
7.4 times more likely to suffer from osteoarthritis than those
without cartilage injury.*

So far, the treatment methods for articular cartilage
injury mainly include conservative treatment and surgical
treatment. However, these treatment methods can only
relieve pain, delay lesions, or partially repair cartilage
injury, and it is difficult to fundamentally solve the problem
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of poor regeneration ability of articular cartilage.’ At pres-
ent, tissue engineering provides a new choice for the repair
of articular cartilage injury. Growth factor, 1 of the 3 ele-
ments of tissue engineering, is produced by tissue and cells,
which has a significant regulatory effect on cell growth and
differentiation.

Platelet-rich plasma (PRP) is a platelet concentrate
obtained by whole blood centrifugation. Its platelet concen-
tration is higher than that of normal whole blood and con-
tains a variety of growth factors. PRP can reduce the
occurrence of inflammation, improved angiogenesis, and
promote the proliferation and differentiation of chondro-
cytes by secreting a huge amount of cytokines, chemokines,
and growth factors, so as to promote the healing of bone and
cartilage injuries, which has been widely used in orthopedic
injury-—related diseases.®” Riewruja et al. found that the
levels of cytokines in PRP were significantly higher than
those in platelet-poor plasma (PPP) in vitro. In further clini-
cal studies, patients with knee osteoarthritis treated with
PRP showed improvement in physical function and pain,
suggesting that intra-articular injection of PRP may be a
potential therapeutic strategy for relieving knee pain.® In
addition to these growth factors, platelets can also secrete
exosomes, which have a similar effect to their parent mate-
rial.? It has been reported that PRP exosomes also have pro-
tective effects on articular cartilage recently.'® The main
advantages of PRP for treatment of articular cartilage injury
are simple production, high safety, minimal adverse reac-
tions, and no foreign body rejection.!!

Through the efforts of many graduate students, although
PRP has made some achievements in the repair and treat-
ment of articular cartilage injury, there are still some dis-
putes about its mechanism of action, clinical treatment
effect and preparation method, because of its complex com-
ponent. Based on this, in this review, we focus on the
research progress of PRP in the repair and treatment of
articular cartilage injury.

Materials and Methods

Literature search was performed using the databases of
PubMed and “Clinical Trials. gov.” The literature was
searched using the keywords “platelet rich plasma OR
PRP,” “cartilage injury AND platelet rich plasma,,” “carti-
lage injury AND PRP”, “cartilage AND platelet rich
plasm,,” “osteoarthritis AND platelet rich plasm,,” and
“cartilage injury AND platelet rich plasm AND treatment.”

Inclusion criteria were as follows: articles related to the
preparation, mechanism, and application of PRP.
Experimental results of PRP for the treatment of articular
and osteochondral defects in human and animal studies.
The article exploring the clinical effects of PRP was only
included in the human clinical trial, and the time range was
from January 1, 2021 to January 1, 2022.

We excluded articles unrelated to the topic of this article,
and excluded all reviews, duplicates, and non-English stud-
ies. A review of the abstracts of all the identified articles
was performed. If necessary, the full article was obtained
for further evaluation of inclusion and exclusion criteria. In
addition, all references included in the study were reviewed
to verify that no relevant articles were omitted from the
review.

Results

Preparation of PRP

PRP can be obtained from autologous or allogeneic sources.
At present, most clinical studies are treated with autologous
PRP,'>!5 probably with a consideration that autologous PRP
has less rejection and less possibility of adverse reactions.
However, there were still a small number of studies that had
used allogeneic PRP for treatment, due to the poor health of
patients, blood collection restrictions, and other reasons.
PRP obtained from blood transfusions in good health has
more stable and reliable performance.'® In vitro, some
researchers have studied whether allogeneic PRP affects the
differentiation of peripheral blood monocytes into dendritic
cells, and tested the immune response and tissue repair abil-
ity of allogeneic PRP. The results show that allogeneic PRP
has low immune response, which can promote the differen-
tiation of monocytes into anti-inflammatory cells and is
conducive to wound healing.!” An animal study injected
allogeneic PRP into the radius defect model of New Zealand
rabbits, observing and comparing the therapeutic effect of
allogeneic PRP in repairing bone defects. With a result that
allogeneic PRP had good application prospect in the treat-
ment of bone defects, with low immunogenicity, good heal-
ing effect, and would not bring additional health burden to
patients.'® A study using autologous, allogeneic, and xeno-
geneic PRP to treat wounds found that it can improve and
accelerate the wound healing process regardless of the
source of PRP." In a prospective, case-control cohort clini-
cal trial, there are 75 diabetic patients divided into autolo-
gous PRP group and allogeneic PRP group according to
their wishes. After treatment, there was no statistically sig-
nificant difference between the 2 groups, suggesting that
allogeneic PRP could be used as a feasible, effective, and
safe therapy when autologous PRP is limited.?’ In another
clinical trial, 60 people with chronic wounds were treated in
groups. The control group only received standard care,
while the PRP group was treated with allogeneic PRP com-
bined with a standard care. The results indicated that the
combination of standard care and allogeneic PRP could sig-
nificantly shorten the healing time of chronic wounds, sug-
gesting that allogeneic PRP is an effective and safe adjuvant
treatment of chronic wounds.?! In most cases, it has not
been determined that allogeneic PRP has significant side
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Table I. Several Common Centrifugal Methods with Their Speed and Time.

Method First Centrifugation Second Centrifugation
Anitua2® 160xg, 6 min —
Petrungaro® 500xg, 6 min 1000xg, 6 min
Landesberg et al3° and Efeoglu et al.*® 200xg, 10 min 200xg, 10 min
Aghaloo et al.3 215xg, 10 min 863xg, 10 min
Marx et al.?' and Sabarish et al.3* 1,000 rpm, 4 min 800 rpm, 9 min

Okuda et al.??

2,400 rpm, 10 min

3,600 rpm, 15 min

effects or adverse reactions, that is, autologous/allogeneic
sterile PRP are clinically safe. Allogeneic PRP provides a
safe alternative when autologous PRP is inappropriate.'®
However, it is uncertain whether PRP preparations (autolo-
gous or allogeneic) are clinically useful in tissue regenera-
tive techniques, besides, there is no standardized scheme
for the preparation of PRP.??

The preparation methods include commercial prepara-
tion system and centrifugation, which is mainly prepared
by centrifugation.?* The basic principle of preparing PRP
by centrifugation is that the sedimentation coefficients of
platelets, plasma and blood cells are different. The density
of platelets is between plasma and blood cells. After cen-
trifugation, the whole blood is separated into 3 layers:
upper plasma layer, middle platelet, and leukocyte layer
and lower erythrocyte layer. Platelet concentrate in plasma
can be collected from the middle layer, that is, PRP.2* Due
to the large centrifugal force and long duration of centrifu-
gal force, a layer of white membrane formed by platelets
and leukocytes cannot separate leukocytes alone. Although
leukocytes play a key role in tissue repair and provide
ideal protection against infectious factors, their pro-
inflammatory and immune effects can also cause adverse
local reactions, which will weaken the role of platelets,
that is, low leukocyte PRP has greater benefits.?>%’
Therefore, the centrifugal conditions for the preparation of
PRP need to be optimized.

Centrifugation can be divided into primary centrifuga-
tion, secondary centrifugation, and so on. Anitua method is
the first reported and recognized method for preparing PRP
by 1-step centrifugation.’® At present, the mainstream PRP
preparation method is the secondary centrifugation method.
The secondary centrifugation method is to obtain PRP
through twice centrifugation. According to different cen-
trifugal force and time, it can be divided into Landesberg
method, Okuda method, Petrungaro method, and so on.?-3
Researchers have different opinions on which method to
prepare PRP is more efficient. For example, Sabarish et al.>*
believe that the PRP platelet count and enrichment percent-
age obtained by Marx method are higher, while Efeoglu
et al.® prove that the PRP prepared by Landesberg method
has the best quality. Table 1 summarizes several common
centrifugal methods.

To sum up, the preparation of PRP has not formed a clear
standard scheme so far. Centrifugation is more widely used
because of its relatively low feasibility and cost. Among
them, secondary centrifugation can obtain PRP with higher
platelet concentration, but there is no best scheme for its
specific centrifugation speed and centrifugation time.
Platelet concentration is directly related to blood collection
volume and equipment centrifugal force. Due to the great
heterogeneity between PRP separation methods, its prepa-
ration method must be further standardized.

Mechanisms of PRP

PRP contains a variety of growth factors (Table 2), such as
platelet-derived growth factor (PDGF) and transforming
growth factor B1 (TGF-B1), insulin-like growth factor 1
(IGF-1), fibroblast growth factor 2 (FGF-2), hepatocyte
growth factor (HGF), and vascular endothelial growth fac-
tor A (VEGF-A).*° The beneficial effects of PRP therapy are
mainly mediated by growth factors, which are mainly pres-
ent in the o granules of platelets.>” When platelets are acti-
vated, growth factors are transformed into active state.
Through endocrine, autocrine, paracrine, and other meth-
ods, they can improve the inflammatory response of patients
with articular chondropathy, promote cell proliferation and
differentiation, angiogenesis and tissue regeneration, pro-
mote the repair of articular cartilage injury, and then
improve the clinical symptoms of patients.*® Therefore, the
mechanism of PRP in cartilage injury and repair is divided
into 4 aspects: anti-inflammation, angiogenesis, cartilage
protection, and cellular proliferation and differentiation.

Anti-inflammation. Wound healing can be divided into 3
stages: inflammation, proliferation, and remodeling. The
initial inflammatory stage is characterized by hemostasis,
platelets forming blood clots, release of growth factors, and
activation and attraction of inflammatory cells, such as neu-
trophils and macrophages, to the injury site.>® In the early
stages of articular cartilage injury, inflammatory cells often
produce proinflammatory cytokines, such as interleukin-1f3
(IL-1B) and tumor necrosis factor-alpha (TNF-a).>* These
proinflammatory cytokines are mediated by a variety of
pathways, the most important of which is nuclear factor
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Table 2. Partial Growth Factors in Platelet Rich Plasma and Their Role in Articular Cartilage Injury Repair.
Growth Factors Role in Articular Cartilage Injury Repair References

Platelet-derived growth factor (PDGF)

Transforming growth factor (TGF)-f1,
B2

Vascular endothelial growth factor
(VEGF)
Fibroblast growth factor (FGF)

Insulin-like growth factor (IGF)

Hepatocyte growth factor (HGF)

Connective tissue growth factor (CTGF)

Epidermal growth factor (EGF)

Promotes mitosis of mesenchymal stem
cells and osteoblasts, regulate collagen
synthesis, and improve vascular formation.

Promotes the proliferation and
differentiation of chondrocytes, enhances
the expression of matrix metalloproteinase
inhibitor protein, inhibits the interference
of interleukin-1f to chondrocytes,
prevents chondrocyte apoptosis, and
promote angiogenesis.

Increases angiogenesis, vascular permeability,
and stimulates endothelial cell mitosis

Accelerates the differentiation of
mesenchymal stem cells into chondrocytes,
stimulates blood vessel formation,
increases collagen production.

Regulates cell proliferation and
differentiation, promotes the secretion
of proteoglycan, collagen proteins,
inhibits the pro-inflammatory NFxB
pathway, and stimulates the proliferation
and differentiation of osteoblasts and
chondrocytes.

Regulates the growth and motility of
epithelial/endothelial cells and enhances
the formation of blood vessels.

Promotes platelet adhesion, leukocyte
migration and angiogenesis, and regulates
collagen synthesis.

Regulates cell proliferation, apoptosis,
promote the migration of fibroblasts and
epithelialization.

Civinini et al.*° and Giusti et al.*

Xie et al*' and Zhai et al.*?

Deppermann and Kubes* and
Apte et al.*
Chen et al.* and Jia et al.*

Everts et al.*’ and Berke et al.*

Yu et al.®’

Ornetti et al.>® and Xu et al.®!

Ai et al.>?

kappa-B (NFkB) signaling pathway; once NFxB inhibitor
kinase (IKK) is activated by cytokines, NFkB inhibitor is
aphosphorylated(p-IkBa)) and activates NF«xB transloca-
tion into nucleus, NFkB then mediates the expression of a
variety of inflammatory genes, including IL-1p, interleu-
kin-6 (IL-6), interleukin-8 (IL-8), matrix metalloproteinase
(MMPs), and so on (Fig. 1A). These catabolic and inflam-
matory factors further strengthen inflammation and stimu-
late tissue destruction. Inhibiting inflammation can improve
symptoms and joint function in patients with articular carti-
lage injury. #8555

In recent years, studies have found that PRP can interfere
with NFxB signaling pathway plays an anti-inflammatory
role. Xu et al. cultured PRP with bone marrow mesenchy-
mal stem cells. PRP release can reduce IL-1B induced
NF«kB is activated, thereby inhibiting the inflammatory pro-
cess of chondrocytes.”” Xin et al.’® founded that PRP or
PRP combined with alendronate inhibited NFkB signaling
pathway can reduce MMP-13, inflammatory factors IL-18
and IL-1B, TNF-a mRNA expression and p-IkBo/IkBa,

p-p65/p65 protein expression, while increasing type II col-
lagen, thus promoting chondrocyte proliferation and
improving cartilage matrix metabolism. Zhao et al.*
reported that PRP inhibited the imbalance of matrix-related
factors induced by adriamycin, reduced the protein level of
adriamycin-induced inflammatory markers, and blocked
adriamycin-induced articular chondrocyte IkBo and NF«xB
phosphorylation can improve chondrocyte apoptosis and
weaken cartilage injury.

Angiogenesis. Angiogenesis is closely related to the occur-
rence of chronic inflammation, and inflammatory mediators
can directly or indirectly stimulate angiogenesis.®“°! In the
inflammation of articular cartilage injury, inflammatory
cells not only secrete inflammatory mediators to induce
angiogenesis, but also secrete factors to stimulate endothe-
lial cells and fibroblasts to produce angiogenic factors.®?
Angiogenesis is regulated by a variety of activators and
inhibitors, and PRP contains a variety of angiogenesis pro-
moting factors, such as VEGF, FGF, PDGF, HGEF,
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Figure |. Mechanism of PRP. (A) PRP inhibits NFikB signaling and improves inflammatory response after articular cartilage injury.
(B) TGF-B1 has a dual effect on angiogenesis. When TGF-f1 binds ALK, it induces phosphorylation of SMAD |/SMADYS, leading to
angiogenesis. On the other hand, when TGF-B1 binds ALK5, SMAD2/SMAD3 is phosphorylated and angiogenesis is inhibited. (C)
PRP promotes chondrocyte secretion of a variety of anabolic factors (TGF-$1, IL-4, IL-10 and IL-13) to stimulate the synthesis of
extracellular matrix, thereby promoting cartilage repair. Meanwhile, PRP inhibits the increased expression of MMP-I, MMP-3 and so
on caused by inflammatory factors, reducing the degradation of extracellular matrix, thus improving articular cartilage injury. PRP =
platelet rich plasma; TGF-BI = transforming growth factor B1; IL-4 = interleukin-4; IL-10 = interleukin-10; IL-13 = interleukin-13;
MMP = matrix metalloproteinase; IKK = inhibitor kinase; TNF-o. = tumor necrosis factor-alpha; TIMPs = tissue inhibitors of

metalloproteinases.

and TGF-B.%%% VEGF is the most effective angiogenesis
promoting growth factor described so far. It binds to recep-
tors and stimulates endothelial cell proliferation, migration,
and tube formation.**** FGF is a stronger angiogenic factor
than VEGF, which stimulates angiogenesis and fibroblast
proliferation and can promote angiogenesis. Studies have
proved that FGF-2 promotes angiogenesis by activating ser-
ine arginine-rich splicing factor 1/ serine arginine-rich
splicing factor 3/ serine arginine-rich protein specific kinase
1 (SRSF1/SRSF3/SRPK 1) network.*636 HGF stimulates
endothelial cell proliferation and migration through its spe-
cific receptor cellular-mesenchymal epithelial transition
factor (c-Met) and promotes angiogenesis.*” TGF-B1 has a
dual effect on angiogenesis (Fig. 1B), when TGF-$1 binds
to activator receptor like kinase 1 (ALK1) and induces
recombinant mothers against decapentaplegic homolog 1/
recombinant mothers against decapentaplegic homolog
5(SMAD1/SMADS) phosphorylation, resulting in angio-
genesis. On the other hand, when TGF-B1 combined with
ALKS, SMAD2/SMAD3 is phosphorylated and angiogen-
esis is inhibited.”-® A study proved that PRP can induce the
activation of extracellular matrix cells and activate endothe-
lial progenitor cells through intercellular interaction, so as
to promote the regeneration and angiogenesis of endothelial

cells.®® Xu et al. founded in the SD rat model of steroid-
related necrosis of the femoral head (SANFH), PRP signifi-
cantly up regulates the expression of angiogenesis marker
VEGF and platelet endothelial cell adhesion molecule-1
(CD31).

PRP can improve blood supply and promote angiogene-
sis, but the exact mechanism of its effect on the level of
various factors is unclear.®® PRP contains a variety of
growth factors. Each growth factor has different effects on
angiogenesis. The effect of PRP on angiogenesis is still
unclear. Further research is needed to better clarify the
mechanism of PRP.

Cartilage protection. In order to inhibit the progression of artic-
ular cartilage, the stability of the internal environment of the
joint should be maintained and the microenvironment of the
joint should be improved. Articular cartilage is mainly com-
posed of chondrocytes and extracellular matrix, and the bal-
ance control of cells and their extracellular matrix by cartilage
synthesis and catabolic factors plays a key role in articular
cartilage regeneration.”®”! Chondroprotection is thought to
occur through 2 main mechanisms (Fig. 1C): (1) by increas-
ing major players in chondroprotection, such as TGF-f1 and
(2) by reducing markers of cartilage degradation, such as
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MMPs.” Chondrocytes secrete various anabolic factors (such
as TGF-B1, IL-4, IL-10, and IL-13) to stimulate the synthesis
of extracellular matrix, thereby promoting cartilage repair.”®
MMPs have extensive in proteolytic capacity and are involved
in remodeling the extracellular matrix of connective tissue,
and inhibition of MMPs has been shown to reduce the severity
of cartilage degradation in osteoarthritis.*® Lu et al.”* founded
that PRP could improve articular cartilage damage by inhib-
iting the toll-like receptor-2(TLR2)-mediated signaling
pathway, inhibiting the expression of MMP-1, MMP-3, and
MMP-13, reducing the degradation of extracellular matrix in
articular cartilage. Moussa et al.”” demonstrated that PRP
significantly reduced MMP3, MMP13, aggrecanase-
2(ADAMTS-S), IL-6, Cyclooxygenase-2(COX-2), TGF-f,
aggrecan, collagen type 2, tissue inhibitors of metalloprotein-
ases (TIMPs), and intracellular IL-4, IL-10, and IL-13
increased significantly, that is, PRP significantly increased
osteoarthritis chondrocyte proliferation and decreased apop-
tosis. Sun ef al.” treated PRP in a rat model of cartilage injury
in vitro and in vivo and found PRP could reduce inflammatory
factors such as MMP-13, IL-1, IL-18, and TNF-a. by increas-
ing the expression levels of miR-337 and miR-375 mRNA
expression levels, while increasing the expression levels of
type I collagen and anti-apoptotic B-cell lymphoma-2(Bcl-2),
play a chondroprotective role in articular cartilage injury.

Cellular proliferation and differentiation. Once articular carti-
lage injury, due to the limitation of the anatomical structure
of the knee joint, the cartilage defect area lacks undifferenti-
ated cells that can migrate and proliferate. Intra-articular
injection PRP is a promising method to solve this problem.
The role of PRP can be summarized in 2 aspects. (1) PRP
has the ability to promote chondrogenic differentiation of
stem cells.”®’® When PRP and stem cells are co-transplanted
into the knee joint, a variety of growth factors can stimulate
and induce stem cells to differentiate into chondrocytes, and
then promote the recovery of cartilage injury. In an animal
experiment, PRP and human dental pump stem cells were
transplanted into the rabbit full-thickness articular cartilage
defect model. Compared with the control group, co-trans-
planted of PRP and stem cells, the symptoms of synovitis
decreased, furthermore, the differentiation of stem cells into
hyaline cartilage increased, which can improve the full-
thickness cartilage defect.”” Similarly, adipose-derived
mesenchymal stem cells and PRP were injected into the
joints to observe their effects on lameness, pain, and quality
of life in osteoarthritis dogs. The results showed that the
combined injection significantly improved the symptoms of
osteoarthritis dogs, also controlled the local microenviron-
ment through anti-inflammatory and immunosuppressive
factors, so as to protect the cartilage from further tissue
damage.®® What’s more, there is a study that reported that
combining PRP and autologous human granulocyte colony-
stimulating factor (hG-CSF) into peripheral blood stem

cells (AAPBSC) can further stimulate AAPBSC to prolifer-
ate toward a chondrocyte phenotype, which in turn pro-
motes cartilage repair.’! In the same way, Xiao et al. proved
that the combination of PRP and mesenchymal stem cell
can have a positive effect on articular cartilage injury by
stimulating extracellular matrix synthesis and chondrocyte
proliferation and inhibiting inflammatory response.®?-% (2)
PRP can recruit stem cells to the injury and then induce
them to differentiate into chondrocytes. In an in vitro study,
human PRP was added to human subchondral progenitor
cells cultured in vitro to observe its effect on the migration
and differentiation of human subchondral progenitor cells.
As a result, PRP could stimulate the migration of human
subchondral progenitor cells and promote their chondro-
genic differentiation, but the adipogenic or osteogenic dif-
ferentiation was not obvious, suggesting that PRP injected
into the articular cartilage defect can stimulate the migra-
tion of human subchondral progenitor cells located below
the defect area, recruit it to the defect area, and promote its
differentiation into cartilage, subsequently repairing the
cartilage damage.®® The study of Vinod et al.® reached a
similar conclusion that culturing chondroprogenitor cells
with PRP can promote chondrogenic differentiation of
chondroprogenitor cells, PRP intra-articular injection can
be used as an effective biological scaffold for cartilage heal-
ing. In addition, studies have transplanted PRP and synovial
mesenchymal stem cells into the articular cartilage injury
model of New Zealand rabbits. This is in good agreement
that PRP can inhibit the expression of MMP-3 and promote
the expression of type II collagen and SOX9. At the same
time, it can induce synovial mesenchymal stem cells to dif-
ferentiate into chondrocytes, increase the generation of car-
tilage markers, and then improve joint function.”$ Whether
PRP injected into human joints can play the same role needs
further clinical experimental research.

Taken together, PRP can improve cartilage damage by
inhibiting inflammation, promoting angiogenesis, enhanc-
ing cartilage protection, and improving cellular prolifera-
tion and differentiation. Although PRP has attracted the
attention of clinicians in skeletal muscle regenerative medi-
cine and has become an exciting frontier field in cartilage
injury repair, the exact mechanism of action of PRP in car-
tilage injury repair remains unclear and requires further in-
depth research. The main reason is that PRP contains a large
number of proteins, including growth factors, cytokines,
chemokines, and so on; furthermore, the binding of these
proteins may lead to complex and even contradictory inter-
actions, which makes it challenging to elucidate the exact
mechanism of action of PRP.

Delivery of PRP

There are many ways of delivery of PRP in the repair of
articular cartilage injury (Fig. 2), such as direct injection,
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Figure 2. Schematic diagram of PRP in the treatment of articular cartilage injury. (A) Preparation of PRP. (B) Intra articular
injection of PRP. After activation of PRP, it can release various growth factors, which can inhibit intra-articular inflammation, promote
angiogenesis and effectively restore articular cartilage injury. (C) Intra articular injection of PRP, which can recruit intra-articular
mesenchymal stem cells (such as synovial mesenchymal stem cells) to cartilage injury site. Furthermore, growth factor can induce
them to differentiate into chondrocytes, enhance cartilage regeneration, and then repair articular cartilage injury. (D) PRP combined
with cells and scaffolds to form cartilage tissue engineering scaffolds. The 3 complement each other and promote the recovery

of articular cartilage injury when transplanting to the injured site together. (E) PRP can improve articular cartilage injury through

a variety of ways and mechanisms. PRP = platelet rich plasma; IGF-I

= insulin-like growth factor |; VEGF = vascular endothelial

growth factor; TGF-f = transforming growth factor-f; HGF = hepatocyte growth factor; EGF = Epidermal growth factor; PDGF =
platelet-derived growth factor; CTGF = Connective tissue growth factor.

combined stem cell or chondrocyte injection, combined
scaffold, and so on.8>%! Different delivery methods have
different advantages and disadvantages, as well as different
scope of application.

PRP combined with cells and scaffold is often used in in
vitro experiments. The regeneration ability of chondrocytes
after articular cartilage injury is poor. Some studies have
used autologous chondrocytes proliferated in vitro to repair
articular cartilage defects in vivo. However, due to the lim-
ited proliferation ability of chondrocytes, the chondrocytes
obtained by repeated subculture in order to obtain a suffi-
cient amount of chondrocytes have the problems of aging
and dedifferentiation.’? Because of its strong differentiation
ability, stem cells can differentiate into chondrocytes, which
have gradually replaced chondrocytes and become a more
promising treatment method after articular cartilage
injury.”>** Internationally, there are approved stem cell
products for the treatment of articular cartilage injury.

Whereas, there is often an inflammatory pathological
microenvironment in the injured joint, which is not condu-
cive to the survival of transplanted cells. The addition of
PRP can inhibit inflammation.’**’ In addition, due to the
special structure of the joint cavity and the simple injection
of stem cells to repair specific damaged parts, the joint may
only experience the benefits of “flushing..”®® The selection
of appropriate scaffolds can make the cells evenly and per-
sistently distributed in the injury site. The combination of
the 3 is more beneficial to the repair of articular cartilage
injury in vitro experiments.

In another aspect, the safety of scaffolds to human body
needs to be demonstrated. Scaffolds can be divided into
natural materials and chemical materials, especially scaf-
folds prepared with chemical materials, which cannot com-
pletely remove the side effects caused by chemicals, will
endanger human health in serious cases. In addition, cells
will cause human immune response.’® Therefore, in clinical
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trials, most of them are simply injected with PRP. Simple
injection of PRP generally requires multiple injections
because it cannot be distributed at the injured site for a long
time, and the experimental results show that the effect of
multiple injections is better than that of single injection.’”8
PRP alone has fewer side effects than combining that with
stem cells and/or vectors. In short, the use of PRP should
choose the appropriate mode of delivery according to the
situation. In clinical trials, safety is most important.

Clinical Effect of PRP in the Repair of Articular
Cartilage Disease

PRP treatment has been reported in clinical practice in
1980s and 1990s. It has been popular in regenerative medi-
cine and other specialties. Its application can involve in
dentistry, maxillofacial surgery, diabetes, and delaying
senility.”-1%! Nowadays, in musculoskeletal therapy, PRP
has become a very attractive option because of its influence
in repairing injured tissues and accelerating recovery.”-!%
Using the “Clinical Trials. gov” database to count the num-
ber and national distribution of clinical research projects
currently using PRP in the treatment of cartilage injury
repair or osteoarthritis. Taking the keywords “platelet rich
plasma” and “osteoarthritis” as examples, the search shows
that up to now, a total of 134 clinical research projects have
been registered in the world, mainly distributed in North
America, United States, and Europe. By searching the key-
words “platelet rich plasma” and “cartilage investigation,,”
it can be seen that up to now, there are only 2 clinical
research projects registered in the world. Osteoarthritis is
often caused by “wear” and degradation of articular carti-
lage. In addition, patients with osteoarthritis often have dif-
ferent degrees of articular cartilage damage. It is reported
that clinicians found cartilage damage (defect not penetrat-
ing subchondral bone) and osteochondral damage (defect
penetrating subchondral bone) in knee arthroscopy of 61%
of patients with osteoarthritis.!”®> The following describes
the clinical application and effect of PRP in the repair treat-
ment group of knee arthritis cartilage injury in the recent
year (January 1, 2021 to January 1, 2022) (Table 3).

A randomized double-blinded study of 18 total patients
by Tucker et al.'® demonstrated that in the PRP group, the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) scores declined for up to 3 months from
baseline levels and remained low at 6 and 12 months. While
WOMAC scores for patients receiving the saline injection
were relatively unchanged for up to 12 months. In contrast,
Dorio et al.'® made a randomized controlled trial in which
62 patients were divided into 3 groups by injection of PRP,
plasma, and saline. Pain and adverse effects were assessed
at 6, 12, and 24 weeks, respectively. The result showed that
PRP and plasma were not superior to placebo in terms of
improvement in pain and function in knee arthritis cartilage

injury patients at 24 weeks. Increased frequency of mild
transient pain was higher in the PRP group. Therefore, the
authors question the efficacy of PRP. However, Ngarmukos
et al.'" took a different view, and a study of 94 patients who
received either 2 or 4 injections of PRP found 2- or 4-PRP
intra-articular injection at a 6-week interval for knee OA
demonstrated no changes of synovial cytokines and growth
factors but improved clinical outcomes from 6 weeks until
1 year.

Dulic et al.'” compared bone marrow aspirate concen-
trate bone marrow derived stroma cell (BMAC) to PRP,
hyaluronic acid (HA) injections in the treatment of knee
chondropathy or osteoarthritis, with a result that BMAC
could be better in terms of clinical improvements in the
treatment of knee arthritis cartilage injury than PRP and HA
up to 12 months. PRP provides better outcomes than HA
during the observation period, but these results are not statis-
tically significant. By contrast, significantly improvement in
International Knee Documentation Committee (IKDC) sub-
jective scores and Patient Global Assessment score in the
PRP group. The incidence of adverse events did not differ
between the groups, as per the findings of Park et al.'%®
Besides, they discovered the concentrations of platelet-
derived growth factors were high in patients with a score
above the minimal clinically important difference (MCID)
for visual analogue scale (VAS) at 6 months in the PRP
group, which can promote the recovery of articular cartilage.
Both Bansal et al.'” and Raecissadat et al.''’ showed that
symptom improvement in patients in the PRP injection
group lasted for 12 months. Therefore, PRP may play an
important role in long-term cartilage protection. In addition,
Xu et al.'" prospectively followed 122 patients who received
a total of 3 injections of PRP, HA, or PRP+HA within an
interval of half a month, and found that PRP combined with
HA is more effective than PRP or HA alone at inhibiting
synovial inflammation and can effectively improve pain and
function and reduce adverse reactions. Its mechanism
involves changes in the synovium and cytokine content. At
the same time, a prospective cohort study of 85 patients by
Sun et al.''? similarly reported that patients who combined
injections of crosslinked Hyaluronan (HYAJOINT) Plus and
PRP achieved better VAS pain reduction than a single PRP at
6 months. This also needs to be replicated in larger trials for
indicating a long-term benefit of the combination of
HYAJOINT Plus and PRP in improving knee functional
status.

In a prospective cohort study of Louis et al,'"* 30 patients
were randomly divided into 3 groups with injections micro-
fat (MF)+ Saline, MF+ Low Dose PRP (PRP LD,
1000¥10°/L), or MF+ High Dose PRP (PRP HD,
3000%10°/L). All treatments were effective in improving
knee functional status and reducing symptoms, with signifi-
cant reductions in all scores observed at 6 months. At 3
months, MF + PRP HD was significantly higher than MF
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Liang et al.

+ PRP LD. In the MF+PRP LD group, half of patients
injected with PRP had more than 8% red blood count (RBC)
contamination. The results showed that a single intra articu-
lar injection of MF was safe, and high concentrations of
PRP were more effective in improving articular cartilage
function. In a retrospective analysis of 37 patients, there
were different results.!'* The patients received high (1800-
2100 * 10%L), medium (1400-1800 * 10°%/L), or low (1000-
1400 * 10°L) concentrations of PRP respectively. All
patients received quadriceps femoris training. After 2
months of treatment, the knee function score of the medium
concentration group was significantly better than that of the
high- and low-concentration groups. PRP combined with
quadriceps training can promote cartilage repair and reduce
the level of inflammatory factors and MMPs in patients, but
the therapeutic effect of PRP depends on platelet concentra-
tion, and the optimal range is 1400 to 1800 10%L. Too high
or too low platelet concentration will affect the recovery of
knee function. Therefore, there is no optimal standard for
the optimal concentration of PRP injection, and more exper-
imental verification is needed. Despite the results of a ran-
domized controlled trial by Elawamy et al,'"® knee nerve
pulsed radiofrequency (PRF) therapy can be considered
superior to intraarticular PRP injection for sustained pain
relief and reduced severity indices in patients with chronic
knee osteoarthritis, with an experimental result that visual
analog scale was significantly lower in the PRF group com-
pared to the PRP group at 6 and 12 months, respectively.
Regarding the postinterventional index of severity of osteo-
arthritis, it was significantly lower in the PRF group than
the PRP group at follow-up. However, a prospective trial of
Danieli et al.''® showed that patients with International
Cartilage Repair Society (ICRS) grade III cartilage injury
who underwent arthroscopic chondroplasty in combination
with PRP performed better and faster than the one who only
received an arthroscopic chondroplasty. PRP can be used in
conjunction with other cartilage procedures to treat osteo-
chondral diseases. Although there is a relative lack of litera-
ture in human clinical studies, animal studies have evaluated
PRP recommendations for focal osteochondral defects.

Problems and Prospects

Some scholars have observed that intra-articular injection
of PRP can inhibit and produce local adverse reactions,
including local swelling and pain, but it will be relieved
after a short time, which may be related to the dose and
method of PRP injection and the content of leukocytes in
PRP.!9517-119 Most studies have proved that PRP injection
has little adverse effect on patients and can be alleviated in
a very short time.!'"!?° [n addition, there are the following
problems in intra-articular injection of PRP: (1) lack of
standard guidelines for PPP preparation and injection

methods, (2) there is a certain bias in the research results,
(3) the clinical application of PPP needs to be standardized,
(4) lack of unified clinical efficacy evaluation method, (5)
lack of clinical long-term follow-up study, and (6) expen-
sive, and so on. '21122At present, there are few research lit-
eratures published in this field at home and abroad. More
research is needed to prove the safety, effectiveness, and
practicality of PRP application, and further determine the
standard scheme of PRP application. Nevertheless, the
application of PRP in cartilage injury repair tissue engineer-
ing still has broad prospects.

Conclusion

The paper systematically evaluated the mechanism and
clinical therapeutic effect of PRP in the repair of articular
cartilage disease by analyzing the literature at home and
abroad in recent years. A large number of basic scientific
and clinical studies have shown that PRP contains a variety
of growth factors, which can affect inflammation, angio-
genesis, cartilage protection and cellular proliferation and
differentiation after articular cartilage injury through differ-
ent pathways. Although the clinical efficacy of PRP in the
treatment of articular cartilage injury has not been uni-
formly reported, most studies reported that PRP has a posi-
tive effect on cartilage injury, improving the joint function.
In addition, many studies found that the best curative effect
of intra-articular injection of PRP is about 1 year. PRP is
very promising in the treatment of articular cartilage injury,
because of its low rate of adverse events observed in many
clinical studies. At the same time, it is found that there is a
lack of standardization in the preparation, use methods and
curative effect observation of PRP, which will also become
the research direction of researchers in the future. The tech-
nology of PRP in the repair and treatment of articular carti-
lage injury is worthy of further research, which will benefit
the majority of patients with articular cartilage injury.
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