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Abstract: Osteoarthritis (OA) is a common degenerative disease that affects the vast
majority of the elderly and may eventually embark on the road of the total knee arthroplasty
(TKA), although controversy still exists in the medical community about the best therapies
for osteoarthritis. Compared with physical therapy, oral analgesics and other non-operative
treatments, intra-articular injection is more safe and effective. Moreover, intra-articular
injection is much less invasive and has fewer adverse reactions than surgical treatment.
This article reviews mechanism, benefits and adverse reactions of corticosteroids (CS),
hyaluronic acid (HA), platelet-rich plasma (PRP), mesenchymal stem cell (MSCs), stromal
vascular fraction (SVF) and other new therapies (for example: gene therapy). The application
prospect of intra-articular injection was analyzed according to the recent progress in drug
research.

Keywords: osteoarthritis, intra-articular injection, treatment, prospect, review

Introduction

Articular cartilage is a particular type of tissue which is found in common joints
such as the knee, hip, shoulder and ankle.! Acute trauma, repeated stress and
impaired vascular supply can lead to cartilage damage. These lesions will cause
osteoarthritis (OA), which is characterized by swelling, deformity and joint
stiffness.”

Osteoarthritis is a degenerative joint disease, the main feature is the slow
progressive destruction of articular cartilage with the degeneration of ligaments
and menisci.> The pathogenesis involves many complex mechanisms, including
genetic, mechanical, metabolic, inflammatory factors and so on. Up to now, the
evidence has revealed that inflammatory factors, abnormal apoptosis of chondro-
cytes and degradation of extracellular matrix are related to the pathogenesis of OA.
In particular, the abnormal expression of inflammatory factors such as tumor
necrosis factor (TNF-a), interleukin-1 (IL-1) and interleukin-6 (IL-6) will lead to
the increase of chondrocyte apoptosis and the degradation of extracellular matrix,
which eventually results in the occurrence of osteoarthritis.*> OA is a global
disease problem, more than 50% of patients who over the age of 60 are affected.
To date, about 300 million people are living with OA, and 242 million people are
suffering pains from hip/knee osteoarthritis.®” With the growing number of the
elderly and obese, the incidence of OA is still rising.®
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As for therapy, the choice of the treatment for OA is
conservative or surgical therapies according to the patient’s
age, the severity of symptoms and the type of lesion.
According to the guidelines of the Osteoarthritis Society
International (OARSI) and National Institute for Health and
Care Excellence (NICE), conservative therapy should be
regarded as the first choice for the treatment of OA.>'”
Conservative therapies include physical therapy based on
weight loss and exercise, and drug therapy based on non-
steroidal anti-inflammatory drugs (NSAIDs) and prostacy-
clin. However, the effect of single drug appears to be
unconspicuous in terms of improving pain and function in
patients with OA.'" Systemic drugs such as NSAIDs may
have no obvious therapeutic effect, and even cause a variety
of adverse reactions such as cardiovascular, stomach and
kidney, thus limiting their use in the elderly with OA.

For surgical therapies, arthroscopic debridement with
bone marrow stimulation (BMS), autologous or allogeneic
osteochondral transplantation, autologous chondrocyte
transplantation and autologous periosteal bone-graft have
become conventional methods for the treatment of OA.
The study showed that arthroscopic debridement with
BMS has the advantages of less trauma and simple opera-
tion, and can improve the clinical effects to a certain
degree. However, the repaired cartilage is fibrocartilage,
the wear resistance of fibrocartilage is not as good as the
normal cartilage. The long-term therapeutic effect is still
non-ideal after a period of time.'* Autologous chondrocyte
implantation (ACI) is suitable for large osteochondral
defects left after the failure of the first treatment. But this
method is time-consuming, expensive, and the clinical
effect is not accurate. Periosteal bone-graft is also suitable
for patients with large osteochondral lesions. The advan-
tages include that the periosteum has a certain ability of
cartilage metaplasia, the periosteum of the bone-graft can
be closely combined with bone, and the repaired problem
of delamination between cartilage and subchondral bone
was solved. Nevertheless, the periosteal layer may be over
proliferated and need secondary arthroscopic repair, which
increases the trauma caused by the operation. Therefore,
intra-articular injection with appropriate therapeutic dose
may be a better mode of drug administration.'® Tt is
a promising therapy which can play key roles in the treat-
ment of OA. Because it can effectively improve the effect
of local treatment, and has reliable safety which can
reduce the occurrence of systemic adverse reactions.'*

In this review, we focused on the therapies of osteoar-
thritis by which include

intra-articular  injection

corticosteroids (CS), hyaluronic acid (HA), platelet-rich
plasma (PRP), mesenchymal stem cell (MSCs), stromal
vascular fraction (SVF) and other new therapies. The latest
research progress related to these therapies, the mechanism
of function and adverse effects of them were summarized
and concluded. According to the results, the application
prospect of intra-articular injection was analyzed in the
treatment of osteoarthritis.

Corticosteroids

Although osteoarthritis is a degenerative joint disease, at
some phases, low-grade inflammation will occur which pro-
vides a practical and reliable theoretical basis for the applica-
tion of intra-articular anti-inflammatory drugs. As common
local anti-inflammatory drugs, corticosteroids fight the
inflammatory process of OA by altering the immune function
of T and B cells."”” Compared with natural corticosteroids,
synthetic corticosteroids obviously have stronger anti-
inflammatory effects, which can be mainly divided into two
forms: crystalline and non-crystalline. At present, crystalline
triamcinolone and non-crystalline methylprednisolone acet-
ate are used most commonly.'® The injection process usually
requires a combination of local anesthetics for intra-articular
injection of corticosteroids (IACS).

Triamcinolone acetonide (TA) is less water soluble than
methylprednisolone and is the most difficult to dissolve among
injectable corticosteroids, so triamcinolone acetonide is
a better choice for the diabetic who are worried about rising
blood glucose after injection.'® It takes three weeks for triam-
cinolone acetonide (TA) to be completely absorbed from the
joint and can be detected in plasma after six weeks. Because
triamcinolone acetonide absorbs faster, it stays in plasma for
longer."” The mean residence time (MRT) of TA is 2.5-4.3
days. Generally, MRT will change with the variation of pro-
duct dose. Triamcinolone acetonide extended release (FX006)
can keep the drug concentration in the joint within a certain
range for a long time, and MRT can be as long as 19 days.'® In
a double-blind, randomized, parallel-group, Phase II clinical
study, it was found that intra-articular injection of triamcino-
lone acetonide extended release can relieve symptoms of
OA pains with minimal blood glucose disruption.'”
Betamethasone, as a combination of betamethasone disodium
phosphate and betamethasone acetate, MRT was only 2.8
days.'® Methylprednisolone acetate (MPA) can significantly
relieve pain in patients in the early stage. According to related
studies, the efficacy of intra-articular injection of MPA peaked
at 2 weeks after injection and the effect lasted until 24 weeks.?
In a recent study, it was found that the effect of
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methylprednisolone acetate may last for three months or
more.?! Information about common intra-articular corticoster-
oids is summarized in Table 1.

Studies have confirmed that the intra-articular corticos-
teroids can significantly relieve the clinical symptoms of
patients with early OA. Nonetheless, the relief of this symp-
tom is short-lived and no other benefits are seen half a year
later. > According to the retrospective literature, most
patients with osteoarthritis showed a mild to moderate
improvement in function within 6 weeks after corticoster-
oids injection, but the patient’s symptoms did not improve
significantly after this period of time.*® The specific contra-
indications and adverse reactions are shown in Table 2. The
long-term use of corticosteroids can increase oxidative
stress and change gene expressions of chondrocyte. It will
lead to chondrotoxicity and other adverse reactions, and
accelerates the progress of osteoarthritis.>* The latest study
found that there is a certain causal relationship between high
dose and long-term use of corticosteroids and the develop-
ment of chondraltoxicity.>> Therefore, in order to relieve
symptoms in the short term, intra-articular corticosteroids
should not be injected for symptomatic joints more than 4
times a year.”® Many studies confirmed that intra-articular
injection of corticosteroids only offers a mild and temporary
pain-relieving effect, and surgeons must doubt the sustain-
ability and development of this treatment in future
medicine.

Hyaluronic Acid (HA)

In addition to intra-articular injection of corticosteroids, hya-
luronic acid (HA) is also commonly used in the treatment of
osteoarthritis. Its essence is glycosaminoglycan, which is com-
posed of B-glucuronide and B-acetylglucosamine produced by
B-type synoviocytes, chondrocytes and fibroblasts.?” Figure 1
shows the structure formula of HA. As the main component of
intra-articular synovial fluid, HA is present in the upper layer

Table 2 Indications, Contraindications and Adverse Reactions of
the Intra-Articular Injection of Corticosteroid, and the Methods
to Reduce the Incidence of Adverse Reactions

Indications Contraindications Adverse
Reactions

Osteoarthritis | Intra-articular or osteochondral | Injection site

fracture at the injection site pain and local

swelling

Rheumatoid Uncontrolled coagulopathy Atrophic
arthritis changes of skin
Traumatic Severe joint destruction (eg, Septic arthritis
arthritis Charcot joint) and skin

breakdown
Shoulder Local infection: septic arthritis, | Chondrotoxicity
periarthritis periarticular sepsis and

bacteremia
Crystalline Hypersensitivity to the injection | Anaphylactic
arthropathies reactions
Seronegative Osteomyelitis Soft tissue
arthropathies calcinosis
Mixed Joint prosthesis Crystal-induced
connective erythema
tissue disease

of articular cartilage 1-2 microns.”® Compared with normal
knees containing 2.5 to 4 mg/mL of HA, the knee of patients
with osteoarthritis has a decrease of 1 to 2 mg/mL due to
reduced production of HA and increased self-degradation and
clearance, with a reduction of up to 50%.>’

Since it was approved by Food and Durg Administration
(FDA) for the treatment of OA in the United States in 1997,
hyaluronic acid has been widely used.”” Table 3 shows the
different brand name approved by FDA that contains HA. It
was found that intra-articular injection of HA in the treat-
ment of osteoarthritis may mainly rely on two mechanisms:

Table | Information About Intra-Articular Injection of Corticosteroids

Agent Anti-Inflammatory | Action Time Dose: From Small Serum Half-Life Fluorinated
Potency Joint to Large Joint
Hydrocortisone acetate | S 10-25 (mg) 2h No
Triamcinolone acetate 5 | 2.5-15 (mg) 88min Yes
Triamcinolone hexacetonide 5 | 2-20 (mg) 88min Yes
Methylprednisone acetate 5 | 4-80 (mg) 18-26h No
Dexamethasone 25 L 0.8—4 (mg) 36-54h Yes
Betamethasone acetate 25 L 0.25-2 (mL) 6.5h Yes
Betamethasone sodium phosphate 25 L 0.25-2 (mL) 6.5h Yes

Abbreviations: S, short = 8-12h biologic half-life; |, intermediate = 12-36h biologic half-life; L, long = 36-72h biologic half-life.
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Figure | The structure formula of hyaluronic acid.

first, as a supplement to intra-articular mechanical viscosity,
it can play the role of joint protection such as lubrication,
shock absorption and friction reduction;*® Second, the
homeostasis of joint is reconstructed by guiding the secre-
tion of endogenous HA.*' Because HA not only has the
function of structural, but also plays the role of signal
molecule. In the process of interaction with receptors on
the surface of different cells such as B-type synoviocytes
and chondrocytes, it plays an important role in regulating
cellular proliferation, differentiation and migration. These
effects that have an influence on extracellular matrix, which
not only promotes the synthesis of endogenous HA, but also
reduces the markers of cartilage destruction. Meanwhile, it
has anti-inflammatory effects on inflammatory mediators,
such as reducing the secretion of prostaglandins, leuko-
trienes, IL-1 and IL-6.** In addition, hyaluronic acid (HA)
as a natural glycosaminoglycan with viscoelastic properties,
is an important component of the extracellular matrix of
articular cartilage. It is also a great guarantee for the bio-
mechanical integrity of healthy cartilage.*

The clinical trial study of using HA to treat osteoar-
thritis has become a hot topic for many scholars. Trueba
Davalillo et al compared the clinical efficacy of intra-

Table 3 Information About Drugs Which Contain Hyaluronic
Acid

Product Dosage Frequency

Hyalgan 2.0mL Once a week for 5 weeks
Supartz 2.5mL Once a week for 5 weeks
Supartz FX 2.5mL Once a week for 5 weeks
Orthovisc 2.0mL Once a week for 3 to 4 weeks
Euflexxa 2.0mL Once a week for 3 to 5 weeks
Hylan G-F 20 2.0mL Once a week for 3 weeks

OH CH,0OH

articular injection of HA and betamethasone in
a randomized controlled trial involved 200 patients. After
one-year follow-up, the Visual Analogue Score (VAS)
(Figure 2) of intra-articular injection of HA was signifi-
cantly lower than that of betamethasone except for the
third month. It reported that the improvement of Western
Ontario and McMaster University Osteoarthritis Index
(WOMAC) score (Table 4) by intra-articular injection of
HA was significantly better than that of intra-articular
injection of betamethasone.*

According to the relevant experimental data, different
molecular weight (MW) of HA has different effects on
patients. Some experts believe that the molecular weight
of HA may affect clinical efficacy and safety. The low
molecular weight seems to be less effective than high

molecular weight.*

Due to the heterogeneity of this
study, however, the results are not supported by other
studies. In a clinical study of hybrid (low and high mole-
cular weight) and high molecular weight hyaluronic acid
in the treatment of osteoarthritis in obese patients. It was
found that the therapeutic effect of hybrid hyaluronic acid
was better than high molecular weight hyaluronic acid.
The study still proposed the combination of the anti-
inflammatory action of low molecular weight HA on chon-
drocytes and the biomechanical role of high molecular
weight HA might be the reason for this result.’® The
research on the contraindications of intra-articular injec-
tion of HA 1is not specific, and most scholars think that it is
similar to the contraindication of intra-articular injection
of corticosteroids. In 2019, Gualdi et al found that patients
with scleroderma should be regarded as a contraindication
for injection of HA, because HA has a pro-inflammatory
effect which leads to the migration of keratinocytes and
worsening skin ulcers.”’
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Figure 2 Visual Analog Scale (VAS), a common tool for measuring pain.

Nevertheless, the efficacy of HA in the treatment of
OA has not been confirmed. By the end of 2014, American
Academy of Orthopaedic Surgeons (AAOS) had not found
evidence that HA could be listed as an indicator for the
treatment of knee osteoarthritis.® In 2015, the evidence
found in 14 meta-analysis studies proved the feasibility
of hyaluronic acid in patients with knee osteoarthritis. But
unfortunately, the control in the meta-analysis studies was
different, resulting in a significant reduction in the cred-
ibility of the evidence.’® A recent systematic review and
meta-analysis study showed intra-articular hyaluronic acid
provided significant pain relief compared to saline for
patients with early-moderate knee OA. Meanwhile, it did
not increase the risk of treatment-related adverse events
for up to 6 months. However, patients with end-stage
disease had a lower level of pain relief, and the risk of

treatment-related adverse events was significantly higher

Table 4 Western Ontario and McMaster University Osteoarthritis
Index (WOMAC) Questionnaire

Pain Stiffness Physical Function
Walking | The severity of your Descending stairs;
stiffness after wakening up | Ascending stairs;
in the morning Rising from sitting;
Up and Standing;
down Bending to floor;
the Walking on flat;
stairs Getting infout of car;
During The severity of of your Shopping;
sleep stiffness after sitting, lying | Putting on socks;
or resting later in the day | Rising from bed;
Taking off socks;
Sitting or Lying in bed;
lying Getting in/out the bath;
Sitting;
Getting on/off toilet;
Standing Heavy domestic duties;
upright Light domestic duties

Worst possible
Pain

than saline.®® In a low-risk trial, it was found that the
frequency of intra-articular injection of HA may increase
from once in one cycle to fifth in four cycles.*® Therefore,
intra-articular injection of HA may cause more local
adverse reactions than intra-articular injection of corticos-
teroids, such as self-limited synovitis, joint bleeding and
muscle pain, which may be due to the higher frequency of
intra-articular injection.*' It has become the consensus for
most doctors to discourage the use of hyaluronic acid in
every patient with osteoarthritis.’

Platelet-Rich Plasma (PRP)

Platelet-rich plasma (PRP) is a new product of regenera-
tive medicine which has attracted more and more atten-
tion. However, the earliest clinical application of PRP
occurred in 1987, it was used for blood loss after open
heart surgery.*? To date, it has been proven to delay aging
and improve cell vitality. Therefore, it was widely used in
plastic surgery.**

In essence, platelet-rich plasma is a type of autologous
plasma. Compared with normal plasma, the platelet concen-
tration of PRP is higher, which usually contains 150,000 to
300,000 platelets per microliter.** At present, the common
cognition is that the normal platelet concentration is 2 to 8
times before it is used as autoserum.*> The specific process
of PRP preparation is shown in Figure 3. The platelet in PRP
contains a large number of growth factors and anti-
inflammatory cytokines. When platelet is activated, insulin-
like growth factor-1 (IGF-1), insulin-like growth factor-2
(IGF-2), vascular endothelial growth factor (VEGF), trans-
forming growth factor-p (TGF-p), fibroblast growth factor
(FGF) and platelet-derived growth factor (PDGF) will be
released at the site of healing.***” These factors can improve
the growth of mesenchymal stem cells (MSCs) and auto-
logous chondrocytes. Meanwhile, it also increases the com-
ponents of extracellular matrix such as proteoglycans and
type I and II collagen.*®*’ After intra-articular injection of
PRP, the growth factors such as FGF-B, VEGF, PDGF-BB
and IGF1 increased at different time. This phenomenon may
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Figure 3 The preparation process of platelet-rich plasma (PRP).

suggest that PRP is not a single increase of the growth
factors, but stimulates the increase of growth factors by
activating the intrinsic pathway of growth factors.>® It also
can decrease and decompose the concentration of pro-
inflammatory cytokines through inhibiting the activation of
the nuclear factor kappa-light-chain-enhancer (NF-KB) by
interleukin-1 (IL-1), which can reduce the inflammatory
effect in the process of OA.>" In addition, the study proposed
that transforming growth factor-p (TGF-B) can increase the
mitotic effect of osteoblasts.>?

Same as hyaluronic acid, PRP still lacks high-quality
clinical data to prove the reliability of efficacy. Although
PRP has been used as a routine therapy in clinic, this
indication has not been approved by FDA, and most insur-
ance companies have not covered it in the coverage. The
research about the clinical efficacy of PRP has never stopped
in recent years. This was confirmed by Lin’s randomized
clinical trial of PRP and HA compared with the control
group (normal saline) in the treatment of mild to moderate
knee osteoarthritis. He found that PRP could provide
a significant improvement in clinical function for over
1 year, and the most significant improvement was at the
6th month.>® Furthermore, some meta-analysis studies con-
firmed that PRP has a good clinical effect and better healing
for young patients with early OA.>* In 2019, Guillibert et al
treated and followed up 57 patients with osteoarthritis. He
found that a good clinical effect was obtained by a single
injection of very pure PRP, and the symptoms of 84.2% of
the patients were relieved. The WOMAC Score, Knee Injury
and Osteoarthritis Outcome Score (KOOS) and Medical
Outcomes Study Short Form-36 items (SF-36) question-
naires were significantly improved in first, third and sixth

The plasma and white

blood cells were

N plateets

2*spin

Most of the plasma  The test tube R
Red blood cells

(2000GX5min) was shaken to

was discarded
45%)
get PRP (2ml)

month. No adverse reactions occurred.’ Jihad et al proposed
the platelet lysates can be used for the treatment of early and
intermediate knee osteoarthrosis. The specific procedure was
that the growth factors were released by platelets in vitro and
injected them directly in the injured joint. They performed
intra-articular injection of platelet lysates in 48 patients with
degenerative changes in the joint of grade I or II on the
Kellgren scale and followed up for one year. Finally, it was
found that the patient had a significant improvement in the
5 aspects: symptoms, stiffness, pain, daily living and sport.
This new idea may be a promising direction for the devel-
opment of PRP in the future.*®

In summary, platelet-rich plasma has considerable
potential value as a new medical product which is very
promising. Due to the lack of standardized factors such as
speed and time of centrifugation in the preparation of PRP,
however, variants are rich in white blood cells or without
white blood cells may be produced.’” And adverse reac-
tions include the pain of injection site, joint stiffness,
dizziness, headache, nausea and tachycardia. Therefore,
there must be additional standardized and high-quality
clinical trial to support the application of PRP in clinic.

Mesenchymal Stem Cell (MSC)

Mesenchymal stem cell (MSC) has shown a good applica-
tion prospect in relieving pain and cartilage regeneration.
Extensive clinical studies confirmed that it is a safe and
effective therapy, some scholars even tried to reverse the
development of cartilage lesions by cell regeneration.’®
Mesenchymal stem cell is a group of different kinds of
stromal cell. It can be isolated from bone marrow, adipose
tissue, synovium and other connective tissues. In 1999,
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Pittenger isolated MSC from bone marrow for the first time.
He proposed that MSC has the potential ability of differ-
entiating into adipocytes, osteoblasts and chondrocytes.>
With more in-depth research, it was found that MSC can
also be isolated from placenta, umbilical cord blood, umbi-
lical cord perivascular cells, cartilage, fat pad and skeletal
muscle. Information on MSC from different sources is
shown in Table 5. Bone marrow mesenchymal stem cells
(BMSCs) and adipose-derived mesenchymal stem cells
(AMSCs) are most commonly used in clinic which gradu-
ally developed into a conventional therapy for OA.%

The mechanism of action of MSC is not completely clear
at present; however, the release of chemical mediators is
considered to be an important factor of the in vivo

mechanism of BMSCs, which is mainly divided into two
categories: immunity or anti-inflammation and tissue repair
or regeneration.”’ Many studied confirmed that BMSCs can
improve the secretion of growth factors and the management
of tissue environment.”" These effects can benefit the process
of cartilage repair and regeneration, such as cell migration,
cell proliferation, cell differentiation and matrix synthesis.
Through the adjustment of transforming growth factor-f§
(TGF-B), vascular endothelial growth factor (VEGF), matrix
metalloproteinases (MMPs), tissue inhibitors (TIMPs) and
other growth factors. It can not only reduce the damage of
tissues and cells, but also stimulate the proliferation of stem
cells and promote the repair of stromal vessels.”> The immu-
nomodulatory function and anti-inflammatory effect are

Table 5 A Summary of the Information About MSC Acquired from Several Common Sources

Cell Positive Characterization Advantages Disadvantages Latest Studies
Source Related to OA
Bone CD105,CD73, (i) High chance of differentiat- |(i) High variability Doyle60 et al
marrow CD90, ing into cartilage (i) The number and quality of cells | (2020)
CD271,CD14e, (i) Rich in sources decrease with age
low-affinity nerve
growth factor
receptor (LNGFR)
Adipose CD73,CD90,CD105 (i) Low donor site morbidity (i) The number and quality of cells | Woo®' et al
tissue (i) Rich in sources decrease with age (2020)
(iii) Easy to get (i) Low chance of differentiating
into cartilage
Synovial CD44,CD73,CD90, (i) High chance of differentiat- |(i) Low numbers Gale®? et al
membrane CD105,CD166, CD271 ing into cartilage (2019)
(i) Low osteogenic potential
Placenta CD90,CD105,CD166, (i) High chance of differentiat- |(i) Hard to get Khalifeh Soltani®®
CD49e,SH3,SH4, HLA-ABC ing into cartilage (i) Low numbers et al
(2019)
Umbilical CD13,CD29,CD49e, CD54, (i) Easy to get (i) High variability Jeon® et al
cord CD90 a-smooth muscle (i) Unlimited numbers (2020)
blood actin
Umbilical CD105,CD73,CD90, CD44 (i) Easy to get (i) High variability Klontzas®® et al
cord (ii) Unlimited numbers (2015)
perivascular
cells
Cartilage CD49%¢e,Notchl, CD90, STRO-1 (i) High chance of differentiat- |(i) High donor site morbidity Hu® et al
ing into cartilage (i) Low number (2019)
Fat pad CD13,CD44,CD90, CDI05, (i) Rich in sources (i) Low chance of differentiating | Bravo® et al
CD29 (i) Easy to get into cartilage (2018)
Skeletal NG2,CD 146 (i) Easy to get (i) High variability Camernik®® et al
muscle (i) Unlimited numbers. (2020)
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embodied in the adjustment of interleukin, TNF-q, inter-
feron-y (IFN-y) and other factors. Under the action of these
factors, bone marrow mesenchymal stem cells secrete
a variety of anti-inflammatory cytokines to feedback to var-
ious types of immune cells and play the role of immunity and
anti-inflammation.” The results of a study involving 86
patients have proved that BMSCs can reduce the expression
of TNF-o and IL-6 in osteoarthritis and increase anti-
inflammatory effect.”* Recently, Maximed et al proposed
a new viewpoint on the mechanism of action of MSC.
They believed that the transforming growth factor-f3-
induced gene (TGFBI) is a protective factor of articular
cartilage.”

In addition to the study of the mechanism, the clinical
efficacy of BMSCs never stops. Vangsness and his collea-
gues followed up 55 patients from 7 different institutions
for 2 years. They found that the OA pain was significantly
relieved in patients with single injection of BMSCs. The
subchondral bone sclerosis and osteophyte formation were
also reduced, and the results of magnetic resonance ima-
ging (MRI) also showed the progress of OA slowed
down.”® Mahasen et al reported that expanded autologous
bone marrow mesenchymal stem cells (BM-MSCs) were
used to treat 13 patients with moderate and severe knee
osteoarthritis. After 24 months follow-up, there were no
adverse events. Meanwhile, normalized KOOS improved,
and the mean thickness of knee cartilage measured by
MRI also promoted.”” And a study included 1069 knee
joints, Migliorini et al found the patients with intra-
articular injection of bone marrow mesenchymal stem
After 12 months, WOMAC Function Scores,
Lequesne Index Scores, Knee Injury and Osteoarthritis
Outcome Score (KOOS), and the quality of life (QOL)
of patients were significantly improved.”® Compared with

cells.

other treatments of cartilage regeneration, BMSCs are

autologous which avoids the risk of autoimmune
responses. Meanwhile, the number and purity of BMSCs
are high, and it is easier to differentiate into articular
tissue.”” Furthermore, the approach of culture and expan-
sion in vitro can provide the opportunity of adding extra
drugs and increase the repair potential of chondrocytes.
Adipose-derived mesenchymal stem cells (AMSCs) can
also be used in the treatment of OA. Adipose tissue is a more
easily available source of stem cells. Compared with BMSCs,
AMSCs are easier to cultivate and have stronger ability of cell
growth and proliferation. It is also an advantage of AMSCs
that telomerase is less affected by age than BMSCs.* In 1972,

AMSCs were first described as adipocyte precursor cell by

Frohlich.®' Further studies found that AMSCs have the ability
to differentiate into mesoderm-derived cells such as adipo-
cytes, osteocytes and chondrocytes. Through a vitro study,
Ceserani et al found high concentrations of AMSCs may
inhibit the inflammatory effect of macrophages.82 The clinical
studies have also shown the therapeutic effect of AMSCs. In
the study of adipose-derived mesenchymal stem cells
(AMSCs) (dosage: 2x10° cells, 10x10° cells, 50x10° cells).**
Pers et al found that the dosage of 2x10° cells was the best in
relief of function and pain. He proposed that the regulation of
congenital and acquired immunity may be the mechanism of
AMSCs.** Russo et al also confirmed that AMSCs are not
only a safe therapy, but also found a significant improvement
in VAS score, International Knee Documentation Committee
(IKDC) score and Tegner-Lysholm (TL) score during one-
year follow-up.® Hudetz et al studied the results of the injec-
tion of adipose-derived mesenchymal stem cells (AMSCs)
from clinic and imaging, respectively. It was found that the
VAS score was significantly decreased, while imaging showed
a significant increase in the glycosaminoglycan (GAG) con-
tent from articular cartilage.®

Some studies have demonstrated the safety and tolerance
of mesenchymal stem cells, no adverse events (AEs) have
been reported. The incidence of adverse reactions is only

3.1%, such as pain and swelling,®**"-%3

and the carcinogeni-
city of mesenchymal stem cell in theory has not been
confirmed.** However, the malignant transformation of
cells is still a potential risk of stem cell therapy. According
to the results of the system review in 2017, more than 1/3 of
the researches cannot accurately describe their methods of
evaluating safety.”® Furthermore, current studies have not
reached a consensus on the best source, isolation, recogni-
tion and culture conditions of MSC. Both BMSCs and
AMSC:s are invasive and cause iatrogenic injury to patients.
Large-scale and long-term clinical trials are still needed to
popularize and improve intra-articular injection of mesench-
ymal stem cells, and make it become a conventional method
for clinical treatment of osteoarthritis.

Stromal Vascular Fraction (SVF)

Although studies have confirmed the safety and efficacy of
Adipose tissue-derived stem cells (ADSCs) and mesenchy-
mal stem cells (MSCs) in the treatment of OA.”! It may take
several weeks to isolate, culture and amplify cells in specia-
lized laboratory.”® At present, it seems that autologous stro-
mal vascular fraction (SVF) is a more effective method. The
adipose tissue from liposuction is digested by collagenase,
and the floating adipocytes and liquefied fat are removed by
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centrifugation. Finally, the cell pellet left at the bottom of the
tube, called SVE.”® The cell of SVF includes ADSCs,
macrophages, blood cells, pericytes, fibroblasts, vessel-
forming cells (such as endothelial and smooth muscle
cells) and their progenitors.94 Due to different extraction
methods, the content of ADSCs in different SVF from less
than 1% to more than 15%. Among the current studies, eight

studies reported liposuction on the day before surgery,”> '

and four studies reported liposuction on the same day.®”'**-
195 Compared with ADSCs and MSCs, SVF saves several
weeks of cell culture and proliferation, and is more efficient.

Studies have shown that stromal vascular fraction (SVF)
can not be dependent on adipose tissue sources or donors. It
can play an anti-inflammatory effect on chondrocytes and
synoviocytes through the release of anti-inflammatory mole-
cules such as interleukin-1 receptor antagonist (IL-1Ra),
indoleamine-2, 3-dioxygenase, transforming growth factor-
B and prostaglandin E2.'” The study also suggests that the
cells in SVF seem to be able to perceive the local environ-
ment of OA and respond to it accordingly. On the other
hand, the regulating effect of SVF on preadipocytes, vascu-
lar adventitia cells, macrophages, red blood cells, fibroblasts
and regulatory T cells can promote tissue renewal.'”’

In 2011, autologous SVF composed of heterogeneous
cells released by enzymatic hydrolysis of adipose tissue,
which contains adipose stromal cells, hematopoietic stem
cells, endothelial cells, fibroblasts, lymphocytes, erythro-
cytes, pericytes and monocytes/macrophages was used in
OA patients in combination with hyaluronic acid (HA).
After 3-month follow up, the study found that the VAS
score decreased and the patient’s range of motion
improved. Meanwhile, magnetic resonance imaging
showed cartilage regeneration.'® Since then, more and
more clinical studies have been used to explore the
therapeutic efficacy of SVF for the treatment of OA. In
2013, Pak et al reported a retrospective cohort study
involving 91 patients with OA. The patients were
injected with autologous SVF and PRP percutaneously.
After three-months follow up, it was found that the VAS
score was significantly improved, and there were no
serious side effects or development of tumor.'® In
a clinical study of 18 patients aged between 18 and 75.
Jo et al found the dose of SVF seemed to be associated
with pain, stiffness and function. After high-dose
(1.0x10® cells) SVF injection, it was observed that the
WOMAC Function Scores of the patients with a mean
reduction of 39% after 6 months. Magnetic resonance
imaging showed cartilage regeneration. Glossy white

matrix and hyaline-like cartilage were found in arthro-
scopy, and well integrated with subchondral bone.'%
There is still lack of clinical trials with large samples
and comparison with other treatments such as platelet-rich
plasma or arthroscopic debridement. Many studies support
intra-articular injection of SVF to alleviate the symptoms
of osteoarthritis (OA) and promote cartilage regeneration.
These studies showed the symptoms of OA were improved
one month to two years after SVF injection. The quality of
life of patients was improved, and the risk of adverse
reactions was not increased. Only a very small number
of patients reported slight swelling and pain in the first few
days, and there were no serious complications at the donor
site.'?%1%* SVF can be employed in a point of care setting
for different indications and is currently being widely used
all over the world with reports of various degrees of
success. SVF is easy to prepare and rich in sources (such
as adipose tissue in the abdomen or buttocks), without
a series of complicated steps such as cell culture and
proliferation. These advantages suggest that SVF may be
a safe and effective minimally invasive method for the
treatment of OA and has a good application prospect.

Other Therapies

The imbalance between catabolic and anabolic factors may
appear in the development of OA. This theory gives scho-
lars new expectations for the use of biological agents in
the treatment of OA.''" It has been confirmed that IL-1p
can lead to cartilage degeneration and the destruction of
joint tissue by affecting the catabolism of inflammatory
factors.''! Some scholars believe that IL-1p can induce the
dedifferentiation of chondrocytes and directly lead to the
erosion process of OA in vivo.''*'"3 It seems that contra-
posing IL-1p can inhibit the process of OA. However, the
results of clinical trials of IL-1B antagonist anakinra are
not satisfactory. A randomized, multicentre, double-blind,
placebo-controlled trial showed that anakinra did not sig-
nificantly alleviate the symptoms of OA.'"* Tumor necro-
sis factor (TNF) is another important factor in the
of OA,
inflammatory cytokine, which is related to the loss of

development and its essence is a pro-
knee cartilage.''> At present, the most frequently used
TNF inhibitors are infliximab and etanercept. Although
some studies have confirmed the initial tolerability of
infliximab, intra-articular injection of infliximab to treat
OA is still in the early stage of exploration. In a clinical
controlled trial of HA and etanercept, it was found that the

VAS score of patients injected with etanercept was better

Journal of Pain Research 2020:13

submit your manuscript

1949

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

than that of patients injected with HA in the first 1-2
weeks, but the difference between two drugs gradually
shrunk after the fourth week.''®

The development of gene therapy for cartilage preser-
vation and regeneration has increased the hope of the
treatment for OA. Generally speaking, gene therapy can
be divided into viral-based gene therapy and non-viral
gene therapy. To date, adenovirus-mediated gene therapy
is a common method. But inefficient gene transduction is
the main obstacle for using widely. It has been confirmed
that the conjugation of a-10 integrin antibody and the
capsid of helper-dependent adenoviral-vector can not
only lead to effective chondrocyte infection, but also de-
target other types of cells at the same time.''” There are
still some problems with adenovirus vector in the treat-
ment of OA, such as immunogenicity, insertional muta-
genesis, sustainability of transgene expression and so
on.""™ Non-viral gene therapy does not have the related
problems of adenovirus-mediated gene therapy.
Nevertheless, it is difficult for chondrocytes to enter the
avascular cartilage, the dense collagen matrix also hinders
the absorption of drugs. Therefore, how to make the drug
play a therapeutic role in the joint is still a problem to be
solved.

Botulinum toxin A (BTA) is a neurotoxin which was
produced by the bacterium Clostridium botulinum. BTA is
mainly used in the treatment of neuromuscular disorders.
Many animal experimental studies have found that intra-
articular injection of BTA can relieve the pain of OA to
a certain extent.''” Although the exact mechanism of
action is not clear, BTA inhibits the release of neurotrans-
mitters to decrease central sensitization may be an impor-
120 Moreover, the study found that BTA can
also inhibit the release of mediators involved in nocicep-

tant factor.

tion, such as substance P, calcitonin gene-related peptide
and glutamate.'?' In a randomized controlled trial of botu-
linum toxin A, HA, and saline. The injection of botulinum
toxin type A or hyaluronic acid significantly relieved pain
and improved knee function. Meanwhile, it was suggested
that botulinum toxin type A plus therapeutic exercise

seems to get better results.'?

Discussion

Osteoarthritis (OA) manifests the loss of joint structure
and function caused by the unbalanced dynamic equili-
brium between destruction and repair of articular tissue,
which may result in clinical symptoms of pain and dis-
ability. To date, the challenges of OA therapy research

include complex interactions of various pathological
mechanisms, the presence of various phenotypes in the
OA pathogenic spectrum and difference in the rate of
progression of disease among different populations.'?:'**
Especially for the elderly, the safety of drugs is particu-
larly important because of long-term treatment.
Intra-articular injection therapies can maximize thera-
effects safety.

Meanwhile, the probability of systemic exposure lowered,

peutic locally and have potential
and the incidence of adverse reactions is also reduced. At
present, several intra-articular drugs have been used to
treat OA which include corticosteroids, hyaluronic acid,
platelet-rich plasma, mesenchymal stem cell, stromal vas-
cular fraction and other drugs. However, there are few
randomised controlled trials that compare these drugs in
the treatment of OA.

In 2013, Rodriguez-Merchan confirmed that intra-
articular injections of HA provide more lasting relief
than

found corticosteroids showed significant clinical effect

intra-articular injection of corticosteroids. He

only in the first 4 weeks. However, the effect provided
by HA lasted for 26 weeks.'*® The latest research also
showed that intra-articular injection of HA had fewer
side effects and more significant relief of symptom than
intra-articular injection of corticosteroids for patients
with early osteoarthritis.'*® In 2016, a randomized con-
trolled trial of the intra-articular injection of PRP and
corticosteroid showed that PRP could alleviate the clin-
ical symptoms and improve the joint function of patients
than the injection of corticosteroids.'?” A meta-analysis
study which contained 1543 patients proposed that PRP
was superior to HA in pain control. The beneficial effect
may last as long as a year, especially in patients with
mild OA."*® In clinical trials of regenerative medical
products, HA is the most common drug in the control
group. Aurelio et al divided 30 patients into experimen-
tal group and control group, and injected MSCs and HA,
respectively. After one-year follow-up study, the joint
function of patients injected with MSCs was significantly
improved than the injection of HA. By quantitative mag-
netic resonance imaging T2 mapping, the cartilage qual-
ity improved significantly in MSC-treated patients.'?’
A recent double-blind randomized self-controlled trial
of HA and SVF. It was found that intra-articular injec-
tion of SVF significantly improved VAS, WOMAC
Function Scores and the knee range of motion (ROM)
within 12 months than intra-articular injection of HA.
Meanwhile, compared with HA, whole-organ magnetic
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resonance imaging score (WORMS) and magnetic reso-
nance observation of cartilage repair tissue (MOCART)
score of SVF was significantly improved.'*°

In this review, we have synthesized the current drugs
for the intra-articular injection in the treatment of osteoar-
thritis (OA). Although HA and corticosteroids have always
been standard intra-articular treatments. The patients with
advanced osteoarthritis, we do not recommend intra-
articular injection with HA and corticosteroids. Because
there may be no obvious improvement in symptoms, and
the increase in the number of injections will lead to
adverse reactions. In recent years, the products of regen-
erative medicine include platelet-rich plasma (PRP),
mesenchymal stem cells (MSCs) and stromal vascular
fraction (SVF) are becoming increasingly prevalent in
the treatment of osteoarthritis. Meanwhile, most of the
studies about these drugs have also achieved satisfactory
clinical results. However, it is too early to draw conclu-
sions on the ultimate effectiveness and safety of these
regenerative medical products in terms of cartilage regen-
eration. More patients and high-level radiological and
histological evidences are required to prove the reasonable
use of PRP, MSCs, SVF in osteoarthritis.

Conclusion

In conclusion, intra-articular therapy can provide good
local therapeutic effect and minimize adverse reactions
for patients, especially some regenerative medical pro-
ducts. It is an effective and promising treatment option to
solve the pain of patients by minimally invasive way,
which has a good application prospect and is worthy of
further research and exploration.
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