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Abstract
Purpose of Review This review aims at outlining alpha-2-macroglobulin (A2M) injection, a novel non-operation strategy which
could delay the process of osteoarthritis (OA). Meanwhile, some burning issues concerning “experimental” and “applied” are
also indicated in this review.
Recent Findings Many researchers have found that the alpha-2-macroglobulin, a sort of broad-spectrum proteinase inhibitor,
presents remarkable inhibitive effect on intra-articular inflammation. Additionally, results of animal experiments prove that the
A2M can postpone cartilage degeneration. Some treatments, such as hyaluronic acid (HA), which have been applied clinically for
many years proved not to be as effective; thus, the advantage of A2M is presented.
Summary A2M promises to be a new strategy of non-operative treatment of OA for its excellent anti-inflammation effect and
biosafety. Better improved pharmaceutical preparations and treatment strategies shall be developed with the in-depth research.
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Introduction

Many researchers have been working to find an alternative to
joint replacement in the treatment of osteoarthritis (OA), a
chronic progressive disease with joint pain as a chief com-
plaint, of which intra-articular inflammation and cartilage de-
generation are the major pathological changes [1]. The degen-
eration of cartilage and joint pain are mainly due to the chronic
intra-articular inflammation. And high levels of inflammatory
mediators inducing cartilage loss, such as IL-1β, IL-6, IL-8,
and TNFα, have been detected in the synovial fluid of OA

patients [2]. The study of intra-articular inflammation reduce
has been regarded as the main train of thought to develop a
non-operative treatment. In this review, we hope to introduce
a novel experimental strategy, the A2M treatment, as a treat-
ment of OA, and comparing it with other kinds of newly
developed and past methods.

alpha-2-Macroglobulin (A2M) is a broad-spectrum pro-
teinase inhibitor detected in both serum and synovial fluid,
which is capable of blocking almost all kinds of proteinases,
benefiting from its special molecular structure, a bait region
and four-arm structures. Proteinases that induce chronic in-
flammation can be captured by A2M, and the A2M-
proteinase complex will be purged from the serum very soon.
Thus, A2M plays a role in protecting the human body from
endogenous and exogenous inflammatory injury [3].
However, the concentration of A2M in synovial fluid is much
lower than that in serum, both in knee osteoarthritic (OA)
patients and in normal people [4]. On the basis of the above,
the curative effect of intra-articular injection of A2M on the
knee OA has been studied in a large number of systematic
researches. It has been proved that the supplement of A2M
in knee joint could effectively delay the degeneration of artic-
ular cartilage [4–6]. Moreover, experiments have been
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conducted to test efficiency of A2M in animal models, and the
protective effect has been verified by the results.

Researches around A2M particularly suggest that, be-
ing different from several mature and experimental treat-
ments laterally, A2M therapy performs considerable effi-
ciency and, at the same time, addresses the shortages of
some treatments which used to be popular in clinics. In
addition, autologous A2M enrichment technology and
A2M-synthesized technique also provide the possibility
for wider clinical application [6].

An Important Broad-Spectrum Proteinase
Inhibitor in Plasma

alpha-2-Macroglobulin is widely existing in plasma of
vertebrates, as a broad-spectrum proteinase inhibitor.
Its anti-inflammatory property is structure-dependent,
which can be regulated by the space structure. alpha-
2-Macroglobulin is considered a coalition of two iden-
tical dimers. The molecule radius of each of two sub-
units is 179,000, and the radius of the whole alpha-2-
macroglobulin molecule is 725,000 [3, 7].

In 1985, the model of A2M molecule had been de-
veloped for the first time. Each of dimeric subunits of
A2M molecule has a bait region in the middle of the
whole structure which can be cut by endogenous and
exogenous proteinases easily [8]. The cleavage of the
bait region leads to the conformational change in the
structure of A2M molecule. Each dimer with four-arm
structures would fold and capture the proteinase as soon
as it cuts the bait region. This sort of trapping would
not cause inactivation but separate the proteinase and its
substrate [9].

The transformation of A2Mmolecular structure follows the
cleavage of the bait region, which causes an increase in elec-
trophoretic mobility [10] and sedimentation coefficient [11].
Deformed A2M has smaller radius of gyration [12], and its
Stokes’ radius becomes much less [13]. This deformed mo-
lecular structure was called “fast” form. The a2M–proteinase
complexes in the fast form are easily recognized by cell sur-
face receptors and endocytosed. Thus, the complexes can be
removed rapidly from plasma [14, 15].

The function of the A2M is determined by its unique
structural characteristics which shall inhibit a large variety
of proteinase, including serine, carboxyl, thiol, and
metalloprotease, especially proteinase released from by
granulocytes and other inflammation-related cells. In this
circumstance, A2M plays a protecting role in a great deal
of chronic autoimmune complaints; thus, the A2M is ex-
pected to slow down the degenerative processes which is
generated from chronic inflammation (Fig. 1).

Can A2M Protect Articular Cartilage After
Injury?

The pathologic changes of OA include the degeneration of
articular cartilage and intra-articular local inflammation [16].
It is confirmed and proved that the increase of A2M level shall
be simultaneous with the occurrence of intra-articular inflam-
mation. Results fromwestern blot analysis, protein mass spec-
trometry, ELISA, and immunohistochemistry (IHC) indicate
that A2M is a component of synovial fluid. Compared with
serum, however, the concentration of A2M in synovial fluid is
much lower, even in patients with knee osteoarthritis.
Previous studies also demonstrated that the A2M is not pres-
ent in adequate concentrations to inhibit the catabolic protein-
ases and factors [4], probably because of its high molecular
weight of 720 kDa [17]. Based on the fact that the mechanism
of inhibitive effect of A2M is the transformation of molecular
structure, capturing one or two molecules of proteinase will
cost one molecule of A2M [18]. Thus, the insufficiency of
A2M concentration in synovial fluid curbs its inhibitory effect
of intra-articular inflammation.

As shown in previous researches, A2M used to be studied
in-depth as a major inhibitor in serum. However, a new aspect
of OA’s treatment has been provided for us due to the finding of
the existence of A2M. Based on the characteristics of molecular
structure of A2M and its mechanism of inflammation-inhibiting
function, the knee osteoarthritis inflammation can be limited by
supplying extra A2M within our expectation, and cartilage in-
flammatory degeneration might be slowed down too. Thus,
A2M can be used as a supplemental intra-articular therapy to
delay the degeneration in early stage of OA.

A2M Injection, Anesthetics,
and Anti-inflammatory Drugs: Which Is
the Best?

Prior treatment of knee osteoarthritis aims to achieve pain
relief and mobility improvement [19]. To accomplish these
goals, calcium channel–blocking anesthetics and intra-
articular corticosteroid injection (IACI) are used in clinic treat-
ment in earlier period.

The most direct approach to stop the joint pain is to use the
anesthetics. But using calcium channel–blocking anesthetics
even in joint topically might cause allergic reactions, perioral
anesthesia, convulsions, and hemodynamic instability [20].
Besides, the calcium channel–blocking anesthetics further
damage the injured cartilage, resulting in chondrocyte apopto-
sis and necrosis. Anesthetics also relate to caspase acti-
vation in chondrocytes and the increase of osteoarthritic
cells [21]. Additionally, known from previous studies,
this easing of osteoarthritis symptoms is temporary, only
for about a few hours [22].

2 Curr Mol Bio Rep (2021) 7:1–7



The US FDA–authenticated corticosteroids, like triamcin-
olone, are used as an effective treatment for osteoarthritis. It is
believed that the analgesic effect of corticosteroids is better
than the placebo [23]. However, the effect of corticosteroids is
restricted in pain relief, lasting 1–2 weeks after injection.
Probably because of its short half-life, the long-term effect
of corticosteroid gets little supportive evidence [24–27].
Furthermore, a study suggested that the corticosteroid even
produces a negative effect in the process of cartilage degener-
ation. Intra-articular injection of corticosteroid leads to more
cartilage loss than the intra-articular saline [28]. Besides, the
corticosteroid produces an unpleasant side effect, such as
tendinopathy, skin atrophy, and systemic hyperglycemia [29].

Compared with simple pain control and dephlogisticating,
there is a pressing requirement of a regenerative medicine
which contains both cartilage protection and degeneration
postponement. It is fortunate that we have found that the
A2M is a very promising therapeutic injection which is capa-
ble to satisfy the needs.

In human cartilage explants and chondrocyte (chondrocyte
cell line C-28/12), MMP13 activity was inhibited by A2M.
Meanwhile, IL-1β-induced catabolic cytokines and enzymes,
such as IL-1β, IL-8, TNFα, and GM-CSF, shall be decreased
with the supplement of A2M. This outcome urged researchers
on further experiments on in vivo animal models. OA rat
models induced by ACLT with intra-articular A2M injection
showed better results, compared with those in the control
group treated with saline. Intuitively, in histology, the A2M-
treated group showed stronger Safranin O staining, which
means slighter cartilage injury and less fibrillation, tallying
with the Indian-ink-staining outcomes. RT-PCR results dem-
onstrated that the mRNA level of Mmp13, Runx2, MMP-3,
MMP-9, MMP-13, and Col10a1 decreased, while the level of
Col2a1 and ACAN increased in the A2M group. Western blot
outcomes showed a fall of expression of MMP13 and type X
collagen and a rise of type II collagen. These western blot

results were verified by the immunohistochemical staining
[4].

The A2M preforming an anti-inflammation effect on the
ankle joint in collagen II–induced arthritis mice model (CIA
mice model) is contained in Li’s research released in 2018.
Meanwhile, the study confirmed the efficiency of A2M
against intra-articular inflammation from another side. Mice
in groups treated with A2M sufferedmilder redness and swell-
ing than groups treated with PBS. Besides, the score of the
A2M groups is low in terms of radiography, and the degree of
erosions and space narrowing of joint shall be reflected by the
score given. It could be observed from fluorescence molecular
tomography (FMT) that the A2M therapy significantly re-
duced the level of inflammatory in inflamed joints. Same as
the results mentioned before, OARSI scores gotten from
Safranin O staining suggested that the A2M can protect carti-
lage from inflammatory cytokines and enzymes [30].

It shall be sufficiently attested by means of the studies that
the A2M can downregulate damage index of cartilage cata-
bolic process (MMP13- and X-type collagen), and can surely
protect the cartilage of knee joint morphologically. Hence,
what can be indicated is that it is feasible to select the A2M
as an intra-articular injection in OA patients. Furthermore, the
merit of A2M is not only feasibility but also superiority.
Therefore, the degeneration of knee joint cartilage shall be
delayed significantly, and the defected of other intra-articular
injection treatment shall be avoided simultaneously by
adopting A2M as a new intra-articular therapy.

Introduction of Several Other Regenerative
Medicines and Their Merits and Demerits

A2M is not the only chondroprotective medicine, and there
are still various existing and examining therapies like platelet-
rich plasma (PRP), autologous conditioned serum (ACS),

Fig. 1 The schematic diagram
helps to overview how A2M
captures inflammatory cytokines
through changing its
conformation, then protects
cartilage from those destructive
cytokines
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mesenchymal stem/stromal cells (MSC), and hyaluronic acid
(HA) [31].

In recent year, PRP has been gradually receiving the atten-
tion of scholars and clinician. Therapeutic effects of PRP have
been confirmed by theory, including protection of joint carti-
lage against inflammation factors and pain control. The pain
control effect of PRP therapy is fair, and it begins at about
2 months after injection and lasts for 6 months to 1 year [32].
But the existing major problem of PRP is its uncertain formu-
lations. PRP is extracted from patient’s own serum, avoiding
autoimmune response. After that, however, individual diver-
sities of sources lead to various formulations of PRP therapy.
Thus, the therapeutic effect cannot be assessed and standard-
ized. Only a few of clinical trials have described details about
the recipe of PRP, including concentrations of red blood cell,
white blood cell, and platelet [33].

Same as PRP, autologous conditioned serum (ACS) is an-
other sort of blood-derived products. ACS was reported valid
in OA, because ACS contains a large amount of IL-1-Ra,
inhibitor of IL-1 receptor (140 times to normal). IL-1 is the
key factor of joint degenerative process, destroying joint car-
tilage by upregulating matrix metalloproteinases. With a high
level of IL-1-Ra, ACS can block against IL-1 and protect
cartilage from metalloproteinases [34]. Up to now, there are
not many clinical trials testing the efficiency of ACS. Dr
Baltzer and his colleagues tested 376 patients in Germany
and obtained a positive result proving ACS is helpful to knee
OA [35]. But another trial held byAuwYangKG did not get a
definitive result about the effectiveness of ACS. By far, tested
studies found no statistically significant difference between
curative effects of ACS and saline placebo [36]. It is probable
that the indeterminacy of ACS’s component causes the het-
erogeneity. Moreover, a study indicated that in patient with
high C reactive protein level, there is possibility ACS would
aggravate the inflammatory reaction. The study assumed that
the existing systemic inflammation could bring pro-
inflammatory factor into ACS products [37].

Likewise, mesenchymal stem cell (MSC) is a promising
direction for OA treatment. As a sort of autologous stem cell,
MSC can avoid immune rejection. Furthermore, MSC has a
remarkable anti-inflammatory effect. Its ability to inhibit local
joint inflammation comes from expression of IL-1 Ra and
reduces pro-inflammatory cytokines by muting resident mac-
rophages in the joint [38, 39]. Meanwhile, culture and prolif-
eration of MSC can be well-manipulated in vitro [40]. These
features make the MSC therapy a possible way to be applied
in clinics. Moreover, the safety of MSC has been confirmed
by clinical trials [41]. Nevertheless, this new treatment still
stays in experimental stage, and only a limited number of
human trials have been performed [31].

Compared with treatments mentioned before, corticoste-
roids have been used for over 50 years as an intra-articular
injection treatment [42]. The US FDA–authenticated

corticosteroids, like Triamcinolone, are used as an effective
treatment for osteoarthritis. It is believed that the analgesic
effect of corticosteroids is better than placebo [23].
However, only the short-term effect of corticosteroids is con-
firmed, while its long-term is uncertain. Furthermore, the cu-
rative effect of corticosteroids is restricted in pain relief, and
the relief lasts 1–2 weeks after injection. Probably because of
its short half-life, the long-term effect of corticosteroid gets
little supportive evidence [24–27]. Unfortunately, a study sug-
gested that the corticosteroid even produces a negative effect
in process of cartilage degeneration. Intra-articular corticoste-
roid leads to more cartilage loss than the intra-articular saline
[28]. Besides, the corticosteroid produces an unpleasant side
effect, such as tendinopathy, skin atrophy, and systemic hy-
perglycemia [29].

Synovial fluid contains HA, providing the synovial fluid
with elasticity and viscosity. As an intrinsic component, HA
would be flowing out during the process of OA [43].
Accordingly, it seems reasonable that the supplement of HA
by intra-articular injection can ameliorate the intra-articular
environment. However, substantial amount of reviews, clini-
cal trial, and meta-analysis suggest that HA has no significant
efficiency in clinical practices. Grace H Lo and Jasmin Arrich
presented their meta-analysis in 2003 and 2005 respectively,
coming to the similar conclusion that the HA did not have
evident advantage on relief of symptom, compared with pla-
cebo [44, 45]. A meta-analysis published several years later,
presented by Anne WS Rutjes, concluded that the HA treat-
ment is associated with a slight clinical effect, confirming
results of Grace and Jasmin mentioned before [46]. Hence, it
is obvious that established clinical trials cannot lead to a def-
inite conclusion on HA efficacy. Besides, disagreements and
different views might result from the heterogeneity of various
HA products and the discrepancy between laboratory situation
and clinical practice [47]. The American Academy of
Orthopedic Surgery (AAOS), the National Institute for
Health and Care Excellence (NICE), and the American
College of Rheumatology (ACR) all take a negative attitude
about clinical application of HA in knee OA [48, 49].
Osteoarthritis Research Society International (OARSI) did
not give a certain recommendation about HA treatment in OA.

Intra-articular injection treatment for knee OA promises to
be a better way than systemic pharmacological therapy and
surgery. More direct effect and fewer invasions are the advan-
tages of intra-articular injection. In contrast to oral NSAIDs
and surgical management, what is proved to be unfortunate is
that the intra-articular injection is relatively not widely used in
clinics, due to all those limitations. A2M, as a novel therapeu-
tic drug for knee OA, has a pretty good prospect in solving the
shortcomings mentioned above. Compared with other drugs
above, A2M is an autologous proteinase inhibitor so that it has
no autoimmune rejection. Additionally, A2M injection con-
tains only one kind of active ingredient, but inhibits various
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inflammatory factors and degenerative proteinase, because of
broad-spectrum anti-inflammation effect of A2M. Therefore,
A2M injection eliminates the abovementioned limitations. As
a result, the safety is guaranteed and risk is controllable.

Clinical Application of A2M and Outlook

In clinics, according to Dr JasonM. Cuéllar’s report, A2M has
found a utilization in several orthopedic painful diseases, such
as subacromial bursitis, lateral epicondylitis, and Achilles ten-
donitis, and the curative effect is gratifying and encouraging
[50]. And the curative effect of A2M on discogenic back pain
and enthesopathies, a degenerative disease which is similar to
knee OA, has also been reported.

The specific method of A2M therapy is to concentrate
A2M molecule from autologous plasma, and inject it into
the affected area. As previous studies did, A2M-rich prepara-
tion was injected into the knee joint of experimental animal, to
compensate for the low level of A2M in the synovial fluid.
Mature relevant technology makes A2M concentrating a real-
ity. There is a recently developed system that provides a new
method to concentrate A2M from plasma. The tangential flow
filter technology utilized by this concentration system can
enrich certain large protein like A2M and filter out small mol-
ecules. This system prepares A2M-rich concentration avail-
able for injection in less than 1 h [50].

Although a rather mature method of A2M concentration
technique has been formed, researchers are still working on
developing a more economic and convenient way. According
to A2M’s molecular properties, more than 100 targeted vari-
ants of A2M have been synthesized, two of which with the
best inhibitory effect are variants CYT-98 and CYT-108.
Experiments have been conducted in order to assay the effec-
tiveness of these two synthesized variants. In BCE culture,
CYT-108 A2M performed the finest inhibition cartilage ca-
tabolism induced by TNFα and IL-1β. And the inhibitory
effect of CYT-108 A2M far exceeded wild-type A2M. Then
the expression level of metalloproteinases in vivo was dem-
onstrated by fluorescence molecular tomography (FMT).
Wild-type A2M and both two variants successfully downreg-
ulated MMPs and cathepsin, whereas the PBS-treated group
did not. IHC staining indicated that the increasing of expres-
sion level of MMP13, type X collagen, and type II collagen
degraded products in PBS group and decreasing of those in-
dices in groups treated by A2M and its variants. Additionally,
results of histological analysis, assessed by OARSI score,
were consistent with the data before—groups treated by
wild-type A2M and two variants suffer slighter cartilage inju-
ry. Moreover, hematoxylin/eosin staining showed that the
treated group has mild hyperplasia compared with the PBS
group. That means wild-type A2M and synthesized A2M var-
iants inhibited inflammation [6].

As per statistics, it is very exciting to find the synthesized
targeted A2M variants performed outstandingly in protecting
joint cartilage from inflammatory injury, even better than the
wild-type A2M. Further clinical test shall be expected to be
performed to verify its safety in the human body and the
suitability of mass production shall be promised.

Conclusion

A general understanding of the A2M shall be obtained from
what has been mentioned above. As an auto-transplanted pro-
teinase inhibitor, large portion of side effects or adverse reac-
tions of other existing drugs shall be avoided by injecting
A2M, such as corticosteroids and anesthetics. Furthermore,
the method appreciates more precise curative effect compared
with other experimental regenerative medical methods. In the
future, individualized treatment based on autologous A2M
enrichment technology will be put into clinical application.
OA patients can use A2M filtered from their own plasma to
downregulate the level of inflammation in knee joints. And
perhaps, molecular engineering technique and biological en-
gineering will provide us high-efficacy A2M variants with
great quality and quantity, like the synthetic insulin.

However, some defects and insufficiencies have been
found in the course of research. As mentioned before, the
major mechanism of inhibitive effect of A2M is the transform
of its molecular structure. Thus, the activation of A2M mole-
cules is determined by its molecular conformation. A2M prep-
aration gotten by autologous enrichment is comparatively het-
erogeneous for the existing technology is not advanced
enough to examine the proportion of molecules with active
conformation. In the future, we expect to mark the active site
of A2M with a fluorescent probe, so that valuing the activity
of A2M preparation is possible. As a broad-spectrum protein-
ase inhibitor, the levels of A2M in SF may change in the
development process of OA. A new direction of early diagno-
sis of OA shall be provided if the combination of A2M active
site and fluorescent probe is proved to be successful.

It is already known that the A2M-proteinase complex will
be endocytosed by macrophages. And the important role of
macrophages in tissue homeostasis and repair makes that mac-
rophages can influence the immune microenvironment. It still
needs to be explored that whether and how the macrophage-
related metabolic process of A2M alters the intra-articular
immune microenvironment of OA. Therefore, intervention
on macrophage by artificial modification of A2M molecules
might offer more possibilities for research of OA treatments.
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