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Many alternative treatments aimed at modulating osteoarthritis (OA) progression have

been developed in the past decades, including the use of cytokine inhibitors. IL-1β is

considered one of the most impactful cytokines in OA disease and therefore, its blockage

offers a promising approach for the modulation of OA. Interleukin-1 receptor antagonist

(IL-1Ra) is a naturally occurring anti-inflammatory protein belonging to the IL-1 family

that competes with IL-1β for occupancy of its receptors, without triggering the same

downstream inflammatory response. Because of its natural anti-inflammatory properties,

different methods have been proposed to use IL-1Ra therapeutically in OA. Autologous

conditioned serum (ACS) and autologous protein solution (APS) are blood-derived

products produced with the use of specialized commercial kits. These processes result

in hemoderivatives with high concentrations of IL-1Ra and other cytokines and growth

factors with potential modulatory effects on OA progression. Several studies have

demonstrated potential anti-inflammatory effect of these therapies with promising clinical

results. However, as with any hemoderivatives, clinical outcomes may vary. For optimal

therapeutic use, further research is warranted for a more comprehensive understanding

of the product’s composition and interaction of its components in joint inflammation.

Additionally, differences between ACS and APS treatments may not be clear for many

clients and clinicians. Thus, the objective of this narrative review is to guide the reader

in important aspects of ACS and APS therapies, in vitro and in vivo applications and to

compare the use of both treatments in OA.

Keywords: osteoarthritis, horse, autologous conditioned serum, IL-1Ra, autologous protein solution, growth

factors, anti-inflammatory cytokines

INTRODUCTION

Osteoarthritis is a common cause of lameness observed in horses (1), and has been described
as a disease with a common end stage of progressive degeneration of the articular cartilage (2).
Subchondral bone and soft tissues are also affected (2). This disease may occur early in the career
of equine athletes or later in older horses (3), being responsible for up to 60% of lameness cases
(2, 4, 5).
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Biological therapies such as platelet-rich plasma (PRP),
autologous protein solution (APS), and autologous conditioned
serum (ACS) provide a more physiological alternative to
conventional treatments capable of modulating inflammation
in OA (6–8). These products are derived from the patient’s
own blood and are rich in anti-inflammatory cytokines and
growth factors that reduce inflammation and promote anabolism
in tissues (7). These therapies have demonstrated significant
clinical and histological improvement in horses with OA (8, 9).
Although the proof-of-principle for hemoderivatives is widely
known, there are still several limitations for its use. Patient’s
own biological variability, lack of standardization of the protocols
for preparation and application are a few of these limitations.
Those variables result in inconsistent concentration of bioactive
factors leading to conflicting results (9–11). In addition, although
APS and ACS are distinct hemoderivatives, their similarities in
cytokine composition may be confusing. The objective of this
review is to describe important aspects of ACS and APS therapies,
to characterize these products and to compare their modulatory
effect in osteoarthritis.

INFLAMMATION AND ROLE OF IL-1RA IN
OSTEOARTHRITIS

The inflammatory process plays a paramount role in the
pathogenesis of OA, involving the subchondral bone,
cartilage and synovial tissues. These tissues release pro-
inflammatory cytokines, as IL-1ß and TNF-α, which initiate
and propagate inflammation (12). These cytokines promote
synovial inflammation and lead chondrocytes to release
metalloproteinases (MMP 1, 3, and 13), aggrecanases 4 and 5
(ADAMTS-4 and 5), reactive oxygen specie (ROS) and cytokines
such as cyclooxygenase 2 (COX-2) (12). These, in addition to
prostaglandin 2 (PGE2), IL-6 and IL-8 propagate OA (13–16),
resulting in cartilage matrix degradation (17–19). Both IL-1β
and TNF-α are increased in synovial fluid, synovial membrane,
cartilage and subchondral bone during OA (12).

IL-1β binds to two different receptors: type I IL-1 receptor,
which leads to downstream regular IL-1 activity; and the type
II receptor which is a decoy receptor. Blockage of type I IL-
1 receptor results in downregulation of MMPs, ADAMTS, and
pro-inflammatory cytokines that propagate OA (20). IL-1Ra is
a natural protein that antagonizes the effects of IL-1 by binding
to both type I and II receptors without triggering the expected
downstream effects of IL-1 (21, 22). IL-Ra is produced by many
types of cells including chondrocytes, monocytes and synovial
fibroblasts during inflammation (23, 24). In osteoarthritis, as
well as other degenerative diseases, the concentration of IL-
1Ra available in affected tissues is too low to inhibit the
negative effects of IL-1. Different in vivo studies suggest that
the concentration of IL-1Ra should be 10–1,000-fold higher than
the concentration of IL-1 to effectively block IL-1 receptors with
significant therapeutic effect (25). Since the discovery of IL-1Ra
in 1986 (20), multiple methods of enhancing the concentration
of this protein in hemoderivatives have been identified (26–
28). The enhancement of endogenous IL-1Ra could be an

efficient therapeutic approach in diseases where IL-1 plays an
important role in the pathophysiology (22). Recent biochemical
modulatory therapies aimed at restoring the anabolic-catabolic
balance within the joint, (thereby modulating progression of
OA), have been developed to increase IL-1Ra and other anti-
inflammatory cytokines and improve clinical outcomes (21, 29).

AUTOLOGOUS CONDITIONED SERUM

The first autologous conditioned serum (ACS) preparation
method (Orthokine R©) (29), was developed and patented in
2003 by Peter Wehling and Julio Reinecke. This is the most
used current method of up-regulating IL-1Ra from whole blood.
Although this product has been slowly validated, it gained fast
clinical acceptance primarily in human and veterinary sports
medicine (20). Autologous conditioned serum is produced by
incubating whole blood for 24 h at 37◦C with medical grade glass
beads coated with CrSO4, generating an enriched serum. After
incubation, the blood clots and serum are centrifuged, collected
and filtrated before administration (29).

During incubation, platelets degranulate and mononuclear
cells are stimulated to produce various cytokines and growth
factors such as; IL-1Ra, IL-4, TNF-α, IL-10, IL-6, and basic
fibroblast growth factor (FGFb) among various other anabolic
factors stated on Table 1 (27, 28, 35, 36). It was initially
stated that this process would not result in the concomitant
increase of pro-inflammatory cytokines as IL-1 ß and TNF-α
(29). However, more recent studies showed that the concurrent
increase in pro-inflammatory cytokines may happen in whole
blood incubation (36).

Despite the aforementioned studies, the ratio between
anti-inflammatory cytokines and pro-inflammatory cytokines
(specifically IL-1Ra/IL-1β) should still be sufficient to justify
therapeutic use (20). In fact, considering an IL-1Ra concentration
of 3 ng/mL in an ACS kit (Orthokine R©), 2mL of Orthokine R© can
be injected into the patients’ knee, resulting in a minimum ratio
of IL-1Ra/IL-1β of 170:1. This is much higher than the minimum
10:1 ratio necessary to be clinically efficient (28).

Monocytes are believed to be responsible for the cytokine
increase within the ACS, with both surface area and the chemical-
cell interaction playing important role in the type of cytokine
produced (20). With regard to surface area, Magalon et al. (37)
demonstrated that bead diameter results in varied monocyte
induction. For instance, beads of 3mm and polished beads of
3.5mm produced higher anti and pro-inflammatory cytokine
concentrations compared with other diameters (4 and 2.5mm
coated with CrSO4) (37).

Different studies suggested that the chemical-cell interaction
would be essential for cytokine expression in monocytes (28, 38).
Initially, it was observed that cellulose acetate beads, used for
adsorptive apheresis of granulocytes and monocytes, induced IL-
1Ra release in peripheral blood with no concurrent release of
TNF-α or IL1β (38).

Interestingly, anti-inflammatory cytokines and IL-1Ra/IL-
1ß ratio increased in equine whole blood samples incubated
in glass tubes without beads (30). This increase in cytokines
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was not statistically different compared with serum obtained
from commercial kits (30). This indicates that CrSO4-treated
glass beads may not be necessary to produce an enriched
serum (37). On the other hand, in Meijer et al. (28), the
incubation of whole blood with medical grade borosilicate
beads did induce significant increase in IL-1Ra concentrations
compared with standard consumer beads. Thus, as in any
other biological therapies, the methods and kits used for ACS
production, influence the end product cytokine profile, which
could potentially impact its clinical properties. This also indicates
that other cytokines present in ACS may play a role in the
inflammatory modulation of this therapy (28).

The most common commercial kits require a period of 24 h
for preparation of ACS. In those kits, the increased concentration
of IL-1Ra is time-dependent, reaching a maximum concentration
in 24 h (28). Prolonged periods of whole blood incubation does
not increase concentrations of cytokines or growth factors in
ACS (39). Notably, the use of certain medications e.g., reserpine
and phenylbutazone have been demonstrated to interfere with
platelet function and clotting, which may potentially interfere
with ACS cytokine content (40, 41).

Use of Autologous Conditioned Serum as a
Therapy for Osteoarthritis
The therapeutic effects of IL-1Ra have been of interest to
researchers as a potential modulatory treatment for OA.
Numerous in vitro and in vivo studies involving different animal
models have tested the efficacy of this therapy (9, 20, 30, 42, 43).
Conditioned serum (CS) stimulated chondrogenic differentiation
in adipose-derived stem cells and induced these cells to reduce
lymphocyte proliferation and activation in vitro (44). It is possible
that intra-articular CS administration influence resident stem cell
behavior and immunomodulation (44). In vivo, IL-1Ra reduced
osteophyte formation and cartilage fibrillation in rabbits (17).

In a randomized block study using an equine model, animals
were injected at days 14, 21, 28, and 35 after OA induction and
subsequently compared with placebo (9). A significant decrease
of synovial proliferation and overall joint inflammation was
observed in treated animals compared with placebo. Similar
clinical improvement was observed in human patients with
knee osteoarthritis (10). Still, ACS is yet to be proven to
prevent cartilage degradation (9). The administration of ACS
may stimulate the endogenous production of IL-1Ra, since this
cytokine significantly increased over time after ACS injection (9).
In another study, it was determined that natural inflammatory
mediators such as IL-1β and IL-6 can potentially activate IL-1Ra
transcription in chondrocytes andmacrophages in vitro (23). The
positive results obtained experimentally supported the clinical
use of ACS in equine sports medicine (45).

AUTOLOGOUS PROTEIN SOLUTION

Over a decade after the initial investigation of ACS (32), a
newer hemoderivative called autologous protein solution (APS)
was developed. This method proposes to increase the anti-
inflammatory and anabolic concentrations of hemoderivatives of
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clinical use. Autologous protein solution consists of a platelet-
rich plasma (PRP) separated from the blood. The PRP is then
processed through a special kit intended to stimulate white
blood cells (WBC) to produce anti-inflammatory cytokines
concentrating its content in a smaller volume of plasma.

For the preparation of this product, blood is collected and
mixed with anticoagulant citrate dextrose solution (ACD-A),
transferred to a separation device and centrifuged for 15min
(8, 46). Then, the intermediate cell solution (containing platelets
and white blood cells) is transferred to an APS concentrator,
where the solution is mixed with polyacrylamide beads and
centrifuged again for 2min. The autologous protein solution is
then collected and ready for use (32, 46).

In horses, APS presented significantly more white blood cells,
platelets and significantly less erythrocytes compared with the
whole blood (31). Different cytokines were detected in APS
such as TNF-α, TGF-β, IL-1β, IL-6, IL-10, MMP-3, and IL-1Ra
among others (Table 1) (8, 31, 33, 46). In fact, a positive ratio
of IL1Ra:IL-1β was observed in APS for horses (31). Increased
values of interleukin 1 receptor I and tumor necrosis factor
receptor II (sIL-1RI and sTNF-RII; Table 1) have been observed
in APS in humans (32).

Cytokines in APS seem to correlate to the cellular content
within the product. For instance, a negative correlation
has already been determined between WBC and TGF-β
concentrations (31). Platelets may also negatively correlate to
TGF- β and sTNF-1R (31). Interestingly though, a positive
correlation between leukocytes and IL-1Ra concentrations, but
not IL-1ß has also been observed (47).

The general condition of the patients did not seem to interfere
significantly with the cytokine composition of APS. Similar
concentrations of anti-inflammatory cytokines and anabolic
growth factors were observed in APS from patients with OA and
controls (32).

Use of Autologous Protein Solution as a
Therapy for Osteoarthritis
Although not extensively studied as other hemoderivatives, APS
has been successfully used as a symptom modifying option for
the treatment of OA. This treatment seems to be safe and its side-
effects (i.e., discomfort post-injection) are commonly associated
with other intraarticular injections (34).

The use of APS has provided optimistic results for OA
treatment in different species (8, 48, 49). In a prospective,
blinded, placebo-controlled clinical trial performed in dogs,
animals presented improvement in pain, lameness assessment
and weight bearing in the affected limb 12 weeks after APS
treatment, compared with placebo treated joints (49).

In fact, one single injection of APS demonstrated significant
improvement in Western Ontario and McMaster Universities
osteoarthritis index (WOMAC) scores in OA patients after 2
weeks post-injection compared with baseline (34). Pain scores
improved up to 90% in 6 months post-treatment (34). In
addition to the clinical improvement, APS treatment reduced
bone-marrow lesions 12 months post-treatment (50). However,
results should be interpreted with caution since OA varied among
the patients and somewere actually medicated with non-steroidal

anti-inflammatory drugs (NSAIDs), which may have influenced
the results (50).

In horses with naturally occurring OA, APS significantly
improved lameness, pain-in-flexion, gait analysis and range of
motion up to 14 days after treatment compared with baseline and
controls (8). In equine joint fluid, there was a significant decrease
in protein concentration in treated horses compared to untreated
controls (8).

Promising results with APS use were justified due to its
favorable cytokine content. A IL-1Ra:IL-1 ratio >1,000 in APS
seemed to predict the inhibition of inflammation in human OA
patients (47). Additionally, IL-1Ra and sTNF-RII content in APS
was correlated with improvement in pain scores after treatment
(47). Whilst such correlations are still in their infancy, further
studies, focusing on the integration of APS cytokines on the
multiple inflammatory pathways in the different stages of OA,
are warranted.

DISCUSSION

Although positive results were observed with clinical use of ACS
and APS, others demonstrated that ACS did not have a direct
effect on cartilage metabolism compared with unstimulated
serum. This may justify the lack of disease modifying effects
observed clinically with the use of these products (36, 42).

Concentration of Cytokines in Joints After
Treatment
The conflicting results observed in vivo may be attributed to the
reduction of therapeutic cytokine concentrations in the synovial
fluid after injection, suggesting that new intra-articular therapies
should focus on the prolonged presence of the cytokines in the
joint space. For this reason, some authors opted for a protocol
of multiple serial ACS injections separated by short periods of
time (42).

It is still unknown how long the cytokines remain present
in the joint and to what extent they exercise an effect (20). In
fact, most of the cytokines in ACS are released within 6 h and
increased hours of incubation at body temperature are known to
reduce bioactivity of these cytokines (36). For instance, IL-1Ra
has a short half-life of only 4–6 h. Thus, it is uncertain if the IL-
1Ra concentrations within the OA joints actually correlate with
anti-inflammatory effects of ACS as the ratio of IL-1Ra/IL-1β in
synovial fluid of patients has not been correlated with disability
and pain (51). Similarly in horses, in joints treated with a single
injection of APS, synovial concentrations of IL-1 β, TNF-α, and
IL-1Ra were not significantly different compared with control
groups (8). A standard protocol was suggested by Lasarzik et al.
(52), which described better results with 2-day treatment interval
for ACS injections. This was based on the evidence that in horses
with OA, ACS induced significant decrease of IL-1β and increase
of IL-1Ra in synovial fluid, despite these effects lasting no more
than 48 h (52). With regards to APS use, this issue has not been
raised and the protocols described, currently involved the use of
only one intra-articular treatment (8, 53). Nevertheless, it might
be interesting to study the effects of a single vs. multiple APS
injections in the modulation of OA.
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Therapeutic Effect of Autologous
Conditioned Serum and Autologous
Protein Solution in Chronic Osteoarthritis
It is possible that the blockage of IL-1 receptors is insufficient
to abolish cartilage degradation in more advanced cases of OA
(11, 51, 54). Indeed, the use of ACS did not significantly delay
or prevent surgical intervention in end-stage osteoarthritis in
humans compared with placebo after 10 years of treatment
(11). For APS, treatment did demonstrate significant clinical
improvement up to 3 years after injection mainly in patients with
mild to moderate knee OA (48). In horses, the use of APS was
clinically more efficient when no severe lameness, asymmetry
in gait or subchondral bone sclerosis was observed in arthritic
joints (8). Animals were up to 30-times more likely to present
therapeutic improvement with APS treatment when affected with
mild OA (8). Similarly, in humans, patients with better cartilage
conditions responded better compared with patients with more
significant cartilage loss (11).

Such findings suggest that the inhibition of IL-1Ra in
chronic cases of OA may not be sufficient to improve clinical
outcome. In cases in which disease was identified early though,
clinical improvement was reported (9, 42). Osteoarthritis and
rheumatoid arthritis are complex inflammatory processes that
involvemultiple pathways and cytokines that change dynamically
during the course of the condition (55, 56). Thus, the impact
of hemoderivatives in these multiple pathways may need to be
further explored (57).

Modulatory Effects of Autologous
Conditioned Serum and Autologous
Protein Solution in Joint Tissues
The modulatory effects of ACS and APS therapies have been
validated experimentally despite the lack of a comprehensive
understanding of their effects on multiple pathways in OA (8, 9,
31, 48). A recent study suggested that both ACS and APS seems
to have more efficient anti-inflammatory and chondroprotective
effects compared with triamcinolone in an in vitro OA model.
These hemoderivatives significantly reduced expression of IL-
1ß and TNF-α and showed a trend in upregulation of aggrecan
(ACAN) and collagen type II (COL2-A1) expression in cartilage
(31). In the synovium, both treatments upregulated IL-10 gene
expression and significantly decreased the release of PGE2 in
synovium compared with triamcinolone (31). The effects of ACS
and APS seemed to be dose dependent (31).

Studies such as Velloso Alvarez et al. (31), revealed overall
similar effects of ACS and APS in a co-culture model, although
the cytokine profile of these hemoderivatives is essentially
different. The effects of the different cytokine profiles may
be more easily observed in simpler models as monocultures
(46). In chondrocytes, the concentrations of IL-1Ra and IL-10
released by cells treated with APS were actually higher than
ACS treated cells, although no difference was observed in gene
expression. The significant difference in cytokine release obtained
in monocultures vs. co-culture models can indicate that the pool
of cytokines in both hemoderivative products may influence

tissues differently, but that the overall effect in joints may
be similar.

Additionally, detailed investigation of the ACS cytokines other
than IL-1Ra and their individual (or synergic) effect in different
tissues within the joint, may reveal other potential treatment
routes equally or more important than IL-1 blockage. For
instance, in horses with mild osteoarthritis, clinical improvement
was statistically associated with content of not only IL-1Ra but
also IGF-1 in ACS (57). In vivo studies will be paramount to better
establish the importance of such cytokine interactions and their
relevance in a clinical scenario.

Limitations and Requirements for
Treatment Use
As with other biological therapies, the optimization of protocols
for preparation and application of ACS and APS in different
OA scenarios is warranted. Considering the autologous nature
of the product, cytokine variability is an inevitable issue with this
treatment, which can lead to inconsistentmodulatory and clinical
effects (57). The development of an allogeneic preparation of
these products, as suggested for other hemoderivatives, could
provide a more consistent cytokine profile (58).

Autologous protein solution currently offers a more user-
friendly approach since it requires shorter preparation and
no incubation times, unlike ACS which requires a minimum
laboratory setting (i.e., centrifuge, incubator, and freezer).
Autologous protein solution can be prepared using a portable
centrifugation equipment and is a very basic and undemanding
technique (8). The intra-articular injections can be applied as
a quick, point-of -care single treatment in an ambulatory-
based practice (8). Conversely, in case the practitioner is
already familiar with the ACS technique and equipment, the
continuation of its use would be pertinent. There is insufficient
evidence-based research to support superiority of APS compared
with ACS at this point.

FINAL CONSIDERATIONS

Despite the limited number of clinical studies using ACS and APS
and the lack of knowledge in relation to its composition, these
therapies provide a symptom-modifying option of treatment in
early OA cases (8, 9). These hemoderivatives have shown clinical
improvement with no adverse effects compared with placebo in
humans (48, 50) and horses (8, 9, 45), being widely used in sports
medicine (45). Additionally, these treatments seem to give clients
the impression of a more “natural” therapy for horses, which may
be preferred over the traditional anti-inflammatory treatments.
Also, both ACS and APS may offer alternatives for clinicians
when other therapies are prohibited due to drug testing within
equestrian competitions.

Recent studies presented in this review provided important
information regarding to the lack of disease modifying effect
associated with the use of these therapies. This information
may help researchers direct investigations into learning how
conditioned serum and protein solution composite can modulate
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inflammation and enhance improvement in lameness in
selected cases.

The promising anecdotal results with the use of APS
and the practicality of the treatment compared with ACS
may lead clinicians to prefer its use (8, 48). However,
both APS and ACS could benefit from additional clinical
research and some refinement in product preparation and
application for clinical use. The direct comparison of both
products, in horses with different severities of naturally
occurring OA, will further support the use of ACS and
APS clinically.
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