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Osteoarthritis (OA) is one of the most prevalent disorders 
of the musculoskeletal system with a profound impact on 
patients’ quality of life. An estimated loss of 0.5 quality-
adjusted life-year (QALY) per person and a total of  
7.5 million QALY is attributed to OA, owing to the 
associated pain and limited activity (1). While joint 
arthroplasty provides effective symptomatic relief (2), it is 
reserved for patients once non-operative treatment fails. 
In addition, as with any surgical treatment, it is inevitably 
associated with potential perioperative complications, 
infection, and the potential need for revision (3,4). 
Therefore, there has been increasing interest in the non-
operative treatment modalities aiming at improving 
outcomes and providing symptom relief (5). The current 
absence of interventions that modify OA structural 
progression has prompted an increase in the interest and use 
of novel orthobiologic therapies. Although current available 
orthobiologic therapies have not been shown to halt disease 
progression, there have been promising early results in 
regards to symptoms modification. Nonetheless, the uses of 
these therapies surpass the quality of the available evidence 
supporting its effectiveness. Systematic reviews evaluating 
the application of orthobiologic therapeutics, such as newer 
agents as human placental extract (HPE), require scrutiny 
in evaluating the potential for clinical application. We 
commend Gwam et al. (6) on their comprehensive review of 
the current literature describing the effects of HPE in vitro 
and in vivo, in addition to its potential use as a therapeutic 
agent in OA. The current commentary discusses challenges 
facing constituent standardization, extrapolation to human 

subjects, and evidence-based application of HPE in clinical 
practice. Lessons learned from previous experiences with 
other orthobiologics and cell-based therapies are also 
outlined.

Constituents of HPE 

Human placentae are a rich source of multipotent cells and 
growth factors (7). Placental extracts, cord blood cells, stem 
and progenitor cells, amniotic, and chorionic membrane 
patches, in addition to entire placental tissue fragments, 
have been proposed for various clinical applications (8).  
Post-partum human placentae undergo variable alterations 
in the form of steri l ization and decellularization 
before qualifying for regenerative experimentation. 
The variability in the mode of extraction can alter the 
final composition and growth factor concentration 
(9,10). Multiple decellularization protocols have been 
described involving the use of sodium dodecyl sulfate, 
ethylenediaminetetraacetic acid, trypsin, DNAse-I, and the 
non-ionic agent Triton X-100 in variable concentrations and 
thermal conditions, therefore, yielding dissimilar levels of 
decellularization (11). The extraction methodology is poorly 
described in the majority of available literature. While the 
overall process of extraction involves cellular hydrolysis 
of the post-partum placental tissue, the mechanism of 
sterilization, hydrolysis, and purification is inadequately 
described. Moreover, the type and concentration of these 
growth factors are contingent upon the age of the placenta, 
with the late gestation placentae demonstrating the highest 
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levels of growth factors (8). Notably, cellular hydrolysis 
obviates any direct cell-mediated effect of the placental 
mesenchymal stem cells (pMSC) while preserving the 
biomolecules of the extracellular matrix (ECM) including 
HPE cytokines, chemokines, hormones, nucleotides, 
small peptides, glycosaminoglycans, glycoproteins and 
fatty acids which persist in the medium even after cellular 
lysis. Since the constituents of HPE heavily depend on 
the decellularization process, a description of the specific 
extraction method, the age of the source placenta and the 
immunohistochemical analysis of the yielded extract, is 
crucial for an adequate characterization and the subsequent 
standardization of HPE constituents. Notably, a significant 
number of the commercially available HPE is advertised as 
a “stem cell treatment” despite its known lack viable cells 
(e.g., stem cells).

The paucity of high-quality evidence

To our knowledge, there are no randomized controlled 
trials investigating the effect of HPE in osteoarthritic 
patients within the currently available literature. Indeed, 
most studies have been limited to in vitro observations or 
mouse model experiments whose results have not yet been 
validated or translated into human subjects.

Furthermore, a notable discrepancy can be discerned 
between the common pathogenesis of OA in human 
subjects and that induced in the mouse models currently 
used to quantify the benefit of HPE (12). In addition to the 
direct effect of wear and tear, the subsequent generation of 
proinflammatory cytokines promotes aging at the cellular 
level, which is implicated as one of the most common 
pathways leading to OA (13). Senescent cells demonstrate 
elevated levels of oxidative stress, thereby activating p38 
MAPK and PI3K/Akt signaling pathways heavily involved 
in chondrocyte apoptosis in addition to promoting the cycle 
of inflammatory response (14). Kim et al. used a rat model 
to investigate the effect of HPE in monoiodoacetate (MIA)-
induced OA (15). Notably, MIA disrupts chondrocyte 
glycolysis via the inhibition of glyceraldehyde-3-
phosphatase dehydrogenase with consequent chondrocyte 
damage that was evident within their 28-day interval of 
experimentation. The acute insult instigated within this 
mouse model of OA is closer to that of acute inflammatory 
cartilaginous injury rather than the chronic process of 
cellular senescence (13). This instills doubts as to the 
reproducibility of similar effects in human subjects. The 
authors found that treatment with HPE fourteen days after 

MIA injection leads to a significant attenuation of limping, 
roentgenographic and histologic OA changes in addition to 
lower matrix metalloprotein-2 and matric metalloprotein-9 
levels at 28 days post-MIA injection. 

Extrapolation from in vitro and in vivo animal 
models

In vitro  studies have shown HPE to possess anti-
inf lammatory,  analgesic  (8) ,  ant ioxidant  (16,17) , 
radioprotective,  cytoprotective (18),  antial lergic, 
regenerative and anti-senescent effects (8,19). However, 
these findings are a result of experimentation on a myriad of 
tissue types, and the assumption that HPE exerts the same 
particular effects on chondrocytes has not been established. 
Furthermore, in vitro effects of stem-cell-based therapies 
often fail to translate to in vivo findings (20). Even in the 
setting of remarkable in vivo animal model observations, 
similar findings in human subjects are not necessarily 
predictable. Altered joint biomechanics, the discrepancy 
in joint size and cartilage thickness in addition to the 
inherent variability in regenerative rates between humans 
and different animal models hinders the extrapolation of 
observed effects on human subjects (12). Therefore, the 
suggestion of a potential benefit that is solely based on in 
vivo observations in animal models could prove unreliable.

Learning from previous experience

The use of cell-based therapies for various ailments has 
experienced rapid inflation (5). Reported clinical benefits 
ranged from the prevention of hair loss and alleviating 
menopausal symptoms to the treatment of retinopathy in 
addition to a myriad of heterogeneous musculoskeletal 
disorders (21,22). The misrepresentation of inadequately 
characterized and minimally altered “stem cell therapy” 
lead to a surge in the clinical application of unproven 
biologic agents (23). In its aftermath, professional societies 
sought clear guidelines to define the indications and 
expectations of stem-cell-based therapeutic agents (24). 
While still in its early stages of experimentation, proposing 
HPE as a potential therapeutic agent in the treatment 
of OA requires conceptual validation in the form of (I) a 
thorough description of the mechanism of extraction; (II) 
describing a standardized composition of the utilized HPE; 
(III) conducting randomized controlled trials to test for the 
safety and efficacy of HPE; and (IV) the identification of 
specific target populations that would potentially benefit 
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from the use of HPE for OA. These elements are critical in 
outlining the potential for clinical applications of HPE. 

As Gwam et al. (6) highlighted in their conclusion, 
well designed in vitro and in vivo studies are required 
to thoroughly investigate the potential of HPE in the 
management of OA. While HPE certainly holds potential, 
a definitive benefit cannot be established based on the 
currently available literature. However, valuable reviews of 
literature as the one provided by Gwam et al. are of utmost 
importance in highlighting the current gaps of knowledge.
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