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Abstract

As the global population ages, the prevalence of osteoarthritis (OA) and joint disorders represent a major cause of disability and a significant public health
burden. As current approaches for the management of OA focus on slowing the progression of disease, without repairing the underlying damage, novel
treatments are necessary to improve outcomes. Over the past decade, autologous cell-based therapies using regenerative cells from fat or bone marrow
have become a major focus of research into new approaches for the treatment of osteoarthritis and joint disorders. This review is intended to summarize
findings in existing literature and identify gaps in knowledge that should be addressed in order to advance the field. We acknowledge that some findings
may appear inconsistent, but show that apparent inconsistency in the literature may be attributable to variation in source of cells, stage of disease, method
of delivery, follow-up time, evaluation method, and a number of other idiosyncrasies of individual studies. Still, a number of themes emerge from the
data and some broader conclusions may be drawn that can be used to guide future studies. Ultimately, we conclude that there is overwhelming evidence
demonstrating the safety of the autologous cell-based therapies. Furthermore, the data support the claim that regenerative cells are capable of reversing
progression of OA. Regenerative cells, and especially those from adipose tissue, represent a promising new approach for the treatment of OA. Future work
should include appropriate controls, and focus on answering questions related to dose required, appropriate delivery vehicle, and the impact of multiple
treatments. Additionally, future studies should look at short and long-term effects of the treatments, and use functional as well as radiologic methods to
evaluate efficacy.

Editorial Decision date: January 13, 2017.

Osteoarthritis (OA) is the most common musculoskele-
tal disorder and is the major cause of disability among
elderly individuals in developed nations.! Current Center
for Disease Control estimates state that nearly one-quarter
of adults (22.7%) in the United States suffer from physi-
cian-diagnosed arthritis. That percentage is higher among
obese individuals (31.2%) and individuals over the age
of 65 (49.7%). With current trends in global population
demographics toward an ever-increasing ratio of elderly
to young people, degenerative diseases, including osteoar-
thritis, are increasingly a global health concern and should
be treated as a priority.>3

Current conventional approaches to the management of
OA are entirely targeted at minimizing pain and further joint
damage by reducing inflammation while strengthening and

protecting the joint from physical insult.** These approaches
do nothing to address the underlying problem of cartilage
degeneration in the joint.® Because of this, there is increas-
ing interest in regenerative approaches to the treatment of
OA. Cell-based approaches using stem cells are particularly
appealing because they have the potential to treat multiple
aspects of the disease state. OA is an inflammatory disease
that is coupled to degradation of the extracellular matrix

From The University of Texas Health Science Center at San Antonio,
San Antonio, TX.

Corresponding Author:

Dr Jaime R. Garza, 21 Spurs Lane, Suite 120, San Antonio, TX
78240, USA.

E-mail: jrgmd@txps.net



S10

Aesthetic Surgery Journal 37(S3)

and failure to regenerate chondrocyte by a depleted cellular
reservoir. Stem cells are capable of immune modulation,
matrix remodeling, and replenishing the cellular reservoir
by self-renewal and differentiation. The ability of cell-based
therapies to treat OA by multiple mechanisms makes them
a particularly exciting new approach.

While a number of studies appear to confirm that
these treatments are safe, there has yet to be a large-scale
clinical trial assessing the efficacy of these approaches
relative to controls.” In fact, published studies seem to
report varying degrees of efficacy. That being said, we
have observed that many apparent discrepancies in the
literature may be attributable to inconsistent methods of
treatment and evaluation. These inconsistencies include,
but are not limited to, the patient population, the source
of the regenerative cells, the manner in which they are
harvested, how they are delivered to the site of injury,
the number of cells used in the treatment, whether or not
these cells are expanded in vitro, the vehicle of delivery,
the time elapsed at follow up, and the approaches utilized
to evaluate improvement.

These inconsistencies represent major unanswered
questions in designing effective regenerative medicine
treatments to OA and other joint disorders, and the major
obstacle to the wide-spread clinical implementation of
new approaches. In this review, we endeavor to digest
the current literature on the treatment of OA with regen-
erative cells in order to provide a better understanding of
challenges and opportunities, and to identify areas where
future work should be focused to advance the field.

METHODS

The literature search for this manuscript utilized PubMed
and Google Scholar search engines. The search was con-
ducted in May 2016 and repeated in December 2016. With
the exception of a number of articles used to give his-
torical context to understanding of adult stem cells and
the treatment of OA, as well as the prevalence of OA in
society, articles published within the last decade were
given greater weight in evaluating relevance. For clinical
data to be included in our evaluation of the current lit-
erature the latter need only specify that the study aimed
to use some kind of regenerative cells for the treatment
of OA. We did not disregard any studies based on the
type or stage of OA, nor the type of regenerative cells
being used. Keywords used for the searches included:
“Osteoarthritis,”  “Regenerative ~ Medicine,” “Stem
Cells,” “Stem Cell Clinical Trials,” “Adult Stem Cells,”
“Evaluating Osteoarthritis,” “Osteoarthritis Treatment,”
“Stromal Vascular Fraction,” “Mesenchymal Stem Cell,”
and a number of combinations and variations on the
terms listed here.

Current Approaches to the Treatment of
Osteoarthritis

Standard Therapy

Currently, the Osteoarthritis Research Society International
(OARSI) guidelines for the management of OA center
around protecting the joint from physical insult while
treating inflammation in order to reduce pain.* Nowhere
in the guidelines are approaches designed to repair dam-
aged cartilage discussed. Indeed, dozens of interventions
are described in the literature. However, the improvements
resulting from conventional therapies are generally unex-
ceptional, and few approaches aim to repair damaged
cartilage.>°

Autologous Chondrocyte Transplantation

Over the past 2 decades, a number of groups have
reported success repairing OA damage by autologous
chondrocyte transplantation, either using expanded cells
seeded onto a scaffold or by grafting cartilage from a sec-
ond surgical site.8!! While these approaches represent a
significant step forward in the field, as they represent a
shift in treatment paradigm from managing symptoms
to addressing underlying pathology, they come with sig-
nificant drawbacks and limitations.'? From a functional
standpoint, these approaches may result in donor site
morbidities. Additionally, there may be imperfections
in the orientation of cartilage plugs and formation of
fibrocartilage.'?!> These may result in the formation of
sites of stress concentration that may reduce cartilage
longevity.'®17 From a practical standpoint, the need for
a second procedure increases risks, costs, and inconven-
ience for patients.®!® Moreover, while suitable for cer-
tain cases involving focal defects, diffuse OA has been
an exclusion criteria in studies evaluating the efficacy
of chondrocyte transplantation.®10-11:19 Taken together,
these limitations necessitate the development of a new
treatment paradigm.

Mesenchymal Stem Cells

Over the past decade a number of groups have reported
promising results utilizing autologous mesenchymal
stem cells (MSCs) for the treatment of OA. These are
especially exciting developments because direct injection
of MSCs could avoid surgeries and the associated risks
and side effects. Moreover, the ability of stem cells to
differentiate into chondrocytes in vivo and to modulate
inflammation, make them especially promising thera-
peutic agents.20:2!

Mesenchymal stem cells were originally isolated from
bone marrow as progenitor cells for the various stromal
elements.?? We now understand their role in develop-
ment, the multilineage potential of adult MSCs, their
paracrine effects, and their presence in most tissues of
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the body.?*2* Due to their ability to modulate inflamma-
tion and regenerate damaged cartilage, these cells are
especially exciting.

A consensus is emerging in the fields of regenerative
medicine and orthopedics that MSCs from fat and bone
marrow are capable of regenerating cartilage in vivo.
Indeed, intra-articular injection of regenerative cells
is the only approach shown to reverse damage result-
ing from diffuse OA.?® Still, there is debate in the field
as to whether symptom relief is primarily due to tissue
regeneration or to the anti-inflammatory effects of MSC
therapies. Even when tissue regeneration is observed, it
is unclear whether the injected cells are directly respon-
sible for tissue formation, or indirectly by recruiting and
stimulating cells via paracrine effects of secreted cyto-
kines.?®2” Regardless of the mechanism, results of pilot
studies using MSCs report promising results. In addition
to improved cartilage, patients with OA treated with MSCs
show improvements in pain, stiffness, range of motion,
and functional tests.

Adipose Stromal Vascular Fraction

In recent years, as scientists and clinicians have worked
to develop regenerative medicine therapies that could
comply with Food and Drug Administration standards
for “minimal manipulation,” applications of the stromal
vascular fraction (SVF) have gained popularity. During
this time, available literature on SVF applications has
increased exponentially. In most cases, the SVF is iso-
lated in a closed, disposable system from adipose tissue
obtained via suction-assisted liposuction of the abdo-
men. The SVF is then injected with no further processing
directly to the site of injury.?® This is done during a single
out-patient visit. Aside from avoiding regulatory hurdles,
SVF has been a popular alternative to culture-expanded
stem cells, in part, because the SVF is known to contain
a high frequency of adipose tissue-derived MSCs. While
there is unanimous agreement that the SVF does contain
stem cells, the reported frequency of stem cells relative
to total mononuclear cells in the SVF varies from roughly
0.02% to nearly 7%.7*” Regardless of the frequency of
MSCs in the SVF, therapies utilizing the SVF for the treat-
ment of OA have shown substantial promise. In Garza et
al, the authors report nearly 4 times greater relief in pain
intensity relative to reported improvements using vsico-
supplementation.” The second remarkable finding from
this study was that relief from symptoms of OA became
greater with time, rather than diminishing as we see with
other approaches. These results are supported by similar
clinical observations in other studies.?*233 The observa-
tion that pain relief and functionality increases over time
lends further legitimacy to claims that these therapies
reversed underlying cartilage damage.

Challenges and Opportunities for
Adipose Regenerative Cells for the
Treatment of Osteoarthritis

While promising, clinical trials have been insufficient in
scope to draw broad conclusions about the efficacy of a
particular therapy in order to shift standard practices for
the treatment of OA. While nearly all reports in literature
cite improvements, studies universally lack adequate con-
trols, and vary widely in approach. Table 1 lists some of
the idiosyncrasies that vary from study to study making it
difficult to compare results.

The potential of adipose tissues to repair tissues dam-
aged by degenerative disease is clear, as is the safety of
the procedure.?* However, a number of clinical trials men-
tion similar limitations regarding our understanding of the
proper use of adipose-derived MSCs and the SVF in the
clinic. In order to move the field toward evidence-based
applications of adipose cells for regenerative therapies in
OA, we must address gaps in knowledge as they pertain to
several broad areas outlined below that are important for
developing efficacious treatments.

Required Cellular Dose

In published studies there appears to be a positive correla-
tion between the number of cells used for treatment and the
magnitude of the observed positive effect.?>3? In Jo et al,
the authors conclude that 1 x 108 nucleated cells from the
SVF are necessary for consistently positive results. They did
not observe significant improvement on all parameters at
lower doses.?? Similarly, Koh et al noted that effect size was
proportional to dose of stem cells in culture-expanded adi-
pose-derived stem cells.?? In contrast to Jo’s finding, Garza
et al and Fodor et al, using average cell counts of 4.8 x 107
and 1.4 x 107, respectively, consistently observed substan-
tive improvement in patient pain and function.”33 However,
neither of these studies reported new cartilage formation.
One study that failed to observe substantial improvements
in objective measures suggested that this was perhaps due to
the relatively low dose applied in their study.3®> While there
is some evidence of deleterious side effects at high doses
in rodent models, no similar tolerance limit has been evi-
denced in humans.3® In fact, meta-analysis of studies total-
ing 844 cases found no serious safety concerns.>* Based on
current evidence, it appears that adipose regenerative cells
should be applied at relatively high doses to achieve optimal
outcomes and that these doses will be safe for patients. Still,
more studies are required to determine minimum effective
dose and maximum tolerated dose.

The Number and Timing of Injections
A major appeal of using the SVF is convenience; during
a single visit, a patient can undergo lipoaspiration and
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the SVF can be isolated while the patient is being pre-
pared for intra-articular injection.3” A single treatment,
however, may not be adequate for all disease states, and
different approaches should be considered for different
conditions. Though there has been minimal literature
published on repeated administration of regenerative
cells for degenerative disease, strong rational exists based
on observations from in vivo studies. First, most stud-
ies seem to indicate that stem cells injected into a dam-
aged microenvironment fail to persist.?® Still, many of
these studies seem to suggest that cell therapies are still
capable of creating lasting changes to the microenviron-
ment through paracrine effects.3 This could explain why
repeated injections enhances survival of injected stem
cells in ischemia models.?° This suggests that repeated
treatments may create an environment that is more hos-
pitable for injected cells. Randomized controlled trials
(RCTs) comparing the efficacy of a single treatment vs
multiple treatments within a fixed period of time are nec-
essary to determine the best approach for the treatment
of OA. The number and timing of treatments may be
especially important in cases of severe OA where damage
to the extracellular environment may negatively impact
the regenerative potential of adipose-derived stem cells
used for an initial therapy.38-41-42

The Proper Use of Co-Stimulators

Often stem cells are injected with platelet-rich plasma
(PRP) in order to activate those cells, as platelets are
known to contain a rich pool of growth factors in their
a-granules that may accelerate chrondrogenesis in oste-
oarthritic knees.*> However, there are conflicting reports
showing that platelets may release some factors that have
negative effects on the OA joint.** Still, it is often used as
a costimulator to promote regenerative activity. In other
studies, Ringer’s solution or phosphate buffered saline
are used as the delivery vehicle. It is still unclear what
effect this has on the efficacy of treatment overall or the
regenerative cells specifically. If it is true that PRP acti-
vates regenerative cells, it may be possible to pretreat cells
with PRP regardless of the vehicle to be used. Recently,
cultured stem cells were treated with steroids in order to
enhance their immunomodulatory function in vivo in an
animal model.* It is unclear what effect this type of treat-
ment would have on therapies in humans, and treatments
such as this are likely to receive substantially more regula-
tory scrutiny. However, they may also serve as a template
for future studies seeking to promote maximal regenera-
tive activity in stem cell therapies, or to avoid off-target
effects of certain pharmaceuticals. Related questions must
be asked with regard to combinations of cell types/sub-
types. Especially, does the complex milieu of cells in the
SVF promote regeneration or would a purified population
be more efficacious?

Determination of Appropriate Cell Subtype(s)

Studies have demonstrated the efficacy of both culture-ex-
panded cells and freshly isolated SVF nucleated cells in
the treatment of OA. These populations of cells look very
different as exhibited by marked shifts in phenotype after
passages.*® To reduce costs associated with expanding cells
in accordance with good manufacturing practices, and to
eliminate certain regulatory hurdles, it is preferable to use
freshly isolated stromal vascular fraction for cell-based
therapies, all other conditions being equal. However, as the
fresh vs culture-expanded cells contain different cell sub-
types, it is unclear whether one is more efficacious than
the other or whether each is optimal for a specific set of cir-
cumstances. This is important to consider, because recent
evidence suggests that specific environmental factors may
have different effects on bone marrow mesenchymal stem
cells (BM-MSCs) vs ASCs.*” Moreover, a number of recent
studies have begun to compare specific therapeutic proper-
ties of stem cells isolated from various tissues. For instance,
it has been compellingly demonstrated that bone marrow
vs adipose-derived stem cells possess very different angio-
genic, osteogenic, and immunomodulatory properties.74
Although no studies directly compare clinical effectiveness
of the 2 populations, in vitro studies suggest that SVF is
potentially applicable for many of the same applications
as culture-expanded ASCs or BM-MSCs.%0°! Therefore, for
the time being, in lieu of RCTs comparing the effectiveness
of SVF vs culture-expanded ASCs for treating OA under
specific conditions, we conclude that the significant advan-
tages in terms of availability and ease of isolation of SVF
make it a preferable approach for immediate development.

The Stage of Disease to Select for MSC
Transplantation

Several clinical studies have reported that degree of
improvement seems to be negatively correlated with the
severity of the disease state.?>3° The authors suggest that
this could be because SVF is primarily preventative rather
than curative. This explanation is inconsistent with find-
ings that intra-articular injection of autologous SVF results
in objective cartilage improvement.3? Given the evidence
that SVF injection results in regeneration of hyaline carti-
lage, it seems more likely that in advanced disease states,
the extracellular environment is such that normal function
of regenerative cells is inhibited. This idea is supported by
a large body of evidence describing the effects of a “dam-
aged” microenvironment on stem cell behavior.>2->* As the
field matures it will be interesting to observe whether larger
doses, multiple treatments, or appropriate use of costimu-
lators can overcome the challenges posed by severe OA.

Evaluation of Treatment Efficacy
As described in Table 1, studies described in the litera-
ture use a variety of measures to evaluate efficacy. Most



Block and Garza

S13

commonly, studies employ a combination of ordinal var-
iables describing pain and joint function. This can make
interpreting results especially difficult. First, because it is
inherently difficult to compare ordinal variables from differ-
ent scales. And second, because one or both of these meas-
ures may be significantly impacted by a placebo effect. In
fact, one meta-analysis of OA treatments ( > 40,000 patients)
attributed greater that 75% of therapeutic effects was attrib-
uted to placebo effect.>> Although this study did not include
any regenerative approaches, the confound is generaliza-
ble. Additionally, the extent to which a placebo effect may
impact results may be further affected by the timing of the
follow-up evaluation, as well as any number of idiosyncra-
sies of the clinician performing the procedure and/or fol-
low-up evaluation. Moreover, to the best of our knowledge,
only a single study discussed the confound of multiple fol-
low-up measures diverging such that one measure indicated
reduced symptoms while a second measure indicated an
increasingly symptomatic joint following treatment.?® To
address these confounds, it is desirable that studies include
objective measurement of joint structure by imaging. For
OA treatment evaluation and diagnosis, a shift is occurring
from the use of X-ray to more sensitive magnetic resonance
imaging (MRI).% Still, more advanced techniques and more
nuanced interpretation of results may improve diagnosis
and treatment evaluation. For instance, to increase resolu-
tion, clinicians may consider using smaller step sizes and
greater magnetic field.33 Even with highly resolved images,
techniques such as whole organ MRI score (WORMS), eval-
uate multiple features of the joint and may fail to adequately
encompass disease stage-specific changes to the anatomy of
the joint and site-specific cartilage regeneration with treat-
ment. Future work in this area should make an effort to
identify relationships between in-depth evaluation of joint
anatomy by high-resolution MRI and joint pain/function.
This will enable more objective evaluation of treatment effi-
cacy in the long term.

DISCUSSION

Here we summarize what is known about the treatment of
OA with regenerative cells and the substantial knowledge
gaps that still exist. Rapid advances in tissue engineering
and an evolving regulatory environment that may make
new stem cell approaches more feasible may drastically
change the treatment of OA in the coming decade. So much
so that the use of SVF, which was the focus of this review,
may be eclipsed by other even more promising options.
Still, the knowledge gaps and questions proposed here are
fundamental to SVF therapies and to stem cell therapies
more broadly. This review provides a framework for eval-
uating the efficacy of existing stem cell therapies and con-
siderations for the development of novel approaches.

CONCLUSIONS

Mesenchymal stem cells are capable of superior results
in the treatment of osteoarthritis relative to conventional
approaches. This is likely due to their unique ability to
repair the underlying cartilage damage that causes joint
pain in those affected. Due to its abundance, ease of obtain-
ment, relatively high concentration of MSCs, and safety,
the stromal vascular fraction represents the most prom-
ising source of regenerative cells for the treatment of OA.
Current literature suggests that intra-articular injection of
freshly isolated SVF reliably provides pain relief, improved
function, and new cartilage formation in diseased joints
when a sufficient number of cells is delivered. Studies in
human patients have consistently shown that MSC and
SVF injections are safe and effective. Still, it is important
that groups undertake large-scale clinical trials in order to
better evaluate the improvement of cell-based therapies
over current approaches and to optimize treatment param-
eters. Future work should be targeted at delineating the
different factors in the SVF that are the most beneficial
and most effective for minimizing the effects of OA and
optimizing the number and timing of dosages, as well as
the method of administration for various disease states.
Overall, regenerative cells for the treatment of OA offer the
promise of reversing damage that previous methods have
fallen short of. Though the treatment of OA is not typically
the responsibility of aesthetic or reconstructive surgeons,
the isolation and application of SVF from abdominal fat
offers an opportunity for meaningful collaboration among
aesthetic surgeons with other specialties. Additionally, as
Fodor and Paulseth point out, studies of SVF for the treat-
ment of OA provide evidence of safety for any number of
applications more directly relevant to aesthetic and recon-
structive surgery.33

Disclosures

The authors declared no potential conflicts of interest with
respect to the research, authorship, and publication of this
article.

Funding

This supplement was funded by GID Europe Ltd. (London,
UK). The authors did not receive compensation for writing
the manuscripts.

REFERENCES

1. Felson DT, Naimark A, Anderson J, Kazis L, Castelli W,
Meenan RF. The prevalence of knee osteoarthritis in the
elderly. The Framingham Osteoarthritis Study. Arthritis
Rheum. 1987;30(8):914-918.

2. Lloyd-Sherlock P. Population ageing in developed and de-
veloping regions: implications for health policy. Soc Sci
Med. 2000;51(6):887-895.



S14

Aesthetic Surgery Journal 37(S3)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Guralnik JM, Fried LP, Salive ME. Disability as a public
health outcome in the aging population. Annu Rev Public
Health. 1996;17:25-46.

McAlindon TE, Bannuru RR, Sullivan MC, et al. OARSI
guidelines for the non-surgical management of knee oste-
oarthritis. Osteoarthritis Cartilage. 2014;22(3):363-388.

. Zhang W, Nuki G, Moskowitz RW, et al. OARSI recom-

mendations for the management of hip and knee osteoar-
thritis Part III: changes in evidence following systematic
cumulative update of research published through January
2009. Osteoarthr Cartilage. 2010;18(4):476-499.
Lohmander LS, Roos EM. Clinical update: treating osteo-
arthritis. Lancet. 2007;370(9605):2082-2084.

. Garza J, Maria SD, Palomera T, Dumanian G. Use of autol-

ogous adipose-derived stromal vascular fraction to treat
osteoarthritis of the knee: a feasibility and safety. Journal
of Regenerative Medicine. 2015;4(1):1-6.

. Knutsen G, Drogset JO, Engebretsen L, et al. A rand-

omized trial comparing autologous chondrocyte implan-
tation with microfracture. Findings at five years. J Bone
Joint Surg Am. 2007;89(10):2105-2112.

. Minas. Chondrocyte implantation in the repair of chon-

dral lesions of the knee: economics and quality of life. Am
J Orthop Belle Mead N J. 1998;27(11):739-744.

Viste A, Piperno M, Desmarchelier R, Grosclaude S,
Moyen B, Fessy MH. Autologous chondrocyte implanta-
tion for traumatic full-thickness cartilage defects of the
knee in 14 patients: 6-year functional outcomes. Orthop
Traumatol Surg Res. 2012;98(7):737-743.

Cole B. A randomized trial comparing autologous chon-
drocyte implantation with microfracture. J Bone Joint Surg
Am. 2008;90(5):1165; author reply 1165-1166.

Berta A, Duska Z, T6th F, Hangody L. Clinical experiences
with cartilage repair techniques: outcomes, indications,
contraindications and rehabilitation. Eklem Hastalik
Cerrahisi. 2015;26(2):84-96.

Pdnics G, Hangody LR, Balé E, Vdasdrhelyi G, Gal T,
Hangody L. Osteochondral autograft and mosaicplasty
in the football (soccer) athlete. Cartilage. 2012;3(1
Suppl):25S-30S.

Hangody L, Vasdrhelyi G, Hangody LR, et al. Autologous
osteochondral grafting-technique and long-term results.
Injury. 2008;39(Suppl 1):S32-S39.

Bartha L, Vajda A, Duska Z, Rahmeh H, Hangody L.
Autologous osteochondral mosaicplasty grafting. J Orthop
Sports Phys Ther. 2006;36(10):739-750.

Papaioannou G, Demetropoulos CK, King YH. Predicting
the effects of knee focal articular surface injury
with a patient-specific finite element model. Knee.
2010;17(1):61-68.

Ozada N. Biomechanical model of knee collateral liga-
ment injury with six degrees of freedom. Med Biol Eng
Comput. 2016;54(5):821-830.

Lindahl A, Brittberg M, Peterson L. Health econom-
ics benefits following autologous chondrocyte trans-
plantation for patients with focal chondral lesions
of the knee. Knee Surg Sports Traumatol Arthrosc.
2001;9(6):358-363.

19.

20.

21.

22.

23.

24.

25.

20.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Buda R, Vannini F, Cavallo M, Grigolo B, Cenacchi A,
Giannini S. Osteochondral lesions of the knee: a new one-
step repair technique with bone-marrow-derived cells. J
Bone Joint Surg Am. 2010;92 Suppl 2:2-11.

Caplan Al. Adult Mesenchymal Stem Cells: When, Where,
and How. Stem Cells Int. 2015;2015:628767.

Caplan AI. MSCs: The Sentinel and Safe-Guards of Injury.
J Cell Physiol. 2016;231(7):1413-1416.

Mosna F, Sensebé L, Krampera M. Human bone mar-
row and adipose tissue mesenchymal stem cells: a user’s
guide. Stemn Cells Dev. 2010;19(10):1449-1470.

Mineda K, Feng J, Ishimine H, et al. Therapeutic potential
of human adipose-derived stem/stromal cell microsphe-
roids prepared by three-dimensional culture in non-
cross-linked hyaluronic acid gel. Stem Cells Transl Med.
2015;4(12):1511-1522.

Pittenger MF, Mackay AM, Beck SC, et al. Multilineage
potential of adult human mesenchymal stem cells.
Science. 1999;284(5411):143-147.

Centeno CJ, Busse D, Kisiday J, Keohan C, Freeman
M, Karli D. Increased knee cartilage volume in degen-
erative joint disease using percutaneously implanted,
autologous mesenchymal stem cells. Pain Physician.
2008;11(3):343-353.

Spees JL, Lee RH, Gregory CA. Mechanisms of mesen-
chymal stem/stromal cell function. Stem Cell Res Ther.
2016;7(1):125.

Gnecchi M, Danieli P, Malpasso G, Ciuffreda MC. Paracrine
mechanisms of mesenchymal stem cells in tissue repair.
Methods Mol Biol. 2016;1416:123-146.

Bowen RE. Stromal vascular fraction from lipoaspirate
infranatant: comparison between suction-assisted lipo-
suction and nutational infrasonic liposuction. Aesthetic
Plast Surg. 2016;40(3):367-371.

Koh Y, Jo S, Kwon O, Suh D, Lee S. Mesenchymal stem
cell injections improve symptoms of knee osteoarthritis.
Arthroscopy. 2013;29(4):748-755.

Orozco L, Munar A, Soler R, Alberca M, Soler F.
Treatment of knee osteoarthritis with autologous mes-
enchymal stem cells: a pilot study. Transplantation.
2013;95(12):1535-1541.

Orozco L, Munar A, Soler R, et al. Treatment of knee
osteoarthritis with autologous mesenchymal stem
cells: two-year follow-up results. Transplantation.
2014;97(11):e66-e68.

Jo CH, Lee YG, Shin WH, et al. Intra-articular injection of
mesenchymal stem cells for the treatment of osteoarthritis
of the knee: a proof-of-concept clinical trial. Stem Cells.
2014;32(5):1254-1266.

Fodor PB, Paulseth SG. Adipose Derived Stromal Cell
(ADSC) injections for pain management of osteoarthritis in
the human knee joint. Aesthet Surg J. 2016;36(2):229-236.
Peeters CM, Leijs MJ, Reijman M, van Osch GJ, Bos PK.
Safety of intra-articular cell-therapy with culture-ex-
panded stem cells in humans: a systematic literature
review. Osteoarthritis Cartilage. 2013;21(10):1465-1473.
Davatchi F, Abdollahi BS, Mohyeddin M, Shahram F,
Nikbin B. Mesenchymal stem cell therapy for knee



Block and Garza

S15

36.

37.

38.

39.

40.

4]1.

42.

43.

44.

45.

46.

osteoarthritis. Preliminary report of four patients. Int J
Rheum Dis. 2011;14(2):211-215.

Agung M, Ochi M, Yanada S, et al. Mobilization of bone
marrow-derived mesenchymal stem cells into the injured
tissues after intraarticular injection and their contribu-
tion to tissue regeneration. Knee Surg Sports Traumatol
Arthrosc. 2006;14(12):1307-1314.

Aronowitz JA, Lockhart RA, Hakakian CS, Birnbaum
ZE. Adipose stromal vascular fraction isolation: a head-
to-head comparison of 4 cell separation systems #2. Ann
Plast Surg. 2016;77(3):354-362.

Asumda FZ. Age-associated changes in the ecological
niche: implications for mesenchymal stem cell aging.
Stem Cell Res Ther. 2013;4(3):47.

Hofer HR, Tuan RS. Secreted trophic factors of mesenchy-
mal stem cells support neurovascular and musculoskele-
tal therapies. Stem Cell Res Ther. 2016;7(1):131.

Kang WC, Oh PC, Lee K, Ahn T, Byun K. Increasing injec-
tion frequency enhances the survival of injected bone
marrow derived mesenchymal stem cells in a critical
limb ischemia animal model. Korean J Physiol Pharmacol.
2016;20(6):657-667.

Oh J, Lee Y, Wagers AJ. Stem cell aging: mechanisms, reg-
ulators and therapeutic opportunities. Nature Medicine.
2014;20(8):870-880.

Conboy IM, Rando TA. Heterochronic parabiosis for the
study of the effects of aging on stem cells and their niches.
Cell Cycle. 2012;11(12):2260-2267.

Filardo G, Kon E, Pereira Ruiz MT, et al. Platelet-rich
plasma intra-articular injections for cartilage degen-
eration and osteoarthritis: single- versus double-spin-
ning approach. Knee Surg Sports Traumatol Arthrosc.
2012;20(10):2082-2091.

Zhu Y, Yuan M, Meng HY, et al. Basic science and clini-
cal application of platelet-rich plasma for cartilage defects
and osteoarthritis: a review. Osteoarthritis Cartilage.
2013;21(11):1627-1637.

Ankrum JA, Dastidar RG, Ong JF, Levy O, Karp JM.
Performance-enhanced mesenchymal stem cells via intra-
cellular delivery of steroids. Sci Rep. 2014;4:4645.
Mitchell JB, McIntosh K, Zvonic S, et al. Immunophenotype
of human adipose-derived cells: temporal changes in

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

stromal-associated and stem cell-associated markers.
Stem Cells. 2006;24(2):376-385.

Marinkovic M, Block TJ, Rakian R, et al. One size does
not fit all: developing a cell-specific niche for in vitro
study of cell behavior. Matrix Biol. 2016;52-54:426-441.
Du WJ, Chi Y, Yang ZX, et al. Heterogeneity of proangi-
ogenic features in mesenchymal stem cells derived from
bone marrow, adipose tissue, umbilical cord, and pla-
centa. Stem Cell Res Ther. 2016;7(1):163.

Bowles AC, Strong AL, Wise RM, et al. Adipose stromal
vascular fraction-mediated improvements at late-stage
disease in a murine model of multiple sclerosis. Stem
Cells. 2017;35(2):532-544.

Varma MJ, Breuls RG, Schouten TE, et al. Phenotypical
and functional characterization of freshly isolated
adipose tissue-derived stem cells. Stem Cells Dev.
2007;16(1):91-104.

Singer NG, Caplan Al. Mesenchymal stem cells: mech-
anisms of inflammation. Annu Rev Pathol. 2011;6:
457-478.

Lepperdinger G. Inflammation and mesenchymal stem
cell aging. Curr Opin Immunol. 2011;23(4):518-524.
Efimenko AY, Kochegura TN, Akopyan ZA, Parfyonova
YV. Autologous stem cell therapy: how aging and chronic
diseases affect stem and progenitor cells. Biores Open
Access. 2015;4(1):26-38.

Wagner W, Ho AD, Zenke M. Different facets of aging in
human mesenchymal stem cells. Tissue Eng Part B Rev.
2010;16(4):445-453.

Zou K, Wong J, Abdullah N, et al. Examination of
overall treatment effect and the proportion attributa-
ble to contextual effect in osteoarthritis: meta-analy-
sis of randomised controlled trials. Ann Rheum Dis.
2016;75(11):1964-1970.

Eckstein F, Le Graverand MP. Plain radiography or
magnetic resonance imaging (MRI): Which is better in
assessing outcome in clinical trials of disease-modifying
osteoarthritis drugs? Summary of a debate held at the
World Congress of Osteoarthritis 2014. Semin Arthritis
Rheum. 2015;45(3):251-256.

Hunter DJ. Advanced imaging in osteoarthritis. Bull NYU
Hosp Jt Dis. 2008;66(3):251-260.



