Stromal Vascular Fraction and
its Role in the Management
of Alopecia: A Review

ABSTRACT

Adipose cells organized in small clusters under the
reticular dermis closely interact with hair follicular
cells and requlate the hair cycle. Intradermal
adipocyte progenitor cells are activated toward

the end of the telogen phase to proliferate and
differentiate into mature adipocytes. These cells,
surrounding the hair follicles, secrete signaling
molecules that control the progression of the

hair cycle. Diseases associated with defects in
adipocyte homeostasis, such as lipodystrophy

and focal dermal hypoplasia, lead to alopecia. In
this review, we discuss the potential influence of
stromal vascular fraction from adipose tissue in the
management of alopecia as well as its involvement
in preclinical and clinical trials.
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Adipose tissue is a loose connective tissue
composed of cells supported by an intracellular
matrix as well as by vascular, lymphatic, and
neural networks." The major cellular component
of fat tissue is the adipocyte; however, a variety
of other cell types are found as well, collectively
labeled as stromal vascular fraction (SVF).2
SVF was first isolated by Zuk et al’ in 2001
from lipoaspirate obtained by liposuction.
Specifically, SVF contains mature cells (e.g.,
fibroblasts, smooth muscle, endothelial, blood
cells), progenitor cells (e.g., preadipocytes
and endothelial, vascular, and hematopoietic
progenitors), and, most importantly, stem cells
(e.g., mesenchymal and hematopoietic stem
cells, pericytes, and supra-adventitial cells),
which are also known as adipose tissue-derived
stromal cells (ASCs).*?

It has been found that some of the SVF
cell types possess regenerative and anti-
inflammatory potentials in damaged tissues
due to their ability to secrete growth factors and
anti-inflammatory molecules.®” Mesenchymal
stem cells (MSCs) have also been isolated
from other sources, such as bone marrow,? the
placenta,” muscle,” or blood." However, the
greater the abundance of adipose tissue in
the human body, the significantly higher the
yield of MSCs is compared to other tissues."
Furthermore, the simplicity of harvesting has

made fat one of the most important sources for
such cells.

As a result, SVF has attracted substantial
attention for its potential use in regenerative
medicine in various fields, including internal
medicine, " orthopedics,' plastic and general
surgery,”"" and wound healing.” More recently,
the potential role of SVF in hair growth has been
investigated for its anticipated contribution
to alopecia management. Scalp hair is a key
element in the appearance of the individual in
addition to the thermoregulation and protection
of the skin. Cases of alopecia can be classified
by the distribution of hair loss as either diffuse,
patterned, or patchy and by the absence or
presence of scarring. A thorough description of
the etiopathogenesis, diagnosis, and treatment
options is presented elsewhere. %!

Androgenic alopecia is the most common
form of alopecia, affecting an estimated 80
percent of men and 50 percent of women
by the age of 70 years.”# It is classified as a
nonscarring patterned form of alopecia and
is characterized by bitemporal recession,

a gradual loss of hair in the frontoparietal
region in men, and a diffuse hair thinning with
preservation of frontal hairline in women.?
The underlying mechanism is believed to be a
higher concentration of dihydrotestosterone
(DHT) to androgen-sensitive hair follicles,
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causing thinning of the dermal papillae and
shortening of the anagen phase.?** Current
well-established treatment modalities focus on
reducing the androgenic effects on hair follicles
(5a-reductase inhibitors), stimulating hair
growth (minoxidil), or transferring androgen-
independent hair to the affected scalp (hair
transplantation).”

Diseases associated with defects in adipocyte
production, such as in lipodystrophy and focal
dermal hypoplasia, leads to alopecia.?* Dermal
adipocytes are organized in small clusters
under the reticular dermis and interact with the
hair follicular cells regulating the hair cycle.
Intradermal adipocyte progenitor cells are
stimulated at the end of the telogen phase,
multiplying and differentiating into mature
adipocytes, which then surround the hair
follicles and secrete signaling molecules, such
as platelet-derived growth factor (PDGF), leptin,
adiponectin, and bone morphogenetic protein
2.2The expression of these molecules induces
the anagen phase of the hair cycle and promotes
hair growth.”

The purpose of this review is to provide a
synopsis of different SVF isolation methods
and the involved components and to provide
a description of possible mechanisms for
SVF contribution to tissue remodeling and
regeneration. It also presents a critical outline of
the research concerning the application of SVF
and its constituents in the treatment of hair loss
where the applied SVF is expected to support
the dermal adipose tissue.

ISOLATION OF SVF

SVF can be extracted either enzymatically,
usually with a collagenase solution or by
mechanical, nonenzymatic methods that
involve centrifugation and mixing steps.®
Apart from differences in the manufacturing
process, the two extraction techniques can
yield dissimilar concentrations of the cell
populations composing the SVF—in particular,
that of the ASCs.**" In addition, it has been
postulated that the quality of the final product
depends upon several other factors including
the harvesting method of the adipose tissue
(e.g., tumescent versus ultrasound-assisted
liposuction, experience of the operator, handling
and preservation of the lipoaspirate), the site
of the fat extraction (e.g., abdominal versus
gluteal region), and aspects of the patient
history (e.g., use of cytotoxic medications,
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preceding radiotherapy).*** Moreover, other
patient factors such as age and body mass index
have been suggested to affect the viability
and function of the ASCs similarly to in the
case of MSCs isolated from other tissues.
However, a recent review has not confirmed this
argument.* In an attempt to streamline the
process of SVF isolation from lipoaspirate and
eliminate the manufacturing-related variables,
several automated and semiautomated devices
have been developed and tested worldwide,
with various outcomes*'*’

Enzyme-assisted isolation of SVF.
Most common methods of SVF isolation from
adipose tissue rely on digestive enzymes such
as collagenases, dispase, or trypsin.* Although
each laboratory employs unique protocols,
the procedure is generally composed of a
series of washing steps followed by enzymatic
digestion and continued with centrifugation
with or without gravity-based separation and
filtration.’" Usually, adipose tissue is washed
with saline solutions, such as Ringer’s lactate
or phosphate-buffered saline, and digestive
enzymes are added to divide the sample into
two parts: the upper adipocyte-rich portion
and the lower aqueous portion containing the
cells of interest. Subsequently, centrifugal or
gravitational forces are employed to further
separate the fatty and aqueous phases and to
pellet the cells.® Filtration to obtain a purer cell
suspension by size selection and tissue fragment
removal is also performed.*" Finally, erythrolysis
is employed to reduce the high number of
erythrocytes from the end-product and to
limit the presence of cells of hematopoietic
origin.® The SVF can then be either stored for
cryopreservation or cultured to obtain a higher
number of ASCs.

Although the technique is widely used
and, compared to mechanical extraction, is
significantly more efficient in promoting ASC
yield,*" it has several disadvantages. First of all,
the use of collagenases is the subject of strict
requlations by several regulatory authorities
worldwide including the United States Food and
Drug Administration (FDA) and the European
Medicines Agency (EMA), who classify SVF as
amedicinal product.® Second, the activity and
purity of collagenases differ between batches
even from the same manufacturers and their
production is costly.*” Moreover, the process of
enzymatic isolation of SVF is time-consuming®
and there are concerns about the safety

and efficacy of such SVF solutions in clinical
settings,**~* although these arguments have
been disputed recently.*”

Nonenzymatic isolation of SVF.
Considering the above limitations, there has
been a great effort made worldwide to develop
methodologies to replace the enzymatic step
while still obtaining adequate concentrations of
SVF and ASCs. In general, the strategy involves
performing mechanical agitation in an attempt
to break down the collagen in the extracellular
matrix and release the SVF!

The most exploited technique is
centrifugation often supplemented with other
methods, such as vibration and hand-shaking.
In 2009, Baptista et al*® used centrifugation
of lipoaspirate after an erythrocytolytic
step to produce around 240,000 cells/mL of
lipoaspirate, with five percent of them meeting
the criteria for ASCs. In 2010, Francis et al,*
using a series of washing, red blood cells (RBC)
lysis, and centrifugation steps, managed to
isolate 1,000 ASCs/mL of processed lipoaspirate
in 30 minutes and compared it with the
20,000 ASCs/mL produced after an eight-
hour, enzymatically based isolation process.
Markarian et al* subjected lipoaspirate to three
different centrifugation velocities and different
processing times after an RBC lysing step and
compared the obtained population of nucleated
cells with that produced by way of enzymatic
extraction with either collagenase or trypsin.
On average, the collagenase-based method
produced a significantly higher yield of SVF
cells/mL of processed lipoaspirate than either
the trypsin-based or nonenzymatic procedures.

In another study, Shah et al* managed to
isolate viable ASCs significantly faster than
when using a standard collagenase-based
method with a series of washing steps with
phosphate-buffered saline, manual shaking,
and centrifugation (taking one hour versus three
hours), albeit achieving a considerably reduced
quantity (19-fold).

The combination of centrifugation and
shaking by vibration as a means of mechanical
isolation was tested by Raposio et al,¥” who
managed to extract around 125,000 SVF cells/
mL of processed lipoaspirate, with five percent
of them being ASCs. Moreover, Condé-Green
et al®® completed vortexing and centrifugation
of lipoaspirate and compared the outcome
with either centrifugation alone or collagenase
digestion. They reported that the SVF and the



TABLE 1. Clinical studies located on ClinicalTrials.gov as of June 14, 2018 using the keywords alopecia, adipose, SVF, and stromal vascular fraction®

NAME OF STUDY (ID)

STATUS (DATE) | DESCRIPTION COUNTRY

Adipose-derived SVF for Treatment of Alopecia Completed «8male and female patients 18-60 years old United States of
(NCT02626780) (12/15-2/17) « Autologous adipose-derived SVF injected into scalp America
The Effect of Allogeneic Human Adipase- . Randomlzed, placebo-controlled double-blind study
) Completed - 38 patients
derived Stem Cell Component Extract on AGA . South Korea
(7/15-5/16) « Allogeneic human ASC component extract monthly vs. placebo
(NCT02594046) .
+ 16 weeks duration
« Phase Il prospective randomized multicenter device study
STYLE—ATrial of Cell Enriched Adipose For AGA Completed - 70 patients United States of
(NCT02503852) (11/15-3/18) « Subcutaneous injections to scalp of ASC-enriched autologous fat graft prepared America
with Celution and Puregraft Systems vs. nonfat/fat controls
Adipose Tissue-Derived Stem Cell-based Hair Completed 2P2h;::ilelr:;15ndomlzed PRELIT Pakistan
Restoration Therapy for AGA (NCT02865421) (6/17-12/17) - [ e e E e
- Phase IV, prospective randomized study
Adipose Derived Stem Cells Versus Platelet Recruitin + Male patients 18—60 years old
Rich Plasma on Follicular Unit Extraction (1/18-3 /91 9) « 45 patients (estimated number) Egypt
(NCT03388840) « Autologous adipose-derived SVF vs. autologous PRP vs. normal saline injections to
scalp undergone hair transplantation surgery
- Phasel, prospective, nonrandomized, nonblinded, consecutive-series single-site
Point-of-care Adipose-derived Cells for Hair Growth  Recruiting study United States of
ASVF-2016 (NCT02729415) (10/16-7/19) « 12 patients (estimated number) America
« Autologous adipose-derived SVF injection to scalp
Autologous Adipose-Derived Adult Stromal " ’ Prospe.ctlve non'randomlzed study
) ) Recruiting « 20 patients (estimated number)
VEDACENE B G Gl (1/17-12/18) Injections of freshly obtained vs. cultured ASCs to scal LA
(A-ADSVC-CT-A) (NCT03427905) J Sy ' /
6 months duration
- Phase I/Phase I, prospective, randomized multicenter study
) : « 60 patients (estimated number)
Biocellular—Cellular Regenerative Treatment o L L . - . .
. ) : Recruiting - Injections to scalp and parenteral injections of various combinations of either United States of
Scaring Alopecia and Alopecia Areata (SAAA) . . . . . .
(2/17-6/19) mechanically or enzymatically prepared autologous adipose-derived SVF and high- ~ America
(NCT03078686) .
density PRP vs. control
+ 12 months duration
« Phase I/Phase Il, prospective, nonrandomized multicenter study
ARG E LI RS Recruiting : I6n(}fcat'it:)ennstirfiigIr;?)tfe\;jarr‘ittl)r;sb:or;binations of either mechanically or enzymatically LGt
AR A DGR ) Clacl prepared autologous adipose-derived SVF and high-density PRP vs. control America
+ 12 months duration

SVF: Stromal vascular fraction ; ASC: Adipose tissue-derived stromal cells; AGA: Androgenetic alopecia ; PRP: Platelet-rich plasma

ASCyields from enzymatic extraction were 10
times higher than those after centrifugation
alone and as achieved by the vortexing—
centrifugation combination.

On the other hand, we were able to obtain
SVF containing on average 18 percent of
multipotent stromal cells by a specific series of
centrifugation and washing steps (unpublished
observation; T. Groh, P. 0. Bauer, Bioinova Ltd.,
2016).

Overall, although most of the mechanical
techniques have not been proved to be as

efficient as their enzymatic counterparts, so
far, it appears that they are time-saving and
less expensive procedures without the use of
xenobiotic enzymes, avoiding the requlatory
scrutiny. 20314

Automated and semiautomated SVF
isolation systems. As can be concluded from
above, the use of manual isolation, either
enzymatic or mechanical, is characterized
by enormous heterogeneity that hinders the
drawing of safe conclusions and comparisons
in the quality and quantity of extracted
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products. Further, although all methods

must comply with the rules of good
manufacturing practices, there is always a risk
of contamination. Therefore, in recent years,
several automated and semiautomated closed
systems, both enzymatic and nonenzymatic
in nature, have been developed and used
worldwide to standardize the procedure,
ensure sterility,® and improve the yield.*"
Although these systems might require less
training to handle than the manual methods
and have been designed for clinical use, they




are expensive, with high operating costs.”’#
There is also a great disparity in the quantity
and quality of isolated cell populations
amongst various systems.”” Research on the
development and optimization of SVF isolation
devices is ongoing and several examples

have been reviewed and presented in the
literature.3"*

Mechanism of action. As mentioned
earlier, SVF is a heterogeneous mixture of
cells that can be largely divided into mature,
progenitor, and stem cells.> Mature cells
such as fibroblasts, M2 macrophages, and
endothelial cells are intermingled with
preadipocytes and endothelial, vascular,
and hematopoietic progenitors in addition
to ASCs, hematopoietic stem cells, and
pericytes. Surface antigens known as
clusters of differentiation (CD) enable the
characterization and identification of each
cellular type. Based on (Ds, there has been an
international attempt* to set minimum criteria
for the composition and identification of SVF
components, although research in the field is
still ongoing.

The main cell types that make up the SVF
are presented henceforth, followed by a
discussion of their postulated roles in tissue
rejuvenation.

ASCS

ASCs are multipotent stem cells of
mesenchymal origin with the ability to
differentiate at least into adipogenic,
osteogenic, and chondrogenic lineages.>*
When freshly isolated from SVF, they are
identified by the presence of (D34, (D73,
(D13, (D105, (D90, and (D29 and the absence
of (D31, (D45, and CD144; however, the
(D34 marker disappears after eight to 12
divisions and, therefore, is absent in cultured
ASCs.“*4 Similarly to MSCs from other
tissues, ASCs are able to secrete a number of
angiogenic and immunoregulatory growth
factors such as hepatocyte growth factor
(HGF), vascular endothelial growth factor
(VEGF), transforming growth factor beta
(TGF-B),% insulin-like growth factor 1 (IGF-1),
and the anti-inflammatory prostaglandin
phosphodiesterase 2." They were also found
to enhance antioxidant enzyme activity.?*
According to Bourin et al,* they are present at a
concentration of at least 2 to 10 percent in SVF
regardless of the method of isolation.
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ENDOTHELIAL PROGENITOR CELLS
(EPCS)

EPCs are essential for angiogenesis in the
embryonic stage of development but can also
assist in the repair of vascular endothelium
in adults in response to injury.* In SVF, they
have been identified by the markers (D34+,
(D31, (D133*, (D146*, and (D45~ as well
as (D144, (D73*, and (D105 whereas their
descendants, endothelial cells (ECs), can be
recognized by the presence of (D31 and factor
VIl and the absence of (D34.* EPCs secrete
various factors such as VEGF, PDGF-BB, and
bFGF>" In combination, EPC and EC account for 7
to 30 percent of cells in the SVF.3#

PERICYTES

Recognized as (D146*, (D90*, (D73,
(D44, (D29, (D13*,(D34~, (D45, and
(D56, pericytes*>*® are perivascular, contractile
vessels that are recruited in response to
PDGF-B secretion by the ECs to envelop the
newly formed vessels.** They monitor blood
flow*; participate in vascular remodeling,%
blood—brain barrier formation and function,¢"
hemostasis,®* and vitamin A metabolism®;
and possess anti-inflammatory® and even
phagocytic properties.% These cells can
differentiate into adipogenic, chondrogenic, and
osteogenic lineages.” According to Zimmerlin
etal,® they are extremely potent, although
constituting only 0.4 to 2.38 percent of cells
in SVF.

MONOCYTES/MACROPHAGES

Around 10 percent of SVF cells are positive
for (D14, a monocyte marker.” Apart from
immunoregulation, they secrete various
cytokines—specifically, VEGF and bFGF—
that contribute to vascular remodeling.”*”
Furthermore, the more abundant macrophages
(e.g., (D45*, D14+, (D206)*® account for
around 20 percent of the SVF population, with
70% of them being of the M2 subtype (e.qg.,
(D301+).”2 M2 macrophages are known to
possess anti-inflammatory and proangiogenic
functions by expressing and secreting several
molecules such as the (D163 receptor
with anti-inflammatory and homeostatic
properties’; matrix metalloproteinase 9
(MMP-9),7 which is implicated in stroma
remodeling and angiogenesis; TGF-[3, which
promotes reepithelization in tissue injury’;
and anti-inflammatory interleukin (IL) 107 and

IL-1 receptor antagonist (IL-TRA).” They can
also act as chaperones, facilitating vascular
anastomosis,’® and a (D34* subpopulation
has been shown to possess pluripotency,
adherence to plastic surfaces, and stem cell—
like morphology.”

REGULATORY T-CELLS (TREGS)

In total, lymphocytes compose 10 to 15
percent of SVF, with Tregs® accounting for 5
to 70 percent of the CD4*T-cell population.®
They express receptors for (D4, (D25, and
forkhead box P3* and play a pivotal role in
immunoregulation by expressing high levels
of inhibitory cytokines such as TGF-[3,%
IL-10,%1L-35,%2 and granzyme B,% leading
to the activation of the apoptotic cascade in
target cells. As a result, they can prevent the
overactivation of effector T-cells and induce
the activation of M2 macrophages,® thus
preventing autoimmunity and maintaining
homeostasis.*

In contrast with previous hypotheses,
it has recently been postulated that the
regenerative potential of SVF is mainly
exerted by the synergistic action of the
individual components and their interaction
with surrounding tissues via extensive
paracrine and juxtacrine signaling.** When
SVF is injected into the site of interest, the
ASCs, in response to injury or inflammation,
direct themselves around injured vessels®
and secrete cytokines and chemokines,
enhancing the differentiation, proliferation,
and recruitment of various cell types
such as progenitor cells, fibroblasts, and
macrophages.® For example, VEGF secreted by
ASCs attracts and promotes the differentiation
of EPCs to ECs, which, in turn, releases
PDGF-BB, enabling further proliferation and
migration of ASCs and attracting others cell
types such as pericytes for angiogenesis.
Following VEGF, bFGF is released, leading
to fibroblast proliferation and collagen
production. Another factor produced by the
ASGs, HGF, has been shown to play a crucial
role in the migration, differentiation, and
survival of the EPCs.% Similarly, IGF-1 leads to
the differentiation of ASCs into adipocytes.”
Also, the presence of Tregs and M2
macrophages in the SVF, together with stem
and progenitor cells, can prevent excessive
inflammation in the site and stimulate
angiogenesis by secreting anti-inflammatory



and immunoregulatory factors such as IL-10,
IL-1RA, granzyme B, and TGF-f3. Further,
fibroblasts in the SVF produce collagen and
other extracellular matrix proteins, which
interact with integrins to form a cytoskeleton,
which serves as a structural support for
new-vessel formation.”” Finally, monocytes
and macrophages, apart from releasing
growth factors such as VEGF and bFGF, secrete
metalloproteinases such as MMP-9 that are
involved in the degradation and remodeling
of the extracellular matrix, releasing peptides
that attract more EPCs to the area.” The
trophic and immunoregulating action of the
SVF has led to an extensive research of its
effects in a wide range of clinical conditions
and ex-vivo applications such as in myocardial
infarction,” heart failure," wound healing,”**
diabetic retinopathy," osteoarthritis,' and
systemic sclerosis.”

STUDIES OF SVF AND ITS PRODUCTS
IN HAIR GROWTH AND ALOPECIA

In-vitro and ex-vivo studies. Won et
al,*in a series of experiments, demonstrated
the paracrine effects of ASCs on hair growth.
The ASC-conditioned medium (ASC-CM)
was applied at different concentrations into
the human dermal papilla cell (hDPC) and
immortalized keratinocyte (HaCaT) cultures.
Following a 48-hour incubation period, the
proliferation rates of hDPC and HaCaT cells
were increased by 100 to 140 percent and
10 to 30 percent, respectively. Moreover,
upregulation of the signaling molecules pAkt
and pErk, cyclin D1, and CDK2 enhancing the
cell cycle were observed in hDPCs.

In addition, culturing human hair follicles
with of 12.5 percent ASC-CM or T mM of
minoxidil in William’s E medium (positive
control) for six days resulted in hair elongation
outcomes of 44 and 40 percent, respectively,
which are both significantly higher when
compared to the results achieved with the
negative control (i.e., one-half volume of
a-MEM mixed with Williams E media yielded
a30% increase in length).* In this study,
however, it was not specified as to whether the
concentration of minoxidil was chosen based
on the absorption of the standard doses used
in humans (5% or 2% once or twice per day).

The trophic action of ASC on dermal
papilla cells (DPCs) and hair follicles was
also demonstrated by increased alkaline

phosphatase activity in DPCs after seven days
of culturing of these cells with the conditioned
media of rat-derived ASCs.”

In @ more recent ex-vivo experiment, Won
et al*® reaffirmed the positive role of ASCs in
hair growth. They treated cultured human hair
follicles with different concentrations of ASC-CM
followed by the hair growth-suppressing factors
DHT or H,0,. When compared to the ASC-
(M—free control, the inhibition of growth was
significantly reduced in a manner dependent on
ASC-CM or DHT/H,0, concentration.

Preclinical studies. In 2010, Won et al®
showed that three subcutaneous injections
(once every three days) of the ASC suspension
into the shaved dorsum of male C3H/HeN mice
induced the hair follicles to move to the telogen
phase and significantly increased the hair
growth as compared with in the sham-injected
control group after 12 weeks. Similar results,
according to the authors, were obtained with
a topical application (performed after 0.2-mm
mesoroller application to increase the skin
absorption) of the solution with ASC-CM (three
single applications every three days) on the
shaved back of an unspecified number of (3H/
HeN mice and comparing the hair growth with
a control group exposed only to the William’s E
culture medium for 12 weeks.

In another 12-week in-vivo experiment, Park
et al*” subcutaneously injected three subsequent
doses of ASC-CM into 15 shaved C3H/HeN mice
with all hair follicles in the telogen stage under
normoxic or hypoxic conditions. The hair growth
was compared to a control group receiving only
injections with the minimum essential medium.
After 12 weeks, 4 of 5 mice injected with
hypoxic ASC-CM demonstrated hair growth in
comparison with 2 of 5 mice with normoxic ASC-
(M and 1 of 5 in the control group. Also, the hair
growth in the first group with hypoxic ASC-CM
was more amplified and rapid. After an analysis
of the ASC-CM, the authors concluded that there
was a significant increase in the density of most
growth factors in the hypoxic ASC-CM.

Similarly, Jeong et al'™ investigated the
effects of preconditioning of ASCs with low-dose
(<20mJ/cm?2) ultraviolet (UV)B radiation.
UVB-irradiated ASCs or their respective ASC-CM
were injected to the dorsum of shaved (3H/
HeN mice with hair in the telogen stage and
their dorsal hair weight was compared after 18
days to the outcomes of the control groups that
received nonirradiated ASCs or ASC-CM. Overall,
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hair appeared in all mice but the dorsal hair of
the irradiated groups was three times heavier
than that of the control groups, demonstrating
hair transition to the anagen phase. By in-vitro/
ex-vivo experiments, the authors found that
the UVB generates reactive oxygen species and
upregulates Nox4 in ASCs, leading to increased
production of the growth factors.

To preserve characteristics of dermal papillae
and to demonstrate the ASCs effects on hair
growth, Huang et al,” constructed various
chitosan-coated spheres containing ASCs and
DPCs and injected them into nude mice. The
formation of hair-like structures after four
weeks was significantly higher after application
of ASC-shell/DPC-core spheres as compared with
other combinations or the non-ASC-containing
spheres.

In a different study, Lee et al" isolated ASCs
from dogs, differentiated them into dermal
papilla-like structures, and injected them into
nude mice to assess their trichogenic potential.
During the 30-day monitoring period, the
authors noticed significant increases occurred
in new hair follicle and sebaceous gland
formation, especially during the first 20 days,
while improved vascularization in the test group
was also noted due to the production of VEGF
from the dermal papilla cells, supporting the
paracrine influence of ASCs on hair regeneration.

Clinical studies. Cohen et al° stated in
their review in 2010 that fat enriched with SVF
was injected into the scalp of a woman with
alopecia, resulting in a “marked improvement in
hair growth” after nine months of follow-up.

In 2012, Fukuoka et al' injected ASC-CM
fortified with proteins and vitamins into the
scalps of 25 male and female patients with
androgenic alopecia during a four-month period
and observed the effects of treatment in terms
of hair count and density by trichogram and
subjectively by visual analog scale (VAS) score.
The authors reported a statistically significant
increase (p=0.01) in patient satisfaction as
observed by an average VAS score increase
from 2.52 to 3.72 after one year. The drawback
of the study was that five male patients were
administered finasteride before or during the
treatment. Finasteride, a Type Il 5ai-reductase
inhibitor, has been shown to prevent male-
pattern hair loss through effects on androgen
metabolism." Therefore, its administration may
have affected the evaluation of the ASC-CM—
mediated clinical outcomes. In addition, the




sample size was small, there were significant
observer and response biases, and there was
no placebo group included. Moreover, objective
data such as anagen/telogen ratio and hair
count and thickness were not included.

Fukuoka and Suga™ performed a six-
month prospective study on 32 patients with
androgenic alopecia of male and female
types with monthly scalp injections with
a commercially available ASC-CM (AAPE®;
Prostemics, Seoul, Korea). In 10 of these
patients, injections were only applied to one
side of the scalp. After examination with
trichogram at the start and at the end of the
six-month period, the authors reported a
statistically significant (p<0.05) mean increase
in hair count by 29 hairs/cm? for male and 15.6
hairs/cm? for female patients. In this half-side
comparison study, the increase in hair count
between the treated and untreated scalp areas
was also reported to be significant. The study
was limited by its small sample size, selection
and observer biases, and the lack of a control
group and objective measurements.

In another study, Perez et al'® injected SVF-
enriched autologous fat in five patients aged 18
to 55 years with early male- and female-pattern
hair loss. The liposuction and the administration
of the SVF solution were performed on the same
day and patients were followed up with for up
to 24 weeks postoperatively. During visits at
regular intervals, progress was documented by
macrophotography and global photography,
whereas the hair count, anagen/telogen
percentages, and hair thickness were measured
by computer software. On average, increases of
23 and 24.2 percent in hair count and thickness
were reported with a rise of 93 percent and a
drop of 35 percent in the amount of anagen and
telogen hairs, respectively. However, data from
anagen/telogen percentages were statistically
insignificant (p=0.15). Limitations of this study
included its small sample size, lack of placebo
group, and observer and response biases.

In a retrospective case series, Shin et al'®
evaluated the clinical efficacy of ASC-CM for
the treatment of 27 women with female-
pattern hair loss. Using trichoscopy, the authors
measured the hair density and thickness from
the mid-line scalp before and after applying
the AAPE® ASC-CM. The treatment protocol
consisted of repeated applications of the
ASC-CM once per week for 12 weeks. Prior to
these applications, the scalp area was cleansed
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using a microneedle roller. At the end of the
period, mean increases of 16.4 percent in hair
density and 11.3 percent in hair thickness were
observed and considered as clinically significant.
The treatment effects were sustained during

a six-month follow-up period and no adverse
events were reported. However, the lack of a
control group and the small sample size could
limit the interpretation of these findings.

Recently, in the preliminary report from a
prospective single-blinded clinical trial (STYLE
trial, Table 1), Aronowitz et al. demonstrated a
significant increase (p=0.01) in hair count by 14
percent at six months after the administration
of SVF-enriched autologous fat into the scalp
of eight males and one female with hair loss.
In addition, the anagen-phase hair count was
increased by 34 percent.

Ongoing clinical trials. Although the
beneficial effects of SVF and its products on
hair growth have been demonstrated, large
controlled clinical studies examining the
subjects of efficacy and possible side effects
have not yet been reported. As of June 14,
2018, there were nine studies published on
(linicalTrials.gov dealing with the treatment of
alopecia using SVF or ASC-based products.'®
Eight of them were involved with androgenic
alopecia and one covered scarring alopecias/
alopecia areata. The status and basic
characteristics of these trials are provided in
Table 1.

DISCUSSION

All of the aforementioned preclinical and
clinical studies have supported the beneficial
role of SVF and ASCs in promoting hair growth.
The application of ASC-CM in hDPC cultures in
vitro and hair follicles ex vivo led to their growth.
In addition, pretreatment of hair follicles with
ASC-CM had a protective effect against the
growth-suppressing function of DHT and H,0,.
The injection of ASC-CM or ASC/DPC-spheres
in nude mice also induced the appearance of
new hair follicles with superior results in mice
injected with ASC-CM obtained from ASCs
cultured in hypoxic conditions or irradiated with
UVB light. Similarly, the application of ASC-CM
or SVF-enriched autologous fat in patients with
androgenic alopecia led to an increase of 14 to
23 percent in hair density and 11 to 24 percent
in hair thickness as measured by trichoscopy
or other photographic methods, usually after a
six-month follow-up period. When measured,

the rise in anagen hair count varied between 34
to 93 percent.

As described above, the regenerative action
of SVF is attributed mainly to its paracrine effect
to neighboring cells and tissues via the secretion
of various growth factors and cytokines of cells
comprising the SVF including, in particular,
ASGs. According to the literature, IGF-1and
PDGF stimulate the proliferation and inhibit the
apoptosis of hair follicular cells by modulating
their cell cycle via ERK and Akt or Sonic
hedgehog, Lef-1, and Wnt signaling pathways,
respectively.'®'"" In addition, IGF-1 inhibits
TGF-B1, which is secreted by DPCs in response
to androgens and reactive oxygen species and
is a well-known suppressor of hair growth.">'"
Furthermore, bFGF induces the telogen-to-
anagen phase transition of hair follicular cells
and increases hair follicular size through Sonic
hedgehog and Wnt signaling pathways."*"
HGF alters the hair growth cycle by prolonging
the anagen phase via the HFG—Met signaling
pathway."®""” VEGF exerts its growth-inducing
action by stimulating angiogenesis, which
nourishes the hair follicles and promotes hDPC
proliferation via the VEGF receptor 2—ERK
pathway."®"" Apart from their paracrine effect,
ASCs might exert their regenerative action by
differentiating into follicular progenitor cells and
even fusing with present follicular cells, thus
reinforcing their self-dividing potential.’'

When analyzing the referred studies with
a more critical view, several drawbacks were
detected that might limit the validity and
significance of the respective results. First
and foremost, all clinical studies were carried
out involving a small number of participants,
being therefore prone to sampling errors.'?

In addition, in some studies, a percentage of
patients were not followed up with until the
end of the trial.” Nevertheless, not all studies
were performed with a control group and the
controlled trials were either single-blinded or
open-label, introducing additional types of bias
such as performance bias.'* Another factor
affecting the consistency of findings is the

lack of standardization of the applied injection
solution. Some studies used ASC-CM while
others used fat enriched with either ASC-CM or
SVF, and no study to date has investigated the
effects of isolated SVF, which, as mentioned
above, includes several types of cells besides
ASCs. Furthermore, the enzymatic isolation of
SVF and ASCs was used in all cases, and, when



administering only the ASC-CM,01%1% the
solution was not obtained from autologous
ASCs. Also, there were no reports on the
concentration of ASCs included in the SVF

and, so far, there has been no comparison
performed between the regenerative potential
of SVF on hair follicles isolated either by
mechanical or enzymatic methods. Of note,
the use of ASC-CM has several advantages

as compared with ASCs, including easier
preparation and handling as well as the
possibility of freeze-drying and long-term
storage. This is also important for patients
who have various conditions preventing

them from being subjects for obtaining and
applying autologous materials in whom
alopecia treatment using allogeneic ASC-
derived medicinal products could be a suitable
strategy.

Regarding the results, there is a discrepancy
in the data collected, hindering their objective
comparison and evaluation. Not all studies
measured hair density, anagen/telogen ratio
or percentage, and hair density. One study
even used only the VAS, which is a subjective
means of measuring the efficacy of treatment.
Finally, it is important to note that in a report
pertaining to the STYLE trial, Aronowitz et al'”
pointed out that SVF-enriched fat was applied
to the patients, whereas, in the clinical trial
description page, it is stated that ASC-enriched
fat is used. This case shows that there are still
misconceptions regarding the terminology
affecting the correct evaluation of study
results.

CONCLUSION

SVF is the cellular remnant of lipoaspirate
left behind after mechanical or enzymatic
manipulation and which possesses a proven
regenerative potential attributed to the
excretory and differentiating capacities of
its components, including mainly of the
ASCs. Apart from highlighting the potential
mechanisms of action of SVF and the current
methods of isolation, this review focused on
covering the therapeutic possibilities of SVF
in the treatment of hair loss. According to the
cited literature, SVF could represent a well-
promising option; however, better-designed
and larger clinical studies are needed to better
demonstrate and define more objectively the
real therapeutic potential of the SVF in the
ongoing battle against alopecia.
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