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ADIPOSE-DERIVED STEM CELLS - ORIGIN, TISSUE
AND CELLULAR SPECIFICITY, AND APPLICATION
IN REGENERATIVE MEDICINE
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Summary: The application of stem cells in medicine is still a relatively new topic associated with
scientists’ great interest. It is a source of hope for the patients suffering from various medical con-
ditions, which are resistant to widely used healing paths. In recent years, the attention was drawn
to multipotent adipose-derived stem cells (ADSCs). They are distinguished by their proliferative
and secretive abilities, as well as accessibility. In addition, they are characterised by relative ease of
harvesting and culture. Their unique qualities make them seem like a great opportunity in the field
of regenerative medicine, which is a dynamically developing field associated with many types of
research. ADSCs have the potential to be used in the treatment of chronic, non-healing wounds, as
well as in diseases such as diabetes mellitus. Their use is also taken under consideration in treatment
bone and cartilage defects, as well as in aesthetic medicine, including hair regeneration therapy
on patients afflicted by alopecia in androgenetic alopecia or female pattern hair loss. Due to their
regenerative properties, they are also perceived as a promising possibility in treatment of neurode-
generative diseases. The knowledge acquired during such research might be a base of the creation of
novel alternative therapies in many other fields of medicine.

Keywords: Adipose-derived stem cells, ADSCs, stem cells, adipose tissue, regenerative medicine,
tissue engineering

Streszczenie: Wykorzystanie komoérek macierzystych w medycynie jest wciaz stosunkowo nowym
zagadnieniem, ktore wzbudza duze zainteresowanie naukowcow. Jest takze zrodtem nadziei dla
chorych cierpigcych na rézne dolegliwosci, ktdrzy nie reaguja na standardowe metody leczenia.
W ostatnich latach, zwrécono uwage na multipotencjalne komodrki macierzyste pochodzace z tkanki
thuszczowej (ADSCs). Wyrdzniajg si¢ one swoimi szczegdlnymi wlasciwosciami proliferacyjnymi
i sekrecyjnymi, a takze szeroka dostepnoscia. Co wigcej, tatwo je pozyskac¢ oraz hodowac in vitro.
Wyzej wymienione cechy sprawiaja, ze wydaja si¢ one wyjatkowa okazja na poczynienie postepow
w dziedzinie medycyny regeneracyjnej, ktora jest obiektem wielu badan i dynamicznie si¢ rozwi-
ja. ADSCs moga potencjalnie zosta¢ wykorzystane w leczeniu przewlektych, niegojacych si¢ ran
w chorobach takich jak cukrzyca. Rozwaza si¢ takze nad ich uzytecznoscia w regeneracji uszkodzen
tkanki kostnej oraz chrzestnej. Moga by¢ takze zastosowane w medycynie estetycznej w terapiach
zapobiegajacych utracie wlosow w tysieniu androgenowym, a takze tysieniu typu kobiecego. Ze
wzgledu na swoje cechy, komorki te bierze si¢ pod uwage takze jako obiecujaca mozliwos$¢ w lec-
zeniu szeregu choréb neurodegeneracyjnych. Uzyskana z tych doniesien wiedza, moze by¢ podst-
awa do tworzenia r6znych, nowoczesnych, alternatywnych metod leczenia, takze w wielu innych
dziedzinach medycyny.

Stowa kluczowe: inzynieria tkankowa, komorki macierzyste tkanki ttuszczowej, medycyna regener-
acyjna, tkanka tlhuszczowa

INTRODUCTION

Adipose tissue, a type of loose connective tissue, partakes in energy storage
and protects the body against mechanical trauma. It is also a significant endocrine
organ that secretes many hormones, e.g. leptin, adiponectin, resistin, or estradi-
ol [4]. It consists of two cellular components: adipocytes and a stromal vascu-
lar fraction (SVF). In turn, SVF comprises various cells such as preadipocytes,
endothelial cells, fibroblasts, mesenchymal stem cells (MSCs), vascular smooth
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muscle cells, lymphocytes, macrophages, and adipose-derived stem cells (AD-
SCs). The adipose tissue’s specific cellular composition differs depending on the
tissue’s anatomical location or type. A higher amount of ADSCs can be obtained
from subcutaneous than from visceral fat [7, 16]. ADSCs are considered a promis-
ing stem cell lineage because of ease of access to adipose tissue and the relatively
low-invasive way of isolation. Fat can be easily harvested via liposuction in the
form of lipoaspirate; less often, the surgical option can also be chosen. The most
common subcutaneous adipose tissue source utilized in medical research and clin-
ical therapies is the abdomen, thigh, and arm [34].

Adipose-derived stem cells have recently become an object of comprehensive,
in-depth research due to their beneficial cellular and secretive properties com-
bined with their ubiquitous availability and relatively simple mode of harvesting.
They are a population of multipotent adult stem cells originating from mesen-
chymal stem cells, localized in the adipose tissue’s stromal vascular fraction. Their
exceptional proliferative capacity and ability to differentiate into cells of three de-
velopmental germ layers provide a number of opportunities to apply them in various
treatment protocols. Moreover, ADSCs are characterized by a valuable secretome,
combining many angiogenic and immunomodulating factors which might acceler-
ate healing and regeneration [36, 17]. They are also considered the most accessible
source of stem cells in the human body due to their emplacement in adipose tissue,
making their collection a minimally invasive, relatively safe, and mostly painless
procedure. Furthermore, they are capable of maintaining their phenotype in culture
for an extended periods of time. The combination of all of the above features ex-
plains the discussion that unleashes around the subject of ADSCs and their potential
application and beneficial impact in many areas of research [42].

THE ORIGIN OF ADIPOSE-DERIVED STEM CELLS

Stem cells are unspecialized human cells with self-renewal capacity and the
ability to differentiate into multiple cell lineages [37]. Different groups of stem
cells vary in potency, which defines the number of cell types they can differentiate
into [30]. Totipotent cells derived from morula are of the greatest potency. They
can create both embryonic and extra-embryonic structures that subsequently give
rise to all three germ layers and the placental cells [6]. The inner cell mass (ICM),
one of the components forming blastocyst that develops 4 days post-fertilization,
is the source of pluripotent cells capable of differentiation into all human organism
cells. They are known as human embryonic stem cells (hESCs), having the ability
to form germ layers — cellular units built of multipotent progenitor cells. Each
germ layer, endoderm, mesoderm, or ectoderm, is responsible for the creation of
specified tissue later in the process of human development [5,30]. In turn, adult or
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somatic stem cells are located in every tissue of a mature organism. Their potency
is limited, and the time necessary for the cell to proliferate is elongated. Multipo-
tent stem cells partake in the process of healing, regeneration, and replacement of
the adult cells [14]. Mesoderm, one of the three germ layers, is a source of mesen-
chymal stem cells, as well as hematopoietic stem cells (HSCs). MSCs located in
the bone marrow stroma give rise to muscle, cartilage, bone, and adipose tissues
[15]. MSCs also partake in angiogenesis, but cannot differentiate into HSCs [22].
MSCs give rise to adipose-derived stem cells (ADSCs), the population of stem
cells located in the adipose tissue [1].

ADIPOSE-DERIVED STEM CELL CHARACTERISTICS

Among many types of adult stem cells, ADSCs are particularly valued not
only for their common availability but also higher proliferation potential and abil-
ity to maintain their phenotype in culture for a longer period of time [42]. Another
feature that speaks in their favor is the lack of ethical controversies, which sur-
round embryonic stem cells application in clinical use. The International Federa-
tion for Adipose Therapeutics and Science (IFATS) and the International Society
for Cellular Therapy (ISCT) set three criteria, which are essential to determine
ADSC identity. The first necessary condition, which has to be demonstrated by
the cell, is its ability to adhere to plastic. Secondly, they display the expression of
mesenchymal phenotypic markers CD73, CD90, and CD105, while lacking the
surface marker expression of CD11b, CD14, CD19, CD45, and HLA-DR. The last
indicator is the cell’s ability to differentiate into preadipocytes, osteoblasts, and
chondrocytes [18]. Moreover, ADSCs are responsive to inducers of non-mesen-
chymal cell lineages differentiation, giving rise not only to cells of mesodermal
derivation but also those of the other two germ layers [2]. They can differentiate
toward subpopulations such as smooth and cardiac muscle cells, keratinocytes,
hepatocytes, endothelial cells, neurons, beta islet cells, macrophages, or melano-
cytes [2, 8, 34].

ADSCs gained attention not only for their multipotency but also secretome,
which is rich in cytokines, extracellular proteins, and RNAs. Paracrinally released
factors beneficially contribute to surrounding tissues through their immunomodu-
lating properties and stimulating effect on the process of angiogenesis.

All of these features combined imply that ADSCs could be a promising and
easily accessible source of stem cells in further research and clinical trials. Fur-
thermore, the profile of these cells could be useful in the development of regener-
ative medicine and should be a subject of precise study [12, 20].
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APPLICATION OF ADSCs
IN THE REGENERATIVE MEDICINE

Large full-thickness skin defects and non-healing wounds are still a challenge
for modern medicine. They might be caused by a number of reasons: from trau-
ma, burns, and congenital defects, to of tumour resection and chronic ischemia
due to diabetes mellitus or immobilization. Initially, cultured epidermal auto-
grafts (CEA) were developed, but to no satisfying avail [21]. The addition of
fibroblasts produced extracellular matrix (ECM) proteins such as collagen, fi-
bronectin, or elastin was expected to improve the process of healing. However,
CEA application is limited to nonextensive cases because of their tendency to
contract, recurring wound opening, and fragility [27]. Klar et al. developed der-
mo-epidermal skin substitutes (DESS), which for now are believed to be the most
promising prospect in regenerative medicine. They consist of both epidermal and
dermal layers, which guarantees resemblance to natural skin structure and pro-
vides the best cosmetic effect among other skin grafts. It is even possible to add
the patient’s melanocytes to obtain suitable skin color and prevent them from the
harmful influence of UV radiation. Other opportunities for people suffering from
traumatic wounds are treatments based on ADSCs. ADSCs support tissue repair
with their proliferating and immunomodulating abilities. They are also capable of
secreting VEGF, fibroblast growth factors, and anti- or proinflammatory factors.
Autologous fat grafts are created by processing lipoaspirates harvested via lipo-
suction of subcutaneous adipose tissue. The treatment is applied to soft tissues in
the form of an injection enriched by cultured ADSCs. This method is valued for
being minimally invasive, low risk, and sufficiently positive outcome, but it is
worth mentioning that it usually has to be performed several times to obtain the
expected effect [21, 35]. Zhang et al. report on clinical trials on ADSCs-NCSS,
new collagen sponge scaffolds combined with extracted ADSCs, repair potential
of which in full-skin defects was tested on nude mice with satisfying heal rates
compared to other methods of treatment used in this trial [41]. Furthermore, Qiu et
al. presented their results on the utilization of exosomes derived from adipose-de-
rived stem cells (ADSCs-Exos), a cell-free substance obtained from extracellular
vesicles secreted by ADSCs [3]. The authors bring attention to the beneficial ef-
fects of the ADSCs-Exos on skin regeneration and acceleration of the process of
vascularization, without any major side effects [3, 25].

The application of ADSCs is also a subject of study in hair regeneration ther-
apy. Their secretive properties were taken under consideration in the treatment of
hair loss in conditions such as androgenetic alopecia or female pattern hair loss.
ADSCs excrete various cytokines that have the ability to stimulate the process of
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angiogenesis, increasing the blood supply of the hair follicle and inducing hair
growth. Moreover, a lot of attention was drawn to the conditioned medium of AD-
SCs (ADSC-CM), which turned out to be capable of reducing oxidative stress, en-
hancing collagen synthesis, or suppressing cell apoptosis and inflammation [13].
ADSC-CM is a cell-free nourishing suspension, rich in ADSC-derived cytokines
and growth factors. Basic fibroblast growth factor (bFGF), vascular endothelial
growth factor (VEGF), keratinocyte growth factor (KGF), and insulin-like growth
factor I (IGF-I) modulate hair growth by promoting cell proliferation, angiogen-
esis, and fibroblast migration [9,38]. The results of research on ADSC-CM ap-
plications seem to be very promising. This therapeutic approach is considered
relatively safe and inexpensive; however, the effects vary depending on the case
and its severity. Alopecia affecting a significant part of the scalp, advanced age,
or long history of the disease are the factors that may limit treatment efficacy due
to fibrosis of hair follicles. It is worth noticing that the process of hair regrowth is
time-consuming, so the outcome of the procedure is not immediate [13, 28].

Bone tissue engineering is another dynamically developing field of regener-
ative medicine. At present, for the patients suffering from trauma, bone structure
defects, infections, and tumours, treatment options are limited to autologous and
allogeneic bone grafts and artificial bone substitutes. Bone grafts are perceived
as an effective method, but their utilization is associated with iatrogenic damage
made to the donor’s bone tissue [32]. The results of artificial bone substitutes’
application show difficulties in stimulating osteoinduction, affecting the efficacy
of this procedure. Conclusions made during ADSC investigation suggested that
these stem cells might be a useful tool in the field of bone regenerative medicine.
Research conducted on animal models seems to confirm those assumptions, indi-
cating the impact of paracrine factor secretes such as VEGF in the process of bone
remodeling [7, 19]. Probst et al., in their study, explored the potential of exploita-
tion of cell-scaffold assemblies. There was evidence that the interaction between
ADSCs and biomaterials resembling bone structure facilitated the formation of
extracellular matrix and improved osteogenesis. The focus of the research were
the maxillofacial bone defects, but the obtained outcomes could be transferred
to clinical use in other bone disease or damage [33]. Chang et al. reported that
ADSC:s are also capable of modulating bone erosion and suppressing osteoclasto-
genesis. The results of their in vitro academic work show that ADSCs decrease the
formation of osteoclasts in mice and humans. Furthermore, the acquired knowl-
edge might also be a base for the creation of novel alternative healing paths in
diseases such as rheumatoid arthritis and osteoarthritis [11].

Treatments based on ADSCs are also studied in the subject of cartilage tissue
engineering in medical conditions such as cartilage lesions, which are hard to
regenerate. The mechanism of the methods is analogical to those listed above and
utilizes the unique abilities of ADSCs. The application of both scaffold-free and
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scaffold-based procedures is taken under consideration [24]. However, it is worth
mentioning that sometimes in vivo trials of cartilage implantation of ADSCs der-
ivation end unsuccessfully. This is due to the formation of ossification as a result
of increased vascularisation. Xie et al. conducted research on thrombospondin-1
use in the inhibition of ossification to a satisfying outcome, improving the knowl-
edge about cartilage defects treatment [39]. The utilization of ADSCs in the form
of intra-articular injections consisting of adipose SVF and platelet-rich plasma is
also discussed as a tool in reducing the ailments of patients suffering from medical
conditions such as osteoarthritis or chondromalacia [31]. Numata et al. compared
the effectiveness of local administration of ADSCs with intra-articular injections
in a rabbit model, ruling greater efficiency of the first one of the listed [29].
Furthermore, Alzheimer’s, Parkinson’s, Huntington’s disease, and amyo-
trophic lateral sclerosis (ALS) have been scientist’s objects of interest for years.
Although much research was conducted, no effective treatment that inhibits the
progression of these diseases was discovered. Due to their regenerative proper-
ties, ADSCs are perceived as a chance for patients suffering from neurodegen-
erative disorders. Stem cells derived from the adipose tissue have the ability to
be induced to differentiate into neuronal cells. Secretion of angiogenic factors,
as well as stimulation of the immune system, might also mitigate symptoms and
limit neuronal damage. Other mechanisms that were taken under consideration are
the capacity to reduce gliosis, the process that occurs in some of the mentioned
diseases, as well as the expression of neurotrophic factors [40]. Ma et al., in their
study, created ADSCs-derived extracellular vesicles (ADSCs-derived EVs) con-
taining molecules such as cytokines, growth factors, and miRNA, and applied
them to mice with Alzheimer’s disease. The research showed that nasally admin-
istrated ADSCs-derived EVs have the potential in the treatment by promoting
neurogenesis and their neuroprotective properties by inhibiting the formation of
amyloid plaques [26]. In the murine model, EVs have also prevented memory loss
[23,26]. Chan et al. brought up progress in knowledge on use of ADSCs in less
common diseases such as Huntington’s or Parkinson’s disease, as well as ALS. It
is believed that neurotrophic factors produced by ADSCs such as nerve growth
factor (NGF), brain-derived neurotrophic factor (BDNF), VEGF, and insulin-like
growth factor (IGF-1) can alleviate disease symptoms. Additionally, ADSC-CM
seems to be able to confer protection from 6-OHDA (6-hydroxydopamine), which
directly damages neurons of substantia nigra in Parkinson’s disease. In research on
rats, it was proven that the application of ADSC-CM could reduce neurotoxicity
and ROS influence caused by 6-OHDA. It was also reported that administration of
ADSC could delay and alleviate symptoms in Huntington’s disease through their
secretive properties. All of the above reports are expected to be a chance for a meth-
od of alternative treatment for patients suffering from these medical conditions in
the future. However, any such advancements will require further investigation [10].
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CONCLUSIONS

ADSCs emerged as a promising tool in tissue engineering. While the available
reports seem to be satisfactory, further in-depth research appears to be essential.
Increasing the knowledge on ADSCs physiology and their potential applications
seems to be crucial in elaborating novel forms of treatment in the field of regen-
erative medicine. Understanding these exceptional stem cells’ functioning might
give new opportunities to achieve satisfying effects in treatment of medical con-
ditions which are still a challenge for the modern science.
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