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Abstract
Since the discovery of adipose-derived mesenchymal stem cell (ADSC) in more than ten years, a great progress has been made
from its basic research to clinical application. Compared with bone marrow mesenchymal stem cells, ADSC is more abundant
in reserve, easier to obtain with fewer injuries and less complications. These cells have multiple differentiation potential and
can differentiate into adipocytes, chondrocytes and osteoblasts with the influence of different inducing factors. Early studies
of ADSC mainly focused on the ability of multi-directional differentiation, especially on the regeneration of bone defects and
cartilage tissue. At present, the researches mainly focus on immunoregulation and paracrine function of ADSC. Although ADSC
has made a great progress in clinical application, the cell preparation, use pattern, and mechanisms in clinical treatment are not
clear. This paper elaborates on these issues.
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In 2001, Zuk et al.[1] firstly cultured a type of mesenchymal stem cell (MSC) in adipose tissue suspension from
liposuction. It has the potential of multi-differentiation.
Under different induction factors, it can be differentiated
to adipocytes, chondrocytes, osteoblasts and so on, which
is called adipose-derived mesenchymal stem cell (ADSC).
Since then, it has gradually become a hot research topic
of scientists all over the world. The clinical application of
ADSC is similar to that of bone marrow mesenchymal stem
cell (BMSC), but ADSC is richer in the body. And the acquisition is simple, the injury is small, the complication is
less. The initial research on the application of ADSC was
mainly focused on its multidirectional differentiation potential, and some progress was made in clinical trials. But the
differentiation potential is not the only factor that affects the
clinical effect when studying the mechanism of action. The

immune regulation and paracrine function of ADSC also
play important roles. This result has made a great change in
the direction of research on the therapeutic effect of ADSC.
Although there is a great progress on the clinical application of ADSC, there are still many problems to be studied
about the mechanism of its clinical effect. This paper describes the acquisition, use, basic and clinical application
of ADSC, strategies for improving its efficacy and cell-free
therapy etc.

1

ADSC acquisition and surface markers

Vascular stromal cell (SVF) in adipose tissue is obtained
by collagenase or trypsin digestion, filtration and centrifugation of adipose tissue granules, which is cell mass with
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stem cell characteristics, including endothelial progenitor
cells, immune cells, MSC and blood derived cells and so
on. ADSC can be obtained through adherent culture and
purification of SVF in adipose tissue. Put SVF into the cell
culture dish. During the process of culture, the non-adherent
cells such as endothelial progenitor cells and hematopoietic
cells can be removed through changing of culture medium
for several times. Adherent non-proliferative cells will
be replaced by ADSC which can self-proliferate and labeled.[2–4] Zuk et al.[1] firstly obtained ADSC by adherent
culture and purification. The amount of cells obtained by
this method is large, but it is time-consuming and costly.
At present, the methods of obtaining ADSC include direct
centrifugation, adsorption column, immunomagnetic bead
sorting, density gradient centrifugation and so on.[5] These
methods do not need to amplify the cells and ADSC can be
obtained within a few hours, which significantly shorten the
extraction time, but the number of cells obtained is small.
Both ADSC and SVF in adipose tissue have stem cell properties, but there are differences. Because SVF also contains
cells such as endothelial progenitor cells, it has more advantages than ADSC in wound treatment, but the number of
extracted cells is limited. The ADSC obtained by purification of SVF from adipose tissue can proliferate in a large
number during a long period of time, so the allogeneic cell
bank can be established by this method to provide allogeneic
stem cells for clinical stem cell therapy. The establishment
of allogeneic ADSC cell bank can guarantee the homology
of stem cells in clinical treatment, obviate the culture of autologous stem cells and shorten the course of disease. The
effects of polymorphism among ADSC donors and different
isolation and culture methods used by different study groups
are excluded in the study.[6–8]

example, Cho et al.[11] found that human ADSC could migrate to the nasal lesion tissue of allergic rhinitis model
in mice. But it is not clear how many cells can migrate
to the pathological tissue after ADSC is given throughout
the body. Another research showed that some cells assembled at the tissue of lung, liver, heart and brain after intravenous injection of ADSC to patients. In patients who increased ADSC injection to improve efficacy, the cells assembled and led to tissue embolism of heart, liver and brain
etc., and with the risk of obstruction of blood flow.[10] As
an alternative to systemic use, local application of ADSC
to diseased tissue can improve the efficiency of implantation.[12] It avoids the dependence of chemokines secreted
by diseased tissues and the risk of systemic use. At present,
some diseases have been successfully treated by local application of ADSC, such as myocardial necrosis after myocardial infarction, bone defect and local wound.[10, 13] But this
method is to bring cells into the microenvironment of the allogeneic body, which can cause inflammatory reaction, and
compete with target tissue cells to use oxygen and nutrients.
It is also invasive.[14] Therefore, before clinical application
of ADSC, careful consideration should be given to how to
use it to achieve the best therapeutic effect.

ADSC can be identified by cell phenotypic characteristics,
and the dynamic expression of CD34, CD105 is very important to the identification of ADSC. The International Association for Cell Therapy points out that cultured MSC
all express cell surface markers CD34− , CD45− , CD73+ ,
CD90+ , CD105+ and major histocompatibility complex II
molecule.[9] However, the fresh ADSC isolated from adipose is not consistent with the previous situation. It expresses high CD34 and low CD105.[2, 3] ADSC can be identified through the study of its phenotypic characteristics,
which is helpful for clinical study.

3.1

2

Usage mode

ADSC can play a therapeutic role by arteriovenous injection, injecting directly into human organs or tissues, and all
of them depend on the chemotaxis of ADSC to the diseased
tissues.[10] Chemokine receptors are expressed on the surface of MSC cells including ADSC, which allows them to
migrate to damaged tissues along the concentration gradient of chemokines secreted by inflammatory tissues. For
Published by New Century Science Press

3

Basic and clinical application

The basic and clinical application of ADSC is mainly based
on its multidirectional differentiation potential of lipid, osteogenic and chondrogenic, and paracrine & immune regulation.

Application of adipogenic differentiation

ADSC can differentiate into adipose cell and form adipose
tissue, which can be used as a filler for breast reconstruction,
breast augmentation, facial rejuvenation and hypertrophic
scar treatment. The condition for long-term survival after
adipose transplantation is that the transplanted adipose tissue can supply new blood. Under normal conditions, some
of the transplanted adipose tissue will be absorbed within
a few months after adipose transplantation, so the current
research is focusing on how to improve the survival rate of
transplanted adipose. Studies have shown that the culture
and transformation of adipose cells before back injection
suction can increase their survival rate,[17] while, it also increases the time and cost of treatment.[18] Another approach
is autogenous adipose transplantation.[19] Routine extraction of adipose tissue, one half is used to prepare SVF, and
the extracted SVF is added to the other half of the unprocessed adipose tissue to increase the injection quantity of
ADSC, so that the transplanted adipose can survive for a
long time.[20] The advantage of this method is that it can
complete the operation at one time without increasing the
number of operations, shorten the treatment time and reduce
37

dcc.newcenturyscience.com

Discussion of Clinical Cases

the cost of the treatment, in which the process of preparing
SVF takes about 90 minutes. At present, there is a cell processing device called Celution system, which can complete
the above process automatically.

3.4
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Application in wound healing

In the study of ADSC promoting wound healing, ADSC
promotes wound healing through its multidirectional differentiation potential and paracrine effect.[27–29] ADSC has
the ability of self-renewal and multi-differentiation. It can
proliferate and differentiate into cells which are needed for
3.2 Application of osteogenic differentiation
wound repair, such as KC, hair follicle cells, sebaceous
The human body has the ability to self repair fractures and gland cells, sweat gland cells etc.[29] Other researchers used
small bone defects. However, if the bone defect is serious ADSC to repair Crohn’s disease intestinal ulcer, and the efor the fracture is delayed due to biomechanical factors that fect was good. The transplanted ADSC worked on local
are not conducive to healing, the effect of adjuvant treat- cells by secreting cytokines to promote tissue vessel regenment with ADSC is better. The first case of bone tissue de- eration and reduce local tissue inflammation.[30, 31] It has
fect treatment with ADSC was to use SVF combined bone expanded the application of ADSC in the field of clinical
and fibrin glue transplantation to treat cranial fornix defect repair. Comparative study of using ADSC combining with
after craniocerebral injury.[21] There are many basic stud- fibrin glue and fibrin glue alone in the treatment of burn
ies on osteogenic differentiation of ADSC in literatures and wounds in rats, the combination of ADSC was with higher
reports, but the method of applying ADSC in the study is curative ratio, which promoted the wound healing, increased
different from that in clinical application of tissue engineer- the secretion of vascular endothelial growth factor and aling bone. Tissue engineering bone commonly used in clini- leviated the inflammatory reaction.[32, 33] In recent years,
cal practice is a relatively large three-dimensional structure. there were also attempts to use ADSC in the treatment of
However, the bone tissues differentiated from ADSC are advanced cancer radiation injury and to reduce the complismall particles, which are not enough to repair a large area cations after limited operation, which has achieved a certain
of bone defect. Therefore, the clinical application of SVF effect.[34, 35]
and ADSC in differentiation osteogenesis must be combined
with bone guiding substances (such as calcium phosphate
or bone morphogenetic protein). It was also reported that
ADSC combined with ectopic bone to repair maxilla, craniofacial reconstruction of cranium and its combination with
hyaluronic acid stent in the treatment of osteonecrosis of 3.5 Treatment of heart disease
femoral head.[22, 23]
The application of ADSC in the treatment of heart disease
is mainly about the regeneration of myocardial cells after
myocardial infarction and the recovery of cardiac function.
3.3 Application of chondrogenic differentiation
The mechanism is not clear, but it is generally believed to
Osteoarthritis is a degenerative disease of articular cartilage be realized through its paracrine effect.[36, 37] 72 hours afcaused by many causes, which is characterized by joint pain ter intramyocardial injection of BMSC, cardiomyocyte reand often leads to the loss of joint function. Due to the lack generation was observed and ventricular function was imof treatment, joint replacement surgery is needed to solve proved.[38] The time is much shorter than that required for
the joint dysfunction. It is lack of effective clinical treat- ADSC to differentiate into cardiomyocytes, suggesting that
ment. Many studies have confirmed that ADSC can differ- the therapy does not play a therapeutic role through the difentiate into cartilage, and can be proved by oil red O or tolu- ferentiation of ADSC. In an experiment to compare the efidine blue staining. But the vitro observation showed that its fects of human ADSC and BMSC on myocardial infarction
ability to differentiate into cartilage was very weak.[24, 25] In model of rats, the rats were given BMSC, ADSC and physthe experiment of safety and adverse reaction of ADSC dif- iological saline respectively through intramyocardial injecferentiation into cartilage for clinical treatment, it was ob- tion. The results showed that both BMSC and ADSC could
served that both clinical symptoms and limited function of prevent left ventricular dilatation. But only the left ventricpatients were improved, and hyaline cartilage volume was ular function of the rats treated with ADSC improved after
increased under arthroscopy.[24] Other studies have shown 4 weeks of treatment.[39] In the phase III clinical trial of inthat BMSC has a stronger ability of chondrogenic differen- tracoronary infusion of ADSC in the treatment of acute mytiation than ADSC. Filardo et al.[26] reviewed 90 research ocardial infarction, the cardiac function of patients injected
papers on the clinical application of ADSC chondrogenic with ADSC was improved and no serious adverse events ocdifferentiation, including 72 preclinical studies and 18 clini- curred.[40] The application of stem cells in the treatment of
cal experiments. Only 2 clinical experiments recommended heart disease is still in its infancy, and its mechanism, methADSC. It can be seen that ADSC has the ability to regen- ods, safety & efficacy, and transplant rejection need to be
erate articular cartilage, but its clinical application effect is scientifically demonstrated by a large number of in-depth
not satisfactory.
multicenter randomized controlled trials.
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Treatment of nervous system diseases

ADSC plays a therapeutic role in nervous system diseases
through the paracrine effect and multiple differentiations
potential. Endogenous neural stem cells and Schwann cells
play important roles in nerve development and repair after
injury and nerve degeneration, but the acquisition of these
cells is difficult. Studies have shown that ADSC can be used
to improve functional recovery after nerve injury.[41] Mantovani et al.[42] found that ADSC could differentiate into
autologous Schwann lineage cells with functional and secretive growth factors, which has broken limitation of low
growth rate of Schwann cells. In the process of motor nerve
repair, these cells can differentiate into nerve fiber sheath
and promote the recovery of motor function. ADSC can
also be induced to differentiate into exogenous neural stem
cells in vitro and repair nerve injury, and the effect is better.[43] In the study of the effect of immune signal on cellular behavior, some researchers have determined that inflammatory cytokines have an effect on nerve regeneration,
so ADSC, which secretes anti-inflammatory cytokines, has
a neurotrophic effect.[44] An evaluation of ADSC auxiliary
nerve regeneration in mice has shown that intravenous or
marginal cerebral injection of ADSC improves memory impairment in mice. In addition to the migration and differentiation of ADSC into neurons, the mechanisms mainly
include the paracrine effects of cytokines or neurotrophic
factors secreted by ADSC.[45]
In the treatment of spinal cord injury, the effect of hormone
therapy is not ideal. So stem cell therapy has been developed
recently. An intravenous injection of oligodendrocyte precursor cell derived from rat ADSC to spinal cord injury rat
models showed that the motor function of the rats was significantly improved.[45] Another study showed that, regardless of the source of neural stem cells (for example, through
ADSC differentiation, BMSC differentiation, subependymal tissue centrifugation, etc.), less than 1% of neural stem
cells actually survived in focus of infection and differentiated into oligodendrocytes. This suggests that the main
mechanism of ADSC in the treatment of spinal cord injury
is paracrine effect.[46]

3.7

Treatment of tumor

Some cytokines released by tumor cells can raise ADSC into
tumor tissues.[47] Based on this characteristic, ADSC can
be genetically modified to carry specific genes into the target tissue for expression, so as to play a therapeutic role.
This method has become a research hotspot, for example,
combined use of stem cells and precursor drugs for cancer treatment. Gene modification enables ADSC to express an enzyme in tumor tissue. The enzyme can be applied into nontoxic precursor drugs in tumor tissues, convert to a therapeutic cytotoxic drug and kill adjacent tumor
cells.[48] Researchers have also transfected the gene, exPublished by New Century Science Press
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pressed yeast cytosine deaminase-uracil phosphate ribose,
transformed ADSC of the enzyme, and combined tumor
treatment precursor drug 5-flurocytosine. Glioma in rats
was successfully cured.[49] The tumor lysate virus has the
characteristic of tumor phagocytosis. Some researchers injected the gene-modified ADSC expressing oncolytic virus
into the mouse model of malignant glioma. Finally, the survival time of mice was prolonged, and the effect of multiple
injections was better.[50] There is a stem cell mediated suicide gene therapy. Some studies treated retrovirus as a carrier, transfected human ADSC into TNF-related apoptosisinducing ligand and then transplanted it into cervical cancer
mice to reduce tumor. This cell can also kill cells of breast
cancer, cervical cancer, colon cancer, pancreatic cancer and
so on in vitro.[51, 52]

3.8

Other application

In addition to the above mentioned, ADSC is also used in
some other disease treatment and research, which is also
with certain therapeutic effect. For example, injection of
allogeneic rat ADSC into emphysema rat model can effectively inhibit alveolar cell apoptosis, indicating that it
has a potential therapeutic effect on emphysema.[53] Some
researchers have differentiated ADSC into pancreatic islet
cells and injected it into diabetic rat model, which improved
sensitivity of rats to insulin and had a therapeutic effect on
type 1 diabetes.[54]

4
4.1

Strategies for improving the efficacy of
ADSC
Improve homing ability

The process of autologous or allogeneic ADSC migration
to target tissue and colonization under the action of many
factors is called homing of ADSC. The number of therapeutic ADSC homing to the diseased tissue determines its
efficacy. At present, the homing mechanism of ADSC is
not clear, but some methods can improve its homing ability.[55] Fresh isolated MSC has stronger homing ability than
MSC cultured in subsequent culture.[56] This is due to the
aging or oxidative damage on the surface of MSC during
culture, which reduces its cell surface receptors such as the
chemokine receptor 4 necessary for homing. In order to
counteract the effect of culture on cells, cytokines can be
used to induce the cells.[57] It can also induce the high
expression of chemokine receptor and improve the homing
ability of ADSC by virus transfection.[58] In addition, some
culture medium can improve the homing ability of MSC.
The researchers compared the results of MSC amplification in vitro by using different cell mediums and found that
the homing ability of MSC cultured in low glucose DMEM
medium, GlutaMAX medium and low density medium was
39
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stronger.[59]

cell from intracellular interval, in which exocrine is with
the strongest biological effects. These plasma membrane
microbubbles, which have a diameter of 30-100 nm, contain biological information such as protein, mRNA and tiny
4.2 Pretreatment
RNA derived from the original cells,[67] which can be used
Cells can be pretreated or modified by physical, chemical, as a carrier of intercellular substance and information exgenetic or molecular stimulation methods before treatment change.[68] A large number of animal experiments show that
with ADSC to improve cell survival rate, increase paracrine the exocrine secreted by MSC has a therapeutic effect on
function, enhance differentiation potential, thus improving some diseases such as cardiovascular disease, acute renal incurative effects. At the molecular level, ADSC can be jury, liver injury, lung injury, refractory wound and so on.[69]
modified by virus as a vector. ADSC modified by gene Arslan et al.[70] found that intravenous injection of extracelcan overexpress various cytokines and enhance paracrine lular vesicles reduced myocardial infarction size by 45%,
function.[60, 61] Some researchers transfected pancreas- improved cardiac function and alleviated inflammation in
duodenum homologous gene box 1 into ADSC by lentivirus mice. Compared with the whole stem cell therapy, the exvector to promote the expression of insulin. The transfected ocrine has no risk of immune response and tumorigenicity,
ADSC has the ability to treat diabetic mice.[62] However, and its function will not lose in long-term storage, and can
genetic modification using lentivirus or retrovirus as a vec- be prepared for storage as a finished product.[69] MSC has
tor may lead to insertion mutation, and may have the risk to the ability to promote the growth of primary tumor, and its
cause oncogene activation and epigenetic changes.[63] This secreted exocrine may have the same effect. Therefore, the
can be avoided by transfection using adenovirus as a vector safety of cell-free therapy using exocrine secreted by MSC
because the transfected genes cannot be integrated into the also needs to be fully studied.
host genome. Some researchers transfected ADSC and expressed bone morphogenetic protein-2 via adenovirus vector, and implanted the transfected ADSC into the scaffold of
6 Summary and Prospect
posterior limb bone defect of immunodeficient mice, which
[64]
increased the formation rate of bone tissue finally.
In ad- Significant progress has been made in the clinical study
dition, there is preprocessing through gene knockout. For of ADSC. The therapeutic potential of ADSC rapidly exexample, sildenafil or short hairpin RNA was used for pre- panded from the beginning of the study on the mechanism of
processing to inhibit ADSC to express phosphodiesterase differentiation and proliferation to the study of paracrine ef5, which improved the therapeutic effect of intramyocardial fect. However, in previous studies, different methods of cell
injection of ADSC after myocardial infarction in mice.[65]
isolation and preparation, patient and disease heterogeneity
have resulted in significant differences in the clinical trial
results of ADSC. With the development of the research and
the combination of basic research and clinical trials, it is
5 Cell-free therapy
believed that ADSC therapy will play an important role in
The experiment proves that the culture supernatant treat- clinical practice in the near future.
ment with ADSC can obtain the same effect as that with
ASCS.[66] This may also suggest that paracrine action may Conflicts of Interest Disclosure
be the main mechanism for the therapeutic effect of ADSC. The authors have no conflicts of interest related to this artiADSC will release a variety of bubble bag to outside of cle.
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