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Adipose tissue‑derived stem cells modulate immune
function in vivo and promote long‑term hematopoiesis
in vitro using the aGVHD model
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Abstract. The present study was designed to investigate the
effect of adipose‑derived stem cells (ADSCs) on acute graft vs.
host disease (aGVHD) and hematopoietic recovery after
allogeneic hematopoietic stem cell transplantation. ADSCs,
bone marrow‑derived stem cells (BMSCs) and fibroblasts
were cultured. ADSCs were cocultured with hematopoietic
stem/progenitor cells. Then, ADSCs were infused into the
aGVHD rat model. The survival of the rats was recorded.
Livers and small intestines were obtained from sacrificed rats
for pathological examinations. Expression of the Sry gene in
recipient rats that survived longer than 21 days was examined by
real‑time PCR to detect the presence of donor Y chromosome.
Expression of serum interferon (INF)‑γ and interleukin (IL)‑4
was detected by ELISA at 0, 7, 14, 21 and 50 days after transplantation. Transplantation of ADSCs improved the survival of
aGVHD rats. Survived ADSCs participated in hematopoietic

Correspondence

to: Professor Ming Jiang, Hematologic
Disease Center, The First Affiliated Hospital of Xinjiang Medical
University, Xinjiang Uygur Autonomous Region Research Institute
of Hematology, 137 Liyushan Road, Urumqi, Xinjiang Uygur
Autonomous Region 830054, P.R. China
E‑mail: jiangmingyy@126.com
*

Contributed equally

Abbreviations: ADSCs, adipose‑derived stem cells; aGVHD,

acute graft vs. host disease; BMSCs, bone marrow‑derived stem
cells; MSCs, mesenchymal stem cells; SD, Sprague‑Dawley;
BMMNCs, bone marrow mononuclear cells; HSCs, hematopoietic
stem cells; IL‑4, interleukin 4; INF‑γ, interferon‑γ

Key words: adipose‑derived stem cells, hematopoiesis support,

immunomodulation, acute graft vs. host disease, bone marrow stem
cells

reconstitution in aGVHD rats. ADSCs decreased aGVHD
severity by immunomodulation. ADSCs support the proliferation of hematopoietic stem/progenitor cells in vitro. The
present study demonstrated that ADSCs may reduce aGVHD
by influencing the balance of IL‑4 and INF‑γ and can promote
long‑term hematopoiesis.
Introduction
Acute graft vs. host disease (aGVHD) is the most common
complication after allogeneic hematopoietic stem cell transplantation (allo‑HSCT). It is reported that the incidence
of aGVHD has reached 32±3% in several transplantation
centers (1), and severe aGVHD is the most prevalent cause of
death after transplantation. The first choice of treatment for
aGVHD is steroids. When poor clinical outcome is shown,
a combination of steroids with immunosuppressive drugs is
recommended. Given that some aGVHD cases persist even
after treatment with this combination, novel approaches to
overcome aGVHD have been explored in recent years.
Mesenchymal stem cells (MSCs) are multipotent cells that
can self‑renew and differentiate into various somatic lineages.
MSCs have also been reported to regulate immunological reactions by secreting soluble cytokines and/or by direct contact
with lymphocytes. MSCs were first identified and isolated from
bone marrow (2), and were subsequently confirmed to exist in
a variety of tissues such as adipose, muscle, tendon, umbilical
cord blood and amniotic fluid. Le Blanc et al (3) reported that
infusion of bone marrow‑derived MSCs (BMSCs) systemically attenuated aGVHD in a mouse model, indicating the
therapeutic potential of MSCs in amelioration of aGVHD.
Adipose‑derived mesenchymal stem cells (ADSCs), which
were first identified by Zuk et al in 2001 (4), share similar
biological characteristics and immunological phenotype with
BMSCs. It is believed that ADSCs confer more advantages
in terms of proliferation and cause reduced damages than
BMSCs (5). The present study was designed to ascertain
whether ADSCs alleviate the incidence and severity of
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aGVHD in a rat model. Hemopoiesis after treatment with
ADSCs was also observed.
Materials and methods
Animals. Specific‑pathogen‑free Sprague‑Dawley (SD) and
Wistar rats (n=10 for each type of rat) were provided by the
Animal Center, Xinjiang Medical University, China [license
no. SCXK (Xin) 2003‑001]. The study was approved by the
Ethics Committee of The First Affiliated Hospital of Xinjiang
Medical University, China (lot no. 20080701017). The rats
were housed in a specific‑pathogen‑free laboratory as approved
by the US Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC; https://www.aaalac.org).
Donor rats were male SD rats and recipient rats were female
Wistar rats aged 6‑8 weeks and weighing 180‑210 g. Before
sacrifice, all rats were given acidified water containing erythromycin (250 mg/l) and gentamicin (pH 3.0‑3.5) for bowel
cleansing. Animal experiments were conducted in the Animal
Experimental Center of Clinical Research Institute of the First
Affiliated Hospital of Xinjiang Medical University. All animal
experiments were performed following the US Guidelines for
the Use and Management of Laboratory Animals (6). After
intraperitoneal anesthesia with 10% chloral hydrate at a dose
of 300 mg/kg body weight, the animals were sacrificed by
neck dislocation after losing consciousness. No rats developed
peritonitis due to the use of chloral hydrate. Then, tissues and
blood samples were obtained.
Culture and identification of ADSCs, BMSCs and fibroblasts.
After intraperitoneal anesthesia with 10% chloral hydrate at
a dose of 300 mg/kg body weight, the rats were sacrificed by
neck dislocation. Then, the rats were soaked in 75% ethanol for
15 min. Bilateral inguinal skin was cut, bilateral inguinal fat,
femur and tibia were isolated and obtained, and the required
cells were obtained according to the experimental method
described below.
Bilateral inguinal fat was aseptically obtained, washed
with phosphate‑buffered saline (PBS, pH 7.4) and cut into
small pieces. Following digestion with 0.1% type I collagenase
(Worthington Biochemical Corp.) for 30 min, the samples
were centrifuged at 1,200 x g for 10 min and the supernatant was discarded. Cells were resuspended in low‑glucose
Dulbecco's modified Eagle's medium (DMEM) supplemented
with 100 U/ml penicillin, 100 mg/ml streptomycin and 10%
fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific,
Inc.), and plated at a density of 4x104 cells/cm 2 in 100‑mm
culture dishes (Falcon, USA).
BMSCs were harvested from bone marrow in the femur
and tibia by flushing with 5 ml low‑glucose DMEM using a
21G syringe. Cells were incubated at a density of 6‑8x106/ml
for 48 h to allow adhesion. When reaching 70‑80% confluency,
the cells were passaged and BMSCs before the 4th passage
were used in subsequent studies.
ADCSs and BMSCs at passage 3 were prepared into a
single‑cell suspension after trypsinization with 0.25% trypsin.
After centrifugation at 1,000 x g for 10 min, the supernatant
was removed before washing with PBS twice. Cells (1x10 6)
were bound with monoclonal antibodies (100 µl system, the
antibody was 0.25 µg). The antibodies included: CD34‑PE

(cat. #119307; Biolegend), HCAM‑FITC (cat. #203906;
Biolegend), CD106 ‑PE (cat. #20 0403; Biolegend),
CD49‑d‑FITC (cat. #200103; Biolegend), and CD29‑PE
(cat. #102207; Biolegend). At 4˚C, the sample was incubated for
30 min in the dark before flow cytometry using the CytoFLEX
V2‑B4‑R0 Flow Cytometer (C02944; Beckman Coulter).
Then, EXPOTM32 MultiCOMP Software (Beckman Coulter,
Inc.) was used for data analysis. Adipogenic and osteogenic
differentiation of cells was identified by Oil red staining and
Alizarin red staining, respectively. Fibroblasts were obtained
from rat dermis and cultured according to previously described
methods (7).
For Oil red staining, ADSCs and BMSCs in logarithmic
growth were mixed with low‑glucose DMEM containing 10%
FBS, 0.1 µmol/l dexamethasone, 200 µmol/l indometacin,
and 0.5 mmol/l 3‑isobutyl‑1‑methylxanthine. After culture
for 8‑10 days, transparent lipid droplets appeared, and the
cells were fixed with 4% paraformaldehyde before washing
with PBS twice. Then, the cells were stained with Oil red for
10 min before observation.
For Alizarin red staining, ADSCs and BMSCs in
logarithmic growth were mixed with low‑glucose DMEM
osteogenic induction medium containing 10% FBS, 0.1 µmol/l
dexamethasone, 50 µmol/l ascorbic acid, and 10 mmol/l
sodium β‑glycerophosphate. After culture for 15 days, black
sediments appeared, and the cells were fixed with 4% paraformaldehyde before washing with PBS twice. Then, the cells
were stained with 1% Alizarin red (pH 4.2) for 3 min.
Coculture of ADSCs with hematopoietic stem/progenitor cells.
Bone marrow mononuclear cells (BMMNCs) were obtained by
density gradient centrifugation using rat lymphocyte separation medium (1.083 g/cm3). After centrifugation, mononuclear
cells were resuspended and centrifuged at 290 x g for 5 min.
Then, the cells were collected and cocultured with ADSCs,
BMSCs or fibroblasts, respectively, which had been treated
with mitomycin C (0.5 µg/ml) for 24 h. The colony‑forming
ability of non‑adherent mononuclear cells cocultured with
ADSCs, BMSCs or fibroblasts was determined after 14 and
35 days using methylcellulose colony‑forming assay (Stem
Cell Technologies, Canada). The number and morphological
characteristics of hematopoietic colony‑forming units (CFUs)
were observed under an inverted microscope (x100 magnification; DMI4000B; Leica Microsystems). Each test was
performed 3 times.
Giemsa staining. The cells on the slides were fixed with
methanol for 5 min, and Giemsa staining working solution
(Sangon) was added onto the slides before incubation at room
temperature for 8 min. Then, the slides were washed with
distilled water and dried in the air before observation under
a microscope.
Infusion of ADSCs in the aGVHD rat model. After sacrifice of the
rats, splenic lymphocytes were obtained by grinding the spleen
into a single‑cell suspension. Then, inguinal adipose tissue was
obtained for isolation and culture of ADSCs. The femur of male
rats was extracted, the epiphysis was cut off, and the bone marrow
cells of all the donors were washed out with complete culture
medium. Then, the single‑cell suspension of bone marrow cells

EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 1725-1732, 2020

was formed by passing the cells through 200 meshes of metal
mesh. Allogeneic hematopoietic stem cells (HSCs) were obtained.
According to previous reports (8,9), infusion of allogeneic HSCs
alone is not able to induce aGVHD. Therefore, the present study
established the model of aGVHD by infusing a mixture of allogeneic HSCs and spleen lymphocytes. Briefly, after receiving a
total of 6 Gy body irradiation, the rats were transplanted with a
mixture of BMMNCs (2x108 cells/kg) and spleen cells (3x108/kg)
(BM+spleen group) by infusion via caudal vein of the tail.
To observe the suppressive effects of ADSCs on aGVHD,
ADSCs were infused at a dose of 1x107/kg, in combination
with either the mixture of BMMNCs and spleen lymphocytes
(ADSCs+BM+spleen group) or BMMNCs alone (BM group),
through the caudal vein of rats at 4‑6 h after irradiation.
Occurrence of aGVHD was characterized by clinical manifestations such as weight loss, abnormal hunched posture,
decreased motion, hair loss and skin ulcers (10). Livers
and small intestines were obtained from sacrificed rats for
pathological examinations. Life span exceeding 50 days was
considered a long‑period of survival. Expression of the Sry
gene in recipient rats that survived longer than 21 days was
examined by real‑time PCR to detect the presence of donor
Y chromosome. Briefly, the Blood & Cell Culture DNA Midi
Kit (cat. no. 13343; Qiagen) was used to extract DNA. Using
the primers 5'‑GAGGGTTATACTTTGCAGCGTGAA‑3' and
5'‑CTG CTGT TTCTG CTGTAGTGG GT‑3', the Sry gene on
the Y chromosome of the rats was determined. The reaction
system (25 µl) was composed of 12.5 µl PCR mix, 0.5 µl
upstream primer, 0.5 µl downstream primer, 1 µl cDNA and
10.5 µl ddH2O. PCR condition consisted of initial denaturation
at 95˚C for 60 sec; 40 cycles of denaturation at 95˚C for 15 sec,
annealing at 58˚C for 15 sec and elongation at 72˚C for 45 sec.
The reaction product underwent agarose gel electrophoresis.
Simultaneously, expression of serum interferon‑γ (IFN‑γ;
eBioscience; Thermo Fisher Scientific, Inc.) and interleukin‑4
(IL‑4; eBioscience; Thermo Fisher Scientific, Inc.) was
detected by ELISA at 0, 7, 14, 21 and 50 days after transplantation.
Statistical analysis. Data were analyzed using SPSS 13.0
software (IBM, Corp.), and are expressed as means ± standard
deviations. For analysis of the survival rate, Kaplan‑Meier
method and the log‑rank method were used. For analysis of
IL‑4/INF‑γ levels and cell colonies, Student's t‑test was used
for analysis of the data. For analysis of body weight and white
blood cell count, one‑way ANOVA followed by Newman‑Keuls
test was utilized. A value of P<0.05 was considered statistically significant.
Results
Transplantation of ADSCs improves the survival of aGVHD
rats. As shown in Fig. 1A and B, ADSCs at passage 3 exhibited
a typical spindle fibroblast‑like shape. Differentiation potential of ADSCs into adipogenic and osteogenic lineages was
determined by Oil red O and Alizarin red staining, respectively (Fig. 1C and D). Flow cytometry revealed characteristic
expression of CD markers, including CD34, CD49d, CD29,
CD44 (or HCAM) and CD106 (Fig. 2). The median survival
time of rats that received a combined infusion of BMMNCs
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Figure 1. Morphology and the differentiation potential of ADSCs at the third
passage. (A) Morphology of ADSCs at the third passage observed under an
inverted microscope. Scale bar, 200 µm. (B) Giemsa's staining of ADSCs.
Scale bar, 200 µm. (C) Oil red O staining of ADSCs on days 5‑8 after
adipogenic induction. Scale bar, 100 µm. (D) Alizarin red staining of ADSCs
on day 14 after osteogenic induction. Scale bar, 200 µm. ADSCs, adipose
tissue‑derived stem cells.

and spleen lymphocytes (BM+spleen group) (14 days) was
the same with that of rats that received BMMNCs alone (BM
group) (14 days). After transplanting ADSCs into the aGVHD
model, the median survival time of rats (ADSCs+BM+spleen
group) was significantly extended to 33.5 days, indicating that
ADSCs improved survival of the aGVHD rats (Fig. 3A). After
transplanting BMMNCs and spleen lymphocytes, the rats
showed typical aGVHD manifestations, including hunched
arched posture, hair loss and decreased movement range of
motion after 14 days. Body weight changes of rats from each
group at different time points after transplantation showed that
ADSCs significantly reduced the weight loss of the recipient
rats on day 14 after transplantation, and no difference between
the BM+spleen group and BM group was observed (Fig. 3B).
Moreover, pathological changes in liver and intestinal
track such as sinusoidal dilation and congestion, periportal
inflammation, intestinal epithelial necrosis and submucosal
congestion and edema in the aGVHD rats were markedly
ameliorated after receiving ADSC transplantation (Fig. 3C).
The results suggest that transplantation of ADSCs improves
the survival of aGVHD rats.
Infusion of ADSCs promotes hematopoietic reconstitution in
the aGVHD rats. The number of leukocytes in the aGVHD
models was observed to decrease from 9x109 to 1x109 g/l
on day 3 after irradiation. On day 10 after transplantation,
the number of leukocytes in rats that received BMMNCs
and a mixture of BMMNCs and lymphocytes decreased
to 2.7±0.65 and 1.03±0.51, respectively, being significantly
lower than that in the ADSCs+BM+spleen group (7.36±3.47)
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Figure 2. Immunophenotype of ADSCs and BMSCs. The third passage cells were treated with FITC‑ or PE‑labeled antibodies, followed by flow cytometry.
Mesenchymal cell markers included CD49d, CD106, CD29 and HCAM. ADSCs, adipose tissue‑derived stem cells; BMSCs, bone marrow‑derived stem cells.

Figure 4. ADSCs promotes hematopoietic reconstitution. (A) Leukocyte
count of aGVHD model rats in the BM group, BM+spleen group and
ADSCs+BM+spleen group. n=10. *P<0.05. (B) Images of agarose gel electrophoresis of the Sry gene of male Wistar rat as detected by PCR. The numbers
1, 2, 3, 4, and 5 represent the five rats. The expression of the Sry gene was
detected in the ADSC group, suggesting that rats in the ADSCs+BM+spleen
group reached complete donor engraftment. ADSCs, adipose‑derived stem
cells; aGVHD, acute graft vs. host disease. Groups: BM, 2x108/kg bone
marrow cells were infused; BM+spleen, 2x10 8/kg bone marrow cells +
3x10 8/kg spleen cells were infused; ADSCs+BM+spleen, 2x108/kg bone
marrow cells + 3x108/kg spleen cells + 1x107/kg ADSCs were infused.

Figure 3. ADSCs improve the survival of aGVHD rats. (A) Overall survival rates
of aGVHD rats in the BM group, BM+spleen group and ADSCs+BM+spleen
group. n=10. (B) Weight of the aGVHD model rats in the BM group, BM+spleen
group and ADSCs+BM+spleen group. n=10. (C) Morphology of liver and
small intestinal tissues of the aGVHD model rats in the BM group, BM+spleen
group and ADSCs+BM+spleen group. Magnification, x100. Arrows indicate
portal vein of the liver, and triangles indicate small intestinal villi. ADSCs,
adipose‑derived stem cells; aGVHD, acute graft vs. host disease; BMMNCs,
bone marrow mononuclear cells. Groups: BM, 2x108/kg bone marrow cells
were infused; BM+spleen, 2x108/kg bone marrow cells + 3x108/kg spleen cells
were infused; ADSCs+BM+spleen, 2x108/kg bone marrow cells + 3x108/kg
spleen cells + 1x107/kg ADSCs were infused.

(P<0.05) (Fig. 4A). To further trace the surviving ADSCs in
the recipient rats, the expression of the Sry gene in the bone
marrow was determined using RT‑PCR. Expression of Sry
was detected even on day 14 after transplantation (Fig. 4B).
The results indicate that the surviving ADSCs participated in
the hematopoietic reconstitution in the aGVHD rats.
ADSCs decrease aGVHD severity by immunomodulation. An
imbalance in Th1 and Th2 cytokines is suggested to play an
important role in the pathogenesis of aGVHD (11). IL‑4 and
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Figure 5. Immune‑related factor expression during the restoration of aGVHD in rats. (A) IL‑4 levels on day 7 (n=4, *P<0.05); (B) IFN‑γ levels on day 7 (n=4,
*P>0.05); (C) IL‑4 levels on day 14 (n=3, *P<0.05) and (D) IFN‑γ levels on day 14 (n=3, *P<0.05). ADSCs, adipose‑derived stem cells; aGVHD, acute graft vs.
host disease; IL‑4, interleukin 4; INF‑γ, interferon‑γ. Groups: BM, 2x108/kg bone marrow cells were infused; BM+spleen, 2x108/kg bone marrow cells +
3x108/kg spleen cells were infused; ADSCs+BM+spleen, 2x108/kg bone marrow cells + 3x108/kg spleen cells + 1x107/kg ADSCs were infused.

INF‑γ can influence the balance of Th1 and Th2. As determined by ELISA analysis, serum concentration of IL‑4 in rats
that received BMMNCs and spleen lymphocytes (BM+spleen)
was 1.19±0.06 µg/ml on day 7. Administration of ADSCs
significantly reduced IL‑4 concentration to 0.75±0.3 µg/ml
(P<0.05) (Fig. 5A), while the concentration of IFN‑γ showed
no significant change when ADSCs were transplanted on
day 7 (Fig. 5B). However, on day 14 after infusion, transplantation of ADSCs resulted in significant increase in IL‑4
concentration and a decrease in IFN‑γ concentration (P<0.05)
(Fig. 5C and D). The results suggest that ADSCs decrease
aGVHD severity by immunomodulation.
A DSCs support the proliferation of hematopoietic
stem/progenitor cells in vitro. Within the duration of coculture, CFUs of hematopoietic stem/progenitor cells cultured
with ADSCs were readily identified, with their sizes gradually growing larger. By contrast, few CFUs were observed
when BMMNCs were cultured alone. On day 14 and 35, the
number of CFUs of cells supported by ADSCs were significantly higher than that of cells cultured alone, respectively
(P<0.05) (Fig. 6A and B). ADSCs were still able to promote
the proliferation of BMMNCs on day 35 (Fig. 6C). The results
indicate that ADSCs support the proliferation of hematopoietic stem/progenitor cells in vitro.
Discussion
Research concerning the mechanism of mesenchymal stem
cells (MSCs) on hematopoietic support and immune regulation
has mainly focused on bone marrow‑derived mesenchymal
stem cells (BMSCs) and umbilical cord‑derived mesenchymal
stem cells (UMSCs). Few studies have been conducted on the
mechanism of adipose‑derived stem cell (ADSC) immune
regulation. Moreover, some studies have reported that
BMSCs, ADSCs and UMSCs may have various differences in

regards to the mechanisms involved in tissue repair, immune
regulation and support of hematopoiesis (12‑14). It has been
documented that acute graft vs. host disease (aGVHD), the
main cause of death after transplantation, can be relieved by
infusing BMSCs (15). Te Boome et al (16) reported that an
increase in circulating immature myeloid dendritic cells is
associated with decreased mortality in patients with aGVHD
treated with BMSCs in vivo. An increase in serum level of IL‑2
and a lower IFN‑γ to IL‑4 ratio in BMSC‑treated patients were
observed by Jitschin et al (17). However, BMSCs have failed
to significantly increase durable complete remission rates in
steroid‑refractory aGVHD patients in a phase III, multicenter,
randomized controlled trial. Several factors, including MSC
sources and manufacturing process, may account for the
conflicting results (18). Compared to MSCs from bone marrow,
ADSCs are more accessible, with a higher yield at harvest and
rapid expansion in long‑term expansion, being attractive in
regenerative medicine (19‑21). The immunological regulatory
properties of ADSCs have been well documented. Previous
studies (22,23) demonstrated that ADSCs inhibited the proliferation of T lymphocytes in a mixed lymphocyte reaction
via the production of PGE2. Yañez et al (24) demonstrated
the potential effect of ADSCs in alleviating aGVHD by the
regulation of the levels of IFN‑γ, IL‑12 and TNF‑α in vitro.
However, whether transplantation of ADSCs reduces aGVHD
in vivo remains unclear. In the present study, it was demonstrated the prophylactic effect of ADSCs on aGVHD with
improved long‑term hematopoiesis by modulating the balance
of IL‑4 and INF‑γ in a rat model.
The experiments in the present study revealed that severe
clinical manifestations of aGVHD are observed on day 14 after
infusion of BM+spleen cells from male SD rats into lethally
irradiated female Wistar rats. With the mixture of ADSCs to
BM+spleen cells, it was discovered that aGVHD was significantly alleviated, and the long‑term survival rate on day 35
was apparently improved after allogeneic hematopoietic stem
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Figure 6. Methylcellulose analysis exhibited colony‑forming units after coculture of BMMNCs with ADSCs. (A) Changes in cell morphology at 2, 14 and
35 days. Magnification, x100. (B) With prolonged time, methylcellulose analysis exhibited colony‑forming units in the BMMNCs + ADSCs group on days 14
and 35. No colonies were visible in the BMMNCs group (*P<0.05, n=6). (C) Representative CFU‑GM colonies from BMMNCs + ADSCs group after 14 and
35 days of coculture. Magnification, x50. ADSCs, adipose‑derived stem cells; BMMNCs, bone marrow mononuclear cells.

cell transplantation. It has been well documented that disturbance in the imbalance between Th1 and Th2 cytokines plays
an important role in the pathogenesis of aGVHD (25‑27).
Furthermore, the present study showed that the serum level
of Th1 cytokine IFN‑γ was not significantly different, while
the serum level of Th2 cytokine IL‑4 was lower at the early
stage (day 7). However, IFN‑γ was decreased and IL‑4 was
increased significantly at the late stage (day 14) after transplantation in the ADSC group compared with the control group.
As the current rat model exhibited aGVHD on day 14, it was
speculated that ADSCs participate in the immune regulation
and alleviate aGVHD symptoms after transplantation.
The most innovative finding of the present study was
the long‑term support of ADSCs on hematopoiesis in vivo
and in vitro. In particular, in vitro hematopoietic support for
7 weeks was significantly better than that of BMSCs, which
has not been previously reported. In the present study, it was
demonstrated that the leukocyte number was reconstituted
faster, and Sry gene expression was only detected in the ADSC
group on day 21, suggesting that ADSCs strongly promote
the implantation of the donor hematopoietic stem cells in
recipients in vivo. de Barros et al (28) plated CD34+ cells onto
spheroid BMSCs and co‑cultured them for up to 7 days, and
found that BMSCs self‑assembled in a 3‑dimensional spheroid
and formed a microenvironment that was informative for
hematopoietic progenitor cells. Arthur et al (29) reported that
Twist‑1‑overexpressing BMSCs exhibited an enhanced capacity

in maintaining human CD34+ hematopoietic stem cells (HSCs)
in long‑term culture‑initiating cell (LTC‑IC) assays. It was
also confirmed that MSCs support the proliferation of hematopoietic stem/progenitor cells in vitro by coculture of human
umbilical cord blood mononuclear cells and umbilical cord
mesenchymal stem cells for 14 days (30). Few studies have
demonstrated that ADSCs support the long‑term proliferation
of hematopoietic stem/progenitor cells. A previous study (31)
confirmed that ADSCs isolated from inguen differentiate into
osteoblast cells and adipose cells in vitro. The present study
found that ADSCs had similar effects to BMSCs in the support
of survival and proliferation of hematopoietic stem/progenitor
cells in short‑term coculture (<14 days) in vitro. Moreover, the
present study also showed that ADSCs support the survival
and proliferation of hematopoietic stem/progenitor cells in
long‑term coculture (35 days), and the partial hematopoietic
CFU diameter in the ADSC group was greater than that in the
BMSC group, although the CFU counts were similar in both
groups. Therefore, the present study demonstrated that ADSCs
may also have long‑term supportive function on hematopoiesis in vitro. In conclusion, the present study demonstrated
preliminarily that rat ADSCs regulated immune responses
and reduced the occurrence of aGVHD in a rat allo‑HSCT
model, mainly through Th1/Th2 cytokine immune adjustment
mode. The present study verifies that rat ADSCs can promote
the long‑term proliferation of hematopoietic stem cells in vitro
and prolong survival after bone marrow transplantation
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in vivo. Further in‑depth research concerning these features of
ADSCs will be carried out in the future.
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