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Adipose-Derived Mesenchymal Stem Cells
Ameliorate Lipid Metabolic Disturbance in Mice
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ABSTRACT

Adipose-derived mesenchymal stem cells (AD-MSCs) have been shown to ameliorate hyperglycemia in
diabetic animals and individuals. However, little is known about whether AD-MSCs affect lipid metabo-
lism. Here we have demonstrated for the first time that AD-MSC infusion can significantly suppress the
increase in body weight and remarkably improve dyslipidemia in db/db obese mice and diet-induced obe-
sity mice. Induction of white fat tissue “browning” and activation of adenosine monophosphate-activated
protein kinase and its downstream hormone-sensitive lipase in adipose tissue contribute to the antiobe-
sity and lipid-lowering effects. Thus, AD-MSC infusion holds great therapeutic potential for dyslipidemia
and associated cardiovascular diseases. STEM CELLS TRANSLATIONAL MEDICINE 2016;5:1162-1170

SIGNIFICANCE

Mesenchymal stem cells (MSCs) are considered one of the most promising types of stem cells for
translational application because of their rich tissue sources, multilineage differentiation capacity,
and easy amplification in vitro and unique immunobiological properties. This study demonstrated
that adipose-derived MSCs (AD-MSCs) infusion can significantly suppress the increase in body weight
and remarkably improve dyslipidemia in obese mice. Induction of white fat tissue “browning” and
activation of adenosine monophosphate-activated protein kinase and its downstream hormone-
sensitive lipase in adipose tissue were demonstrated to contribute to the antiobesity and lipid-
lowering effects. Thus, AD-MSC infusion holds great therapeutic potential for dyslipidemia.

INTRODUCTION

Overweight or obesity, defined as excessive accu-
mulation or abnormal distribution of fat tissues, is
strongly associated with chronic inflammation, in-
sulin resistance, and dyslipidemia, which contrib-
ute to the high mortality and morbidity of type 2
diabetes mellitus and cardiovascular disease [1,
2]. The incidence of obesity has seen a dramaticin-
crease worldwide in the last three decades, and
currently, the prevalence of obesity has reached
epidemic proportions. It is estimated that over-
weight and obesity affect approximately 2.1 billon
people worldwide [3]. Clearly, research on the ef-
fective prevention and treatment of obesity and
associated diseases would have great benefits.
There are two major types of adipose tissues or
adipocytes, namely, white and brown adipose tis-
sues. Brown adipose tissue (BAT) has long been
viewed as a tissue that plays a key role in maintain-
ing body temperature in response to cold, whereas
white adipose tissue (WAT) is known for its role in

energy storage. However, recent research into adi-
pocytes, especially into WAT, has altered our under-
standing of adipose tissue. In contrast to the
traditional view of WAT as a quiescent fat-storage
tissue, it is now thought to be highly dynamic and
to actively control metabolism by “browning” and
secreting lipids, hormones, and other factors
[4-7]. Recently, a distinct type of adipocyte, beige
adipocyte, has been identified. This type of adipo-
cyte is different from brown adipocyte in several as-
pects and accounts for the browning of WAT [8, 9].

One of the most important findings in WAT re-
search is the isolation of white adipose stem cells
(ASCs) and the identification of its niche [10-12].
These stem/progenitor cells reside perivascularly
within WAT and undergo adipogenesis to support
WAT expansion in response to increased energy in-
take. The perivascular localization of ASCs also in-
dicates that these cells could be mobilized in the
blood stream or regulated by various endocrine
factors and could therefore play a pivotal role in
metabolic balance or disturbance. However, the
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physiological functions of ASCs in energy homeostasis and systemic
metabolism are poorly understood.

ASCs can be easily isolated from the stromal-vascular fraction
of fat tissue and are also termed adipose-derived mesenchymal
stem cells (AD-MSCs) or lipoblasts. Apart from adipogenesis,
AD-MSCs could be induced to undergo abundant expansion in
vitro and to differentiate into osteocytes, chondrocytes, myo-
cytes, neurons, and other cell types [13]. From the point of view
of clinical translation, both AD-MSCs and bone marrow-derived
mesenchymal stem cells (BM-MSCs) are ethically acceptable.
However, AD-MSCs are particularly abundant and easy to obtain
without invasive surgery, which makes it is the most attractive
candidate for clinical application. Many preclinical and clinical
studies have been performed to test the safety and efficacy of
AD-MSCs in tissue regeneration, primary wound repair, and im-
mune regulation [14-16]. In addition, AD-MSCs have also been
used to treat type 2 diabetes because of their potential to differ-
entiate into B-like insulin-producing cells [17]. Recently, Si et al.
demonstrated that systemically infused umbilical cord-derived
MSCs (UC-MSCs) could significantly improve insulin resistance
in adipose and muscle tissues in a streptozotocin-induced type
2 diabetic rat model [18]. These results suggest that apart from
their functions in tissue repair/regeneration and immune regula-
tion, MSCs may play animportant role in the regulation of glucose
metabolism and homeostasis. Although type 2 diabetes is closely
associated with obesity, obesity and dyslipidemia are a direct re-
sult of lipid or fat metabolic disorder. It would be interesting to
explore whether culture-expanded AD-MSCs can modulate lipid
metabolism. This investigation was conducted to test our hypoth-
esis that AD-MSCs might play a role in ameliorating disturbances
in lipid metabolism, such as hyperlipidemia and obesity.

Here, using db/db mice and diet-induced obesity (DIO) mice
as hyperlipidemia and obesity models, respectively, we show that
AD-MSCs, but not UC-MSCs, have antiobesity properties and sig-
nificantly improve serum lipid profiles. We also found that the ex-
pression and activity of hormone-sensitive lipase (HSL) and its
upstream kinase adenosine monophosphate-activated protein ki-
nase (AMPK) were markedly increased in the adipose tissues of
AD-MSC-treated mice. These observations indicate that AD-
MSCs play a crucial role in lipid metabolism and hold great prom-
ise in treating dyslipidemia and associated diseases.

MATERIALS AND METHODS

Isolation of Human AD-MSCs and UC-MSCs

Liposuction aspirates (approximately 50 ml) from abdominal subcuta-
neous adipose tissue sites were obtained from three volunteers (the
anthropometric and clinical characteristics of donors are supplied in
supplemental online Table 1) using a simple negative pressure plunger
technique, as has been described recently [19]. AD-MSCs were iso-
lated and cultured according to a collagenase digestion protocol
[20]. UC-MSCs were isolated as described before with mild modifica-
tions [21]. The brief protocols of isolation and phenotype identification
are supplied in the supplemental online data. MSCs were isolated, cul-
tured, and characterized as described above in accordance with the
ethics committee of the Beijing Institute of Radiation Medicine.

Animals

All animals used in this study were purchased from the Laboratory
Animal Center of the Academy of Military Medical Sciences
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(Beijing, China). The animals received humane care, and all the
animal experimental procedures were carried out with the
approval of the Animal Use and Care Committee of the Beijing
Institute of Radiation Medicine. The ethics decision number is
2013-018.

Establishment of DIO Model

Male C57BL/6J mice at the age of 6 weeks were fed a high-fat diet
(HFD; 60 kcal%; Biotech Co. Ltd., Beijing, China, http://biotech-hd.
cn.gongchang.com) to establish the diet-induced obesity (DIO)
mouse model. Normal male C57BL/6J mice at the age of 6 weeks
were fed a standard diet (10 kcal%) and served as normal controls.
After 6 weeks of feeding, the average weight of the obese mice
was 32 g.

In Vivo Studies

Male db/db mice at the age of 6 weeks or DIO mice with an aver-
age weight of 32 g were divided randomly into three groups. Each
group contained six to eight mice that were kept in two cages.
Mice in the three groups were administered physiologic saline
(vehicle, 0.2 ml), AD-MSCs (2 X 10° cells suspended in 0.2 ml
of physiological saline), and UC-MSCs (2 X 10° cells suspended
in 0.2 ml of physiological saline) once a week for 3 weeks. Mean-
while, male C57BL/6J mice age 6 weeks were used as the normal
control. The four groups of mice were weighed, and fasting glu-
cose was measured every week. Six weeks later, the mice were
sacrificed, and the adipose, liver, and pancreatic tissues were iso-
lated for further examination.

Fasting Glucose and Glucose Tolerance Tests

For the weekly fasting glucose test, the mice were starved over-
night to assess glycemia. At the end of the experiment, after over-
night fasting, the mice were administered glucose (1 g/kg) by oral
gavage, and blood samples were collected from the tail vein for glu-
cose determination. Glycemia was assessed using an Accu-Chek
glucometer (Roche, Basel, Switzerland, http://www.roche.com),
and the area under the curve was calculated.

Metabolic Measurements

After 6-8 weeks of treatment, blood was collected from the retro-
orbital sinus of each nonanesthetized mouse to measure the
C-peptide, glucagon, cholesterol, triglyceride, high- and low-destiny
lipoprotein, free fatty acid, aspartate amino-transaminase (AST),
alanine amino-transaminase (ALT), and alkaline phosphatase (ALP)
levels. The measurements were carried out by the Beijing North In-
stitute of Biological Technology.

Tissue Preparation, Histological Analysis, and
Immunostaining Assays

Protocols are supplied in the supplemental online data.

Real-Time Polymerase Chain Reaction

Protocols are supplied in the supplemental online data.

Western Blot Analysis

Protocols are supplied in the supplemental online data.
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Figure 1. Resistance against obesity in AD-MSC treated mice. (A): The time course of body weight during 6 weeks in normal mice and db/db
obese mice injected i.p. with saline (vehicle), AD-MSCs, and UC-MSCs. The cells were injected three times, as indicated. (B): Gross appearance of
normal mice and db/db mice injected i.p. with saline, AD-MSCs, and UC-MSCs. (C): The abdominal adipose weights in mice of the indicated
groups. Results are expressed as the mean = SEM (n=6). *, p < .05 vs. the vehicle group. Abbreviations: AD-MSC, adipose-derived mesenchymal
stem cell; d, days; MSC, mesenchymal stem cell; UC-MSC, umbilical cord-derived mesenchymal stem cell.

RESULTS

AD-MSCs Decreased Body Weight of Obese Mice

To test our hypothesis, we investigated the effect of AD-MSCs in
system metabolic disturbance. We used db/db mice in which the
leptin receptor was genetically deleted; this model is character-
ized by obesity, insulin resistance, hyperglycemia, and dyslipide-
mia. UC-MSCs were used as the control. AD-MSCs and UC-MSCs
are identical with regard to their cell surface immunophenotype,
and both types of cells are capable of differentiating into osteo-
blasts, adipocytes, and chondrocytes under the appropriate in
vitro conditions (supplemental online Fig. 1). As was expected,
3 weeks after AD-MSC administration, the increase in body
weight (BW) was suppressed, and adipose tissue weight (ATW)
was decreased in the db/db mice in comparison with the no-
treatment group. Intriguingly, UC-MSCs had little or no effect
on the BW and ATW of the animals (Fig. 1A—1C). Our data suggest
that MSCs isolated from different sources may differ in their phys-
iological functions.

To confirm the antiobesity and lipid-lowering effects of AD-
MSCs, we also established a diet-induced obesity (DIO) mice
model. Male C57B/6J mice were fed a standard diet or an HFD
for 6 weeks. Similar to the db/db mouse model, only AD-MSC
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administration significantly reduced the BW of the DIO mice
(supplemental online Fig. 2A).

AD-MSC Transplantation Ameliorated Blood Glucose
and Lipid Disorders in Mice

Both AD-MSCs and UC-MSCs have an antidiabetic effect. Here,
the fasting serum glucose level of db/db mice was determined
once a week for 6 weeks. As is shown in Figure 2A, both AD-
MSC and UC-MSC administration remarkably decreased the fast-
ing blood glucose levels of db/db mice. It was noted that the
glucose-lowering effect of AD-MSCs was slightly greater than that
of UC-MSCs, but the difference was not significant. The same phe-
nomenon was observed from the results of the oral glucose tol-
erance test (Fig. 2C). Interestingly, and in accordance with our
initial expectations, the plasma lipid profiles of AD-MSC-treated
mice were significantly improved, as manifested by the markedly
reduced triglyceride (TG), cholesterol (CHOL), and low-density li-
poprotein cholesterol (LDL-C) levels. In contrast, UC-MSCs had lit-
tle or no effect on dyslipidemia in the animals (Fig. 2B). Similar
results were also observed in the DIO mice (supplemental
online Fig. 2B). In addition, the plasma C-peptide and glucagon
levels of the db/db mice were decreased after AD-MSC and
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Figure 2. AD-MSCinduced reduction in blood glucose and improvement of the plasma lipid profiles of db/db mice. (A): Time course of the fasting
blood glucose concentrations of normal mice and db/db mice injected i.p. with saline, AD-MSCs, and UC-MSCs. (B): The serum TG, CHOL, HDL-C, and
LDL-C levels in the indicated groups. (C): Blood glucose concentration from oral glucose tolerance tests in normal mice and db/db mice injected i.p.
with AD-MSCs and UC-MSCs. Curve of GTT (left) and AUC of GTT (right) are illustrated. Serum C-peptide (D) and glucagon levels (E) in each group. The
results are expressed as the mean = SEM (n=6). *, p <<.05; **, p << .01vs. the vehicle group; ##, p < .01vs. the normal group. Abbreviations: AD-MSC,
adipose-derived mesenchymal stem cell; AUC, area under the curve; CHOL, cholesterol; d, days; GTT, glucose tolerance test; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; UC-MSC, umbilical cord-derived mesenchymal stem cell.

UC-MSC treatment, but only the C-peptide level was significantly
decreased after AD-MSC treatment (Fig. 2D, 2E). These observa-
tions suggest that AD-MSCs could enhance insulin sensitivity.

AD-MSCs Promoted Recovery of Adipose Tissues

Next, we performed histopathological analysis to determine the
potential target tissues or organs of AD-MSCs. Microscopic obser-
vation showed that administration of both AD-MSCs and

www.StemCellsTM.com

UC-MSCs resulted in the recovery of pancreatic islets and liver
structures of the db/db mice (Fig. 3A). Enzyme measurements
showed that AST, ALT, and ALP levels in the AD-MSC- and UC-
MSC-treated db/db mice were dramatically reduced; thus, the
histopathological findings were confirmed (supplemental
online Fig. 3). Likewise, the B cell percentage was noticeably in-
creased in the pancreatic islets of both AD-MSC- and UC-MSC-
treated db/db mice (Fig. 3A, 3B), as evidenced by the results of
immunofluorescence staining. However, histological observation

©AlphaMed Press 2016
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Figure 3. Improvement in the tissue structures of the liver, adipose, and pancreas in db/db mice (scale bars = 100 um). (A): Hematoxylin and
eosin staining of representative liver, adipose, and pancreas sections obtained from mice of the indicated groups. (B): Immunofluorescence
staining for insulin-positive cells (green) and glucagon-positive cells (red) in representative pancreas sections obtained from mice of the indi-
cated groups. The results are expressed as the mean = SEM (n =5 sections per group). *, p < .05 vs. the vehicle group. Abbreviations: AD-MSC,
adipose-derived mesenchymal stem cell; UC-MSCs, umbilical cord-derived mesenchymal stem cells.

of adipose tissues showed that the size of abdominal adipocytes in
the AD-MSC-treated mice had decreased substantially, but this was
not observed in the UC-MSC-treated mice (Fig. 3A). This is interest-
ing, because this response of adipose tissues to AD-MSC treatment
may partially explain the antiobesity and lipid-lowering effects.

AD-MSCs Influenced Expression of BAT-Specific Genes
in Adipose Tissues

Using the DIO mouse model, we further confirmed the adipose
tissue-targeted effect of AD-MSCs (Fig. 4A). WAT browning refers
to the development of brown or beige adipocytes in WAT and
holds great promise in counteracting metabolic disease, including
obesity and type 2 diabetes. In fact, increased activity of brown
and beige adipocytes has been demonstrated to have antiobesity
effects in several mouse models [22-24]. As was expected, the
mRNA expression of brown adipose-specific genes, uncoupling
protein 1, PRD1-BF1-RIZ1 homologous domain-containing 16,
and peroxisome proliferator-activated receptor +y coactivator
1-a were markedly increased in the visceral adipose tissues of
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AD-MSC-treated mice. This increase was not observed in the mice
treated with UC-MSCs (Fig. 4B).

AD-MSCs Regulated Activity of Lipid Metabolism
Enzymes in Adipose Tissues by Activating AMPK
Signaling Pathway

AMPK is a central regulator of cellular metabolism, and an increase
in AMPK activity accelerates lipolysis [25, 26]. AMPK plays a role in
the maintenance of cellular as well as whole-body energy homeo-
stasis in adipose and liver tissues [27]. Using immunoblot analysis,
we found that the expression of and phosphorylation of the AMPK-
« subunit were enhanced in the adipose tissues of AD-MSC-treated
DIO mice, but not in the UC-MSC-treated or nontreated mice. In-
terestingly, the expression of and phosphorylation of AMPK were
not significantly different in the liver tissues between the groups.
Ribosome protein subunit 6 kinase 1 (S6K1) and sphingosine kinase
1 (SPK1), two other crucial kinases involved in energy metabolism,
have also been analyzed in adipose and liver tissues. Similar to
the findings for sphingosine-1-phosphate receptor 1 (S1P1-4),
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enhanced SPK1 expression was observed in the adipose tissues of
AD-MSC-treated mice, but not in the UC-MSC-treated mice. S6K1
activity showed no obvious change in the liver and adipose tissues
of both groups (Fig. 5A).

Acetyl-CoA carboxylasel (ACC1), a key enzyme in the lipogenic
pathway, synthesizes malonyl-CoA from acetyl-CoA and is one of
the most important substrates of AMPK [28]. HSL, which is a key tri-
glyceride lipase in adipose tissue, is also a substrate of AMPK. Lipol-
ysisinthe WAT of rodents and humans is regulated by HSL[29]. In the
liver and visceral adipose tissues of mice, we found that ACC1 phos-
phorylation increased after AD-MSC treatment in comparison with
UC-MSC treatment or no treatment, which means that the ACC1 ac-
tivity was inhibited after AD-MSC treatment. However, ACC1 expres-
sion and phosphorylation showed no significant difference in the
liver tissues between the groups (Fig. 5B). We also found that the ex-
pression and phosphorylation levels of HSL were considerably in-
creased in the adipose tissues of AD-MSC-treated mice (Fig. 5B).
These results indicate that the decreased adiposity in AD-MSC-
treated mice is a result of enhanced lipolysis and decreased lipogen-
esis via activation of HSL and inhibition of ACC1 activity.

DIscusSION

Twenty years have elapsed since the results of the Scandinavian
Simvastatin Survival Study (4S) were published in The Lancet in
1994 [30]. Currently, dyslipidemia is well established as the cause
of atherosclerotic vascular disease. In arecent issue of The Lancet,
a series of three articles about lipids (high-density lipoprotein
cholesterol [HDL-C], LDL-C, and TG) and cardiovascular disease
were published [31-33], which further underlined the signifi-
cance of dyslipidemia in cardiovascular disease. Here we demon-
strate for the first time that AD-MSC infusion corrected
dyslipidemia in mouse models. The therapeutic effects look

www.StemCellsTM.com

promising, as is evidenced by the reduced CHOL, TG, and LDL-C
levels and the increased HDL-C level. In both the db/db and
DIO mouse models, AD-MSC treatment also significantly sup-
pressed BW increase in the mice. Thus, AD-MSC transplantation
may be of much benefit and hold great promise for counteracting
dyslipidemia and its associated diseases.

The 4S study was the first to provide evidence of the functions of
statins, and statins are now the most widely prescribed class of drugs
in the history of medicine. However, although this class of drug could
lower LDL-C in the most effective way and prevent atherosclerosis, it
has several side effects, such as liver damage, muscle ache, and di-
abetes. Currently, several novel drugs targeting different key mole-
cules in lipid metabolism are under intense investigation, from the
viewpoint of improving dyslipidemia and reducing cardiovascular
events. These drugs include the monoclonal antibodies targeting
proprotein convertase subtilisin/kexin type 9 (PCSK9) [34], the cho-
lesteryl ester transfer protein inhibitors [35], and the antisense apo-
lipoprotein inhibitor [36], among others. The primary results from
clinical trials have demonstrated their safety and efficacy. Here we
found that AD-MSC infusion dramatically improved the serum lipid
profiles in mice. We believe that this is an important contribution to
research on metabolic disorders and cardiovascular disease.

Inthe last few years, stem cell therapy has received great inter-
est as a treatment for miscellaneous difficult-to-treat diseases,
such as nervous system diseases, ischemic heart diseases, and au-
toimmune diseases [37-39]. Moreover, several stem cell drugs
have been approved for clinical application. For example, Cartistem
(umbilical cord blood-derived MSCs) was approved for cartilage re-
generation, and Prochymal (BM-MSCs) was approved for treating
acute graft versus host disease. Cell-based therapeutics is regarded
as the third pillar of medicine, along with small-molecule drugs and
engineered antibodies or proteins [40]. Among the different cell
types that have been used, MSCs are considered to be one of

©AlphaMed Press 2016



1168 AD-MSCs Ameliorate Lipid Metabolic Disturbance

=&

* *
15 3
T
A . X =] \
Normal Vehicle AD-MSC UC-mscC % 10 " % 2
< ' \ o
X
o @ fHE s GSBes . (. 2
s
< <
— — —
AMPK — - - o 0

Normal Vehicle AD-MSCUC-MSC

Normal Vehicle AD-MSC UC-MSC
pS6K '-c-‘-———--?—-—-—- -

. *
1.5 T
- @IS SEESe - = 5
%1.0 g
GAPDH s s . e DG . s < . Wi . O =
go.s X o5
i b o
Adipose a
0.0 0.0
Nermal Vehicle AD-MSC UC-MSC Normal Vehicle AD-MSC UC-MSC
15 .
: ¥ I
Normal Vehicle AD-MSC UC-msC o E 15
= 1.0 <
B = O 10
PAMPK - 2 ¥
o 05 o
= S 05
<
AMPK = o — — o — — -— Q'o_o L4 3
Norail” Vehiie ADASC UCMSE Normal Vehicle AD-MSC UC-MSC
P e - - — o o S . -
20
15
X
SPK1 e - o — R —— -~ E s
& 1.0 &
GAPDH S s s s S G e P > e - D 2 0a
¥ 05 <
© T 05
172}
o w

Liver

o
°
o
=]

Normal Vehicle AD-MSC UC-MSC

Normal Vehicle AD-MSC UC-MSC

Figure 5. Activation of AMPK HSL/ACCL1 signaling cascades in the adipose tissues of diet-induced obesity mice after AD-MSC administration.
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the most promising types of stem cells for translational application
because of their rich tissue sources, multilineage differentiation ca-
pacity, easy amplification in vitro, and unique immune biological
properties [41, 42]. Perhaps one of the most exciting findings in
MSC research is the discovery of an abundant number of MSCs
within the adipose tissues of the adult body. Currently, AD-MSCs
are widely used in regenerative medicine—such as wound healing,
breast reconstruction, and augmentation mammoplasty—and in
the treatment of diseases [43, 44]. Here we found another impor-
tant potential application of AD-MSCs, namely, as antimetabolic
therapy for obesity, dyslipidemia, and associated diseases. From
the point of view of pharma projects, AD-MSCs may be one of
the best candidates for antimetabolic drugs. Unlike statins and
other drugs, AD-MSCs have little or no side effects, and they actu-
ally balance lipid metabolism and do not just lower the levels of
harmful lipoproteins or TGs. We can also prevent or treat dyslipi-
demia or associated cardiovascular diseases through autologous
AD-MSC infusion, thus turning “waste” into wealth. In addition,
our results showed that the lipid-lowering effect of AD-MSCs is long

©AlphaMed Press 2016

Figure continues on next page.

lasting; this is also largely different from the effects of routine
drugs. However, we still need to investigate how long this effect
can be maintained.

As is shown in many studies, MSCs could home in to injured
tissues. In diabetic nonobese diabetic/severe combined immuno-
deficiency mice, intracardiac-infused human MSCs were demon-
strated to home in to pancreas and kidney tissues but not to
other noninjured tissues [45]. The differences in homing tissues be-
tween intraperitoneal and intravenous injection were investigated
in an article by Castelo-Branco et al. [46]. As is shown by their re-
sults, the intraperitoneally injected MSCs migrated toward the in-
jured site (inflamed colon) but not the noninjured tissues, whereas
the intravenously infused MSCs accumulated first in the lungs and
then migrated to other noninjured organs including liver, spleen,
kidney, and bladder through blood circulation. In our study, MSCs
were injected intraperitoneally. Genomic DNA were collected from
treated mouse tissues that were preserved at —80°C. By real-
time polymerase chain reaction, B-globin of human was de-
tected in liver, adipose, and pancreas in both AD-MSC- and
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UC-MSC-treated mice. No significant difference in homing was
observed between AD-MSCs and UC-MSCs (data not shown).

Increased expression and activity of AMPK and HSL in adipose
tissues appear to be crucial in mediating the antimetabolic effect of
AD-MSCs. AMPK, a key kinase in energy metabolism, has been
proven to be an important target of antimetabolic drugs [47].
For example, statins and metformin, two widely used antimeta-
bolic drugs, are potent activators of AMPK [48, 49]. Additionally,
two phase 2 studies showed that a novel agent that targets hepatic
adenosine triphosphate citrate lyase and AMPK reduced LDL-C by
27% [50] in patients with hypercholesterolemia and by 43% in
those with diabetes [51]. It is not clear why AD-MSC treatment se-
lectively activated AMPK and HSL in adipose tissue. It is possible
that AD-MSCs reach adipose tissue and activate AMPK and HSL
via secretion of certain factors. This observation suggests that
AMPK-mediated activation of HSL is critical for the antimetabolic
effects of AD-MSCs.

CONCLUSION

AD-MSC infusion can significantly suppress the increase in body
weight and remarkably improve dyslipidemia in db/db obese
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mice and diet-induced (DIO) mice. AD-MSC holds great therapeu-
tic potential for dyslipidemia and associated cardiovascular
diseases.
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