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Background and Objectives: Adipose tissue-derived mesenchymal stem cells (ASCs) are recognized as an advantaged
source for the prevention and treatment of diverse diseases including type 2 diabetes mellitus (T2DM). However, alter-
ations in characteristics of ASCs from the aforementioned T2DM patients are still obscure, which also hinder the
rigorous and systematic illumination of progression and pathogenesis.

Methods and Results: In this study, we originally isolated peripancreatic adipose tissue-derived mesenchymal stem
cells from both human type 2 diabetic and non-diabetic donors (T2DM-ASCs, ND-ASCs) with the parental consent,
respectively. We noticed that T2DM-ASCs exhibited indistinguishable immunophenotype, cell vitality, chondrogenic
differentiation and stemness as ND-ASCs. Simultaneously, there’s merely alterations in migration and immunor-
egulatory capacities in T2DM-ASCs. However, differing from ND-ASCs, T2DM-ASCs exhibited deficiency in adipo-
genic and osteogenic differentiation, and in particular, the delayed cell cycle and different cytokine expression spectrum.
Conclusions: The conservative alterations of T2DM-ASCs in multifaceted characteristics indicated the possibility of

autologous application of ASCs for cell-based T2DM treatment in the future.
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Introduction

Diabetes mellitus (DM), predominantly consisted of the
type 1 (TIDM) and type 2 (T2DM) pathogenetic catego-
ries together with other classifications such as gestational
DM and drug-induced diabetes, is acknowledged as a met-
abolic disease and public health concern characterized by
hyperglycaemia and defects in insulin secretion and action
worldwide (1-3). Of them, patients with T2DM are more
pervasive (85~95% of all cases) due to the combination
of inadequate compensatory insulin secretory responses
and insulin resistance at cellular level (4-6). Even though
the routine therapeutic strategies, including oral anti-
diabetic agents along with weight management and mod-
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erate exercises, together with transplantation of in-
sulin-producing cells (IPCs), could help partially amelio-
rate hyperglycaemia, yet these therapeutic regiments are
largely insufficient for T2DM patients with extensive /S
cell destruction and subsequent insulin deficiency (1, 3,
7, 8).

Mesenchymal stem cells (MSCs) are acknowledged as
an advanced source with unique immunosuppressive and
hematopoietic-supporting characteristics for regenerative
medicine (8-12). In the 1960s, Friedenstein and his col-
leagues firstly reported the isolation and identification of
the spindle-like MSCs from bone marrow (BM-MSCs)
(13). Thereafter, MSCs have been successfully identified
from various clinical specimens including adipose tissue
(ASCs), placenta (P-MSCs), dental pulp (DPSCs) and um-
bilical cord (UC-MSCs), and even derived from human
pluripotent stem cells (hPSC-MSCs) (9, 14-16). Of the
above-mentioned MSCs, BM-MSCs with the most ex-
tensive applications in clinical trials whereas UC-MSCs
possess the most advantageous long-term proliferation fea-
ture (10, 17). According to the ClinicalTrials.gov website
of National Institutes of Health (NIH), a total number of
983 registered clinical trials with MSCs have been con-
ducted worldwide on multisystem disordering such as os-
teoarthritis, Crohn’s disease, aplastic anaemia, cerebral
stroke, diabetes mellitus, critical limb ischemia (CLI),
graft-versus-host disease (GVHD) and acute-on-chronic
liver failure (ACLF) (5, 7, 10, 11, 14, 18).

State-of-the-art updates on basic research and clinical
medicine have indicated the dysfunction and correlation
of MSCs in progression and pathogenesis of numerous dis-
eases (3, 12, 19, 20). For instance, He et al. (21) verified
that immune thrombocytopenia (ITP)-MSCs exhibited
multifarious defects in signatures such as impaired cell vi-
tality, increased proinflammatory factor secretion, which
would accelerate disease progression of ITP patients by al-
tering the hematopoietic microenvironment. Similar phe-
nomenon was also observed in ASCs derived from sub-
cutaneous adipose tissue compared with ND-ASCs (3, 22).
With regard to DM, MSCs have been recognized as a piv-
otal microenvironmental ingredient for the secretion of
multiple cytokines and inflammatory factors (e.g., VEGF,
IL-6, TNF- @) and the transdifferentiation into in-
sulin-secreting S cells in the pancreas as well (7, 17, 23).
Studies on experimental type 1 diabetic mouse model
showed that TIDM mice-derived BM-MSCs exhibited in-
distinguishable characteristics including cytomorphology,
immunosuppressive and migration capabilities as the con-
trol mice but with abnormally elevated expression of me-
diators such as MIP-1 @/ &, MCP-1/5, CCL-2, CCL-3 and

IL-6, which facilitated recruitment and accumulation of
inflammatory M1 macrophages and aggravated the occur-
rence of diabetic complications (2, 6, 17, 22). Yet, a con-
siderable variety of defects were observed in T2DM-MSCs
including alterations in cell proliferation, cell cycle and
apoptosis, migration and multipotential differentiation,
based on T2DM-derived BM-MSCs or subcutaneous adi-
pose tissue-derived ASCs (subcutaneous ASCs) (3, 24-26).
However, the current studies on T2DM-associated MSCs
are still piecemeal and even controversial to some extent,
and in particular, the systematically exploration of the
characteristics and alterations is woefully inadequate as
well (3, 20). Hence, there’s a necessity and urgency of per-
forming multidimensional comparation of MSCs from
T2DM and non-diabetic donors (ND).

In this study, we reported the isolation and identi-
fication of type 2 diabetic adipose tissue -derived ASCs
(T2DM-ASCs) and non-diabetic adipose tissue-derived
ASCs (ND-ASCs). Differing from the ND-ASCs, T2DM-
ASCs exhibited numerous defects in characteristics in-
cluding the delayed cell cycle and multi-lineage differen-
tiation. Dramatically, the T2DM-ASCs exhibited indiscri-
minate signatures in cytomorphology, immunophenotype,
migration, chondrogenic differentiation potential together
with comparable immunosuppressive property and stem-
ness as well. Taken together, we originally isolated and
systematically evaluated the phenotype of T2DM-ASCs,
which also held the potential as an alternative source of
MSCs for autologous application in regenerative medicine.

Materials and Methods

Subjects and ethics statement

Human peripancreatic adipose tissues were obtained
from T2DM (n=3) and non-diabetic organ donors (n=5)
with informed consents, between May 2017 and October
2019. ND-ASCs and T2DM-ASCs were extracted from the
indicated adipose tissues according to the guideline of
Declaration of Helsinki. All the experimental procedures
were approved by the Ethics Committee of Tianjin First
Central Hospital of Nankai University (ethics number:
2017N080KY). The information of the ND and T2DM do-
nors is available in Table 1.

Isolation of T2DM-ASCs and ND-ASCs

As mentioned above, ND-ASCs and T2DM-ASCs were
isolated from peripancreatic adipose tissues by enzymatic
digestion. Briefly, 20 ml adipose tissues were harvested
from the candidates and washed with 1X PBS in a 50 ml
Falcon tube (Sigma-Aldrich), and digested with an equal
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Table 1. Donor information

Age (y) BMI (kg/mz) HbA1c (%) N (Male/Female)
ND 43.60+4.15 24.9+1.29 5.10+0.15 5 (3/2)
T2DM 50.33+1.33 27.17+0.48 7.03+0.66 3 (2/1)

p 0.276 0.244 0.047

Data are shown as mean+SEM.

volume of 1 mg/ml collagenase type I at 37°C for 30 min.
Then, the stromal vascular fraction cells were isolated by
centrifugation at 300 Xg at room temperature and cul-
tured in 25 cm’ flasks in Serum-Free Human MSC
Medium (Yocon) supplemented with 100 U/ml penicillin
and streptomycin (Gibco). The ND-ASCs and T2DM-
ASCs were enriched and purified by continuous passages
in the abovementioned culture medium at 37°C, 5% COs.
T2DM-ASCs and ND-ASCs at passage 2~6 were used for
phenotypic analysis.

Flow cytometry assay

Flow cytometry assay were conducted as we recently de-
scribed (27, 28). Briefly, ND-ASCs and T2DM-ASCs were
dissociated into single cells by 0.25% Trypsin-EDTA
(Gibco) and labelled with the indicated antibodies against
CD34-APC, CD44-APC, CD45-FITC, CD73-FITC, CD90-
FITC, CD105-APC, together with isotype matched IgGl-
FITC and IgG2b-APC (BD Pharmigen), in 0.2% BSA for
30 min in dark and washing with 1X PBS for twice.
Finally, the ND-ASCs and T2DM-ASCs were analysed by
Accuri C6 Plus (BD, San Jose, CA, USA). The flow cy-
tometry assay results were analysed with FlowJo 7.0 soft-
ware (BD, San Jose, CA, USA).

Cell proliferation assay

Cell proliferation of ND-ASCs and T2DM-ASCs were
conducted by utilizing the CCK-8 kit (Sigma-Aldrich, St.
Louis, USA) according to the manufacturer’s instructions.
In brief, 5%10° ND-ASCs and T2DM-ASCs were seeded
in 96-well plates (100 «1/well) at a density of per well
with 5 replications for each time point (4 h, 24 h, 48 h,
72 h) at 37°C, 5% CO,. After that, ND-ASCs and T2DM-
ASCs were incubated with 10 1 CCK-8 solution at 37°C
for an additional 2 h. The absorbance of the solutions was
measured at 450 nm using a microplate absorbance reader
(Bio-Rad, California, USA).

Cell apoptosis assay
ND-ASCs and T2DM-ASCs were collected and in-
cubated with Annexin V and 7-AAD (BD) for 15 min at

RT according to the BD manufacture’s instruction. The
proportion of apoptotic ND-ASCs and T2DM-ASCs were
quantified by flow cytometry analysis using an Accuri C6
plus instrument (BD, San Jose, CA, USA). All flow cy-
tometry assay data were analysed with FlowJo 7.0 software
(BD, San Jose, CA, USA).

Cell cycle assay

ND-ASCs and T2DM-ASCs were collected and fixed in
70% ethanol for at least 2 h at 4°C. After washing with
1x PBS for twice, ND-ASCs and T2DM-ASCs were in-
cubated for 30 min at room temperature with 10 xg/ml
propidium iodide (PI, Beyotime) staining solution. The
distribution of multiple cell cycle phases was quantified
by flow cytometry using an Accuri C6 plus instrument
(BD, San Jose, CA, USA).

Adipogenic differentiation

Adipogenic differentiation was conducted as we recently
reported with several modification (10). In details, ND-
ASCs and T2DM-ASCs were seeded at a density of 2x10°
cells/cm” at 37°C, 5% CO,. When cells reached 80% con-
fluent, the supernatant was discarded and changed into
adipogenic differentiation medium containing 1 #M dex-
amethasone, 0.1 mM indomethacin, 0.5 mM 3-isobutyl-
1-methylxanthine, and 10 mg/L insulin in Serum-free hu-
man MSC medium (Yocon). The medium was subsequen-
tly changed twice a week. After 21 days, adipogenic differ-
entiation was assessed by Oil Red O staining of the fat
droplets. The phase contrast image was photographed with
Nikon ElipseTi-U microscope (Nikon, Tokyo, Japan).

Osteogenic differentiation

Osteogenic differentiation was conducted as we pre-
viously described with several modification (10). In de-
tails, ND-ASCs and T2DM-ASCs were seeded at a density
of 2x10* cells/cm” at 37°C, 5% CO,. When cells reached
80% confluent, the supernatant was discarded and chan-
ged into osteogenic differentiation medium containing 100
nM dexamethasone, 50 #M L-ascorbic acid 2-phosphate,
and 10 mM /S -glycerophosphate in Serum-free human
MSC medium (Yocon). The medium was subsequently
changed twice a week. After 28 days, osteogenic differ-
entiation was assessed by von Kossa staining (Abcam).
The phase contrast image was photographed with Nikon
ElipseTi-U microscope (Nikon, Tokyo, Japan).

Chondrogenic differentiation
Chondrogenic differentiation was performed as we re-
cently reported (10). Briefly, ND-ASCs and T2DM-ASCs



Le Wang, et al: Adipose Tissue Derived Stems Cells from T2DM Donors 271

were seeded at a density of 2x10* cells/cm’ at 37°C, 5%
CO,. When cells reached 80% confluent, the supernatant
was discarded and changed into chondrogenic differentia-
tion medium (StemCells). The medium was subsequently
changed twice a week. After 28 days, chondrogenic differ-
entiation was assessed by Alcian Blue staining (Abcam).
The phase contrast image was photographed with Nikon
ElipseTi-U microscope (Nikon, Tokyo, Japan).

Quantitative real-time PCR (qRT-PCR) assay

Total RNA extraction and cDNA synthesis were per-
formed by utilizing the RNeasy Mini Kit (QIAGEN) and
PrimeScript RT reagent Kit with gDNA Eraser (Takara)
as we described (23). gRT-PCR was performed with SYBR
Premix ExTaq II (Takara) and LightCycler96 System
(Roche). Relative mRNA expression of the indicated genes
was calculated by the 24T method. GAPDH was used
as an internal control. The Primer sequences are listed in
Table 2.

Inhibition of lymphocyte proliferation by ASCs

Inhibition of lymphocyte proliferation to human pe-
ripheral blood mononuclear cells (PBMCs) by the in-
dicated ASCs. In brief, PBMCs were isolated from periph-
eral blood of healthy donors by standard Ficoll density
gradient centrifugation. Then, the prepared PBMCs were
cocultured with or without 5x10* ND-ASCs or T2DM-
ASCs at a ratio of 5 : 1 in 96-well plates at 37°C, 5% CO;
in the presence of 5 ng/ 1«1 PHA. 3 days later, PBMCs in
the supernatant were collected and labelled with antibo-
dies against CD3 and analysed by Accuri C6 Plus (BD,
San Jose, CA, USA) and Flowjo software (BD, San Jose,
CA, USA).

Wound healing assay

ND-ASCs or T2DM-ASCs were seeded in 6-well plate,
when the ND-ASCs or T2DM-ASCs reached 80% con-
fluent, the indicated cell layers were scratched with 200 1
tips and captured with a Nikon ElipseTi-U microscope
(Nikon, Tokyo, Japan) at the indicated time points (0 h,
12 h, 24 h). Images of the scratch area were captured and
analyzed by the Image] software.

Statistical analysis

Statistical analysis in the study was conducted by utiliz-
ing Prism 5 software (GraphPad, San Diego, USA). The
data were presented as means=SEM. Student’s t-test was
used to analyse the data of the two indicated groups. p<
0.05 was considered statistically significant. *, p<0.05;
** p<0.01; *** p<0.001; NS, not significant.

Table 2. Human genes primer sequences for qRT-PCR

Genes Primers (5’-3')

BGLAP-F GGCGCTACCTGTATCAATGG

BGLAP-R TCAGCCAACTCGTCACAGTC

PPAR- »-F GCTGGCCTCCTTGATGAATA

PPAR-7 -R TGTCTTCAATGGGCTTCACA

ACAN-F CCCCTGCTATTTCATCGACCC

ACAN-R GACACACGGCTCCACTTGAT

POUS5F1-F CTTGAATCCCGAATGGAAAGGG

POU5F1-R GTGTATATCCCAGGGTGATCCTC

NANOG-F TTTGTGGGCCTGAAGAAAACT

NANOGR AGGGCTGTCCTGAATAAGCAG

IDO1-F TGGGGCAAAGGTCATGGAG

IDO1-R TTTCTTGGAGAGTTGGCAGTAAG

SDF-1-F CCGCGCTCTGCCTCAGCGACGGGAAG

SDF-1R CTTGTTTAAAGCTTTCTCCAGGTACT

CXCR4-F AGCTGTTGGTGAAAAGGTGGTCTATG

CXCR4-R GCGCTTCTGGTGGCCCTTGGAGTGTG

IGF-1-F AGCCTCCTGTGAAAGTGACG

IGF-1-R GTGCTTCCTTGTAGTAAACGG

TGF- 4-F AAATGGATACACCGAACCCAA

TGF- R GCTGCATTTGCAAGACTTTAC

HGF-F GCTATCGGGGTAAAGACCTACA

HGF-R CGTAGCGTACCTCTGGATTGC

TSG-6-F TGTCTGTGCTGCTGGATGGAT

TSG-6-R TGTGGGTTGTAGCAATAGGCAT

IL-1R @-F GAAGATGTGCCTGTCCTGTGTC

Il-1R @-R CGCTTGTCCTGCTTTCTGTTC

GAPDH-F CATGTTCGTCATGGGTGTGAACCA

GAPDH-R ATGGCATGGACTGTGGTCATGAGT
Results

T2DM-ASCs show similarities with ND-ASCs in
cytomorphology and immunophenotype

To clarify the underlying type 2 diabetes-associated
pathogenesis and uncover the potential defects of MSCs
during disease progression, we originally isolated and cul-
tured the peripancreatic adipose tissue-derived MSCs
from 3 T2DM (T2DM-ASCs) and 5 non-diabetic donors
(ND-ASCs), according to the Declaration of Helsinki and
the Ethics Committee of Tianjin First Central Hospital
(Table 1). Compared with ND-ASCs, T2DM-ASCs ex-
hibited indistinguishable spindle-like cytomorphology af-
ter in vitro passages for 3 times (Fig. 1A). Flow cytometry
analysis showed that both T2DM-ASCs and ND-ASCs ex-
pressed high level of MSC-associated biomarkers (CD44,
CD73, CD90, CD105) (>95%), whereas with minimal ex-
pression of hematopoietic or endothelial-associated bio-
markers (CD34, CD45) (Fig. 1B and 1C). Taken together,
we successfully obtained T2DM-ASCs and ND-ASCs from
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peripancreatic adipose tissue, whereas the indicated ASCs
showed indistinguishable cytomorphology and immuno-
phenotype.

T2DM-ASCs and ND-ASCs exhibit indiscriminate
signatures in cell viability

We then speculated whether the cell viability of the two
ASCs was distinguished from each other. For the purpose,
we originally conducted cell count analysis and found that
T2DM-ASCs and ND-ASCs showed comparable cell pro-
liferation capacity, which was further verified by the
growth curve (Fig. 2A and 2B). With the aid of flow cy-
tometry analysis, we found T2DM-ASCs showed a cell cy-
cle arrest at GO/G1 phases and a reduction in G2/M phas-
es when compared with ND-ASCs, which indicated the
impaired cell cycle in T2DM-ASCs (Fig. 2C and 2D).
Unexpectedly, the proportion of population with early
apoptotic (Annexin V' 7-AAD ") or apoptotic (Annexin

V™) property in T2DM-ASCs was consistent with that in
the ND-ASCs group, which was identified by 7-AAD and
Annexin V staining (Fig. 2E and 2F). In summary, the
isolated T2DM-ASCs held similarities with ND-ASCs in
most of cell viability except for the distribution of multi-
ple cell cycle phases.

ND-ASCs possess preferable adipogenic and
osteogenic differentiation capacities over T2DM-ASCs
in vitro

To further illuminate the potential distinctions in bio-
logical signatures, we subsequently detected the adipo-
genic, osteogenic and chondrogenic differentiation ca-
pacity of T2DM-ASCs and ND-ASCs. As shown by Oil
Red S staining, fewer typical adipose droplets were gen-
erated from T2DM-ASCs after 21 days of adipogenic dif-
ferentiation compared with the ND-ASCs group (Fig. 3A,
Supplementary Fig. S1A). Quantitative analysis of adipo-
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genic markers (e.g., PPAR- ) further confirmed the de- pared with that in ND-ASCs (Fig. 4A and 4B). Simulta-

cline of adipocyte generation in the T2DM-ASCs group
(Fig. 3B). Interestingly, ND-ASCs-derived cells also
showed preferable osteogenic differentiation capacity than
that in the T2DM-ASCs group as indicated by von Kossa
staining (Fig. 3C, Supplementary Fig. S1B) and ex-
pression of osteogenic marker, BGLAP (Fig. 3D). Differing
from the aforementioned adipogenic and osteogenic differ-
entiation, T2DM-ASCs revealed indistinguishable chon-
drogenic differentiation potential as confirmed by Alcian
Blue staining (Fig. 3E, Supplementary Fig. S1C) and
ACAN mRNA expression (Fig. 3F). Hence, T2DM-ASCs
possessed impaired adipogenic and osteogenic differ-
entiation potential to the ND-ASCs group.

T2DM-ASCs show comparable migration and
immunosuppressive capacity as ND-ASCs

To date, we and other investigators have manifested the
alterations of ASCs during multiple pathological processes
including cell migration, immunosuppressive capacity, to-
gether with numerous cytokine secretion. Thus, we primi-
tively took advantage of wound healing analysis and found
that T2DM-ASCs with attenuated migration capacity com-

neously, by conducting the coculture of ASCs with periph-
eral blood mononuclear cells (PBMCs), we noticed that
the inhibitory capacity of T2DM-ASCs on proliferation of
CD3" T cells was comparable to the PBMCs+PHA+ND-
ASCs group (Fig. 4C and 4D). Collectively, T2DM-ASCs
exhibited indiscriminate signatures with ND-ASCs in mi-
gration and immunoregulation.

T2DM-ASCs reveal multifaceted characteristics in
cytokine expression with ND-ASCs but conserved
stemness

Having primitively verified the indiscriminate im-
munosuppression upon PBMC proliferation, we next are
wondering about the expression levels of cytokines as well
as inflammatory factors between the two indicated ASCs.
For the purpose, we conducted quantitative analysis of a
variety of cytokines in ND-ASCs and T2DM-ASCs, and
found there were no discernible differences in IDOI,
SDF-1 or CXCR4 expression (Fig. SA). Meanwhile, be-
sides those with no statistically significant differences in
expression, we also noticed the alterations such as HGF,
TGF- &, IGF-1, IL-1Ra and TSG-6, which were involved
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in regulation of islet cell function (Fig. 5SB). However, the
expression levels of stemness-associated biomarkers
(POUSF1, NANOG) in ND-ASCs and T2DM-ASCs at var-
ious passages (P2, P6) didn’t show statistically significant
difference in vitro, which confirmed the retained property
of T2DM-ASCs in the stemness potential (Fig. 5C).

Discussion

Longitudinal studies have demonstrated adipose tissue
as an easily accessible source of high-quality mesenchymal
stem cells (MSCs) with extensive prospects for clinical ap-
plications, which are also acknowledged as a pivotal mi-
croenvironmental component involved in numerous dis-
ease progression (5, 11, 19, 21). However, there’s merely
reports on stem cell identification from T2DM- or ND-de-
rived peripancreatic adipose tissues (2). Above all, the sys-

shown. *p<0.05, **p<0.01.

tematic comparation of T2DM-ASCs with ND-ASCs is
largely unprocurable as well. Therefore, we originally iso-
lated the indicated peripancreatic ASCs and compre-
hensively investigated the signatures to dissect the alter-
ations occurred in T2DM-ASCs. For instance, compared
with ND-ASCs, these T2DM-ASCs exhibited impaired
adipogenic and osteogenic differentiation properties, to-
gether with delayed cell cycle. Hence, our findings have
provided new evidence for the defects of T2DM-ASCs, to-
gether with the explanation to pathogenesis of type 2 dia-
betes mellitus as well.

For long stretches, to our knowledge, no reports have
been documented on isolating T2DM-ASCs from peri-
pancreatic adipose tissue (4, 7). For decades, we and other
investigators have identified ASCs from subcutaneous adi-
pose tissue for applications in regenerative medicine (3, 5).
However, in this study, the identified T2DM-ASCs were
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Fig. 4. T2DM-ASCs show compara-
ble migration and immunosuppre-
ssive capacity. (A) Cell migration
ability of ND-ASCs (n=3) and T2DM-
ASCs (n=3) at 0, 12 and 24 hours
(40 x magnification). (B) Statistical a-
nalysis of cell migration area by the
Image). (O) ND-ASCs (n=3) and
T2DM-ASCs (n=3) cocultured with
PBMCs for 3 days, flow cytometry
analysis of PBMCs with CD3 staining.
(D) Percentages of CD3™ lymphocy-
te proliferation. The data were shown
as the mean +SEM, each experiment
was repeated at least twice, one rep-
resentative example shown. NS: not
significant. **p<0.01, ***p<0.001.

Fig. 5. The characteristics of cyto-
kine expression and stemness of
T2DM-ASCs and ND-ASCs. (A, B)
The comparation of immunomodula-
tion-associated factors (A) and islet
function-related factors (B) between
T2DM-ASCs (n=3) and ND-ASCs
(n=3). (O) The comparation of stem-
ness-associated  gene  expression
(NANOG, POUS5FT1) between T2DM-
ASCs (n=3) and ND-ASCs (n=3).
The data were shown as the mean +
SEM, each experiment was repeated
at least twice. NS: not significant.
##p<0.01, ***p<0.001.
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isolated from the peripancreatic adipose tissue of type 2
diabetesmellitus, which was distinguished from the re-
ported ASCs. For instance, the subcutaneous adipose tis-
sue-derived ASCs from T2DM patients possessed en-
hanced differentiation capacity into adipocytes whereas
declined potential into osteoblasts (24). The contrarious
conclusions might be largely ascribed to the sophisticated
and polytropic microenvironment induced by inflamma-
tory factors or metabolites during the disease progression
(11, 20, 25). For example, diabetes and obesity could con-
tribute to local hypoxia in adipose tissue and increase the
secretion of hormones, growth factors, and adipokines to
initiate the proliferation, adipogenic differentiation or mi-
crovessel formation of ASCs, together with the immune
properties (10, 29-31). Although it has been reported that
a short term of high glucose stimulation reduced pro-
liferation of gestational-MSCs but enhanced adipogenic
differentiation in vitro (32), our results demonstrated that
the peripanceatic diabetic milieus, including hyperglyce-
mia, cause cell cycle delay as well as compromised adipo-
genic and osteogenic differentiation of T2DM-ASCs in the
long run. Overall, there’s no surprises that ASCs with dif-
ferent origins might exhibit dissimilar biological poten-
tials, which has been demonstrated among subtypes of
MSCs such as the above-mentioned UC-MSCs, P-MSCs
and BM-MSCs (8, 10, 17). In addition, the defects in cell
vitality including the delayed cell cycle between T2DM-
ASCs and ND-ASCs in this study were consist with cur-
rent reports that hypoxia and hyperglycaemia didn’t affect
proliferation of ASCs but “stemness” (12, 20, 26, 33).
MSCs have been acknowledged as a splendid candidate
source for disease managements such as hematologic ma-
lignancies, graft-versus-host disease (GVHD), acute my-
ocardial infarction, liver cirrhosis and diabetes mellitus (4,
S, 11, 18, 27). To date, ASCs together with other tissue
derived MSCs, including the non-invasive umbilical
cord-derive MSCs (UC-MSCs), placental-derived MSCs
(P-MSCs) and dental pulp stem cells (DPSCs) together
with even pluripotent stem cell-derived MSCs (PSC-
MSCs), have been demonstrated preferable alternatives of
the invasive bone marrow-derived MSCs (BM-MSCs) for
future clinical applications (5, 9, 11). However, systematic
and detailed dissection of T2DM-ASCs both at the cellular
and molecular levels is fundamental and prerequisite to
discover the proofs on pathogenesis of diabetes mellitus
(7, 19). For instance, Wang et al. (23) and Krishnan et
al. (34) reported that intravenous injection of ASCs was
sufficient to improve insulin sensitivity and alleviate £
cell death and even ameliorate hippocampal dysfunction
of T2DM percipient mice, respectively. Congruously, we

currently verified that MSCs participated in the re-
storative process of dysfunctional type 2 diabetic islets by
reversing B cell dedifferentiation, yet the underling
pathogenesis of T2DM-ASCs involved in the progression
and efficacy still need further systematic and in-depth re-
search (23). Here, the present study further dissected the
potential of T2DM-ASCs in the treatment of T2DM.
MSCs ameliorate islet dysfunction mainly through its
paracrine function, secreting factors modulating in-
flammation and immunity, as reviewed in previous studies
(3, 35-37). Some of these MSCs-secreted factors have been
reported improving 8 cell function, proliferation or via-
bility, such as IGF (38), HGF (39) and IL-1Ra (23). Thus
we evaluated the gene expression of these factors and re-
sults showed that IGF-1, HGF, and IL-1Ra were sig-
nificantly downregulated in T2DM-ASCs, while the fac-
tors that modulating immunity have no significant
change, suggesting a possibility of compromised ability of
T2DM-ASCs in improving the islet pathology of T2DM
patients.

In the present study, we have isolated and identified hu-
man T2DM-ASCs and ND-ASCs, respectively. Compared
with ND-ASCs, T2DM-ASCs show limited multifaceted
alterations in biological signatures including multi-differ-
entiation potentials, cell vitality, PBMC inhibition and
stemness together with indistinguishable characteristics as
ND-ASCs as well. Above all, the minimal and conservative
alterations of T2DM-ASCs in multifaceted characteristics
also indicated the possibility of autologous application of
ASCs for cell-based T2DM treatment in the future, yet
there is still a need to develop strategies to further im-
prove T2DM-ASCs functions.
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