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Abstract

Introduction: Adipose tissue-derived mesenchymal stem cells
(AT-MSCs) are suitable choices in autologous stem cell treatment
of liver-associated diseases due to their hepatic differentiation
potential. Dimethyl sulfoxide (DMSO) is an amphipathic
molecule with potential of delivering both lipophilic and
hydrophilic agents into cells, also a common cryoprotectant
for freezing of the cells. DMSO was used in some protocols for
induction of AT-MSCs towards hepatocyte like cells. However,
the effect of DMSO on hepatogenic differentiation of AT-MSCs
were not surveyed, previously. In the present study, we aimed at
evaluation of the effect of DMSO on differentiation of AT-MSCs
into hepatic lineage.

Methods: We isolated mesenchymal stem cells (MSCs) from
adipose tissue, and then verifies multi-potency and surface
markers of AT-MSCs . Isolated AT-MSCs randomly dispensed in
four groups including Group 1: HGF treated, 2: HGF+ DMSO
treated, 3: HGF+ DMSO+ OSM treated, and group control for a
period of 3 weeks in the expansion medium without serum; EGF
and bFGF were also included in the first days of inductions. The
morphologicchangesduringinduction period was observed with
microscopy. The secretion of albumin (ALB) of the differentiating
MSCs was investigated using ELISA, and urea production was
evaluated using colorimetric assay. The gRT-PCR was performed
for quantitation of hepatocyte marker genes including AFP, ALB,
CK18, HNF4a, and HNF6. The glycogen storage of differentiated
cells was visualized by periodic-acid Schiff’s staining.

Results: The results demonstrate that DMSO speeds up hepatic
differentiation of AT-MSCs characterized by rapid changes in
morphology; higher expression of hepatic marker gene (ALB)
in both mRNA and protein level (P<0.05); also increased
transcriptional levels of other liver genes including CK18,
HNF4a, and HNF6 (P<<0.01); and moreover, greater percentage

of glycogen storage(p < 0.05) in DMSO-treated groups.
Conclusion: DMSO catalyzes hepatic differentiation; therefore,
using DMSO for acceleration of the hepatogenic protocols of
AT-MSCs appears advantageous.

Keywords: Adipose tissue—derived mesenchymal stem cells,
AFP, CK18, DMSO, glycogen storage, hepatic differentiation,
HNF4a, HNF6

Introduction

Hepatocytes constitute approximately 60% of all cells of the
liver and are responsible for the majority of the biochemi-
cal functions of the organ (Kuo et al. 2011). Detoxification
of xenobiotics and hazardous materials entering body is
another main biologic duty of hepatocytes. These features
make hepatocytes as not only an attractive tool for studying
xenobiotic biotransformation, but also target cells for toxic
reactions (Gomez-Lechon et al. 2007, Sturgill and Lambert
1997). Liver cell transplantation and bio-artificial liver may
provide metabolic support for liver function temporarily
and are prospective treatments for patients with liver failure
(Wu and Tao 2012). The focus of both clinical and basic
studies on stem cells is increasing due to their potentials in
regenerative medicine and cell-based therapies (Bakhshan-
deh et al. 2012). Recent in vitro studies have demonstrated
that mesenchymal stem cells (MSCs) from various sources,
including human bone marrow, adipose tissue, and umbili-
cal cord, can be differentiated into hepatocyte-like cellswhen
appropriate conditions are used. In particular, interest exists
for human adipose-derived stems cells as an attractive cell
source for generating hepatocyte-like cells (Al et al. 2011). In
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our last studies, the differentiation of adipose tissue-derived
mesenchymal stem cell (AT-MSCs) into mesenchymal cell
types including adipocytes, chondrocytes, and osteoblasts
was well defined (Eslaminejad et al. 2006, 2007, 2013). In the
present study, we focused on hepatocyte differentiation of
AT-MSCs.

In order to induce MSC differentiation into mature hepa-
tocytes invitro, it is essential to have adequate stimuli for the
maintenance of cellular function, such as growth hormones,
cytokines, extracellular matrix, or co-culture with other
celltypes (Wu and Tao 2012). Accordingly, the development
of efficient and quick methods for achievement of enough
sources of hepatocytes applicable in different studies and
therapeutic approaches seems necessary.

Chemical compounds such as dimethylsulfoxide (DMSO)
were used with other reagents in differentiation protocols.
DMSO is an amphipathic molecule with a highly polar
domain and two apolar methyl groups, making it soluble in
both aqueous and organic media (Santos et al. 2003). DMSO
is a safe and effective mechanism for facilitating the trans-
dermal delivery of both hydrophilic and lipophilic medi-
cations to provide localized drug delivery (Marren 2011),
furthermore is routinely used for cryopreservation of the
cells in freezing media.

Recently several studies (Banas et al. 2009, Okura et al.
2010, Seo et al. 2005) used DMSO in differentiation proce-
dure of adipose-mesenchymal stem cells towards hepato-
cyte-like cells (HLCs). However, the effects of using DMSO
agent on hepatogenic differentiation were not evaluated,
previously.

In this study, we aimed at evaluation of using DMSO in
differentiation of AT-MSCs into hepatic lineage. The isola-
tion of AT-MSCs was performed, and then identity and
multi-potency of them were verified. They were treated
in four mediums including Group 1: HGF treated, Group
2: HGF+ DMSO treated, Group 3: HGF+ DMSO+ OSM
treated, and Group control for a period of 3 weeks. The
morphologic changes, secretion of albumin (ALB), urea
production, and glycogen storage of the differentiated AT-
MSCs were investigated. The qRT-PCR was performed for
quantitation of hepatocyte marker genes including AFP,
ALB, CK18, HNF4a, and HNF6. The results indicates that
DMSO accelerates hepatic differentiation of AT-MSCs char-
acterized by rapid morphologic specification from fibro-
blastic into polygonal shape; higher expression of hepatic
marker gene (ALB) in both mRNA and protein level; also
increased transcriptional levels of other hepatic genes
including CK-18, HNF4a, and HNF6; and moreover, greater
percentage of glycogen storage in DMSO-treated groups in
comparison with non-treated and AT-MSCs. These results
demonstrated that hepatic differentiation of AT-MSCs could
be enhanced using DMSO.

Materials and methods

Ethical statement

This study was approved by University Ethics Committee,
and written informed consent was signed by all donors
before any experimental work.

AT-MSCs isolation and culturing

Adipose tissue was acquired from normal donors within
the age range of 40-50 years. The isolation of AT-MSCs from
adipose tissue was performed using previously published
protocol (Baglioni et al. 2009). Adipose tissue samples were
immediately placed in DMEM/F12 containing 100 ug/
ml streptomycin and 200 U/ml penicillin. Adipose tissue
samples were washed in PBS, minced, and digested with
1% collagenase type I in 0.1% BSA for 1 h at 37°C in a shak-
ing water bath. The pellet was collected by centrifugation
and then treated with red blood cell lysis buffer (155 mM
NH4Cl, 10 mM KHCO3, and 0.1 mM EDTA) for 10 min at
room temperature. The pellet was carefully placed on Ficoll
(histopaque) and centrifuged at400 g for 30 min. The second
layer, stromal vascular fraction (SVF), was picked up and
centrifuged. The SVF pellet was re-suspended in flask with
DMEM containing 10% fetal bovine serum (FBS), 1X ITS
(Sigma), dexamethasone 1 X 10~ % M, Penstrp (Gibco) and
incubated at 37°C in humidified atmosphere with 5% CO2.
After 24 h, non-adherent cells were removed by exchang-
ing the medium. Media was changed twice weekly.

Immunophenotyping of AT-MSC

For immunophenotyping of surface antigens, passage 3 of
AT-MSCs was cultivated at fibronectin-coated plates and
trypsinized at 70% confluency. About 2 X 10° cells washed
with PBS and then incubated with FITC or PE-conjugated
antibodies including the following: CD44-FITC, CD31-FITC,
CD90-PE, CD73-PE, CD105-PE, CD34-PE, and CD45-PE.
Analysis of immuno-stained cell was performed using a flow
cytometer (BD FACS Caliber, BD Biosciences, and San Jose,
CA, USA).

Differentiation potential evaluation

AT-MSCs were seeded onto 6-well plates at a density of
2.5-3 X 10* cells/cm?. At a confluency of 70-80%, we induced
differentiation into adipocytes or osteocytes. AT-MSCs were
cultured in DMEM-containing Osteocyte Differentiation
Medium (Bioidea, Iran) according to the manufacturer’s
instructions. After 21 days, cells were fixed and stained with
Alizarin Red (Bioidea, Iran). To induce differentiation into
adipocytes, AT-MSC were cultured in adipocyte differen-
tiation medium (Bioidea, Iran). After induction period, cells
were stained with Qil Red O (Sigma-Aldrich). The differen-
tiation of AT-MSCs was observed using invert microscope
(Hund wetzerland, Germany).

Cell viability assessment

We utilized Trypan Blue dye for checking the percentage
of the viable cells before and 48, 72 h, and one week after
DMSO treatment (concentrations: 0.1, 0.5, 1, 1.5, and 2%).
Cell suspensions were mixed with Trypan Blue, and the non-
viable cells were counted under inverted microscope(Hund
Wetzlar, Germany). All the experiments were performed in
triplicates.

Hepatic differentiation
We classified AT-MSCs into four groups. The groups are
as following: control group, and differentiation groups



Effect of DMSO on hepatic differentiation of mesenchymal stem cells 159

including HGF (Gibco, Invitrogen)-treated group (10 ng/ml),
HGF + 0.1% DMSO (Sigma-Aldrich, USA) and HGF+ OSM
(Sigma-Aldrich, USA) +DMSO (10 ng/ml, 10 ng/ml, and
0.1% DMSO) in serum-free expansion medium. All of dif-
ferentiation groups were induced for 21 days and for all
differentiation groups EGF (Gibco, Invitrogen), and bFGF
(Sigma-Aldrich, USA) was administered both in the concen-
tration of 10 ng/ml up to day 2 and in that from days 3-7,
respectively.

Morphological observations of differentiation

The observation of the morphological changes in differen-
tiating cells was performed using invert microscope (Hund
wetzerland, Germany).

Periodic acid shiff’s staining

For evaluation of polysaccharide storage potential among
differentiation groups, we used PAS staining. After for-
malin fixation and Triton-X100 (Sigma-Aldrich, USA)
permeabilization of HLCs in day 21, 1% periodic acid
(Sigma-Aldrich, USA) was applied; finally, the cells
exposed to Schiff reagent (Sigma-Aldrich, USA). The per-
cent of PAS-positive cells was counted in four microscopic
fields of each group after staining, and the means were
calculated.

Albumin secretion

Culture supernatants harvested from each group of cells,
after 21 days of induction and analyzed for albumin con-
centrations using enzyme-linked Immunosorbent assay
(ELISA) kit (Pars Azmun, Iran). The results were compared
with those of control group.

Urea production

The urea production is a detoxifying function of hepa-
tocytes. On days 7, 14, and 21 of differentiation, the
6 mM NH,Cl was incubated (37°C, 5% CO,) for 1 day
with each group and non-induced AT-MSCs as nega-
tive control. The urea concentrations was assayed in
superior media using a colorimetric assay kit (Pars
Azmun, Iran), according to the recommendations of the
manufacturer.

Real-time quantitative PCR analysis

Total RNA was isolated from passage 3 of cultured AT-MSCs
and day 21 of differentiation using Trizol reagent (Invitro-
gen, USA) according to the manufacturer’s protocol. 1 pug
of RNA was employed to synthesize cDNA by Revertide
cDNA synthesis kit (Fermentase, Life Science, and USA)
with Oligo dT18 primers. To detect the AFP, CK-18, HNF4a,
and HNF6 mRNAs, we employed the SYBR Green Master
mix (Takara, Japan) using the primers listed in Table I. The
samples were analyzed in triplicate for each group for veri-
fication of the results.

Statistical analysis

We used ANOVA and T-test for comparing different groups.
P values of <0.05 were considered significant. Each experi-
ment was done in triplicate.

Table I. Primers used for qRT-PCR.

Gene Primer
HNF4a Forward: CCAAAACTAGAGGAGAGGGG
Reverse: CCCAATAGGAGAAGTCTGGC
CK-18 Forward: AGGTGGCATGAGTTGAGAAG
Reverse: TCCGACCCAGACTTCTCTTG
HNF6 Forward: GTCTTTCTACTCATGATTCTCCCC
Reverse: TGCTATCTTGAGGTCCTGGTC
ALB Forward: TGCCAACTTAATAAAGGTCTGAG
Reverse: AGCAACTCCACAGAAAAGCC
AFP Forward: CCAACTTTGTGACTAATGCCC
Reverse: AGGTGAGCGAGGTAGAAGTCTC
GAPDH Forward: GGGTGTGAACCATGAGAAGT
Reverse: GGCATGGACTGTGGTCATCA
Results

Isolation, cultivation, and multi-lineage differentiation

of AT-MSCs

We successfully isolated AT-MSCs from adipose tissue of
donors, by previously published protocol. On first day, iso-
lated cells showed rounded morphology that start to attach-
ing plastic after 48 h and then turned into spindle-shaped
morphology (Figure la) and a week later reached 60%
confluency (Figure 1b). The potential of the AT-MSCs to dif-
ferentiate into osteoblast and adipocytes was confirmed by
osteogenic and adipogenicinduction at passage 3; moreover,
the accumulations of the calcium deposits and oil vacuoles
after differentiation were visualized by alizarin red and oil
red staining, respectively (Figure 2b, c).

Immunophenotype of AT-MSCs

Flowcytometry analysis showed that AT-MSCs are positive
for CD-44 (97%), CD-90(93.5%), CD73 (80%), and CD105
(50%), but negative for CD31 (5%), CD34 (0.05%), and CD45
(0.03%). These results confirmed the identity of AT-MSCs
(Figure 3).

Cell viability

We find out that higher concentrations are significantly
(p<0.05) cytotoxic in long-term culturing (for 1 week).
Therefore, the concentration: 0.1% was used for induction.

Morphological observations

AT-MSCs were cultivated for 72 h at a density of 2.5-3 X 10*
cells/cm? on 6-well plates pre-coated with 5 pig/ml fibronectin
(Sigma, USA). Subsequently, the culture medium was replaced
with hepatic induction media containing: Group 1: HGE Group
2: HGF+ DMSO, Group 3: HGF+DMSO+ OSM, and Group
control for a period of 21 days. After treatment with hepatocyte
induction media, the morphological shift of AT-MSCs was not
significant up to day 7 of induction period, but from day 8 in
DMSO-treated groups, the fusiform morphology of AT-MSCs
was changed and the cells displayed polygonal or near-polygo-
nal shapes. Interestingly, the Groups 2 and 3 displayed an early

Table II. PAS-positive cells in each groups (%).
Control (%) HGF (%) HGF+DMSO (%) HGF+DMSO+ 0SM (%)

2 25 38 53
2 29 40 59
3 25 44 55
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Figure 1. The morphological appearance of isolated mesenchymal stem cells derived from adipose tissue. (a) Cells begin to adhere to the plastic

surface in P after 48 h. (b) Cells after 7 days of culture in P. Bars, 50 um.

conversion of the cellular shape on days 8 and 9, in comparison
with Group1 (HGF treated group) day 12 (Figure 4).

Urea production

Detoxification of ammonia into urea and its secretion are the
main duties of hepatocytes. We investigated urea concentra-
tions in the supernatant of hepatogenic media. The levels of
urea between different groups in each time point were sum-
marized in Figure 5a. The production of urea was increased
in a time-dependent manner as compared with AT-MSCs,
but the difference between three differentiation groups is
not statistically significant (p > 0.05).

ALB secretion

Albumin protein concentrations in superior media was
investigated on day 21 of induction and compared with
that of non-induced AT-MSCs. While the ALB protein was
undetectable in non-induced AT-MSCs, it was increased
after 21 days of induction in cells. A significant (p <0.01)
increase was obvious in ALB levels of DMSO-treated groups
(Figure 5b). The albumin levels of HGF+ DMSO+ OSM
were higher than those of HGF+ DMSO group (p = 0.009).

Glycogen storage

PAS staining was performed for comparison of glycogen stor-
age in different groups (Figure 6a-d), and the percent of posi-
tive cells was counted and summarized in table of Figure 6. The
mean percentage of PAS-positive cells in HGF+ DMSO group
(40.3%) was significantly greater than means of HGF-treated
and control groups (26% and 2.3%) (p<<0.05), but lower than
that of HGF+ DMSO+ OSM (55%) (Table II).
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QRT-PCR results of other marker genes

The expression level of other marker genes was assessed
using qRT-PCR. GAPDH used as normalization control.
A total of five genes were analyzed in order to evalu-
ate DMSO'’s effect on the hepatogenic differentiation of
AT-MSCs genes.

The expression of AFP was quantitated at mRNA level
on day 21 of differentiation (Figure 7a) in three groups by
gRT-PCR. The mRNA level of AFP was significantly higher in
Group 3 than in Groups 1, 2, and control.

A significant increase (p<0.05) in mRNA levels was
observed between the HGF-treated and HGF + DMSO
treated for the following genes: CK-18, ALB, HNF4a, and
HNF6 (Figures 7 and 8). Moreover, the HGF+ DMSO+ OSM
treatments showed significant increase in effects of DMSO
in mRNA levels of ALB and CK-18. No significant increase
was seen in the expression of AFP between HGF-treated and
HGF+ DMSO-treated groups (P=0.61), but the difference
between HGF+ DMSO-treated and HGF+ DMSO+ OSM-
treated groups was significant (P = 0.0046).

In the case of HNF4a and HNF6, the difference
between HGF+ DMSO-treated and HGF+ DMSO+ OSM-
treated groups was significant (p=0.0037 and 0.0069,
respectively; Figure 8).

Discussion

The International Society for Cellular Therapy (ISCT)
has proposed a set of standards to define human Mes-
enchymal Stem Cells for laboratory investigations and
preclinical studies: adherence to plastic in standard

Figure 2. Differentiation potential of AT-MSC. Passage 3 of isolated AT-MSCs (a) Microscopic image views of the differentiation of AT-MSCs into
adipogenic (b), osteogenic (c) lineages. Oil red staining shows lipid droplets stained red, deposits of calcium crystals stained red to brown by

alizarin red staining (c). Bars, 50 pm.
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Figure 3. Immunophenotype of isolated AT-MSCs. AT-MSCs were positive for CD44 and CD90, CD73, and CD105, and negative for CD34, CD31,

and CD45 that verified their identity.

Figure 4. Rapid morphological shift of DMSO-treated groups. The treatments of HGF + DMSO (C) and HGF+ DMSO+ OSM (d) displayed an early
conversion of the cellular shape on days 8 and 9, whereas no significant change is obvious on day 8 of HGF treatment (b). (a): control.
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HGF+ DMSO++ OSM (at day 21); the albumin levels was significantly higher in DMSO-treated groups.
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GAPDH was used as internal standard. Hepatocyte marker genes, ALB and CK-18, are significantly up-regulated in DMSO-treated groups.
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Figure 8. Expression of HNF6 (a) and HNF4a (b) treated with HGE, HGF+ DMSO and HGF+ DMSO+ OSM medias for a 21-day period. Genes
were quantified and normalized against GAPDH. A significant increase was observed in the levels of both HNF6 and HNF4a in HGF+ DMSO and
HGF+ DMSO++ OSM groups as compared with HGF-treated ones (p < 0.0001). Data are represented as the mean + SEM; p < 0.05 was considered

significant.

culture conditions; in vitro differentiation into osteoblasts,
adipocytes, and chondroblasts; specific surface antigen
expression in which =95% of the cells express the antigens
recognized by CD105, CD73, and CD90, with the same cells
lacking (= 2% positive) the antigens CD45, CD34, CD14 or
CD11b, CD79a or CD19, and HLA-DR (Sousa et al. 2014). In
the present study, we isolated AT-MSCs from adipose tissue
and cultured in expansion medium. They gained typical
morphology and adherence after several days. The multi-
potency of them was surveyed by induction of differen-
tiation towards mesodermal lineages including adipocytes
and osteoblasts, and confirmed by two indicator stainings.
The panel of surface markers was studied using flowcytom-
etry, which were in accordance with the standards of ISCT.

In autologous stem cell therapy, the patient’s own stem
cells are expanded and induced to differentiate into favor-
ite cells, subsequently, transplanted back into the same
patient. Multipotential mesenchymal stem cells, present
in many organs and tissues, represent an attractive tool for
the establishment of a successful stem cell-based therapy
in the field of regeneration medicine (Banas 2012). These
autologous cells are immuno-compatible and exhibit con-
trolled differentiation and multi-functional abilities, and
do notundergo post-transplantation rejection or unwanted
differentiation such as formation of teratomas (Ishikawa
et al. 2010).

A number of recent studies show that extra-hepatic mesen-
chymal stem cells from different tissues can be differentiated
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into hepatocyte-like cells (HLCs) (Zhangetal. 2012). Therefore,
AT-MSC-based therapies may provide a novel approach for
hepatic regeneration and hepatocyte differentiation, thereby
supporting hepatic function in diseased individuals (Ishikawa
et al. 2010). Additionally, HLCs derived from AT-MSCs can be
used for in vitro studies of cytotoxicity, side effects of drugs,
and development of new therapeutic materials. Thus, there is
an urgent need for providing hepatocytes applicable in labo-
ratory and regenerative studies.

Several hepatic differentiation protocols of MSC have
been published in recent years, based on cellular stimula-
tion with exogenous cytokines/growth factors, co-culture
with fetal or adult hepatocytes, 2- or 3-dimensional (2D,
3D) matrices to favor differentiation (Zhang et al. 2012)
and other methods. In addition, small molecules able to
direct hepatic differentiation of MSCs could be the use-
ful chemical tools to clarify the molecular mechanisms
that control hepatic fate specification, and to improve the
trans-differentiation efficiency of MSCs into hepatocyte-
like cells (Ouyang et al. 2012).

Simple chemical reagents such as SJA710-6 (Ouyang
et al. 2012), Trichostatin A (Snykers et al. 2007), 5-azacy-
tidine (Aurich et al. 2009), and DMSO (Banas et al. 2009,
Okura et al. 2010, Seo et al. 2005) were used in few studies,
either separately or with growth factors and cytokines in
protocols of hepatic differentiation. Chetty et al. developed
a protocol that improves directed differentiation of pluripo-
tent stem cells into multiple lineages by DMSO treatment
(Chetty et al. 2013).

DMSOhasbeenused foryears asacryoprotectantagent;
itacts by penetrating the cell and binding water molecules,
and it has been described as harmless for the individual
who receives it in limited amounts (Ruiz-Delgado et al.
2009). Some reports applied DMSO for differentiation
protocols of AT-MSCs towards HLCs (Banas et al. 2009,
Okura et al. 2010, Seo et al. 2005); However, the effect of
DMSO on hepatic conversion of AT-MSCs was not studied
previously. In this work, we assessed the effect of utilizing
DMSO at trans-differentiation of AT-MSCs into HLCs. The
morphological changes, ureogenesis, ALB secretion, gly-
cogen storage, and the expression of hepatocyte marker
gene mRNAs including: AFP, CK-18, HNF4a, and HNF6
were examined.

Previous studies used 0.1% of DMSO for hepatogenic
induction of MSCs (Banas et al. 2009, Okura et al. 2010, Seo
etal. 2005), and we also performed our study by 0.1% DMSO,
because we find out that higher concentrations are cytotoxic
in long-term culturing (data not shown); in addition, Wang
and Scott reported that DMSO inhibits multiple steps in the
process of adipocyte differentiation of MSCs; the maximum
inhibitory effects occur at 2% DMSO (Wang and Scott 1993).

Liu et al., used DMSO for improvement of differentiation
fetal liver stem/progenitor cells(FLSPCs) (Liu et al. 2012);
they found that for inducing FLSPCs differentiation, treat-
ment with HGF+DMSO was most effective, which was
strongly supported by the typical morphological change
and the significant decrease of OV-6 positive cells. In addi-
tion, the percentage of glycogen synthetic cells, and the
expressions of ALB, G-6-P, CK-8, CK-18 and CYP450-3A1 in

HGF+ DMSO-treated group were higher than in any other
group (Liu et al. 2012). Although, we studied AT-MSCs in
hepatic fate specification, our PAS, ALB and CK-18 results in
HGF+ DMSO-treated group are higher than in HGF-treated
and control groups that is in accordance with the study of
FLSPCs by Liu and colleagues. We also studied two liver-
enriched transcription factors including HNF4a and HNF6.
The qRT-PCR results implies that DMSO treatment caused
significant increase of both HNF4a and HNF6 in comparison
with non-treated cells.

Woodbury and coworkers showed that neuronal dif-
ferentiation could be rapidly induced in human MSCs by
DMSO as a chemical inducer (Woodbury et al. 2000). The
microscopic observations during differentiation period rep-
resented a faster appearance of hepatocyte-like morphology
in DMSO-treated groups, emphasizing the inducer capacity
of DMSO.

Stephens et al. reported that numerous osteoblast-
expressed genes were elevated in response to DMSO treat-
ment in MSCs and correlated with enhanced mineralization
(Stephens et al. 2011).

Likewise, our results showed elevation of hepatoblast-
expressed genes after treatment with DMSO and enhanced
ALB levels and polysaccharide storage in AT-MSCs.

Shi et al., optimized the differentiation medium for dif-
ferentiation of mouse bone marrow mesenchymal stem cells
into hepatocytes. They also find out that the percentage of
ALB-expressed cells correlated with OSM, and the percent-
age of CK18-expressed cells correlated with both FGF-4 and
OSM (Shi et al. 2008). These results are near to over findings
about the significant increase in expression levels of both
CK-18 and ALB at HGF+ DMSO+ OSM as compared with
HGF+ DMSO group, highlighting the key role of OSM in
maturation of hepatocytes.

Here, we described the catalyzing effect of DMSO for
trans-differentiation of AT-MSCs towards HLCs, but the
mechanism responsible for these effects is unknown. Snyk-
ers et al. (2007) attributed it to histone hyper acetylation
induction effects, like effects of Trichostatin A, we further
offer the delivering potential of both lipophilic and hydro-
philic agents by DMSO through cell membranes. In a study
directed by Wang and colleagues, DMSO treatment mark-
edly increased internalization of TAT protein into carcinoma
cells (Wang et al. 2010). This potential might makes DMSO
as an active vehicle for enhancement of hepatogenic factors
entrance into AT-MSCs.

In conclusion, using DMSO in the hepatic differentiation
of AT-MSCs can improve efficiency of differentiation. The
findings of this study may help development of an efficient
and advantageous protocol for hepatocyte differentiation of
AT-MSCs.
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