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Let-7f microRNA negatively regulates hepatic differentiation
of human adipose tissue-derived stem cells
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Abstract MicroRNAs (miRNAs) are noncoding RNAs
involved in the regulation of the diverse biological
processes such as metabolism, proliferation, and cell
cycle, in addition to regulation of differentiation. So
far, some miRNAs have been recognized to have im-
portant role in regulating hepatic functions. Statistically,
let-7f has been revealed as a negative regulator of he-
patic differentiation. In the present study, we investigat-
ed the effect of let-7f on hepatic differentiation of human
adipose tissue-derived stem cells (hADSCs). hADSCs
were transduced with recombinant lentivirus containing
human inhibitor let-7 f. The expression of hepatocyte
nuclear factors alpha (HNF4a), albumin (ALB), alpha
fetoprotein (AFP), cytokeratin 18 (CK18), and
cytokeratin 19 (CK19) was evaluated using quantitative
real-time PCR (qRT-PCR). Immunocytochemistry was
used to investigate the expression levels of the hepato-
cyte markers including ALB, AFP, and HNF4a, and
biochemical analysis was implemented for hepatic

function, glycogen deposition, and urea secretion.
qRT-PCR showed significant upregulation in HNF4a,
ALB, AFP, CK18, and CK19 expression in cells trans-
duced with let-7f inhibitor lentiviruses. Moreover, pos-
itive staining was detected for ALB, AFP, and HNF4a
using immunocytochemistry. Urea production and gly-
cogen deposits were also found in the treated cells, the
two specific features of the hepatic cells. Therefore, let-
7f silencing led to the increased expression of the
hepatocyte-specific factors and the accelerated
hADSCs hepatic differentiation. Summing all these
finding together, our present report has provided evi-
dences that inhibition of let-7f would facilitate induction
of hADSCs into hepatocyte-like cells and possibly in
regenerative therapy of the liver disease in a wider
spectrum.
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Introduction

Stem cell therapy is among the exceptional candidates
that have been suggested for liver disorders [29]. Many
types of stem cells have already been used for genera-
tion of hepatocyte-like cells in regenerative medicine.
Some studies have indicated mesenchymal stem cells
(MSCs) as a preferred cell source. MSCs are a group of
multipotent cells characterized by high self-renewal po-
tential and differentiation [22]. They can be isolated

J Physiol Biochem (2014) 70:781–789
DOI 10.1007/s13105-014-0346-z

N. Davoodian :A. S. Lotfi (*) : S. Arjmand
Department of Clinical Biochemistry, Faculty of Medical
Science, Tarbiat Modares University,
Tehran, Iran
e-mail: Lotfi_ab@modares.ac.ir

M. Soleimani
Department of Hematology, Faculty of Medical Sciences,
Tarbiat Modares University,
Tehran, Iran

S. J. Mola
Department of Genetics, Faculty of Biological Sciences,
Tarbiat Modares University,
Tehran, Iran



from different tissues including bone marrow [25], adi-
pose tissue [34], umbilical cord blood [6], and the cir-
culatory blood [24]. Adipose tissue contains an abun-
dant and accessible number of MSCs with faster growth
and higher proliferation capacity compared to MSCs
from other sources [15, 16]. Adipose tissue-derived
stem cells (ADSCs) hold the capacity to differentiate
into osteocyte [35], neural cells [3], muscular cells [10],
and hepatocyte [4]. Also, ADSCs can easily adapt
hepatocyte-like function. These features make them an
interesting source for cell therapy of the end-stage liver
diseases in regenerative medicine [32].

MicroRNAs (miRNAs) are a group of posttranscrip-
tional regulators with the key role in the diverse func-
tions including cell proliferation, apoptosis, and organ-
ogenesis [2]. They are also well-known regulators of the
differentiation, self-renewal, and division of stem cells
[13, 14]. So far, specific and distinct miRNAs have been
identified that mediate differentiation of MSCs into
various cell types; for example, miR-1 [7] and miR-24
[27] play a role in differentiation of MSCs into myocar-
dial cells, whereas miR-9 [20] is important during neural
differentiation of MSCs. On the other hand, only few
studies have characterized miRNA expression during
differentiation of stem cells into the hepatocyte-like
cells. Recently, the role of miR-122 was investigated
during hepatocyte differentiation of embryonic stem
cells and liver-derived progenitor cells [8, 17].

To our knowledge, there is only one study that has
suggested the involvement of miRNAs in the differen-
tiation of MSCs into hepatocyte-like cells [18].
Applying statistical analysis, Koh et al. have demon-
strated that let-7 family miRNAs could act as negative
regulator for hepatic differentiation by suppressing he-
patocyte nuclear factor 4 alpha (HNF4a). Additionally,
they have shown that among let-7 family members, let-
7f expressed strongly both in the intracellular and extra-
cellular of MSCs. HNF4a is a nuclear transcriptional
factor which plays an important role in liver develop-
ment in addition to functional differentiation of hepato-
cytes [26]. Furthermore, it functions as an essential
factor in differentiation of hepatoblasts into the mature
state in mouse [23]. Moreover, it has been shown that
elevation in the HNF4a expression is in parallel with the
upregulation of miR-122 (the liver-specific miRNA)
during liver development in the mouse embryos [31].

Identification of factors involved in hepatic differen-
tiation is likely to facilitate the development of novel
therapeutic strategies for hepatic disorders in which, so

far, only organ replacement therapy was implemented.
Wide varieties of strategies have been employed for
in vitro stem cells differentiation toward hepatocyte-
like cells. However, currently, protocols mostly rely on
using of expensive cytokines and growth factors.
Therefore, regarding the importance of HNF4a in he-
patic differentiation, in the present study, attempts were
made to evaluate whether silencing of let-7f upregulates
the expression of HNF4a in hADSCs and if it promotes
hepatic differentiation without requirement for addition-
al extrinsic factors, mainly due to the high manufactur-
ing cost of recombinant proteins.

Material and methods

Isolation of hADSCs and cell culture

Consistent with the Institutional Medical Ethics
Committee guideline, human adipose tissue was obtain-
ed from lipoaspirate, and isolation of hADSCs was
carried out according to Zuk et al. [34]. Briefly, follow-
ing to mincing the adipose tissue, fragments were
digested with collagenase type I (Sigma, USA) at
37 °C for 1 h with vigorous shaking. Afterward,
hADSCs were isolated using centrifugation at 1,200×
g for 10 min and were resuspended in the control medi-
um containing Dulbecco’s modified Eagle’s medium
(DMEM), 10 % fetal bovine serum (FBS), and 1 %
penicillin and streptomycin (Sigma). Cells were plated
in tissue culture flask (Nunc, Denmark) and were incu-
bated at 37 °C supplied with 5 % CO2 incubator.
The growing cell culture medium was changed twice a
week. Confluent cells at 70 to 80 % were harvested and
used for the following analyses and differentiation
assays.

Hepatic differentiation of hADSCs

hADSCs were differentiated into hepatocyte-like cells
as previously described [16]. Briefly, hADSCs were
plated onto 24-well plastic cell culture plate (Nunc,
Denmark) at a concentration of 1×103 cells/well.
Hepatic induction was performed using two-step differ-
entiation procedure. In the first step, cells were cultured
in medium containing DMEM, 10 % FBS, 20 ng/ml
hepatocyte growth factor (HGF), and 10−7 mol/l dexa-
methasone for 1 week. For the following 2 weeks,
oncostatin M (OSM) was added to the medium at a
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concentration of 10 ng/ml. Culture medium was
refreshed twice a week, and after 21 days, cells were
used for hepatic differentiation assays.

Virus production and transduction of hADSCs

Production of lentiviral particles was performed accord-
ing to Zuffery et al. [33]. Briefly, the inhibitor hsa-let-7f
lentivector (abm, USA), psPAX2 (encoding the gag and
Pol proteins), and pMD2.G (encoding VSV G envelop
protein) were cotransfected in 293 T cells by calcium
chloride/DNA precipitation method. Cell culture media
was collected 24 and 48 h after transfection, and viral
particles were concentrated using ultracentrifuge for
90 min at 72×103×g. The resultant viral particles were
stored at −70 °C. Moreover, 15 μl of the resultant
viruses was taken for titration. 293 T cells were used
as target cells, and the percentage of green fluorescent
protein (GFP)-positive cells was determined by FACS.

Following to seeding hADSCs at density of 1×104

cells/well onto 24-well cell culture plate (Nunc,
Denmark), cells were transduced with the concentrated
virus particles at MOI of 50. Culture medium was
refreshed a day after transduction. Additionally,
hADSCs were transduced with the scramble lentiviral
vector as a negative control for monitoring nonspecific
changes in genes as a result of lentiviral transduction.
Transduction efficiency of the both lentiviral vectors
(encoding inhibitor let-7f and scramble) was evaluated
using inverted fluorescence microscope.

miRNA extraction and quantitative RT-PCR

Total RNA was isolated using TRI reagent (Sigma,
USA), and complementary DNA (cDNA) was synthe-
sized by universal cDNA synthesis kit (Exiqon, USA),
followed by amplification using SYBR green master
mix (Exiqon, USA) and let-7f LNA PCR primer set
(Exiqon, USA) according to the manufacturer’s instruc-
tion. The U6 snRNA PCR primer set (Exiqon, USA)
was used to amplify U6 as a reference gene for normal-
ization of target transcript levels. Amplification and
detection were carried out by Applied Biosystems
(StepOne Real-time PCR system, USA).

Quantitative RT-PCR analysis

In order to investigate the expression of hepatocyte-
specific markers, quantitative real-time PCR (qRT-PCR)

was carried out for alpha fetoprotein (AFP), albumin
(ALB), cytokeratin 18 (CK18), cytokeratin 19 (CK19),
and HNF4a, in addition to β-actin as a reference gene.
The primer sets are listed in Table 1. RNAwas extracted
on days 1, 7, 14, and 21 using RNeasy mini kit (Qiagen)
andwas reverse transcribed to cDNA using power cDNA
synthesis kit (Intron, Korea) according to the manufac-
turer’s guidelines. Three-step procedure PCRwas carried
out as follows: denaturation at 95 °C, 30 s, annealing at
56 °C, 30 s, and extension at 72 °C for 60 s were
performed up to 40 cycles using Applied Biosystems,
and the comparative CT method (ΔΔCt) served as the
analysis method for the relative quantification of gene
expression.

Immunocytochemistry

Cells were fixed with 4 % paraformaldehyde and
permeablized in 2 % Triton-X100 for 30 min.
Nonspecific bindings was blocked with 1 % BSA and
0.1 % Triton X-100; cells were then incubated overnight
at 4 °C with 1:200 monoclonal anti-human albumin
(Abcam, USA), 1:200 monoclonal anti-human alpha 1
fetoprotein (Abcam, USA), and 1:100 monoclonal anti-
human HNF4a (Abcam, USA) sepa r a t e l y.
Subsequently, cells were incubated with the Alexa flour

Table 1 Primers which used for qRT-PCR

Name of gene Primer sequences

Human albumin F 5′-GAGACCAGAGGTTGATGTGATG-3′
R 5′-AGGCAGGCAGCTTTATCAGCA-3′

Human AFP F 5′-CATGAGCACTGTTGCAGAGGAGA-3′
R 5′-CGTGGTCAGTTTGCAGCATTCTG-3′

Human CK18 F 5′-TTGATGACACCAATATCACACGA-3′
R 5′-TATTGGGCCCGGATGTCTG-3′

Human CK19 F 5′-GCGGCCAACGGCGAGCTA-3′
R 5′-GCAGGACAATCCTGGAGTTCTC-3′

Human HNF4a F 5′-CTTCTTTGACCCAGATGCCAAG-3′
R 5′-GAGTCATACTGGCGGTCGTTG-3′

Human CAT-1 F 5′-CCCACCCCCATAGCTCC-3′
R 5′-TCCTGAAGTAGACTCAGTGGA
ACG-3′

Human β-actin F 5-CTGGAACGGTGAAGGTGACA-3′
R 5′-AAGGGACTTCCTGTAACAATGCA-3′

AFP alpha fetoprotein, CK18 cytokeratin 18, CK19 cytokeratin
19, HNF4a hepatocyte nuclear factors alpha, CAT-1 cationic ami-
no acid transporter-1
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594 donkey anti-mouse IgG for 1 h. Nuclear staining
was carried out using 4,6-diamidino-2-phenylindole,
and cells were visualized applying inverted fluorescence
microscope (Nikon 200, Japan).

Glycogen staining

After fixation with 4 % paraformaldehyde, cells were
oxidized with 1 % periodic acid for 5 min, treated with
Schiff’s reagent (Sigma–Aldrich, USA), stained with
hematoxylin and visualized under inverted microscope.

Urea detection

The presence of urea was determined in cell culture
media using colorimetric assay kit (Zistchem, Iran) ac-
cording to the manufacturer’s instruction.

Statistical analysis

Results were expressed as mean±SEM, and statistical
analysis was assessed using the Student’s t test; P values
below 0.05 were considered significant.

Results

Identification of hepatocyte-specific markers
during hepatic differentiation

Hepatic differentiation of hADSCs was induced using
cytokines and growth factors such as HGF, dexametha-
sone, and OSM for 21 days. Differentiation was
assessed by morphological characterization in addition
to functional evaluation of hepatocyte-like cells. During
hepatic differentiation, cell morphology was changed
from the fibroblast-like to polygonal shape remarkably.
In addition, accumulation of granules was observed in
the cytoplasm (Fig. 1). Production of glycogen and urea
synthesis are two common features of the liver and
specific to hepatocytes. Thus, we characterized these
two features for assessing the success in the differenti-
ation of hADSCs into the hepatocyte-like cells.
Glycogen accumulation was evaluated using glycogen
staining assay. On day 21, cells were strongly positive
for glycogen deposition, indicating the acquisition of
hepatocyte phenotype, while glycogen staining was
negative for undifferentiated hADSCs (Fig. 2a).
Consequently, urea synthesis was evaluated by

measuring urea level in the cell culture media at differ-
ent t ime intervals (days 1, 7, 14, and 21).
Undifferentiated hADSCs did not produce detectable
levels of urea, whereas urea production was significant
in the hepatocyte-like cell culture media on days 14 and
21 (Fig. 2e).

In addition, hepatocyte-like cells were tested for ex-
pression of hepatocyte-specific genes, such as AFP,
ALB, CK18, CK19, and HNF4a by qRT-PCR at differ-
ent time intervals. Undifferentiated hADSCs and
HepG2 were used as a negative and positive control,
respectively. qRT-PCR showed no significant change in
the expression of CK19, whereas the expression of
CK18 and HNF4a was increased significantly on day
21 in the cells treated with growth factors compared to
undifferentiated cells (Fig. 2f). Also, the expression
level of ALB and AFP was evaluated and compared
with the undifferentiated hADSCs. The expression of
AFP was significantly increased 7 days after culturing
and continued until the day 21 (Fig. 2f). Changes in the
ALB levels were noticed later on day 14 after induction
of the differentiation and reached up to 2-fold on day 21
(Fig. 2f).

We also examined expression levels of the AFP,
ALB, and HNF4a at protein level through immunoflu-
orescence assay. In agreement with the gene expression,
staining of cells showed positive staining for AFP, ALB,
and HNF4a on day 21 of differentiation, while undiffer-
entiated cells were negative for all the above three
hepatocyte markers (Fig. 2b, c, d).

Fig. 1 Morphology of hADSCs at days 1 and 21 after induction of
hepatic differentiation. Cells were treated with HGF (20 ng/ml)
and dexamethasone (10−7 mol/l) for 1 week and with OSM
(10 ng/ml), HGF (20 ng/ml), and dexamethasone (10−7 mol/l)
for the subsequent 2 weeks. hADSCs represented the spindle
shape and fibroblast-like morphology (a); hepatic induction of
these cells resulted in significant changes toward a round shape
at 21 days after hepatic induction (b). hADSCs human adipose-
derived stem cells, HGF hepatocyte growth factor, OSM
oncostatin M
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Silencing of let-7f in human hADSCs

Analyzing the level of let-7f, we noticed that it became
subject of gradual downregulation in expression during
hepatic differentiation of hADSCs through the process
of growth factor application (Fig. 3). This finding en-
couraged us to evaluate whether hepatic differentiation
of hADSCs would be affected by silencing of let-7 f. In

order to examine this hypothesis, we investigated the
effect of let-7f on hepatic differentiation of hADSCs by
decreasing the level of let-7f via lentiviruses containing
inhibitor let-7 f. Also, hADSCs were transduced with
lentiviruses containing scramble as a negative control.
The calculated titer for both lentiviral particles was 109

viral particles/ml (data not shown). After 48 h of trans-
duction, the percentage of GFP-positive cells was

Fig. 2 Differentiation of hADSCs into hepatocyte-like cells using
growth factors. Glycogen staining of hepatocyte-like cells derived
from hADSCs and undifferentiated hADSCs (a). Immunocyto-
chemistry assay for AFP, ALB, and HNF4a in hepatocyte-like
cells, respectively (b, c, d). Urea production was evaluated in the
cell culture medium at different time points of the culture in the
hepatic differentiation media (e). qRT-PCR analysis of the selected
hepatocyte-specific markers during hepatic differentiation. The

level of expression for AFP, ALB, CK18, CK19, and HNF4a
was as measured with qRT-PCR, and data were normalized using
β-actin as an internal expression control and were compared with
the undifferentiated hADSCs (day 0). Results represent mean±
SEM (f). ALB albumin, AFP alpha fetoprotein, CK18 cytokeratin
18, CK19 cytokeratin 19, HNF4a hepatocyte nuclear factor,
hADSCs human adipose-derived stem cells, qRT-PCR quantitative
real-time PCR
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assessed using fluorescence microscope. Cells with
80 % or more of the transduction efficiency were used
for further analysis.

The level of let-7f expression in the transduced
hADSCs either with inhibitor let-7f or scramble
lentivectors was measured by qRT-PCR on the days 7,
14, and 21. Results showed a significant (P<0.05) de-
cline in let-7f expression in cells transduced with the
inhibitor let-7f compared to negative control (Fig. 4).

Effect of let-7f inhibition on the expression
of hepatocyte-specific factors in hADSCs

Likewise, to determine the effect of let-7f inhibition on
hepatocyte-specific factors, we analyzed the expression
levels of AFP, ALB, CK18, CK19, and HNF4a at dif-
ferent time intervals (day 1, day 7, day 14, and day 21)
using qRT-PCR. Compared to the negative control, we

observed a significant upregulation of ALB and AFP
expression in transduced hADSCs with the inhibitor let-
7f after 14 and 21 days of transduction (P<0.05)
(Fig. 5f). Interestingly, the same result was found for
CK18, although the expression level of CK19 was in-
creased significantly (2.5-fold) only on the day 21
(Fig. 5f). Noteworthy that we found significant upregu-
lation of HNF4a 14 and 21 days following transduction
with inhibitor let-7f by 2.5- and 4-fold in comparison
with negative control (Fig. 5f). This finding supports
suppression of HNF4a expression by let-7 f. In addition,
positive staining was detected for AFP, ALB, and
HNF4a in the cells transduced with lentivirses contain-
ing inhibitor let-7 f. In contrast, such staining was neg-
ative for negative control (Fig. 5b, c, d). Biochemically,
this notion was supported by observing glycogen depo-
sition (Fig. 5a) and urea secretion (Fig. 5e) in the pres-
ence of inhibitor let-7f on day 21. These findings indi-
cate a negative regulatory function for let-7f in hADSCs
in the path toward hepatic differentiation.

Discussion

Liver is the central organ for a wide range of vital
reactions among which detoxification, biochemical,
and metabolic reactions. Currently, millions of patients
worldwide suffer from end-stage liver disease, and the
only available therapy since 1982 has been liver trans-
plantation (LT) [1]. Due to the accompanying chronic
complications in LT, cell-based therapy has been intro-
duced as an alternative strategy for hepatic disease. In
this regard, various strategies have already been
employed for the in vitro stem cell differentiation toward
hepatocyte-like cells [21]. hADSCs have a hepatogenic
potential allowing them to easily differentiate into
hepatocyte-specific phenotype [32]. Moreover, these
cells can be obtained from patients with a minimally
invasive procedure, compared to BMSCs. The abun-
dance, easy access, and high proliferation rate of these
cells, as well as the possibility to keep the cells in culture
over a long time period, were features making hADSCs
the ideal choice for this study.

Recent studies have indicated roles that are played by
specific miRNAs during differentiation of MSCs into
specific cell type, such as osteoblasts [12], chondrocytes
[28], neurons [20], and adipocytes [11]. Among the
miRNAs, only the let-7 family of miRNAs has been
shown to be involved in the MSCs differentiation to

Fig. 3 Let-7f expression in hADSCs through the course of hepatic
differentiation induced by growth factors. qRT-PCR was used to
assess let-7f expression level on the days 1, 7, 14, and 21. Data
were normalized using U6 snRNA and expressed relative to
undifferentiated hADSCs (day 0). Results represent mean±SEM.
hADSCs human adipose derived stem cells, qRT-PCR quantitative
real-time PCR

Fig. 4 Silencing of let-7f in hADSCs. qRT-PCR result of let-7f
expression level in hADSCs transduced with lentiviruses contain-
ing either inhibitor let-7f or negative control (scramble). Data were
normalized using U6 snRNA and expressed relative to undiffer-
entiated hADSCs (day 0). Mean±SEM of the measurements are
presented. hADSCs human adipose derived stem cells
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hepatocyte-like cells [18]. Applying analysis of deep
sequencing, Koh et al. have shown the possible role of
let-7 miRNA family in the regulation of HNF4a. This
transcriptional factor has shown to regulate expression
of several hepatic genes [30] and functions as an essen-
tial transcription factor in the morphological and func-
tional differentiation of hepatocytes [26]. In addition, a
correlation between liver development and the expres-
sion of HNF4a has also been shown by previous works

[30, 26]. In accordance with these results, we examined
the effect of silencing let-7f which is the only known
miRNAs during hepatic differentiation of MSCs on the
differentiation of hADSCs toward hepatocyte-like cells
in the absence of any extrinsic factors.

Using growth factors and cytokines, we were able to
induce hepatic differentiation of hADSCs. This differ-
entiation was determined through elevation of
hepatocyte-specific factors, such as AFP, ALB, CK18,

Fig. 5 The effect of let-7f inhibition on the expression of hepato-
cyte-specific markers in hADSCs. Glycogen deposition was de-
tected using Shiff’s reagent in hADSCs transduced with lentivi-
ruses containing either inhibitor let-7f or negative control (scram-
ble) (a). Immunocytochemistry assay for AFP, ALB, and HNF4a
in hADSCs transduced with lentiviruses containing either inhibitor
let-7f or negative (scrambled) control (b, c, d). Urea was detected
in the cell culture medium on days 1, 7, 14, and 21 following to

lentiviral transduction of hADSCs; either with inhibitor let-7f or
negative (scramble) control (e). Hepatic differentiation was evalu-
ated with qRT-PCR for selected factors including AFP, ALB,
CK18, CK19, and HNF4a at different time intervals. Data were
normalized with β-actin and expressed relative to undifferentiated
hADSCs. The mean±SEM of the results are presented (g). Abbre-
viations are the same as those in Fig. 3. Adobe Photoshop CS 8.0
was used to create the figures

Hepatic differentiation of hADSCs by silencing of let-7f microRNA 787



CK19, and HNF4, and further was confirmed by posi-
tive immunostaining for AFP, ALB, and HNF4a. In
accordance to hepatocyte phenotype, we also detected
glycogen deposition and urea secretion in hepatocyte-
like cells.

Applying qRT-PCR, our data indicate that the expres-
sion of let-7f subjects to the downregulation during
hepatic differentiation of hADSCs using growth factors.
Hence, to evaluate the impact of let-7f on hepatic differ-
entiation, lentiviral transduction method was used to
silence let-7f in hADSCs. Cells with at least 80 % effi-
ciency were selected, and subsequent qRT-PCR
displayed that expression of let-7f was downregulated
in cells transduced by inhibitor let-7 f. Furthermore, our
results showed that inhibition of let-7f in hADSCs could
intensify hepatic differentiation without requirement for
any extrinsic factors. This notion could be judged by
significant upregulation of AFP, ALB, CK18, CK19, and
HNF4a in cells transduced with inhibitor let-7 f. Protein
production is considered as the ultimate reflection of
gene expression. As a result, works were focused to
evaluate the levels of proteins related to each of these
hepatocyte-specific genes. Performing immunocyto-
chemistry, we were able to show the expression of
AFP, ALB, and HNF4a on day 21 and acquisition of
hepatocyte-like phenotype in hADSCs transduced with
inhibitor let-7 f. The observations of glycogen deposition
and urea secretion are further evidences for the hepatic
differentiation of hADSCs through let-7f silencing.

Based on our findings, the inhibition of let-7f miRNA
would result in the expression of HNF4a in hADSCs;
therefore, let-7f clearly mediates regulation of HNF4a.
Indeed, HNF4a functions as a positive transcriptional
regulator for many hepatocyte genes [5, 23] and plays a
significant role in hepatic differentiation and liver mor-
phogenesis as well [9, 19]. Based on the above reports,
our results also validate the importance of HNF4a as an
essential factor in hepatic differentiation of stem cells.

In conclusion, in the present study, we have
shown that miRNAs such as let-7f act as a negative
regulator for hepatic differentiation of hADSCs through
suppression of HNF4a, as silencing of this factor
accelerates hepatic differentiation of this type of
cells. Such findings are likely to facilitate the develop-
ment of novel therapeutic strategies for managing liver
diseases.
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