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ABSTRACT

Background and Objective: Multipotent placental amniotic membrane
mesenchymal stem cells (MSCs) are capable of differentiating into specialized tissues under
different conditions. The aim of this study was to induce differentiation of placental amniotic
membrane MSCs from NMRI mouse into hepatocytes using liver extract.

Methods: Placental amniotic membrane MSCs from a 14-day pregnant female mouse
was used in this study. The cells were incubated with trypsin solution, followed by pipetting.
The resulting suspension was cultured in 12-well plates. After confirming their mesenchymal
nature, differentiation of the aforementioned cells was induced via exposure to 6, 18, 30 and
60 pg/ml of liver extract. On the 16" day of treatment, immunocylochemical reaction for
albumin and periodic acid-Schiff (PAS) test were performed for detection of hepatocyte-like
cells.

Results: Change was observed in the shape of differentiating cells from spindle-like
shape to polygonal shape. The immunocytochemical reaction of the differentiated cells was
positive. PAS staining also confirmed the accumulation of glycogen particles in the
aforementioned cells. Concentration of 6 pig/ml liver extract was found as the effective dose
for induction of differentiation.

Conclusion: The findings of this study show that the placental amniotic membrane-
derived MSCs of mouse can differentiate in vitro from spindle-like cells to polygonal
hepatocyte-like cells with large nuclei and under the influence of the liver.
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INTRODUCTION

liver is an organ that plays an important
role in metabolism, synthesis and storage of
nutrients, detoxification, and defense against
invading macromolecules. Liver failure and
chronic liver disease are among the main
causes of mortality worldwide (1, 2). Although
liver tissue is able to repair itself, hepatocytes
become impaired in some cases and need to be
replaced (3). Currently, liver transplantation is
the accepted therapy that have some
limitations including high cost, use of
immunosuppressant drugs, organ transplant
rejection and shortage of donors (4).
Therefore, researchers are trying to find new
sources of hepatocytes. Hence, stem cells have
been suggested as new source for the
production of hepatocytes in the laboratory
due to their high proliferation and
differentiation capability. On the other hand,
the need for a hepatocyte source for testing
drugs and various therapeutic compounds
before administration to patients, have
prompted scientists to conduct studies on the
in vitro production of hepatocytes from stem
cells (5). Since mesenchymal stem cells
(MSCs) have the ability to self-renew and
differentiate into other cells, they have an
important role in healing and cell therapy
processes (6). Flexibility and plasticity of
these cells in differentiation into nerve cells,
epithelial cells, pneumocytes, hepatocytes, and
intestinal, renal and spleen epithelial cells has
been demonstrated (6,7). The researchers have
managed to isolate MSCs from different
tissues including muscle, skin, trabecular bone,
adipose tissue, periosteum, umbilical cord
blood and synovial membranes as well as fetal
tissues including amnion, Wharton's jelly,
umbilical cord and placenta (8-10). Access to a
large number of cells, ease of extraction with
minimal pain and tissue damage, the high
proliferation and differentiation capability,
possibility of autogenic or allogeneic
transplantation without fear of rejection for
treatment are the characteristics of an ideal
stem cell (11). Relatively easy isolation and
expansion of mesenchymal cells from
placental amniotic membrane, low
immunogenicity, and lack of tumorigenesis
and inflammatory properties have prompted
some scientists to focus on the efficacy of
these cells for the treatment of diseases (12).
In 2004, Zhang et al. were the first to show
that placental amniotic membrane has many
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MSCs with the ability to differentiate into
osteogenic and adipogenic cells (13). Later in
2007, Solomon et al. succeeded to isolate
multipotent MSCs from the placental amniotic
membrane with ability to differentiate into
adipogenic, chondrogenic, osteogenic and
skeletal myogenic cells (14). It has been
revealed that the stem cells derived from the
amniotic membrane are similar to embryonic
stem cells with less ethical issue for use in
studies (15). The aim of this study was to
evaluate the impact of mouse liver extract on
differentiation of placental amniotic membrane
MSCs into hepatocyte-like cells in vitro. The
nature of the resulting cells was verified by
immunocytochemistry and periodic acid—
Schiff (PAS) reaction.

MATERIAL AND METHODS

In this fundamental study, the white
NMRI mice with a weight range of 26-30 g
were used. The mice were maintained under
suitable conditions (12-hours light/darkness
cycle) at 23 °C. They were used after a week,
adapting to laboratory conditions. To obtain
embryos required, 40 female NMRI mice were
caged separately with mice of the same race in
a way that two female mice and a male one
were placed in each cage. Intercourse was
usually done at midnight, leading to
development of vaginal plug. For isolation of
placental amniotic membrane mesenchymal
cells, 14-day pregnant mice were used.
Placental amniotic membrane mesenchymal
cells were isolated wusing a technique
introduced by Marongiu et al. in 2012 (12, 16).
The DMEM culture medium containing
sodium bicarbonate and L-glutamin were
supplemented with 100 mg/L penicillin, 100
mg/L streptomycin and 15% FBS. The
medium was sterilized by syringe filter and pH
of the medium was adjusted to 7.4.
It is demonstrated that MSCs can differentiate
into osteocytes and adipocytes (17). In
addition to evaluation of morphology for
verification of the mesenchymal nature of the
resulting cells from the last phase, some
samples were exposed to adipogenic
differential medium containing DMEM with50
pg/ml  ascorbic2-phosphate, 100  nmol
ascorbic2-phosphate and 50 pg/mi
indomethacin for two weeks, and osteogenic
differential medium containing DMEM with
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50 pg/ml ascorbic2-phosphate, 10 nmol
ascorbic2-phosphate and 10 mmol B-Glycerol
for three weeks (18).

In this study, liver from 7-day old newborn
mice was used. The liver extract was prepared
according to method described by Solati et al.
(19). After removing the liver of newborn
mice, they were immediately taken under
laminar hood on dry ice, and then transferred
into concentrated liver extract by a
homogenizer. Then, necessary amounts of the
extract were added to the culture medium.
Second and third passages of stem cells were
used for the differentiation of placental
amniotic membrane MSCs into hepatocyte-
like cells. In this way, when cell density in the
flask reached 70-80%, the normal culture
medium was removed from the dish and
replaced with the prepared differential media.
The experimental groups of this study were as
follows:

1. Control group: amniotic membrane MSCs
with medium containing 10% FBS

2. First experimental group: in addition to
DMEM containing 10% FBS, 100 pl of extract
(6 g of liver in 10ml DMEM solution ) per 1
ml of medium equal to 60 pg/ml liver extract
was added to the MSCs in culture flasks.

3. Second experimental group: in addition to
DMEM containing 5% FBS, 50 A of extract (6
g of liver in 10ml DMEM solution) per 1 ml of
medium equal to 30 pg/ml liver extract was
added to the MSCs in culture flasks.

4. Third experimental group: in addition to
DMEM containing 5% FBS, 30 A of extract (6
g of liver in 10ml of DMEM solution) per 1 ml
of medium equal to 18 ug/ml liver extract was
added to the MSCs in culture flasks.

5. Fifth experimental group: in addition to
DMEM containing 2% FBS, 10 A of extract (6
g of mice liver in 10ml DMEM solution) per 1
ml of medium equal to 6 pg/ml of liver extract
was added the MSCs in culture flasks.

Cell culture medium was replaced every four
days. Dead cells were removed from the
medium and the mentioned concentrations of
the extract were added to the culture flasks.
The flasks from the third and fourth
experimental groups had less number of dead
cells and more differentiated cells than the
other groups. In the fourth experimental group
that was treated with the lowest amount of
serum and extract, the cells with polygonal
morphology and large nuclei in the center of
cytoplasm  (signs of hepatocytes) were
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observed on 16™ day (Figure 1). The fourth
group was used for further evaluations.

Figure 1. Image of dividing nucleus and
granular cytoplasm of a polygonal hepatocyte-
like cell Immunofluorescent assessment: On
the 16™ day, cells were fixed in 10 pl of 4%
paraformaldehyde solution at room
temperature for 20 minutes. Then, blocking
phase was done using incubation for 45
minutes at room temperature using a solution
containing 0.1% Triton X-100 and 10% goat
serum and the primary antibody against
albumin. Next, the cells were incubated with
FITC-conjugated secondary antibody. Cells
were washed with PBS between different
stages of staining. Finally, the cells were
examined by inverted fluorescence microscope
(20). PAS staining was perfumed according to
the method previously described by Raoufi et
al. (20). First, differentiated cells were fixed
by paraformaldehyde and then incubated with
1% PAS for 5 minutes. The cells were then
washed with deionized water. Cells were
incubated with Schiff solution for 15 minutes
and then washed with deionized water for 10
minutes. Finally, the cells were examined
under a microscope. In the primary culture of
placental amniotic membrane cells,
mesenchymal cell colonies were observed
after a few days that included spindle cells that
were drawn radially from the center of the
colony to the sides. Mesenchymal cells from
the third passage that were placed in the
adipogenic medium for 12 days and in the
osteogenic medium for 21 days were
differentiated to adipocytes and osteocytes,
respectively.  The  differentiation  was
confirmed by Oil-Red and Alizarin Red
staining (Figure 2). Immunofluorescent
staining for albumin: Cell differentiation was
confirmed with immunohistochemistry
staining method. After examination by a
fluorescent microscope, green fluorescent
signals were observed, indicating the positive
test result (Figure 3).

Figure 3. Albumin expression in differentiated
cells was confirmed by
immunohistochemistry.  Images of the
differentiated cells from: A) contrast and B)
fluorescent phases. The results of the PAS
staining showed that differentiated cells are
capable of storing glycogen. After 10 minutes
of adding the Schiff solution (colorless) to
differentiated cells, the solution turned purple,



a response not observed in undifferentiated
cells (Figure 4).

Figure 4. Image of a polygonal cell with a
central nucleus in red color after PAS staining
(400X magnification).

Results
Change was observed in the shape of
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differentiating cells from spindle-like shape to
polygonal shape. The immunocytochemical
reaction of the differentiated cells was
positive. PAS staining also confirmed the
accumulation of glycogen particles in the
aforementioned cells. Concentration of 6
pg/ml liver extract was found as the effective
dose for induction of differentiation.

Untreated cells Treated cells after 8 days

Treated cells after 12 days

Treated cells after 4 days

Hepatocyte-like cell

Figure 1- Image of dividing nucleus and granular cytoplasm of a polygonal hepatocyte-like cell (400X).

Figure 2- a) Image of Alizarin Red staining of mouse amniotic membrane mesenchymal cells
differentiated into osteocytes. b) Image of Oil-Red staining of mouse amniotic membrane mesenchymal
cells differentiated into adipocytes (100X)
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Figure 3- Albumin expression in differentiated cells was confirmed by immunohistochemistry. Images of the
differentiated cells from: A) contrast and B) fluorescent phases (200X).

Figure 4- Image of a polygonal cell with a central nucleus in red color after PAS staining (400X

magnification).

DISCUSSION

MSCs are used as a valuable source for
cell therapy in animal models due to the high
proliferation and self-renewal capacity, the
ability to differentiate into other mesenchymal
lineages, inhibition of immune responses and
lack of teratoma  formation  after
transplantation (13). These cells have been
used in the treatment of genetic disorders such
as osteogenesis imperfecta, hematopoietic
recovery, bone regeneration, repairing the
necrosis site in myocardial infarction patients
and treatment of joint diseases (2, 21-25).
Because of the importance of MSCs in cell
therapy, preclinical studies using animal
models are required to utilize these cells for
the treatment of human disease.
The liver of 7-day NMARI mouse was
removed completely and the liver extract was
used as an induction agent. The results of this
study showed that the liver extract induces the
differentiation of amniotic membrane MSCs
into  hepatocyte-like  cells.  Since the
hepatocyte-like cells were able to synthesize
glycogen, PAS test was positive and the purple
color was observed in some areas. The
differentiated cells were capable of expressing
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albumin, which is the index for detection of
hepatocytes.

In this study, the cells in the first and second
groups (30 pg/ml and 60 pg/ml) died after
three days of treatment with the extract. The
cells in the third group were treated with 18
pg/ml of the extract and had a hepatocyte-
fibroblastic morphology that experienced
aging and apoptosis with time. After eight
days of treating the MSCs in the fourth group
with 6 pg/ml of the extract, the cells lost their
ability to reproduce under the influence of the
extract. On the 14™ day, a small number of
cells with nucleus divided and became
balanced. The cell division was in fact a sign
of differentiation on the surface of hepatocyte-
like cells. The process of cell differentiation
was stopped on the 16™ day when the cells had
large cytoplasm, changes that were quite
similar to morphology of hepatocytes. such as
inhibition of differentiation pathways. In
contrast to previous studies, the present study
was performed in the absence of induction
factors such as hepatocyte growth factor,
epidermal growth factor, transforming
growth factor beta, acidic fibroblast growth



factor, insulin-like growth factor, oncostatin M
and non-protein factors and agents including
dexamethasone, retinoic acid, sodium butyrate,
nicotinamide, norepinephrine and dimethyl
sulfoxide (3). Due to the use of liver extract
from newborn mouse, differentiation of
placental MSCs of NMRI mouse into
hepatocyte-like cells occurred within the 16-
day period. The concentrations of 6, 18, 30
and 60 pg/ml were used to induce
differentiation. The MSCs acquired the
morphology of hepatocytes on the 16" day of
treatment with 6 pg/ml of the extract. PAS test
and immunohistochemistry staining were
positive for albumin in these cells, which
indicated the successful differentiation of these
cells into hepatocyte-like cells. Study of Solati
et al. used rat liver extract to differentiate stem
cells into hepatocytes. In the mentioned study,
the extract induced differentiation of rat
derived omentum tissue MSCs (rOT-MSCs)
into hepatocyte-like cells. Positive PAS test
for  differentiated cells indicated the
differentiation of rOT-MSCs into hepatocyte-
like cells. The morphology change of MSCs
toward hepatocyte-like cells during the
induction period was also investigated. RT-
PCR was performed for WT-1, ALB, AFP and
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