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Abstract

Tissue engineered approaches have been used for
hepatic regeneration and growing hepatic cells in-
vitro, however it remains challenging due to the lesser
proliferative capacity of the hepatic cells as well as cell
source availability due to damaged tissues. Stem cells
could be an alternative strategy if differentiated to
functional hepatic like cells by providing suitable
niche or culture conditions. In the present study we
tried to explore differentiation of mesodermal origin
cells to the endodermal origin hepatic cells under
different culture conditions including fibrin niche and

adipocytes derived mesenchymal stem cells conditioned
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medium. Fibrin provides better cell adhesion and
proliferation. Mesenchymal stem cells were
isolated and characterized. Two step induction
was used for differentiating into hepatic like cells.
Functionality of the differentiated hepatic like cells
was analyzed using Cyto P 450, glycogen storage and
urea/albumin assay at different time points. It was
observed the fibrin niche supports the hepatic
differentiation and differentiated cells shows hepatic
functions. This approach may be used to generate

alternative cell source for hepatic tissue engineering.
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1. Introduction

Liver is one of the vital organs of the human body
having critical roles to play including storage and
release of glucose, conversion of ammonia to urea,
removal of drugs and toxins from blood etc. Liver
failure has increased in recent years and liver
transplantation is becoming the only solution
available. However, due to the shortage of organ
donors the morbidity has increase significantly. Cell
based therapy could be an alternative approach to this
problem. Various types of stem cells have been used
for differentiation towards hepatic cells including
embryonic stem cells, adult stem cells, however
ethical concerns for embryonic stem cells makes it
difficult to wuse for therapeutic application.
Mesenchymal stem cells provide a good platform for
stem cell therapy. Cell-based therapeutic strategies
includes various approaches like cell transplantation
and Dbioartificial liver devices [1]. However,
autologous hepatic tissue maintain the phenotype of
primary hepatocytes in culture limits the application.
This led to critical scarcity of human hepatocytes as a
stumbling block to advancement of cell-based
therapies. Alternative cell sources for hepatic
differentiation could be possible way for overcoming
this scarcity [2]. ADMSCs hold promise here due to
its multi lineage differentiation potential as well as non
immunogenic nature [3, 4]. There are many factors
which contribute to the potential of MSCs in cell
therapy which includes ease of accessibility, less time
requirements for growth and expansion, ease of
biopreservation, less chance of teratoma formation,
immunomodulation and minimal ethical issues [5, 6].
However, to obtain functional hepatic like cells,

homing/ niche/microenvironment is critical. Fibrin, a
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plasma protein is well known for enhancing cell
adhesion and proliferation [7]. Thus in the current study
we aimed to optimize and explore fibrin niche for
differentiation of Adipose Derived Mesenchymal
Stem cells (ADMSCs) into hepatic like functional
cells. MSCs has been assumed to be a recruitment
source at the time of liver regeneration [8]. It is
reported that MSCs do not express early hepatic
specific genes but can differentiate to mature
hepatocyte-like cells [9]. Various researches point out
that the key players in bringing about hepatic
differentiation of MSCs are appropriate niche and
Insulin-transferrin-selenium (ITS), human epidermal
growth factor (hEGF), human hepatocyte growth
factor (hHGF) and hOSM (human Oncostatin M) [10
-12]. In this study we have explored specific
combination of Thrombin, Fibrinogen and Gelatin to
support the hepatic differentiation of the MSCs and
their survival. The use of biomimetic and biospecific
molecules for coating will aid to regulate the
properties and function of cells [13, 14]. It is possible
to attach these bioactive molecules in specific
concentrations and spatial distributions whereby we
can regulate the adhesion as well as growth, viability
and differentiation of the cells [15].

2. Materials and Methods

2. 1 Isolation and characterization of ADMSCs
Human adipose tissue was collected from the patients
undergoing bypass surgery at SCTIMST, Trivandrum
and the tissue was collected after obtaining the
Institute Ethics Committee approval
(SCT/IEC/1231/June2018,  SCT/IC-SCR/43/March
2017). ADMSCs were isolated as described by Zuk et
al 2002 [16]. Briefly, the tissue obtained was washed
with sterile Hank’s Balanced Salt Solution (HBSS)
and was minced thoroughly. Minced tissue was

washed again in HBSS and kept for digestion with
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4mg/ml Collagenase type | enzyme (Merck Sigma,
USA) for 45 min at 37°C with continuous shaking at
120 rpm in an incubator shaker (Kuhner Shaker,
Switzerland). Undigested tissue sections were
discarded and the remaining solution was sieved using
a 70um nylon mesh (BD Falcon, USA). Serum
containing medium was added to sieved tissue
suspension and this was centrifuged at 400g for 6
minutes to obtain cell pellet. Resuspended the pellet in
10% FBS (FBS; Gibco, USA) containing Dulbecco’s
modified Eagle’s medium DMEM supplemented with
10% Fetal Bovine Serum) and Antibiotic-Antimycotic
solution (ABAM; Invitrogen, USA). The cells were
seeded to a 25cm? tissue- culture polystyrene flask
(TCPS; Nunc, Denmark) and incubated at 37°C under
5% CO,. Medium was changed at 3 day intervals.
Upon reaching ~ 80% confluence, cells were passaged
by standard trypsinization protocol using 0. 25%
Trypsin- EDTA (Invitrogen, USA) for expansion of
cell numbers. Cultured MSCs from passage two-five
were characterized using flowcytometry. In Brief,
cells (1X10%) from second passage were fixed with 3.
7% paraformaldehyde for 20 min at room temperature.
After fixation cells were thoroughly washed with PBS
at 400g for 6 minutes three times. Cells were blocked
using 3% BSA in PBS for 10 min. Washed cells were
then stained with specific positive markers CD90,
CD105 and negative markers CD14 and CD45. After
lhour incubation in dark, cells were washed at 400g
for 6 minutes, twice in PBS. Cell pellet was
resuspended in sheath fluid and flowytometric
analysis was carried out using BD FACS ARIA II.
Unstained cells were used to gate the cell population.
Data was analyzed using FlowJo software (Tree Star
Inc. , USA). Trilineage differentiation of hADMSCs
was done to prove the multipotency, using StemPro
medium (Life Technologies, USA), as per the standard
procedure. For adipogenic induction 1x104 cells/cm?

and for osteogenic induction 5x103 cells/cm?
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respectively, were seeded and cultured in respective
Stem Pro induction medium for 21 days with medium
change once in three days. For chondrogenic
differentiation, cells were seeded at high density as
microdroplets and grown for 14 days in respective
medium. Differentiation to adipogenic, osteogenic and
chondrogenic lineages was confirmed by staining with
Oil Red O, Alizarin Red S and Toluidine blue stains
respectively, as per the standard protocols. The
staining pattern was observed using light microscope
(Leica, Germany) and images were acquired using

LAS software (Leica, Germany).

2. 2 Preparation of fibrin matrix

Combination of Thrombin, Fibrinogen and Gelatin in
the ratio of 1:2:0. 05 was used as a culture matrix. In-
house prepared clinical grade fibrinogen and thrombin
were used for the coating the culture dishes. In brief,
Iyophilized thrombin and fibrinogen was reconstituted
in the respective solvents and then diluted with 25 mM
calcium chloride and sterile water to get 5 IU/ml and
2 mg/ml concentration respectively. Culture flasks
were incubated with thrombin at 37°C for 30 minutes.
Gelatin was added to fibrinogen solution. After 30
minute incubation, thrombin treated plates and flasks
were streaked with fibrinogen-gelatin solution such
that no space was left uncovered. Multi layering was
avoided during the streaking. At the end, a gentle swirl
was given and the plates and flasks were incubated at
30°C for 30 minutes for clot formation to take place.
Culture plates/flasks were frozen at -80°C for
overnight and were lyophilized. Coated plates and

flasks were stored at 4°C till the time of use.

2. 3 Induction of ADMSC:s to hepatic like cells

Mesenchymal stem cells in passage 2-5 were selected
for the hepatic induction. The cells were trysinized and
seeded at a density of 10,000 cells/cmz?. Cells were

induced for the differentiation using growth factors.
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To analyze the effect of fibrin gelatin niche, culyures
without growth factor inductions were also used.
ADMSCs secrete proteins /growth factors which may
help in the differentiation. Thus ADMSCs conditioned
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medium collected from the ADMSCs culture was also
analyzed. Uninduced cultures with and without fibrin
matrix were used as control. Experimental groups are

described below.

Experiment No. Media used Growth factors Coating
| Serum-free DMEM, test (Induced) v v
2 Serum-free DMEM, test (Induced) v x
3 ADMSC conditioned medium, test (Induced) v v
4 10% FBS DMEM, Control (Uninduced) x v
5 10% FBS DMEM, Control (Uninduced) x *®

ADMSCs were differentiated to hepatic like cells in
two step induction protocol as described by Lee et al.
, 2004 [17] hepatic initiation and hepatic maturation.
In brief, cells were cultured in 10% FBS for 24h and
then in serum free medium for 48h with epidermal
growth factor and basic fibroblast growth factor
(bFGF). After the completion of 48h , cells were
provided with differentiation medium (serum-free
DMEM) consisting of Hepatocyte growth factor
(Sigma Aldrich), basic fibroblast growth factor and
Nicotinamide (Sigma Aldrich) for seven days.
Following this, the cells were exposed to serum-free
media supplemented with Dexamethasone (Sigma
Aldrich) and Insulin-transferrin-sodium  selenite
(Sigma Aldrich) for a period of two weeks. The
unduced groups with and without fibrin matrix were
continued to be supplemented with 10% FBS
containing DMEM throughout the experiment. Cells
were observed morphologically using microscope at

different time points.

2. 4 Functional characterization of differentiated
hepatocyte-like cells
Differentiated cells were analyzed for the functional

hepatocytes assay.

2. 4. 1 Indocyanine green uptake assay: The
Indocyanine green (cardiogreen) dye (Sigma Aldrich)
was dissolved in sterile water to make a 1 mg/ml
solution. The cells were incubated with 1 mg/ml ICG
solution for 15 minutes at 37°C, and rinsed thrice with
PBS. The cellular uptake of the dye was observed
under a light microscope (Leica, Germany) and the
images were acquired at different magnifications

using LAS software (Leica, Germany) [18].

2. 4.2 Glycogen storage assay: The glycogen storage
by the cells was assayed using Periodic acid-Schiff
staining (PAS). Cells were permeabilized with 0. 1%
Triton X-100 for 10 minutes followed by fixation in
4% formaldehyde. Cells were stained with 1%
periodic acid for 5 minutes at room temperature. Cells
were rinsed thrice with distilled water and then
incubated with Schiff’s solution for 15 minutes at
room temperature. Cells were counter stain with
haematoxylin for 1 to 2 minutes and then were washed
thoroughly with dH,O. Cells were observed using a
light microscope (Leica, Germany) and the images
were captured at different magnifications using LAS

software (Leica, Germany).
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2. 4. 3 EROD assay for cyto P 450: Cells were
incubated in  DMEM media  containing
Ethoxyresorufin at 37°C for four hours and were
counter stain with Hoechst. Cells were washed in PBS
and were observed under a fluorescence microscope
(Leica, Germany) to check for the presence of
Resorufin. Images were captured at 10x magnification

using LAS software (Leica, Germany).

2. 4. 4 Urea assay: The presence of urea in the cell
cultured-media (from day 6 and day 10) was assayed
using BioChain urea assay Kit. Briefly, the media
samples were mixed with 200ul of provided working
reagent, incubated at room temperature for 20 minutes
and the absorbance was measured at 470-550nm using
Bio-Rad iMarkmicroplate absorbance reader. Data

analysis was carried out using MPM6 software.

2. 4. 5 Human albumin ELISA: The presence of
secreted albumin in the media (from day 6 and day 10)
was assayed using Human albumin ELISA
quantification set from Bethyl Laboratories [Roll
&Willenbring 2010] as well as by SDS- PAGE.
Briefly, 100ul of coating antibody (1:100 dilution,
diluted in coating buffer) was added to each well and
incubated at room temperature for one hour. Wells
were incubated with blocking buffer for 30 minutes.
The samples and the standards provided with the kit
were added to the wells (100pl each) and incubated at
room temperature for one hour. Wells were rinsed with
PBS thrice and were incubated with 100ul of HRP
detection antibody (1:100,000 dilution) for one hour at
room temperature. After the incubation, TMB
substrate solution was added and the plate was
developed in the dark for 15 minutes. 100ul of stop
solution/well was used to stop the reaction and the
absorbance was measured at 450nm in Bio-Rad iMark
microplate absorbance reader. Medium was used as

blank. Analysis was done using MPM software.
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2. 4. 6 SDS- PAGE: 12% SDS polyacrylamide gel
was used to separate the proteins. The stacking gel and
resolving gel were prepared using the standard
protocol and the samples with equal protein
concentrations (20pg; estimated with the help of
standard plotted from Lowry assay) were loaded on
the gel. The samples were run on 100V until it crossed
the stacking and the voltage was increased to 120V
upon reaching the resolving gel. Once the dye front has
run out the electrophoresis was stopped and the gel
was carefully removed from the glass plates and the
stacking gel was cut out. The gel was washed with
distilled water and incubated in freshly prepared
coomassie stain for 3 hours. The gel was destained

with methanol acetic acid and water solution.

2. 5 Statistical analysis
All quantitative data was analyzed using t test and data

was considered significant at p<0. 05.

3. Results

3.1 MSC isolation and characterization

The mesenchymal stem cells were isolated from
adipose tissue samples, collected from cardiac subjects
of both sexes who underwent coronary artery surgeries
at SCTIMST. After four to five hours, cells were
washed and plastic adherent cells were cultured for
72h. Morphological observations confirmed typical
elongated MSCs morphology with a bulged central
region (Figure 1A). Cells were further characterized
using trileneage differentiation as well as cell surface
markers. Figure 1 B-D represents the adipogenic (Oil
Red O stain) , chondrogenic (Alcian blue stain) and
osteogenic (Alizarin Red S stain) differentiation of
isolated cells. Adipocyte differentiation was evident
from the red droplet staining of the oil droplets.

Chondrogenic differentiation of MSCs resulted in the
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formation of chondrocytes along with its typical
extracellular matrix. The stain was picked up by
proteoglycans which are the major molecules within
the cartilage matrix, and showed a dark blue color
under light microscope. The mesenchymal stem cells
differentiated in to Osteoblasts when osteogenic
induction medium was provided for a time period of
21 days. The calcium deposits attributable to the
osteocytes uptake the stain and resulted in red colour.
Isolated cells showed more than 90% expression for
CD90 and CD105 and were negative for CD14 and
CD45. Unstained cells were used to gate the
population on forward scattered and side scattered
plot. Analysis was done using FlowJo software (Tree
Star Inc. , USA). Figure 1 E represents the
flowcytometric data. Red lines denotes the
fluorescence intensity of unstained cells where as blue
line denotes the stained cells.

3. 2 Hepatic differentiation of MSCs

The mesenchymal stem cells were provided with the
hepatic induction medium in a two stage protocol as
described in the section 2. 3. Cells were first inducted
for endodermal lineage and then specific hepatic
lineage. Cell were analyzed morphologically after the
first induction and then at different time points after
second induction. Different culture conditions were

compared to analyze the effect of induction media,
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fibrin-gelatin niche as well as ADMSCs conditioned
media on hepatic differentiation. Figure 2 and Figure
3 represents the morphology of cells at endodermal
lineage stage and on different days of hepatic
differentiation respectively. Morphology of cells in
culture changes from long elongated to small rounded
cells after endodermal induction, however, this effect
was most evident in induced but uncoated culture.
Cells in fibrin-gelatin coated dishes as well as in
ADMSCs conditioned medium showed morphological
changes in terms of length reduction. Cultures were
further inducted using specific growth factors to
hepatic cells and microscopic observations were made
on 5th day, 10" day, 14™ day and 28™ day. Cells in
induction medium alone showed hexagonal
morphology at 5" day itself and cells were
differentiating till 28" day, however, cell death were
observed as culture prolonged to 15 day to 28" day.
ADMSCs conditioned medium culture showed dense
cell population however it could not be distinct
morphologically. Fibrin gelatin niche without
induction medium did not support hepatic
differentiation and cells were morphologically similar
to the uncoated uninduced cultures. Fibrin gelatin
niche cultures along with induction medium supported
hepatic differentiation, however, cell growth were
found to be less compare to the induction medium

culture alone.
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Figure 1: ADMSC lIsolation and Characterization A) Morphology of plastic adhered MSCs after 72 hours in culture
(10X magnification) B) MSC derived adipocytes stained with Oil Red O stain C) MSC derived chondrocytes stained
with Alcian blue stain D) MSC derived osteocytes stained with Alizarin Red S stain (Images are captured at 40X

magnification) E) Flowcytometric characterization of ADMSCs using two positive and two negative markers (n=4).
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Figure 2: Hepatic Initiation of ADMSCs. The morphology of cells after 48 hrs in endoderm induction media and the
morphology of cells after one week in hepatic initiation media. Representative images of hepatic differentiation of
ADMSCs with and without induction medium and in ADMSCs conditioning medium (n=4).
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Figure 3: Representative images of hepatic Maturation on different days of culture of ADMSCs with and without
induction medium and in ADMSCs conditioning medium (n=4).

3. 3 Hepatic function analysis in differentiated cells glycogen storage, cytochrome P-450, urea and
Differentiated cells were analyzed for functional albumin.

hepatic markers like Indocyanine green uptake,
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3. 3. 1 Indocyanine green uptake assay: The uptake
of Indocyanine green/cardiogreen by the cells exposed
to different culture conditions was observed at two
different time points (after two weeks and after four
weeks of culturing in hepatic maturation media), under
a light microscope (Figure 4). The ICG uptake pattern
shown by cells grown in induction culture conditions
was notably high compared to the control groups. The
induced cells grown in fibrin coated plate did uptake
more dye than those cultured in uncoated plates which
is indicative of a hepatic induction- promoting role
played by the fibrin niche. ADMSCs conditioned
medium showed the maximum uptake of the dye. By
28th day in culture, the cells appeared to be losing its

structural integrity.

3. 3. 2 PAS Staining: PAS staining was done for
MSCs subjected to hepatocytic differentiation
conditions and glycogen storage within the cells was
evaluated with the help of a light microscope (Figure
4). The comparative analysis of control MSCs and
differentiated cells showed that glycogen storage was
comparatively higher in the induced cells at 14™ day
of culture. The cells cultured in fibrin-gelatin coating
had more glycogen storage in comparison with those

cultured in uncoated plates.

Coated induced cultures and ADMSCs conditioned
culture showed high level of glycogen storage when
compared to uncoated induced. In coated induces
cultures at 14" day cell showed the hexagonal
morphology and though apperantly microscopically
cells were less in number, PAS staining revealed better
hepatic function compare to cultures with induction
media alone. Thus fibrin gelatin niche may not support
the cell differentiation but indicative of promoting
hepatic function. At 28" day culture reduction in
glycogen storage in all culture conditions were

observed.
Archives of Clinical and Biomedical Research
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3. 3. 3 EROD assay: The ethoxyresorufin-O-
deethylase (EROD) assay was done to study the
induction of the xenobiotic-metabolizing enzyme
cytochrome P-450. It is based on the microsomal
conversion of ethoxyresorufin into resorufin by liver
enzymes Cyto P450. The cells subjected to hepatic
induction were found to be positive for resorufin (a
product of CYP450 enzyme) which was absent in the
control cells (Figure 4). Cells were counter stain with
Hoechst nuclear stain. The CYP450 activity was
similar in induced cells cultured in fibrin gelatin
coated and uncoated plates and also in those cultured
in ADMSC conditioned media. At 28" day of culture
Cyto P 450 activity was also reduced compare to the

14™ day of culture.

Quantification of Cyto P 450 activity at 28" day
showed maximum in fibrin-gelatin niche induced
culture followed by induced uncoated and ADMSCs
conditioned cultures. Quantification of cyto P 450
activity at 28" day culture using Image J software
revealed maximum levels in fibrin gelatin coated
induced cultures followed by induction media alone
and ADMSCs conditioned cultures. This also indicates
that niche supports to maintain the functionality of the

differentiated cells.

3. 3. 4 Urea assay: The hepatocyte-like cells obtained
from MSCs are expected to secrete urea since liver is
the major organ involved in maintenance of amino
acid levels and its conversion to the final metabolite
urea. The media in which the cells were cultured was
collected at different time points for each of the five
experimental conditions. The media from HepG2 cell
line was used as control in the experiment (Figure 5A).
The data obtained from the assay indicated the
presence of urea to be maximum in the media of cells

cultured in ADMSC conditioned media followed by
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uncoated induced and coated induced cultures. The
urea production by cells grown on fibrin-gelatin
coating was similar to those grown on uncoated plates.
The media collected on 28th day was containing
significantly higher amount of urea compared to the
media collected on initial day

indicating fuctional hepatocytes.

Culture 14th day

conditions | ;- PAS EROD

DOI: 10.26502/acbr.50170158

3.3.5 Albumin: Albumin could not be detected in any
culture conditions by SDS —PAGE as well as by
ELISA. Probably long term cultures will be needed to
analyze albumin secreted by the differentiated cells.
Study was terminated as four weeks due to the cell
death observed in the cultures.

28th day

ICG PAS EROD

Uncoated
Uniduced

Coated
Uninduced

Uncoated
induced

Coated
induced

ADMSCc
Conditioned
medium

s |

Figure 4: Functional Marker AnalysisRepresentative images of hepatic functional markers on 14" and 28" day of

hepatic maturation (n=4).
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Figure 5: Quantification of Albumin, Urea and CYP450 (n=4). Data was compared using paired t test and

represented as *P<0. 05.

4. Discussion

Liver, a regenerative organ, once damaged beyond
regeneration or diseased, needs to be treated either by
organ transplantation or cellular therapy [19]. Though
most appropriate and choice of treatment, organ
transplantation is not the way forward due to the huge
gap between the need and supply. Thus alternative
approaches are preferred and tissue engineered
approaches, cell therapy could be a possible
opportunity [18]. However, optimum cell source
remains challenging. Hepatic cells from damages
tissue may be functionally compromised as well
expansion of hepatic cells in culture is limited due to

Archives of Clinical and Biomedical Research

its terminally differentiated nature [19]. Mesenchymal
stem cells could be an alternative choice of cell source
due to its multipotency and non-immunogenic
behavior, thus overcoming the need of autologous cell
transplantation. This can also provide off the shelf
therapy for immediate need [20]. However, MSCs has
to be differentiated from mesodermal origin to the
endodermal origin cells and may need optimized
culture conditions for obtaining functional hepatic
cells. In the present study, we explored fibrin-gelatin
niche as well as ADMSCs conditioned media to
optimize culture conditions to obtain functional

hepatic cells. ADMSCs releases growth factors, which
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promotes hepatic cell growth [21]. Isolated ADMSCs
were plastic adherent and CD90 and CD105 positive.
Trilineage differentiation of ADMSCs was also

established in order to characterize the isolated cells.

The supplementation of hepatic differentiation media
brought significant differences in cell morphology. At
the end of the 48h, the control MSCs retained their
initial morphology while the induced cells started
changing its morphology. More proliferating cells
were observed in induced uncoated culture dishes.
Cell aggregates and multilayering was observed in
ADMSCS conditioned medium supplemented group.
These cells didn’t show typical cuboidal hepatocytes
morphology. Indocyanine green is a cyanine dye
generally used for clinical diagnostic applications. It is
used as an indicator substance to assess liver
functionality. The cells in culture show the metabolic
potential by three weeks [22, 23]. In our study we
observed that the uptake of ICG by hepatocyte-like
cells derived from MSCs in induction media followed
by fibrin gelatin and ADMSC conditioned cultures
was notably higher than those cultured in the absence
of induction media. Similar results are reported by
Afshari et al. , 2020 [24]in the presence and absence
of growth factors. . The control MSCs also did uptake
ICG to a slight extend. A similar observation is
mentioned in another study which showed that
undifferentiated naive ADMSCs do show a tendency
to uptake the organic anion ICG [23]. Cell survival
was maximum in cells supplemented with ADMSC
conditioned media which could be attributed due to the
presence anti-apoptotic components known to be

secreted by mesenchymal stem cells [25, 26].

The PAS staining is done since the liver is one of the
major sites of glycogen storage in the human body.
The synthesis and degradation of glycogen are

regulated by the hepatocytes to maintain blood-
Archives of Clinical and Biomedical Research
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glucose levels of the organism. Glycogen storage was
found to be comparatively higher in the fibrin gelatin
coated induced cultures and ADMSCs conditioned
cultures compared to other groups. EROD assay was
done to study the induction of the enzyme cytochrome
P-450. Studies have shown that addition of the
substrate for CYP450 didn’t yield any fluorescence in
cell cultures which were two weeks post induction,
while there was slight fluorescence after four weeks
and a significant increase in fluorescence by six week
[27]. However in our studies, we have observed CYP
450 activity in two weeks culture. This could be
attributed by niche provided, thus more functional
cells could be obtained in the short duration. The data
obtained from the Urea assay indicated the presence of
urea to be maximum in the media of cells cultured in
ADMSC conditioned media followed by uncoated
induced and coated induced cultures. Reports have
indicated that urea production by the differentiated
cells became detectable by six weeks post induction
[27]. In our study we observed urea production at 6,10
and 28 days, and a hike could be observed with time.
The culture conditions and niche provided for cell
differentiation might be supporting ADMSCs to
become hepatocytes like cells at a early time point
compared to the reported literature. However we could
not trace albumin synthesis in cultures, which could be
due to the early time points selected in the study.
Albumin has been reported from six week cultures
[28]. Our data revealed that Induced culture without
fibrin-gelatin niche could promote differentiation
well, however, fibrin gelatin niche supports the hepatic
function which was evident from the hepatic function
analysis in all the groups. ADMSCs conditioned
medium also promotes hepatic function. We observe
reduction in the cellular function at 28™ day of culture
in all the experimental groups, which could be as once
differentiated to hepatic like cells, these cells could not
proliferate further [29].
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5. Conclusions

Mesenchymal stem cells were isolated from adipose
tissue and characterized via cell surface marker
analysis and tri-lineage differentiation potential. The
isolated cells were differentiated into hepatocyte-like
cells when provided with appropriate conditions for
endoderm induction, hepatic initiation and hepatic
maturation in a stage- by-stage manner. The
hepatocyte-like cells showed functional properties
such as ICG uptake, glycogen storage, CYP450
activity and urea synthesis significantly by the end of
fourth week in induction media. Though induced
culture with out niche showed maximum cell growth,
fibrin gelatin niche and ADMSCs conditioned
medium found to be promoting hepatic function of the

differentiated cells.
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