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ARTICLE INFO ABSTRACT

Keywords: The liver plays a crucial role in drug detoxification, and the main source of liver transplants is brain-dead pa-
Hepatocytes tients. However, the demand for transplants exceeds the available supply, leading to controversies in selecting
Sterfr; clzlls suitable candidates for acute liver diseases. This research aimed to differentiate mesenchymal stem cells (MSCs)
Sca ocs into hepatocyte-like cells using galactosylated rat natural scaffolds and comparing 2-D and 3-D cell culture
Cell differentiation . R . K L o o

Galactosyl methods. The study involved isolating and culturing Wharton’s jelly cells from the umbilical cord, examining

surface markers and adipogenic differentiation potential of MSCs, and culturing mesenchymal cells on gal-
actosylated scaffolds. The growth and proliferation of stem cells on the scaffolds were evaluated using the MTT
test, and urea synthesis was measured in different culture environments. Changes in gene expression were
analyzed using real-time PCR. Flow cytometry results confirmed the presence of specific surface antigens on
MSCs, indicating their identity, while the absence of a specific antigen indicated their differentiation into adi-
pocytes. The MTT test revealed higher cell attachment to galactosylated scaffolds compared to the control
groups. Urea secretion was observed in differentiated cells, with the highest levels in cells cultured on gal-
actosylated scaffolds. Gene expression analysis showed differential expression patterns for OCT-4, HNF1, ALB,
AFP, and CYP genes under different conditions. The findings indicated that hepatocyte-like cells derived from 3D
cultures on galactosylated scaffolds exhibited superior characteristics compared to cells in other culture condi-
tions. These cells demonstrated enhanced proliferation, stability, and urea secretion ability. The study also
supported the differentiation potential of MSCs derived from Wharton’s jelly umbilical cord into liver-like cells.

1. Introduction

The liver is a complex and large organ whose main role is to detoxify
drugs, remove waste products from the degradation and regeneration of
red blood cells in the form of bile, produce blood clotting factors, store
sugar in the form of glycogen, and regulate sugar and fat metabolism
[1]. Several factors such as bacteria and viruses, anoxia, metabolic
disorders, toxins and drugs, nutritional disorders, and allergic condi-
tions can lead to liver cell dysfunction and liver disease in acute or
chronic form [2,3]. Chronic liver diseases, including cirrhosis, are the
twelfth cause of death among young and middle-aged adults. When liver
diseases are completely progressed and no treatment is successful, liver
transplantation is performed as the only solution to save the patient [4].

* Corresponding author.
** Corresponding author.

The main source of liver transplants is brain-dead patients. Due to
the shortage of transplant organs and on the other hand, the growing
demand for transplants, there is no balance in this regard, which is why
choosing a suitable candidate for the treatment of acute liver diseases is
very controversial [5]. As a result, treatment methods for liver failure
are increasing day by day. Today, tissue engineering (TE) is considered
one of the most practical and active fields in biomedicine [6]. TE uses
the principles of engineering and life sciences together to evolve bio-
logical components in need of being repaired or replaced. TE is a science
used to create biological substitutes that can restore, preserve and
improve the function of damaged tissues. TE is very important in med-
icine, repair, and regeneration of damaged tissues and organs [7]. In
general, the main components in TE are scaffolds, cells, and growth
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factors. Also, bioreactors are considered one of the pillars of TE [8].

The use of biological substrates compatible with the body is one of
the important key factors in TE. The structure of the scaffolds is as
similar as possible to the tissue of the culture area, and thus the regen-
eration and treatment of the damaged tissue increases qualitatively and
quantitatively. The structure of the scaffold is in the form of a porous
matrix, which helps with adhesion and better cell Translocation [9-11].
Scaffolds should not be toxic to cells. Until recently, researchers have
used two-dimensional and three-dimensional substrates for differentia-
tion, one of these substrates is collagen heparan sulfate matrices,
providing a wide range of applications [12]. The science of TE deals with
the construction of suitable scaffolds for the implantation of cells,
creating and maintaining favorable environmental conditions for the
continuation of cell life, and thus controlling all factors affecting the
creation of new tissue [8]. To create a functioning liver, for cell therapy,
it is very important to pay attention to the type and source of the cells,
the cell scaffold, and the soluble factors which are used, all three factors
are required for the growth and differentiation of cells [13,14].

The types of cells used in liver cell therapy include stem cells, liver
progenitor cells, and mature hepatocytes. Mesenchymal stem cells
(MSCs) are retrieved from various sources such as adipose tissue, blood,
lung, liver, and amniotic fluid, and then used for differentiation into
semi- Hepatocytes, which have characteristics such as cultivability,
multiplication and differentiation, and secretion of vital cytokines
[15-17].

MSCs also have anti-inflammatory and anti-apoptotic properties and
can participate in the repair of liver lesions [18-20]. Many cytokines and
growth factors such as HGF and bFGF, insulin, insulin growth factor
(IGF), and leukemia inhibitory factors (LIF) are known to be involved in
the liver cell’s growth and their differentiation [21,22].

The goal of this research is to differentiate MSCs into hepatocytes by
the Differentiation of mesenchymal stem cells to hepatocyte-like cells by
use of galactosylation of rat natural scaffold and comparison between 2-
D and 3-D cell cultures. In other words, in this research, the specific
objective is to assess and compare the differentiation of hepatocytes in
two distinct culture environments: a three-dimensional (3D) culture
medium utilizing scaffolds and a two-dimensional (2D) culture medium
without scaffolds. The focus is on examining the behavior and degree of
differentiation exhibited by liver cells in these two environments.

The aim is to investigate whether the incorporation of scaffolds in the
3D culture medium enhances the differentiation of mesenchymal stem
cells (MSCs) into hepatocyte-like cells compared to the traditional 2D
culture approach. The scaffolds are designed using nano or extracellular
matrix compounds and serve as a supportive structure for the MSCs to
grow and differentiate.

By comparing the behavior and extent of differentiation of liver cells
in the two culture environments, the researchers aim to determine
whether the 3D culture system with scaffolds provides a more conducive
and efficient environment for hepatocyte differentiation from MSCs.
This comparison will shed light on the potential advantages and limi-
tations of each culture method, thereby contributing to the optimization
of hepatocyte differentiation protocols and potential applications in
regenerative medicine and liver tissue engineering.

2. Method

2.1. Isolation and primary culture of umbilical cord Wharton's jelly (UC-
WJ) cells

UC samples (n = 20) from newborn boys born by cesarean section
were obtained from Zeynabieh Shiraz Hospital and placed under sterile
conditions in a container having physiological saline solution and
transported to the laboratory. The pieces of Wharton’s jelly were divided
into pieces less than half a millimeter in size and transferred to the
growth medium DMEM containing high glucose with 20% FBS.
Furthermore, 1% antibiotics (penicillin/streptomycin) were added to
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the medium to prevent contamination. The plates were placed in an
incubator with 88% humidity, 5% CO2, and a temperature of 37 °C. This
method of culturing small tissue fragments is commonly referred to as
the “explants method.” The explants were left undisturbed for one week
to allow cell migration from the edges of the tissue fragments. Once the
adherent cells reached a confluency of 70%-80%, they were harvested
using trypsinization with 0.05% trypsin-EDTA (Gibco, Germany). The
resulting single cell suspension was utilized for subsequent experiments.

It is important to note that prior ethical approval was obtained from
the Ethical Committee of the University of Isfahan by relevant laws and
regulations, including The Code of Ethics (ethic code: IR.UL.
REC.1400.071) of the World Medical Association (Declaration of Hel-
sinki). Consent forms were obtained from the individuals and confirmed
byvthd ebioetical committee of the University of Isfahan (under number:
IR.UL.REC.1400.071)

2.2. Determination of surface markers of MSCs cells using flow cytometry
method

To determine the cell-surface antigens, the cells at the fourth passage
were subjected to staining with monoclonal antibodies specific to
various proteins. Specifically, the following antibodies were used: CD90-
FITC, CD45-FITC, CD133-PE, CD44-FITC, CD34-FITC, CD133-PE, and
CD105-FITC (BioLegend, San Diego, CA, USA). In order to establish
appropriate controls, cells were also treated with corresponding isotype
control antibodies. Following staining, the cells were suspended in PBS
and analyzed using a FACS Calibur flow cytometer (Becton Dickinson,
NJ, USA). A minimum of 10,000 events were recorded for each sample.

First, the cells attached to the bottom of the flask were separated by
trypsin/EDTA and centrifuged for 5 min at 1500 rpm at room temper-
ature. After counting the cells, 105-106 cells were poured into the test
and negative control tubes and centrifuged again for 5 min at 1500 rpm
at room temperature. Subsequently, the supernatant was discarded and
100 pL of PBS were added to the pellet at the bottom of each tube and
were pipetted. Then, 3 pL of specific antibodies were added to the test
tubes in a dark environment. Antibodies were not added to control
tubes. Hence, the tubes were incubated for 45-60 min at 4°Celsius.
Finally, the expression rate of CD34, CD90, CD44, and CD105 markers
were read by flow cytometry.

2.3. Differentiation of UCB-MSCs into adipocytes

UCB-MSCs were differentiated into fat in differentiation media after
proliferation in the growth medium. To induce differentiation, the
number of 103 x 5 UCB-MSCs was poured into each well of a 4-well
plate and for 2 weeks they were under the influence of half a milliliter
of medium containing 10% FBS, 1 pM dexamethasone, 200 pM indo-
methacin, 1.7 pM insulin, 500 Micromolar methylxanthine isobutanol
per house. Then the cells were fixated with a 4% paraformaldehyde
solution. Consequently, Oil Red staining was performed and the results
were observed via an optical microscope.

2.4. Differentiation of UCB-MSCs into hepatocyte-like cells using growth
factors and cytokines

To differentiate MSCs into hepatocyte-like cells, fibroblast growth
factor, hepatocyte growth factor, oncostatin M, and dexamethasone
were used. To induce differentiation, 100,000 MSC cells were cultured
in each well of a 6-well plate containing collagen, and for 24 h, the cells
were treated with Williams medium with penicillin and streptomycin
antibiotics, ascorbic acid, sodium pyruvate, and nicotinamide. The
medium mentioned above was introduced as the basic medium during
differentiation. After reaching the concentration of 90-100%, a basic
medium along with FGF-4 10 ng/ml was added to the above cells for the
next two days.

Throughout three weeks the cells were differentiated. First, the cells
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were exposed to a basic medium with FGF-4 10 ng/ml and HGF 20 ng/
ml for about one week. In the second week, a basic medium containing
OSM 20 ng/ml, TSA 1 pM, Dexamethasone 0.1 pM, and ITS 0.5x was
added to the cells. Finally, in the third week, a basic medium containing
OSM 20 ng/ml, Dexamethasone 0.5 pM, TSA 1 puM, and ITS 0.25x was
added to the cells.

2.5. Assessment of hepatic differentiation, morphological examination

Morphological changes were checked daily with an inverted micro-
scope. The cells transformed from the fibroblastic shape of MSC to a
round epithelioid shape with little cytoplasm and a medium-sized nu-
cleus with 1-2 nucleoli. The main changes of the cells were observed on
days 3, 7 and 14.

2.6. Preparation of natural scaffold from mouse liver

First, several pieces of liver tissue were prepared from 4-week-old
male Sprague Dawley mice from the institute Pasteur. The decellulari-
zation process was done with the aid of 24 h treatment with 1% sodium
dodecyl sulfate solution.

2.7. Scaffold construction and sterilization

In chemical crosslinking, 500 pl of solution (50 mM 2-(-N-morpho-
lino) ethane sulfonic acid (MES), 30 mM 1-ethyl-3-[3-dimethylamino-
propyl] carbodiimide (EDC), and 30 mM N-hydroxysulfosuccinimide
(NHS)) was added to each well and incubated for 24 h. After 24 h, the
previous solution was removed and 0.1 M Na2HPO4 in double-
deionized water was added to the scaffolds for 2 h. The resulting scaf-
folds should be washed several times with distilled water. Scaffolds were
lyophilized and stored at —80 °C for use. The scaffolds were transferred
to sterile plates and then 70% ethanol was added for 20 min. Then the
ethanol was removed and the plates were washed several times with PBS
to prepare for cell culture. First, each of the scaffolds prepared for
cellular work was cut into circles with a diameter of 1.5 cm using a
punch. To sterilize the resulting scaffolds, each side of them was exposed
to ultraviolet radiation for 10 min and then, the scaffolds were immersed
in 70% ethanol solution for 12 h. Finally, to ensure the absence of any
microbial contamination, the sterilized scaffolds were placed in the
culture medium rich in fetal bovine serum for 24 h to determine possible
microbial contamination.

2.8. Cell culture on galactosylated scaffolds

To perform cell culture tests and investigate liver differentiation,
after the passage of mesenchymal cells, approximately 200,000 cells
were placed on scaffold plates in 24 well plates. In the end, these scaf-
folds were immersed in the culture medium. After one day, the basic
culture medium was replaced with a differentiation culture medium
containing liver factors. To check the structure of the scaffold and also to
evaluate the shape and morphology of the cultured cells on the prepared
scaffolds, the scanning electron microscope was used.

2.9. MTT test

In this study, the MTT test was used to compare the growth and
proliferation of stem cells on the galactosylated scaffold and without it.
Cut and sterilized scaffolds were placed inside the wells of a 24-well cell
culture container and 4000 cells were placed on each scaffold. And for
24, 48, and 76 h after this initial culture, an amount of 50 pL of MTT
solution (5 mg/liter in the basic medium) was added to each well. After
the formation of formazan crystals inside the cells on the scaffold, the
scaffolds were placed inside the plastic tubes and a certain amount of
solvent (100 pl into each well) was added to the tubes to dissolve the
formazan crystals. After the crystals were completely dissolved, the
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absorbance of the obtained purple solution was measured at a wave-
length of 570 nm. All experiments were performed in triplicate.

2.10. Evaluation of urea concentration

Determination of urea is very useful to assess whether hepatocytes
are acting as a primary means of eliminating ammonia in the culture
medium. In this study, to measure urea synthesis in the two-dimensional
and three-dimensional environment of cultured liver cells, a method
based on a chromogenic reagent that specifically creates a colored
compound with urea was used. This reagent was prepared according to
the statements of Jung et al. and it was optimized according to the
method of Zawada et al. (Zawada, 2009 #221}). The urea reagents were
prepared according to the method described by Jung et al. (1975). The
final working reagent, known as the Jung working reagent, consisted of
the following components: 100 mg/L o-phthalaldehyde, 215 mg/L N-(1-
naphthyl)ethylenediamine, 2.5 mol/L sulfuric acid, 2.5 g/L boric acid,
and 0.03% Brij-35.A modified reagent was also used, where the 215 mg/
L N-(1-naphthyl) ethylenediamine reagent was substituted with 513
mg/L primaquine bisphosphate.

For the urea assay, a urea standard was prepared using double-
distilled water, with a concentration of 5.00 mg/dL urea. In a clear
flat-bottom 96-well plate, 50 pL of water, 50 pL of the 5.00 mg/dL
standard, and 50 pL of the samples were transferred into separate wells.
Then, 200 pL of freshly prepared working reagent was added to each
well, and the plate was gently rocked to ensure thorough mixing. The
reaction was incubated for 1 h at room temperature. Optical densities
(OD) at 430 nm and 505 nm were measured using a plate reader for
assays that used the modified reagent and the original Jung reagent,
respectively.

To calculate the urea concentration of the samples, the experimenter
has the option to either use the slope of the standard curve or a single
urea concentration. In this study, it was determined that using one blank
(water) and one single urea concentration (5.00 mg/dL) is sufficient for
calculating the sample urea concentrations. This approach simplifies the
calculation process and provides accurate results.

Urea concentration in the sample was obtained from the OD values
according to the formula Calculated below.

ODSAMPLE - ODBI_ANK

ODsranparp — ODgprank

[Urea] = x n x [Standard](mg / dL)

where ODsamprE, ODstanparDp, and ODgpank are OD430 nm values of the
sample, standard, and water blank, respectively. [Standard] is the con-
centration of the urea standard (5.00 mg/dL or 0.83 mmol/L) and n is
the dilution factor. Dilution of samples in distilled water is necessary
when sample OD430 nm values are higher than the OD430 nm value for
the 5.00 mg/dL urea standard. All experiments were performed in
triplicate.

2.11. Examining the expression of OCT-4, HNF1, ALB, AFP and CYP
genes

From the cell samples exposed to the galactose scaffold and the
control sample on days 3, 7, and 14, RNA extraction was performed
using the RNX-Plus solution of Synaclon Company according to its
manufacturer’s protocol. 500 ng of total RNA was subjected to reverse
transcription. This process involved the use of random primers, which
facilitate the synthesis of complementary DNA (cDNA) from the RNA
template, Then cDNA was synthesized from the RNAs by the Takara kit,
Dalian, Japan Cat. No. RR0378. Then, primers were designed for all four
genes with GeneRunner software, and then the quality of the primers
was checked by Allele ID 7 and their specificity by Primer Blast. Then,
gene expression was performed by Applied Biosystems 7500 Real-Time
PCR System with (SYBR Premix Ex Taq II), TaKaRa Company, Japan,
and ROX dye, TaKaRa Company, Japan. The 24T method was used to
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analyze the data obtained from Real-Time PCR. Then the raw numbers
obtained from the above measurements and the raw numbers of urea
concentration were analyzed and compared with each other by SPSS
version 22 software and through one-way ANOVA and Tukey’s post hoc
test for each test. The values used are mean =+ standard deviation error
and significant level (p < 0.05). All experiments were performed in
triplicate.

3. Results

3.1. The results of identifying specific surface markers of MSCs by flow
cytometry

Flow cytometry results of CD44, CD105, and CD90 surface antigen
markers, specific to MSCs, illustrated a positive correlation between the
said cells and the aforementioned indicators. Moreover, CD34 surface
antigens, distinct to hematopoietic stem cells, were identified to be not
being expressed in MSCs making these cells negative for CD34.

The correct conduct of mesenchymal cell extraction from the UC
tissue was confirmed by the said results (Fig. 1).

3.2. Results from the MSCs differentiation into adipocyte cell lines

On account of MSCs lacking any primary and consistent indicator, to
verify their mesenchymal nature, in addition to cell surface marker flow
cytometry, it is required that these cells be induced to differentiate in
differentiating media. In Fig. 2, achieved by Oil Red staining, the exis-
tence of cytoplasmic vacuoles containing fat droplets connote to the
differentiation of the aforementioned cells into adipocytes of the
aforementioned cells into adipocytes.
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Fig. 2. Lipid vacuoles stained with Oil Red O (x100).

3.3. Results of differentiation of UCB-MSCs into hepatocyte-like cells, a
morphological examination

In the first week of differentiation, the differentiated cells didn’t
undergo any notable change in their morphology, rather after adding
OSM in the second phase of differentiation, the morphology of the he-
patocytes appeared which consisted of large nucleus and polyhedral
cells. Before differentiation, mesenchymal cells had an elongated
fibroblast-like and spindle-shaped appearance with protruding
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Fig. 1. The percentage of CD90, CD105, CD44, and CD34 surface marker expression of WJUC MSCs. R1 demonstrates the Gating region of stem cells based on cell
distribution in terms of cell size (FSC = Forward scatter) as well as range of complexity (SSC = Side scatter) with the X axis illustrating the fluorescence intensity and

the Y axis the number of cells.
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cytoplasmic appendages, however, following differentiating into
hepatocyte-like cells through a differentiating medium, their
morphology altered from elongated into multifaceted (Fig. 3).

3.4. Outcome of MTT

MTT test was employed to verify the lack of scaffold toxicity on the
cells. Utilizing parametric ANOVA test as well as Tukey’s Honest Sig-
nificant Difference, the light absorption quantity between test groups,
namely two-dimensional culture (2D), three-dimensional culture
without scaffold galactosylation (3D), and three-dimensional culture
with galactosylated scaffold (3D + Gal), were determined. The light
absorption level was the highest in the 3D + Gal group with a significant
difference being reported in days 3, 7, and 14 in comparison to the other
two groups (p < 0.01). This result indicates a higher number of cells
attached to the scaffold than other groups, which is statistically signif-
icant (Fig. 4).

3.5. The results of urea secretion in culture medium by differentiated cells

Examining the ability to secrete urea showed that mesenchymal cells
cannot produce and excrete urea before differentiation while following
their differentiation, hepatocyte-like cells derived from these stem cells
become capable to secrete urea. Therefore, the synthesis and secretion of
urea are unique to liver cells. The results yielded from this research
demonstrated that the differentiated cells on the surface of 2D, 3D, and
galactosylated 3D scaffolds possess the ability to produce a notable
amount of urea. However, the urea production level gradually increased
and the highest level was observed in the cells cultured on galactosy-
lated 3D scaffold. Urea secretion in UC stem cells was regarded as a
negative control.

Through parametric ANOVA along with Tukey’s Honest Significant
Difference, the urea secretion level between test groups, namely two-
dimensional culture (2D) culture, three-dimensional culture without
scaffold galactosylation (3D), and three-dimensional culture with scaf-
fold galactosylation (3D + Gal), were investigated with the result
introducing 3D + Gal with a significant increase in urea secretion in
comparison to other two groups (Fig. 5).

3.6. The results of the OCT-4, HNF1, ALB, AFP and CYP gene
expressions

In accordance to Fig. 6 and compared to control cells, the relative
modifications in OCT-4 gene expression on the third day in the cells on
the scaffold decreased 0.27 times which is statistically significant with p
= 0.007. On the seventh and fourteenth day, the relative expression of
the OCT-4 gene in the scaffolded sample showed, respectively, a
decrease of 0.04 times with a statistical significance of p: 0.003 and a
slight increase of 1.02 times compared to the control.

The relative alterations in HNF1 gene expression on the third day in

Biochemistry and Biophysics Reports 35 (2023) 101503

scaffolded cells declined by 0.59 times compared to control cells. In
comparison to the control group on the seventh day, the relative
expression of the HNF1 gene in the sample cells on the scaffold dimin-
ished by 0.02 times, with a statistical significance of p:0.008. Addi-
tionally, the relative changes in the aforementioned gene showed a
decrease of 0.92 times compared to the control in scaffolded cells on the
fourteenth day.

In comparison to the control, the relative modifications in ALB gene
expression on the third day in the cells on the scaffold showed a decrease
of 0.83 times. On the seventh day and in comparison with the control
group, a statistically significant decline (p:0.006), almost reaching zero,
in ALB gene expression was reported, however, the same gene expres-
sion was reported to be elevated 1.92 times with a significant p-value of
0.006 in scaffolded cells on the fourteenth day compared to control.

Compared to the control group, the relative alterations in AFP gene
expression in the cells on the scaffold on the third day diminished 0.7
times, reporting a statistical significance of p:0.006. On the seventh day,
a 0.07 times decrease in AFP gene expression was detected which rep-
resented a p-value of 0.017, while the same gene expression was
observed to be elevated 1.92 times with a significant p-value of 0.006 on
the fourteenth day, all in comparison with the control group. Compared
to control group, the relative changes in CYP gene expression in the cells
on the scaffold on the third day diminished 0.48 times, representing a
statistical significance of p:0.006. On the seventh day, 0.01 times decline
in CYP gene expression was noted which meant a p value of 0.002,
however the same gene expression was subjected to a 1.92 times
elevation with a statistical significance of p < 0.0001 on the fourteenth
day, all in comparison with the control group (Fig. 6).

4. Discussion

One of the recent discoveries in the field of regenerative medicine of
medical science is the identification and isolation of a new type of cells
from mammals called stem cells, which are considered by numerous
researchers as a source for cell therapy due to their special character-
istics. Regarding this recent discovery, the purpose of this study was to
investigate the possibility of employing stem cells in cell therapy for
liver diseases. Stem cells are present in all mature tissues including bone
marrow, peripheral blood, blood vessels, skeletal muscles, fat tissue,
skin, and liver [23].

Previously the best source for isolating MSCs was considered to be
bone marrow, however, due to the invasive method of accessing and
collecting bone marrow along with the possibility of inflicting injury to
the donator during sample collection as well as other complications such
as the chance of collecting an inadequate volume of sample and an
apparent decline in stem cells potential in differentiating in the course of
aging procedure, researchers were prompted to look for other sources
for stem cells. With regards to that, fat tissues being more accessible as
well as more able to provide a higher quantity of sample as a source of
cells with inflicting negligible ramifications on the donator and the

Fig. 3. Image from cell morphology by inverted microscope, (A) before differentiation and B after differentiation (x10).
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Fig. 6. Diagram of gene expression changes in the scaffold group and the
control group on days 3, 7 and 14.

collected cells demonstrating higher efficiency, lead this tissue to be
considered as a proper alternative to bone marrow for MSCs extraction.
Subsequently, UC tissue came to be known as an ideal source for
isolating MSCs, bearing great resemblance to those isolated from bone
marrow in terms of morphology as well as surface markers expressions
[24].

Additionally, when deposited in a culture medium containing
appropriate inducers, stem cells isolated from UC demonstrated a
greater potential in differentiating into various mesenchymal cell lines
such as bone marrow, cartilage, and fat, a feature that illustrates little to
no difference compared to bone marrow extracted MSCs [25].

Moreover, it has been shown in many studies that the differentiation
capability of UC MSCs is higher than that of bone marrow in some tissues
such as liver-like cells. MSCs isolated from UC tissue possess some ad-
vantages over bone marrow-derived MSCs, paving the way for these
cells to be employed in the clinical field as well as research and inno-
vative field.

The availability and accessibility to sufficient amounts are a few
benefits of utilizing UC as a source for stem cell extraction. Furthermore,
the UC stem cells, in comparison with those extracted from bone marrow
tissue, yield more efficient cells [26].

In this study, MSCs were isolated from the UC. Following the 48 h of
culture of extracted cells, the first adherent, elongated, spindle-shaped
cells with uncanny resemblance to fibroblasts, were discerned at the
bottom of the flask, which grew and multiplied as colonies. According to
the available data, colony formation is an indicator of the potential for
expansion and proliferation of MSCs.

The next step was checking and proving the stem cell nature of the
extracted cells through flow cytometry analysis and exploring their
differentiation ability. More evidence in support of the cultured cells
being MSCs was obtained by determining the surface markers of the
mentioned cells by exposing them to appropriate monoclonal antibodies
and subsequent conduction of flow cytometry. Identification of the
researched mesenchymal cells in this study was achieved by superficial
indicators including the negative marker CD34 and two positive markers
CD44 and CD105, with the obtained results showing many of the puri-
fied cells being by these markers.

In most hematopoietic stem cells (HSCs) and hematopoietic pro-
genitor cells, CD34 is expressed. The role of CD34 is not fully defined
and its expression in the blood system is limited to only the aforemen-
tioned cells, however, the expression pattern of CD34 demonstrates that
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this antigen plays an important role in primary hematopoiesis [27].

CD44 is a membrane receptor-dependent on cell adhesion molecules
that is expressed in most cells and is involved not only in the cell’s
response to the surrounding microenvironment, but also in most cellular
procedures such as growth regulation, survival, differentiation, and
movement. CD44 is also present in the membrane of MSCs and is
employed in determining the characteristics of these cells and their
subsequent isolation [28].

CD105 is a proliferation-dependent and hypoxia-inducible protein
expressed copiously in angiogenic endothelial cells. This protein acts as
a receptor for transforming growth factor beta (TGF-f) and is involved in
the signaling of TGF-p [29]. The aforementioned antigen is employed in
MSCs isolation and identification. According to the data collected in this
research and the expression of aforementioned superficial markers on
the isolated stem cells as well as flowcytometric results of positive sur-
face markers of MSCs, the adherent cells on the bottom of the cultural
flask demonstrated an expression pattern of these markers similar to
those found on MSCs, thus the MSC origin of isolated and cultured cells
was verified. However, other tests were also performed for the verifi-
cation of these cells, which are discussed in the following sections. One
of the practical ways to determine mesenchymal cells is to examine their
ability to transform into mesodermal cells in the laboratory environ-
ment. Therefore, in this research, the differentiation ability of MSCs to
adipose cell lines was investigated. The results of the current study
showed that the isolated purified cells are capable of differentiating into
fat cells. The recognition of differentiated cells was possible by
observing the accumulation of fat-rich vacuoles inside the cells. Differ-
entiation of stem cells into adipocytes was determined by specialized
Oil-Red staining. The results illustrated the multipotent capability of the
aforementioned cells in giving rise to MSCs [30].

Also, the yielded results from this study confirmed the ability of the
isolated mesenchymal cells in differentiating into fat cell lines.
Regarding this and the presence of specific surface markers, it was
deducible that the isolated MSCs possess the perfect mesenchymal
phenotype.

For this research, a scaffold was utilized to stimulate an environment
identical to the extracellular matrix. Mature stem cells are present in a
specific niche that coordinates their regeneration and differentiation.
This article has led to the birth of a theorem that imitating the stem cell
niche might result in facilitating its regeneration and controlled differ-
entiation outside the body.

Cells in two-dimensional culture are propagated in a single layer in a
specific container, and due to this one-layer proliferation, numerous
disparities in cell behavior and procedures, including gene expression
and signaling, between 2D cultured cells and living organisms are re-
ported. These differences emerge from the number of dimensions that
cells are in contact with each other, with the cells grown in a cultural
flask proliferating and surviving in a 2D manner while cells in living
organisms interact in the 3D environment. Thus, the specific charac-
teristics of intercellular communication are lost in terms of histology.
Contrary to adjustable yet two-dimensional substrates, three-
dimensional substrates make cell interaction with a versatile three-
dimensional environment feasible and possible.

For this research, due to availability and cost efficiency, decellular-
ized murine liver connective tissue was used as a scaffold and was coated
with a low concentration of galactose. MTT test was conducted to
ascertain the performance along with the viability of the cells on the
scaffold. This quantitative and sensitive assay illustrates a linear asso-
ciation between viable cells and the color intensity emitted; the more
abundant the cells, the higher the intensity of emitted color. The color
intensity created in 3D culture and galactosylated 3D culture was higher
than in other groups, with a significant difference observable on days
third, seventh, and fourteenth, indicating the existence of more cells
adhered to the scaffold in comparison to other groups. As of yet, the
accumulated results of various studies on creating suitable laboratory
models for diverse body tissues indicate that 3D cultures with the
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implementation of proper scaffolds ultimately lead to these models
resembling more natural tissues [31-33]. Therefore, the decellularized
murine liver was used as a scaffold. Through depositing growth factors
as well as tissue-specific cytokines, and establishing some signaling
pathways, glycosaminoglycan, one of the prominent components of the
hepatic extracellular matrix, engenders the structural organization and
better functioning of the liver tissue [34]. On the other hand, the pres-
ence of collagen in the natural structure of the decellularized liver causes
structural preservation of the hepatic tissue, and alongside improving
tissue cohesion, cell connections, and regulating mechanical parame-
ters, it elevates the survival rate and performance of hepatocytes [35],
which is in line with the results of this current research.

In 2014, Ramaiahgari and colleagues discovered that HepG2 cells
cultured with Matrigel in 3D formed bile canaliculi-like structures and
regained many of the lost hepatocyte characteristics [36]. In 2016,
Yamada et al. demonstrated that the culture of hepatocytes in the form
of spheroids and the presence of type 1 collagen spheres increased sur-
vival and improved albumin secretion [37]. These results are indicative
of the critical influence of form, structure, and composition of the sur-
rounding environment on cell behavior and performance [38]. In this
research, the shape and structure of a natural murine liver scaffold,
taken by electron microscope confirmed that its three-dimensional and
porous structure can provide the proper nutrition, mobility, migration,
and proliferation for the desired cells since the yielded results affirmed
that this method of 3D culture and galactosylation of the scaffold leads
to enhancement of the differentiated cells performance (including the
amount of urea production, viability, and increased albumin gene
expression as important hepatic indicators). In this study, through
examining the capability to secrete urea, it was revealed that the MSCs
are deprived of this ability and only obtain this function following
differentiating to hepatocyte-like cells, thus urea synthesis and secretion
is exclusive to hepatocytes. The collected results of this experiment
elucidate that the differentiated cells on the surface of 2D, 3D, and 3D
galactosylated scaffolds can produce a significant amount of urea. The
level of urea synthesis escalated in the aforementioned cells media with
the highest level of urea secretion belonging to cells cultured on the
galactosylated scaffold. Urea secretion in UC basal cells was considered
a negative control. Therefore, in this study, the amount of urea secretion
in the 3D + Gal group demonstrated a remarkable elevation compared to
the other two groups, indicating the proper function of the differentiated
cells in the three-dimensional galactosylated scaffold. In 2015, Khetani
et al. illustrated that, in comparison with two-dimensional culture, the
cultivation of HepG2/C3A cells in the form of liver spheroids amelio-
rates albumin secretion, elevates metabolic activity and increases
enzyme expressions of phases one and two of liver metabolism [39].

Li’s work showed that a collagen-modified 3D PLGA scaffold was
superior to a control without collagen modification and to a 2D culture
system in supporting the growth and metabolism of primary human
hepatocytes. The cell number and lifespan of primary hepatocytes were
significantly greater in collagen-coated PLGA scaffolds compared with
those in a control PLGA scaffold without collagen modification [40].

This study put the gene expression of albumin, OCT-4, HNF1, AFP,
and CYP under investigation which is among the most salient genes
involved in the development procedure of the liver. Scrutinizing albu-
min gene expression has captured the spotlight in exploring the field of
hepatogenic differentiation of stem cells [41]. In this study as well, the
expression of the albumin gene during a certain interim was investi-
gated, and detecting its expression was one of the reasons for confirming
the hepatic differentiation of the cells. Therefore, albumin, as one of the
most important secretory proteins of the liver, plays a paramount role in
liver function and an increase in this gene expression indicates the
improvement of the proper function of liver hepatocyte-like cells.

In most hepatic laboratory models, the focus is on hepatocytes as
hepatic parenchymal cells, since these cells are the most abundant in the
hepatic tissue and are responsible for the majority of liver functions.
However, with the liver being a complex organ, cells other than
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parenchyma exist in it, which have prominent roles in hepatic structural
and functional maintenance.

Therefore, a suitable and functional laboratory model is comprised of
a model that contains other pertinent cells in addition to hepatocytes
[42]. In 2016, Gaskel et al. delineated that the presence of sinusoidal
endothelial cells adjoining rat hepatocytes preserves CYPs function and
increases the expression of indicators such as albumin and transferrin for
up to 37 days. In 2011, Kasuya et al. illustrated that stellate cells, having
a prominent role in liver homeostasis, establish communication between
hepatocytes and endothelial cells [43]. Qinzi et al. not only reported the
presence of albumin in a nine-day-old fetus but also illustrated the
ability of nine-day-old liver cells to synthesize urea, the amount of which
was interestingly 40 times less compared to the adult liver [44].

One of the indicators that determine the function of hepatocytes is
the activity level of cytochrome 450 enzymes as well as their inducibility
potential. The exceedingly low expression and activity of the afore-
mentioned enzymes in hepatoma cell lines have given rise to critical
complications in their utilization for pharmaceutical studies [45]. To
overcome this obstacle, the performance of these enzymes in cell lines
should be ameliorated and through previous studies, it has been
revealed that the 3D culture of cell lines in comparison with 2D culture
could notably increase the cytochromes activity [46]. Through this
study, it was discovered that the level of CYP gene expression was
elevated considerably on the fourteenth day in the galactosylated 3D
scaffold group. In this research, a significant increase in CYP gene
expression level in the galactosylated 3D scaffold group was reported on
the fourteenth day. On this account, it is deducible that through gal-
actosylation of 3D culture protocol, the performance of cytochrome
enzymes could be enhanced, however, for obtaining concrete proof,
either the concentration of the aforementioned enzymes must be
measured or their presence proven by utilizing western blotting and or
immunohistochemistry techniques, both of which due to financial con-
straints could not be afforded to be performed.

A prominent gene in creating self-renewal ability is the OCT-4 gene,
which maintains the self-renewal characterization of stem cells through
the simultaneous activation of stem cells and inhibition of genes
responsible for initiating differentiation. Thus, the central network plays
a major role in proliferation as well as self-renewal of embryonic stem
cells [47]. The findings of the current research demonstrated that on the
third day the OCT-4 gene is slightly expressed, with this expression
severely reduced on the seventh day, however on the fourteenth day, a
rise in expression level was reported. Research findings illustrated that
the OCT-4 expression level is significantly low in normal colon samples.
In 2007, Atlasi et al. demonstrated that the OCT-4 gene is expressed to a
small extent in normal bladder tissue [48]. Furthermore, Tai et al.
illustrated that the OCT-4 gene is expressed exclusively in the stem cells
of one tissue with the other cells of the said tissue being deprived of the
ability to express this gene [49].

AFP (Alpha-Fetoprotein) is a fetal liver marker the expression of
which decreases with liver development [50]. The proliferation and
differentiation of hepatocytes are influenced by various extracellular
signals such as hormones and cytokines. In the fetal liver, the physio-
logical concentration of dexamethasone (a synthetic glucocorticoid)
suppresses AFP production and DNA synthesis [51]. In numerous
studies, AFP has been considered a primary liver marker for the differ-
entiation of stem cell types into hepatocyte lineage cells. In this research,
through executing RT-PCR, not much of a change was discerned in the
level of expression during the differentiation, but the expression level
declined significantly on the seventh and fourteenth days compared to
the third day. In the year 2011, through conducting research on the in
vitro differentiation of MSCs of human UC vein into liver-like cells,
Aminij et al. discovered that AFP gene expression level didn’t alter much
during differentiation, even after executing additional PCR using PCR
product, no expression of the said gene was detected [52].

Ghodsizadeh et al. demonstrated significant upregulation of hepatic
specific genes, ALB, HNF4a, CYP3A4, G6P, and ASGR1, and
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downregulation of AFP in addition to efficient functional enhancement
of hepatocyte-like cells compared to the C matrix by differentiation of
hESC-hepatic endoderm on galactosylated collagen-coated plates [53].

An innumerable number of HNF genes regulate intrahepatic and
extrahepatic biliary development [54]. The transcription factor HNF is
responsible for regulating the competence of the endoderm in devel-
oping the liver and is essential for liver gene expression [55]. In this
study, expression of the mentioned gene was discerned on the third and
fourteenth days.

Transcription factor HNF binds to 40% of liver gene promoters and is
required for the activation of most liver genes [56,57] and therefore is
the main determinant of hepatocyte function and plays a fundamental
role in establishing the normal structure of the liver during
mid-pregnancy by stimulating the expression of cellular binding pro-
teins in the hepatoblasts as well as facilitating the formation of canaliculi
along with maintaining its sinusoids. Also, the aforementioned tran-
scription factor not only effectively promotes the transformation of
immature embryonic hepatocytes into mature polar epithelial hepato-
cytes, but also maintains the differentiated hepatocyte phenotype [52].

The findings of this study are complementary to the findings of
previous ones, making it conspicuous to conclude that, Wharton jelly
MSCs of human UC are capable of differentiating into liver cells under
specific and appropriate laboratory conditions, which were met in this
study.

The collected results of this study indicate that hepatocyte-like cells
obtained from 3D culture on galactosylated scaffold have better char-
acteristics compared to differentiated cells on 3D scaffold alone and 2D
culture, which was due to firm adhesion and exceptional proliferation as
well as great stability in the course of proliferation. Also, according to
the gathered data, it is conducible that MSCs derived from Wharton’s
jelly UC can differentiate into liver-like cells.
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