See discussions, stats, and author profiles for this publication at:

ResearchGate

The influence of fibroblast growth factor 4 on
hepatogenic capacity of Wharton's jelly
mesenchymal stromal cells

ARTICLE /7 ROMANIAN JOURNAL OF MORPHOLOGY AND EMBRYOLOGY = REVUE ROUMAINE DE MORPHOLOGIE ET

EMBRYOLOGIE - DECEMBER 2015

Impact Factor: 0.66

READS

6 AUTHORS, INCLUDING:

Shiraz University of Medical Sciences

11 PUBLICATIONS 9 CITATIONS

SEE PROFILE

ﬁ Shiraz University of Medical Sciences

45 PUBLICATIONS 88 CITATIONS

SEE PROFILE

Allin-text references are linked to publications on ResearchGate,

letting you access and read them immediately.

Shiraz University of Medical Sciences

47 PUBLICATIONS 295 CITATIONS

SEE PROFILE

Shiraz University of Medical Sciences

59 PUBLICATIONS 137 CITATIONS

SEE PROFILE

Available from: Tahereh Talaei-Khozani
Retrieved on: 13 February 2016


https://www.researchgate.net/publication/286688478_The_influence_of_fibroblast_growth_factor_4_on_hepatogenic_capacity_of_Wharton%27s_jelly_mesenchymal_stromal_cells?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_2
https://www.researchgate.net/publication/286688478_The_influence_of_fibroblast_growth_factor_4_on_hepatogenic_capacity_of_Wharton%27s_jelly_mesenchymal_stromal_cells?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Zahra_Khodabandeh?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Zahra_Khodabandeh?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Shiraz_University_of_Medical_Sciences?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Zahra_Khodabandeh?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Mansooreh_Jaberipour2?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Mansooreh_Jaberipour2?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Shiraz_University_of_Medical_Sciences?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Mansooreh_Jaberipour2?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Ahmad_Hosseini4?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Ahmad_Hosseini4?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Shiraz_University_of_Medical_Sciences?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Ahmad_Hosseini4?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Tahereh_Talaei-Khozani?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Tahereh_Talaei-Khozani?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Shiraz_University_of_Medical_Sciences?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Tahereh_Talaei-Khozani?enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA%3D%3D&el=1_x_7

Rom J Morphol Embryol 2015, 56(3):1043-1050

RJME

Romanian Journal of
Morphology & Embryology

http://www.rjme.ro/

ORIGINAL PAPER

The influence of fibroblast growth factor 4 on hepatogenic
capacity of Wharton’s jelly mesenchymal stromal cells

ZAHRA VOIDANIY, ZAHRA KHODABANDEHY?, MANSOOREH JABERIPOUR®, AHMAD HOSSEINI®,
SOGHRA BAHMANPOURY, TAHEREH TALAEI-KHOZANIY®

Yl aboratory for Stem Cell Research, Department of Anatomy, School of Medicine, Shiraz University of Medical
Sciences, Shiraz, Iran

2 Transgenic Technology Research Center, Shiraz University of Medical Sciences, Shiraz, Iran
Y Institute for Cancer Research, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran

Y Laboratory for Tissue Engineering, Department of Anatomy, School of Advance Medical Science and Technology,
Shiraz University of Medical Sciences, Shiraz, Iran

Abstract

Wharton'’s jelly mesenchymal stromal cells (WJ-MSCs) derived from human umbilical cords could be an appropriate candidate for hepatocyte
replacement therapy. Improvement of the efficiency of the cell expression of liver specific genes can be considered in finding new transplantation
resources. The present study aimed to differentiate WJ-MSCs toward hepatocyte-like cells on collagen film in the presence of hepatogenic
factors, including fibroblast growth factor 4 (FGF4), hepatocyte growth factor (HGF), and insulin-like growth factor-1 (IGF-1). MSCs derived
from Wharton's jelly explants were characterized by flow cytometry. Then, the cells were cultured in the presence of hepatogenic media with
or without FGF4 on 2D collagen films for 21 days. The expression of liver-specific genes was evaluated by real-time polymerase chain reaction
(RT-PCR) and immunocytochemistry. The functional assays were performed by Periodic Acid—Schiff (PAS) staining and Indocyanin Green
(ICG) uptake. The cultures pre-exposed to FGF4 expressed higher levels of endodermal markers, such as albumin, compared to the control
cultures. Also, cytokeratin 18 expression was significantly increased in FGF4-treated cells. However, the expression level of other liver-
specific markers was not influenced by exposure to hepatogenic media with or without FGF4. In conclusion, it was demonstrated that FGF4
could induce the differentiation of WJ-MSCs toward endoderm. Despite the morphological changes and increase in PAS reaction, WJ-MSCs
could not differentiate into hepatocytes by hepatogenic media consisting of IGF-1.

Keywords: Wharton'’s jelly, mesenchymal stromal cells, 2D, collagen, fibroblast growth factor 4, hepatocyte growth factor.

& Introduction

Hepatocytes transplantation therapy may be considered
as a promising replacement resource for treatment of end-
stage liver diseases. However, the major problems with this
procedure are shortage of liver donors and immunological
rejection of the transplanted cells [1, 2]. During the last
decade, several investigations have been performed to find
therapeutic strategies and the best cell source for hepatocyte
transplantation [1, 3-5]. Mesenchymal stromal cells (MSCs)
from human umbilical cord, Wharton’s jelly, are an appro-
priate candidate for hepatocyte replacement therapy [6, 7].
Umbilical cord can be typically regarded as medical waste
post-delivery [8]. This provides an available, non-invasive
source without any ethical concern. Wharton’s jelly-derived
MSCs (WJ-MSCs) have a large expansion and self-renewal
potential as well as an extensive differentiation potential
toward various fates, including adipogenesis, osteogenesis,
and chondrogenesis [9, 10]. Similar to autologous trans-
plantation, allogeneic transplantation of WJ-MSCs can be
applicable for cell therapy without immunological cross-
reactivity [11, 12]. Wharton’s jelly has been shown to
express a low level of many liver-specific markers such as
albumin, cytokeratins (CKs) 18 and 19, a-fetoprotein (AFP)
[6]. These features make human Wharton’s jelly a superior
resource for isolating stem cells in comparison to other
sources, such as bone marrow and amniotic membrane,
for therapeutic and clinical applications [13, 14].

Up to now, combinations of growth factors have
been used to differentiate MSCs toward hepatocyte-like
cells [15]. Hepatocyte growth factor (HGF) can be consi-
dered as a critical factor in the early stages of hepato-
genesis. It also stimulates hepatoblast proliferation and
liver regeneration [10, 16]. The other important factor in
hepatocyte differentiation is fibroblast growth factor-4
(FGF4). FGF4 has mitogenic and angiogenic effects and
can induce MSCs to proliferate and differentiate toward
endoderm and subsequently hepatogenic fate [17, 18].
Insulin-like growth factor-1 (IGF-1) can be considered as
an anabolic hormone, which is mainly produced by the
liver. IGF-1 plays an important role in in vitro hepatocyte
differentiation and proliferation [19]. It also stimulates
HGF production and expression of liver specific markers,
such as albumin [20-22].

In in vivo condition, cells are primarily embedded
within microenvironment including various components
of extracellular matrix (ECM), neighboring cell popula-
tions, and different growth factors. The simplicity, con-
venience, and high viability of the cells in conventional
2D monolayer culture condition have caused that this
culture condition to be more popular in many investi-
gations [23]. However, the conventional culture might
not mimic the physiological behavior of cells in vivo.
Therefore, in vitro usage of ECM constitutions, such as
collagen, has been shown to improve functional efficiency
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of the cells [24]. Evidence has demonstrated that in vitro
culturing of hepatocytes on collagen gel led to higher
expression levels of liver specific genes [25]. The role
of type I collagen in regulation of hepatocytes cycle and
differentiation was also demonstrated [26].

The effects of a combination of HGF, IGF-1, and
oncostatin M (OSM) on differentiation of bone marrow-
derived MSCs have been shown previously [27]. Pre-
exposed MSCs to FGF4 have been detected to differentiate
the cells toward endoderm. Besides, dedifferentiation of
the hepatocytes derived from stem cells has been reported
by various procedures [28]. Therefore, mimicking in vivo
development of the hepatocytes may lead to differentiation
of hepatocyte-like cells that are more suitable for thera-
peutic purposes. The current study aims to differentiate
WI-MSCs toward hepatocyte-like cells on collagen film
in the presence of hepatogenic factors, including FGF4,
HGF, and IGF-1.

& Materials and Methods

Isolation and primary culture of Wharton’s jelly
mesenchymal stromal cells

Umbilical cords of the newborn infants, born through
cesarean section were obtained after getting written
informed consents from their parents. They were then
transported to the laboratory in cold phosphate-buffered
saline (PBS) containing 100 U/mL Penicillin and 100 pg/mL
Streptomycin. After discarding the arteries and amnion
completely, the umbilical vein was cut open lengthwise
and crushed. Afterwards, the Wharton’s jelly of umbilical
cord was cut into small pieces for generation of explants
with 5 mm dimension. The culture medium, a-minimal
essential medium (o-MEM) containing 10% fetal bovine
serum (FBS), 1% L-Glutamine, 100 U/mL Penicillin, and
100 pg/mL Streptomycin, was also added to the explants
of Wharton’s jelly after 15 minutes. The cells derived
from Wharton’s jelly reached 70-80% confluence after
two weeks.

Surface marker characterization

The cell surface markers on the WJ-MSCs were
evaluated by flow cytometry at the third passage. An
aliquot of the cells at a concentration of 1x10° cells/mL
was washed in cold PBS containing 10% FBS, as blocking
solution, for 20 minutes. After that, the cells were allowed
to react with Fluorescein Isothiocyanate (FITC)-conju-
gated anti-CD44, CD90, and CD144, Phycoerythrin-
conjugated anti-CD34, CD73, and CD106, and Peridinin
Chlorophyll Protein Complex (PerCP)-conjugated anti-
CD105 antibodies (all from Abcam, UK, Cambridge) for
30 minutes. They were then washed with cold PBS, re-
suspended in PBS containing 10% FBS, and analyzed by
a flow cytometer (BD FACSCalibur™, BD Biosciences).
Mouse antibodies IgG1-PE and IgG1-FITC were used
as isotype controls.

Adipogenic and osteogenic differentiation
potential of WJ-MSCs

For adipocyte and osteocyte differentiation, the WJ-
MSCs were cultured in the presence of adipogenic media
(StemCell Technologies, Inc., Canada) and osteogenic
(MACS, Germany) for three and four weeks, respectively,

with the media being changed twice a week. The differ-
entiated adipocytes were stained with Oil Red O (Sigma,
USA). Briefly, 0.005% of Oil Red O in isopropanol was
prepared and diluted with deionized water at 1:3 ratios.
The cells were fixed with 4% formalin at 4°C for 20
minutes and were then incubated with staining solution
for 15 minutes. To detect the calcium deposition, 1%
Alizarin Red/S (Sigma, USA) was prepared in 25%
ammonium hydroxide. After that, the cells were fixed
at 96% methanol for 20 minutes and incubated with
staining solution for 15 minutes. The nuclei were counter-
stained with Hematoxylin.

Collagen film preparation

In this study, 3 mg/mL type I collagen from rat tail
(Gibco, A10483-01) was used to prepare working solution
(1 mg/mL). The stock solution was diluted with 10X
DMEM at 8:1 ratio on ice by slow and gentle pipetting.
Each well of a 4-well culture dish was coated with 125 pLL
of the working solution and incubated to polymerize at
37°C for one hour.

Hepatocyte differentiation

WIJ-MSCs were seeded on the collagen film at a
density of 10° cells/mL. The cultures were divided into
three groups. The first group was considered as control
cultures that were incubated at DMEM (low glucose)
supplemented with 5% FBS, 100 U/mL Penicillin, and
100 pg/mL Streptomycin. The second group was exposed
to DMEM supplemented with 5% FBS, 20 ng/mL HGF,
100 nM Dexamethasone, 100 U/mL Penicillin, and
100 pg/mL Streptomycin for seven days. Then, 10 ng/mL
OSM was added to the hepatocyte differentiation medium
and the cells were incubated for an additional two weeks.
Finally, the third group was first incubated with DMEM
supplemented with 5% FBS and 10 ng/mL FGF4 for two
days and thereafter the culture medium was replaced with
DMEM containing 5% FBS, 20 ng/mL HGF, 20 ng/mL
IGF, 100 nM Dexamethasone, 100 U/mL Penicillin, and
100 pg/mL Streptomycin and was incubated for an addi-
tional five days. The differentiation protocol was continued
by adding 10 ng/mL OSM and the cells were cultured up
to day 21. Half of the culture medium was changed every
three days. Figure 1 depicted the experimental design
and the steps of the differentiation protocol in briefly.

Oday 2™ day 7t day 215t day
Control c O
HGF, IGF, Dex HGF, IGF, Dex and OSM
)
O O O
FGF4 HGF, IGF, Dex HGF, IGF, Dex and OSM

+FGF4 O—O O O

Figure 1 — Schematic diagram of the protocol steps
for each experimental group.

-FGF4

RNA extraction and quantitative real-time poly-
merase chain reaction (RT-PCR) analysis

Total RNA was prepared from WJ-MSCs using Biazol
isolation reagent (Bioflux, Japan) according to the manu-
facturer’s instructions. Then, 5 ug of total RNA was
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utilized to make cDNA using ABI cDNA Synthesis Kit
(USA). The human specific primers were used to amplify
cDNA for quantitative real-time PCR (qPCR) reactions.
gqPCR was performed using the SYBRs green PCR master
mix (Applied Biosystems, Rotkreuz, Switzerland) in 50
cycles. After amplification, the melting curve was analyzed
to ensure that no primer dimers were produced in the

samples and the accuracy of the reactions was confirmed.
Subsequently, in order to normalize the qPCR data, each
target gene was compared to the housekeeping gene,
18srRNA. Then, the following equation was applied for
each data point: 20**“Y. The specificity of the primers
was determined using NCBI Primer-BLAST software [29]
(Table 1).

Table 1 — The sequences of primers used for qPCR/real-time PCR

Gene Forward primer Reverse primer Annealing temperature ['C]
Albumin 5-ACAGAGACTCAAGTGTGCCAG-3’ 5-GCAAGGTCCGCCCTGTCATC-3 60
AFP 5-TTCATATGCCAACAGGAGGC-3’ 5-TGAGAAACTCTTGCTTCATCGT-3’ 60
CK18 5-AAATCCGGGAGCACTTGGAG-3’ 5-CAATCTGCAGAACGATGCGG-3 60
CK19 5-ACTACACGACCATCCAGGAC-3’ 5-CCGTCTCAAACTTGGTTCGGA-3 60
CYP2B6  5-TTCTTCCGGGGATATGGTGT-3 5'-TCCCGAAGTCCCTCATAGTG-3 55
HNF-4 5-AAGAAATGCTTCCGGGCTGG-3 5-GACGGGGGAGGTGATCTGTC-3 57
G6P 5-CGACGAAGCGCAGACAG-3 5-GTATCCGACTGATGGAAGGC-3 60
Claudin 5-CTTCTTGCAGGTCTGGCTAT-3 5-AGGTTGTTTTTCGGGGACAG-3’ 60
18S 5-GTTGATTAAGTCCCTGCCCT-3’ 5-TCCGAGGGCCTCACTAAACC-3’ 60

Immunocytochemical and immunofluorescence
staining

The cells were fixed with 4% paraformaldehyde
(Sigma), washed in PBS, and incubated in 0.3% H,0, in
dark for 20 minutes to suppress endogenous peroxidase
activity. The cells were incubated in blocking solution
containing 5% goat serum at room temperature for 20
minutes. They were then stained with primary antibodies
[cytokeratin 18 (CK18), cytokeratin 19 (CK19), and a-
fetoprotein (AFP)] for one and a half hours. Afterwards,
the super enhancer was added to the cells for 15 minutes
and they were incubated in applied Polymer HRP
(EnVision) for 30 minutes. Then, freshly prepared 3,3’-
diaminobenzidine (DAB) and H,0, solution were added
to the samples for 3 minutes and the cells were washed
by distilled water. The cells were counterstained with
Hematoxylin.

2D cultured cells were prepared for immunofluorescence
staining as follow. The cells were fixed in 4% para-
formaldehyde (Sigma) for 15 minutes, and then washed
in PBS. The cells were permeabilized with 0.5% Triton
X-100 for 10 minutes and blocked with 1% goat serum
in PBS for 20 minutes. The anti-albumin FITC-conjugated
(Abcam) at 1:100 dilutions were added to the cells and
incubated according to the manufacturer’s protocol. Then,
the cells were counterstained with 4’,6-diamidino-2-
phenylindole (DAPI) and analyzed by the fluorescence
microscope (Olympus BX51, Japan).

Periodic Acid—Schiff (PAS) staining for glycogen

The cells were fixed with 4% paraformaldehyde,
washed with PBS, oxidized in 1% periodic acid for
5 minutes, and rinsed in several changes of deionized
water. Thereafter, the cells were incubated in Schiff
reagent (containing basic fuchsine, potassium metabi-
sulfite, and hydrochloric acid) for 15 minutes, washed
with tap water for 5 minutes, and their nuclei were counter-
stained with Mayer’s Hematoxylin for one minute.

Indocyanine Green (ICG) uptake

To determine cellular uptake of Indocyanine Green
(ICG), 1 mg ICG dry powder (Cardiogreen; Sigma Aldrich,

UK) was suspended in 1| mL solvent, 50 pL dimethyl
sulfoxide, and 950 pL culture medium. ICG was added
to the differentiated cells at 37°C and 5% CO, for one
hour. Cellular uptake of ICG was checked by inverted
microscope. Then, the cells were incubated with fresh
William’s medium containing 10% FBS. ICG was totally
released from the cells six hours later.

Statistical analyses

All the statistical analyses were performed using
GraphPad Prism 5 software (GraphPad, USA) and Mann—
Whitney test. P-value <0.05 was considered as statistically
significant.

All the experiments were performed in triplicate.

= Results
Characterization of WJ-MSCs

The flow cytometry analysis of WJ-MSCs at the third
passage showed that the MSCs phenotype by expressing
the surface markers, such as CD90 (thy-1), CD73 (ecto-
5’-nucleotidase) [12], CD44 (adhesion molecule for
hyaluronic acid) [30], CD106, and CD105 (cell adhesion
molecules) [31]. However, these cells were negative for
CD34 (hematopoietic stem cell) and CD144 (endothelial
cell) markers (Figure 2) [32].

The frequency of the positive cells for each CD marker
has been summarized in Table 2.

Table 2 — The percentages of the WJ-MSCs showing
positive-reaction for CD markers by flow cytometry

CD  cp4s cD105 CD106 CD34 CD144 CD90 CD73
markers
% 896 744 692 110 218 905 956

The differentiation capacities of WJ-MSCs toward
adipogenic and osteogenic lineages were assessed by oil
red staining and Alizarin Red/S, respectively (Figure 3).
The results revealed that the cells could store lipid droplet
in the presence of adipogenic medium. The cells could
also differentiate into osteoblast and restore Ca*". These
data confirmed pluripotency of the WJ-MSCs.



https://www.researchgate.net/publication/227340570_Primer-BLAST_a_tool_to_design_target-specific_primers_for_polymerase_chain_reaction_BMC_Bioinform_13134?el=1_x_8&enrichId=rgreq-d92415be-96e1-4389-ae0d-89d016fdfc5a&enrichSource=Y292ZXJQYWdlOzI4NjY4ODQ3ODtBUzozMDYwODk0Nzg4MTk4NTBAMTQ0OTk4ODgyNjcwNA==

1046

Zahra Vojdani et al.

100 J978% 218% 256%

Cell Count
Cell Count

100]682% 318% 89.6%

Cell Count
Cell Count

cD10s

100 989% 110% 100 J948% 905%

Cell Count
Cell Count

4 e

e S S
Figure 3 — Alizarin Red/S staining revealed Cd** depo-
sition in the cells cultured in osteogenic medium (a)
and its absence in the control cultures (b). Oil Red O
revealed the presence of lipid droplets in the cells
cultured in adipogenic medium (c) and its absence in
the control cultures (d). The nuclei were counterstained

with Hematoxylin.

Cell morphology

The cells in the control group showed the typical
characteristic of MSCs; i.e., spindle fibroblast-like mor-
phology. Exposing the cells to hepatogenic media changed
the cell morphology from spindle fibroblast-like into a
polygonal- and epithelial-like shape (Figure 4). The growth
factors presented in the hepatogenic media increased the
proliferation rate of the WJ-MSCs.

Quantitative real-time PCR

Albumin, AFP, CK18, CK19, claudin, hepatic nuclear
factor 4 (HNF4), glucose-6-phosphatase (G6P) and CYP2B6
expression was assessed in the cells cultured in all con-

100 ]438% 95.6%

Figure 2 — Flow cytometry
analyses showed that the
Wharton’s jelly-derived
mesenchymal stromal cells
expressed CD44, CD105,
CD106, CD90, and CD73
but the expression of
CD34 and CD144 was
negligible.

Cell Count

100 10 107 103 10
CcD73

ditions for 21 days. Albumin mRNA levels increased after
the cells were exposed to the differentiation medium
supplemented with FGF4 (26-fold) or without FGF4 (28-
fold) compared to the undifferentiated cells. Additionally,
in comparison to the control cultures, CK19 expression
decreased in the cells pre-exposed to FGF4 and in the
cells exposed to hepatogenic medium without FGF4
pre-treatment. A significant decrease in CK18 was also
observed in the FGF4-treated cells compared to the
control cultures (p=0.01). However, expression of AFP
was not changed in the FGF4-pre-treated cells and in the
cells treated with hepatogenic medium without FGF4
compared to the control cultures. Naive human WJ-MSCs
expressed a very low level of metabolic enzymes, such as
CYP2B6. However, a non-significant increase in CYP2B6
was detected in the pretreated cultures with FGF4 (62.79-
fold) compared to naive and hepatogenic treated-cells.
On the other hand, the cells could express claudin in all
the cultures (Figure 5). The expression level of HNF4
showed a non-significant increase in the cultures exposed
to the differentiation medium without FGF4 compared
to the undifferentiated cells (1.6-fold) and also the cells
pre-treated with FGF4.

The expression of G6P, a secretary products of the
hepatocytes, were increased significantly (p=0.03) in naive
human WJ-MSCs compared to cultures supplemented
with FGF4. However, the expression level of G6P was
decreased in the cultures exposed to hepatogenic medium
without FGF4, it was not significant. The results revealed
no significant difference among the three groups regarding
genes expression except for G6P and CK18.

Immunocytochemistry and immunofluorescent
staining

Expression of AFP, CK18, and CK19 (Figure 6) at
protein level was assessed in different culture groups
by immunocytochemistry staining. The frequency of the
positive cells after immunostaining with CK18, CK19,
and AFP has been presented in Table 3.
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Figure 5 — Quantitative real-time PCR showed that the cultures treated with FGF4 expressed higher levels of albumin,
CYP2B6 and claudin. The FGF4-treated cells expressed a lower level of CK18 and CK19 and G6P. AFP was expressed

by all the cultures.

Table 3 — The mean and standard deviation of the
percentage of the reacted-cells to cytokeratins 18, 19,
and a-fetoprotein antibodies

Liver specific With FGF4 Without FGF4 Control (7 days)

markers  (mean * SD) (mean * SD) (mean * SD)
Cytokeratin 18 63+2.15* 50.5+2.12 27.66+1.15
Cytokeratin 19  41+1.2 4113.6 30.614.5
a-Fetoprotein  53.33+7.37 46.616.1 23.3%7.5

*Significant difference with control cultures (p<0.05).

According to the results, the percentage of CKI18
protein showed a significant increase by exposing the cells
to hepatogenic media with FGF4 compared to control
cultures (p=0.046). However, no significant change was
observed in expression of CK19 by treating the cells
with hepatogenic medium with or without pre-exposure
to FGF4. Moreover, AFP was shown to be expressed in
the cells treated with hepatogenic media with or without
FGF4 pretreatment (53.3% and 46.6%, respectively) and
they showed a non-significant increase (p=0.05) in the
expression of AFP compared to the control cultures
(23.3£7.5).

The accumulation of albumin in the cells was confir-
med by immunofluorescent staining (Figure 7). An increase
in intensity of albumin staining was shown in cultures
exposed to hepatogenic media with FGF4 compared to
control.

Functional assay
PAS staining

The differentiation efficiency of WJ-MSCs was
evaluated by PAS staining. The WJ-MSCs, which were
cultured in hepatogenic media with or without FGF4
(for 21 days), demonstrated the ability to store glycogen

(Figure 8).
ICG uptake

ICG uptake assay used to evaluate the functional capa-
city of the differentiated cells compared to the undiffer-
entiated ones (control cultures) at day 21. The results showed
that ICG was released by the cells incubated in the hepato-
genic media with or without FGF4 as well as the cells
cultured without any hepatogenic stimulation (Figure 8).
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Figure 6 — Immunohlstochemtstry showed that the Wharton’s jelly-derived mesenchymal stromal cells expressed cyto-
keratins 18 and 19 as well as a low level of AFP in the control (a—c), hepatogenic media without FGF4 (d—f), and with
FGF4 (g-i). Also, adding FGF4 to the hepatogenic medium increased the percentage of positive cells and the intensity
of the reaction to cytokeratin 18 (g—i).

Control With FGF4 Without FGF4

Figure 7 — Immunofluorescent staining
14 davs of WJ-MSCs differentiated toward
v hepatocyte-like cells using anti-ALB
human polyclonal antibody after
treatment with hepatogenic media
with or without FGF4 and control
for 14 and 21 days. The intensity
of reaction was increased in
21days cultures treated with FGF4.
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Figure 8 — Both cultures V5~ .
treated with hepatogenic ' * "J /
media with or without FGF4 7
showed ICG uptake and / / l
elimination (above row) and |
stored glycogen (below row).
The control cultures were
weakly stained with PAS
and a smaller number of  +*
the cells eliminated 1CG. t\"'
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=& Discussion

In the last decade, WI-MSCs were considered as an
attractive cell source used for liver regeneration and cell
therapy, because of their hepatogenic potential. The
findings of the current study showed that these cells
expressed a combination of the early- and mid-hepatic
genes, including albumin, AFP, CK18, CK19, CYP2B6,
HNF4 and claudin, which is in agreement with the
results of a previous research [6].

Up to now, many researchers have tried to find the
best protocol to make a functional hepatocyte [10, 33, 34].
The WIJ-MSCs showed hepatocyte-like cell phenotype
(polygonal shape) after being cultured in the hepatogenic
medium for 21 days. Similarly, a previous study indicated
that hepatogenic media could induce human umbilical
cord blood MSCs to change into a small, round, and
epithelioid shape [35]. Both hepatogenic protocols used
in the present study also changed the cell morphology.

An in vivo study showed that polymerization of
collagen I into fibrils inhibited the growth of hepatocytes
[36, 37]. The mechanical properties of the extracellular
matrix could also induce the cells to differentiate by alter-
nation in the signaling pathway and cytoskeletal organi-
zation [26]. Furthermore, culturing the mature hepatocytes
in the presence of HGF entrapped in 2D collagen/heparin
film led to an increase in albumin synthesis [38].

In this study, a combination of growth factors,
including, HGF, IGF, and FGF4, were used. HGF and
FGF4 have a mitogenic capacity and play a pivotal role
in early stage of hepatogenesis [39, 40]. IGF-1 has been
reported to play a key role in stimulating the different-
iation of embryonic stem cells (ESCs) into hepatogenic
lineage. IGF-1 also plays a role in liver development
and regeneration [41]. It has been shown to induce the
cells to proliferate and express HGF as well as some
other liver-specific markers. FGF4 induces the cells to
differentiate toward definite endoderm [42]. Adminis-
tration of FGF4 alone has been shown to exert a slight
impact on the expression of hepatic markers, such as
albumin. However, when FGF4 was used in combination
with the other growth factors involved in hepatogenesis,
such as BMP2, it could induce the cells to differentiate
from definite endoderm to hepatocyte-like cells [43].
The results of the present study also showed that the
combination of FGF4, HGF, and IGF-1 the higher
expression of albumin and CYP2B6 as liver-specific
genes but not significantly. A previous investigation
indicated that the expression of AFP, claudin, and CK19
reduced in human mature hepatocytes compared to
hepatoblasts, but they expressed higher levels of albumin
and CYP450 [44]. Although CK18 expression reduced
in mRNA level, its expression in protein level showed a
significant increase compared to the control cultures.
This may indicate that CK18 mRNA did not translate to
protein in control cells. However, the previous reports
showed that a combination of IGF-1 with HGF induced
bone marrow-derived MSCs toward hepatogenic lineage
[19, 27]. Furthermore, gene and protein expression level
changes in umbilical cord from culture to culture. It was
indicated that there were heterogeneous populations in
the UCMSC (umbilical cord-derived mesenchymal stem
cells) [6]. Nonetheless, the present study findings indicated

that administration of the hepatogenic media containing
IGF-1 and HGF with or without FGF4 had no effects on
the expression level of liver-specific markers in WJ-MSCs.
We also found that the naive WJ-MSCs expressed the liver-
specific markers, which might be a cause of lack of signi-
ficant difference between the treated and untreated cells.

& Conclusions

The expression of liver-specific markers in WJ-MSCs
was not changed significantly after administration of IGF-1
and HGF with or without FGF4. HNF4 can be considered
as an important growth factor in differentiation of WJ-MSCs
toward hepatocyte in a time- and dose-dependent manner.
However, the morphological changes and glycogen storage
were observed by treating these cells with hepatogenic
media with or without FGF4.
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