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Abstract A short half-life and low levels of growth
factors in an injured microenvironment necessitates
the sustainable delivery of growth factors and stem
cells to augment the regeneration of injured tissues.
Our aim was to investigate the ability of VEGF ;5
expressing bone marrow mesenchymal stem cells
(BMMSCs) to differentiate into hepatocytes when
cultured with hepatocyte growth factor (HGF) and
epidermal growth factor (EGF) in vitro. We isolated,
cultured and identified rabbit BMMSCs, then electro-
porated the BMMSCs with VEGF,45-pCMV6-AC-
GFP plasmid. G418 was used to select transfected cells
and the efficiency was up to 70%. The groups were then
divided as follows: Group A was electroporated with
pCMV6-AC-GFP plasmid + HGF + EGF and Group
B was electroporated with VEGF,45-pCMV6-AC-GFP
plasmid +HGF + EGF. After 14 days, BMMSCs
were induced into short spindle and polygonal cells.
Alpha-fetoprotein (AFP) was positive and albumin
(ALB) was negative in Group A, while both AFP and
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ALB were positive in group B onday 10. AFP and ALB
in both groups were positive on day 20, but the quantity
of AFP in group B decreased with prolonged time and
was about 43.5% less than group A. The quantity of the
ALB gene was increased with prolonged time in both
groups. However, there was no significant difference
between group A and B on day 10 and 20. Our results
demonstrated that VEGF;¢5-pCMV6-AC-GFP plas-
mid modified BMMSC:s still had the ability to differ-
entiate into hepatocytes. The VEGF 45 gene promoted
BMMSCs to differentiate into hepatocyte-like cells
under the induction of HGF and EGF, and reduced the
differentiation time. These results have implications
for cell therapies.

Keywords Stem cells - Differentiation - VEGF 45 -
Hepatocyte growth factor - Epidermal growth factor

Introduction

Bone marrow mesenchymal stem cells (BMMSCs)
have important clinical value in cell replacement
therapy, gene therapy and tissue/organ reconstruction.
BMMSCs induced under specific conditions can
differentiate into various tissues and cells in different
micro-environments. A number of studies have dem-
onstrated that, when cultured with epidermal growth
factor (EGF), hepatocyte growth factor (HGF) and
basic fibroblast growth factor (bFGF) (Chivu et al.
2009; Forte et al. 2006; Snykers et al. 2011), liver cells
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(Gu et al. 2009; Lange et al. 2005) and liver injury
serum (Li et al. 2010; Lysy et al. 2008) can induce
BMMSC:s to differentiate into hepatocytes in vitro and
in vivo (Piryaei et al. 2011; Stock et al. 2010). Since
growth factor protein is expensive and has a short half-
life in vivo and large doses may result in hemody-
namic abnormalities and serious side effects, gene-
therapy has become a targeted approach for delivery
(Supp and Boyce 2002). With the unique advantages
of being easily obtained and amplified in vitro,
allowing easy genetic manipulation and weak immu-
nogenicity, BMMSCs have become an appropriate
cell carrier for gene therapy (Park et al. 2003; Tsuda
et al. 2005). The family of vascular endothelial growth
factor (VEGF) molecules are potent initiators and
regulators of angiogenesis with VEGF,¢s being the
most powerful and widely distributed within the body
for promoting angiogenesis (Neufeld et al. 1999; Zhao
et al. 2007). BMMSCs transfected with the VEGF
gene have been used in the treatment of cardiovascular
disease (Liu et al. 2009; Pons et al. 2009; Zisa et al.
2009), bone regeneration (Wang et al. 2010), neuro-
degenerative (An et al. 2010), and Achilles tendon
repair (Hou et al. 2009). However, there has not been
research on VEGF gene modified BMMSCs and its
role in the liver disease process.

HGF has been identified as a potent mitogen for
hepatocytes (Forte et al. 2006) and plays an important
role in liver development and regeneration (Michalop-
oulos and DeFrances 2005). EGF is another important
factor found to play a role in the proliferation and
differentiation of liver cells which promotes mitosis in
the early stages of liver regeneration (Skarpen et al.
2005). In acute liver cell injury, HGF and EGF were
significantly increased in the blood and also over-
expressed in oval cell activation, proliferation and
differentiation (Hatch et al. 2002; Hong et al. 2004).

Within the context of this work, we utilized HGF
and EGF as the hepatocyte inducing protocol, to
investigate the ability of BMMSCs transfected with
VEGEF to differentiate into hepatocytes in vitro.

Materials and methods
Isolation and culture of BMMSCs

BMMSCs were harvested from the bone marrow of
2 month old New Zealand rabbits (male or female,
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weight about 1 kg) that were obtained from the
Laboratory Animal Unit of the Central South Univer-
sity (ChangSha, China). Bone marrow of humerus and
femur were flushed with 40 ml D-Hanks solution
(GIBCO, Carlsbad/CA, USA). The cell suspension
was centrifuged over a Ficoll step gradient (density
1.077 g/ml; Ficoll-Histopaque 1077, Sigma-Aldrich,
St. Louis, MO) at 200 g for 20 min. BMMSCs were
collected and cultured in DMEM (Gibco, USA),
supplemented with 20% fetal bovine serum (FBS,
Gibco, USA), 100 U/ml penicillin, and 100 pg/ml
streptomycin (Gibco, USA) at 37 °C and 5% CO, for
5 days. After removing the suspension cells, adherent
BMMSCs were grown to 90% confluence and then
passaged.

Flow cytometry

Approximately 1 x 10° cells of 3rd generation
BMMSCs were harvested and re-suspended in 1 ml
PBS. The cell suspension was incubated with
primary monoclonal sheep anti-rabbit antibodies
including: anti-CD45 (1:100); anti-CD44 (1:100);
anti-CD34 (1:100); and anti-CD29 (1:100) for 1 h at
4 °C, and then washed with 0.1 M PBS three times.
The cell suspension was incubated with FITC-
conjugated secondary sheep antibody (1:200) for
40 min at 4 °C, and was then washed with 0.1 M
PBS three times again. 0.01 M PBS was used as a
negative control. All antibodies were purchased from
eBioscience (USA).

Electroporation and G418 selection

The 3rd generation BMMSCs were harvested and
resuspended in electroporation buffer [containing
750 pl Opti-DMEM (Gibco, USA) without serum
and 50 pg VEGF,45-pCMV6-AC-GFP plasmid (Ori-
Gene, Rockville/MD, USA) or pCMV6-AC-GFP
plasmid (OriGene, USA)]. The cell concentration
was 2 x 10° cell/ml. The electroporation parameters
were: capacity at 1,000 pF, voltage at 280 V and
internal resistance was infinite. After electroporation,
the cells were transferred into a new 25 cm? flask with
complete medium, and analyzed for GFP expression
under a fluorescence microscope 48 h post electro-
poration. The medium was changed every 3 days and
contained G418 (200 pg/ml). We used cell flow
cytometry to test the transfection efficiency.



Cytotechnology (2012) 64:635-647

637

Reverse transcription PCR analysis for VEGF ¢

Five groups were determined, including BMMSCs
electroporated after 2 days (A), BMMSC:s selected by
G418 after 20 days (B) and BMMSCs post-selection
after 7 days (C), 14 days (D), and 21 days (E). The
total RNA was extracted using the Trizol reagent
(Sigma-Aldrich, Shanghai, China) according to stan-
dard protocols. Reverse transcription was performed
with 2 ng RNA and an Access Quick RT-PCR System
(Promega, Beijing, China) according to the manufac-
turer’s protocol. Gene-specific primers for human
VEGF 5 and f-actin were designed using the Primer
Premier software (Premier Biosoft International, Palo
Alto/CA, USA) as listed in Table 1. The length of the
amplicon was 280 bp. pCMV6-AC-GFP plasmid
modified BMMSCs were used as negative controls.
The reaction mixture was subjected to 30 cycles of a
PCR including a 5 min denaturation step at 96 °C.
Each cycle consisted of a 30 s denaturation step at
95 °C, a 30 s annealing at 60 °C, and a 30 s extension
at 72 °C. The last cycle was followed by a 10 min
longation step at 72 °C. PCR products were electro-
phoresed and analyzed on a 2% agarose gel.

Hepatocyte differentiation

The 3rd generation BMMSCs were electroporated
with the aforementioned plasmids. G418 (Gibco,
USA) was utilized for selection with an efficiency up
to 70% which was tested by flow cytometry, followed
by HGF (Peprotech, Rocky Hill/NJ, USA) and EGF
(Peprotech, USA) BMMSC inductation. The groups
were designated as follows: Group A was transfected
with pCMV6-AC-GFP plasmid + HGF (60 ng/
ml) + EGF (45 ng/ml) and Group B was transfected
with VEGF¢5-pCMV6-AC-GFP plasmid + HGF
(60 ng/ml) + EGF (45 ng/ml).

Table 1 Gene-specific primers

Primer Sequence

F:5'-CCTTGCTGCTCACCTCCAC-3'
R:5-ATCTGCATGGTAGATGTTGGA-3'
ALB F:5-GAGCCAAAGATTTCCCAAGG-3'
R:5-ACATTCAAGCAGGTCACCGT-3'
F:5-TCACCATGGATGATGATATCGC-3’
R:5'-CGTGCTCGATGGGGTACTTCA-3'

VEGF 45

f-actin

Immunohistochemistry and immunofluorescence

In each group, BMMSC:s cultured on coverslips on day
10 and 20 were fixed with 4% paraformaldehyde for
30 min, and treated with 0.1% Triton for 10 min.
Endogenous peroxidase was quenched with 0.3%
hydrogen peroxide solution. After blocking with 3%
BSA in PBS at room temperature for 1 h, the slides
were incubated with goat anti-rabbit albumin (ALB)
antibody (1:100 dilution, Bethyl Laboratories, Mont-
gomery/TX, USA) or sheep polyclonal anti-human
alpha-fetoprotein (AFP) C-terminus antibody (1:200
dilution, Santa Cruz Biotechnology, Santa Cruz/CA,
USA) at4 °C overnight. After washing three times, the
slides were then incubated with HRP-labeled anti-
sheep antibody (1:200, Bethyl Labotatories) for detect-
ing ALB and rhodamine-conjugated anti-goat antibody
(1:200, Bethyl Labotatories) for detecting AFP at room
temperature for 45 min. Then the slides were washed
with 0.1 M PBS three times. Finally, the first slide was
stained with DAB (Dako Envision + system, Glostrup,
Denmark) counterstained with hematoxylin, and dehy-
drated with xylene. The second slide was observed
directly under a fluorescence microscope. Undifferen-
tiated BMMSCs were used as negative controls.

Western blots

BMMSCs in each group were collected on day 10 and
20. Total protein was extracted (Beyotime, Jiangsu,
China) and the concentration was determined by the
Bradford assay (Bio-Rad Laboratories, Hercules/CA,
USA). The samples were fractionated on 10% SDS-
PAGE gels and transferred to polyvinylidene difluo-
ride membranes. After washing, the membrane was
blocked with 10% milk at room temperature for 1 h
and incubated with sheep polyclonal anti-human AFP
C-terminus antibody (1:2,000 dilution, Santa Cruz),
goat anti-rabbit ALB antibody (1:500 dilution, Bethyl
Laboratories) at 4 °C overnight. After washing, the
membrane was incubated with peroxidase-conjugated
mouse anti-goat antibodies (1:1,000 dilution; Bethyl
Labotatories) at room temperature for 1 h. After
washing, the immunoreactive bands were detected
by ECL chemiluminescence reagents (Beyotime,
China). The density of the bands was quantified with
a laser densitometer (Bio-Rad, USA). Undifferenti-
ated BMMSCs were used as negative controls. ff-actin
was used as an internal control.
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RNA isolation and real-time PCR

BMMSCs in each group were collected on day 10 and
20. The total RNA was extracted using Trizol reagent
(Sigma-Aldrich) according to standard protocols.
Reverse transcription was performed with 2 pg total
RNA and real-time PCR was conducted with a
QuantiTect SYBR Green RT-PCR Kit (Promega)
according to the manufacturer’s protocol. Gene-spe-
cific primers for albumin and f-actin were designed
using the Primer Premier software (Premier Biosoft
International, Palo Alto) and listed in Table 1. PCR
was performed as listed in Table 2. The PCR of f-
actin was carried out at 94 °C for 2 min, followed by
40 cycles at 94 °C for 30 s, 55 °C for 30 s, and 72 °C
for 60 s and collecting fluorescence at 83 °C for 15 s.
The PCR of ALB was carried out at 94 °C for 2 min,
followed by 40 cycles at 94 °C for 30 s, 58 °C for

Table 2 Amplification system of real-time PCR

QuantiTect SYBR green 12.0 ul
Upstream primer (10 ng/pl) 1.0 pl
Downstream primer (10 ng/pl) 1.0 ul
cDNA 4.0 ul
Nuclease-free H,O 2.0 pl
Total volume 20 ul

30 s, and 72 °C for 60 s and collecting fluorescence at
84 °C for 15 s. Undifferentiated BMMSCs were used
as negative controls.

Statistical analysis

Data are presented as mean £ SD. The results were
analyzed by ANOVA using SPSS 16.0. Results were
considered significant when p < 0.05.

Results

Morphological observation and representative
phenotypes of BMMSCs

Based on observations after 24 h inoculation, adherent
cells were attached to the culture dish. After 72 h, the
adherent cells formed several cell clones (Fig. 1a). After
15-18 days, the cells were close to fusion (Fig. 1b). The
BMMSCs were maintained in vitro through serial
passages to obtain a uniform pattern (Fig. 1c) and
phenotypic characterization was confirmed. CD29
(93.41 £ 3.2%, n=3) and CD44 (91.55 £ 4.1%)
were significantly over-expressed on BMMSCs while
there was no obvious expression of CD45
(3.95 £+ 2.9%) and CD34 (3.36 £ 3.6%; Fig. 1d).
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Fig. 1 The morphology and representative phenotype of

BMMSCs.

Primary BMMSCs 72 h (a, x200),

primary

BMMSCs 18 days (b, x200), and third-generation BMMSCs
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(c, x200). Flow cytometry determination of MSC surface
markers CD34, CD29, CD45 and CD44 (d)
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Electroporation efficiency and G418 selection

BMMSC:s electroporated with VEGF;45-pCMV6-AC-
GFP plasmid were collected after 48 h (Fig. 2a, b),
and the transfection efficiency tested by flow cytom-
etry was 34.58 + 5.08% (Fig. 2c). Transfection effi-
ciency was up to 70.46 £ 4.17% (Fig. 2f) after using
G418 (200 pg/ml) selection at approximately 20 days
(Fig. 2d, e).

Reverse transcription PCR analysis for VEGF ;45

The mRNA levels of VEGF;45 were examined by
RT-PCR (Fig. 2g). The VEGF gene of the VEGF¢s-

A B € D
VEGF 165 s SN S S Soe

B-actin Nt G - — — —

Fig. 2 GFP and VEGF gene expression of electroporated
BMMSCs. Green fluorescence represents the successful elec-
troporation of plasmid into BMMSC:s. Electroporated cells after
48 h (a and b). G418 selection after 20 days (d and e) (bright
vision) b and e, x200) dark vision (a and d, x200). Transfec-
tion efficiency as determined by flow cytometry of BMMSCs

g Control

pCMV6-AC-GFP transfected group was tested in
group A, and there was a significant increase in group
B selected by G418 after 20 days (p < 0.05). After
selection, there was a small decrease in expression
with prolonged time, but there were no significant
differences between groups D and E (p > 0.05).

Morphology of induced BMMSCs

The BMMSC:s presented a fibroblast-like morphology
before differentiation (Fig. 3a, d) and became more
slender after electroporation (Fig. 3b, e). However,
after 20 days induction, cells developed shorter
spindle and polygonal shapes. Also, the amount of
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electroporated after 48 h (c), and selected after 20 days (f).
Reverse transcription PCR analysis for VEGF 45 levels (the RT-
PCR conditions A-E are described in the Materials and Methods
section) (g). Values represent mean =+ SD. Significance was set
at p < 0.05
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Fig. 3 Morphology of the induced BMMSCs. Light micros-
copy (a, x200), scanning electron microscopy (d) of unelec-
troporated BMMSCs, electroporated BMSCs after 48 h

polygonal cells increased and hepatocyte-like cells
formed colonies with prolonged time (Fig. 3c). Elec-
tron microscopy showed that cells in both groups
developed short spindle and polygonal shapes after
20 days induction (Fig. 3f). In contrast, BMMSCs
cultured in basal medium did not exhibit significant
changes in cell morphology on day 20.

Immunocytochemistry and immunofluorescence

Immunocytochemistry and immunofluorescence
revealed the location of ALB and AFP. There were
uniform distributions of the brown-yellow granules
(representing ALB positive) and red fluorescence
(representing AFP positive) in the cytoplasm and
nuclei of the positive cells. Green fluorescence
represented the expression of GFP. Undifferentiated
BMMSCs were used as negative controls for ALB.
ALB was negative in group A and positive in group B
on day 10 (Fig. 4a). ALB was positive in both groups
on day 20 (Fig. 4a). AFP was positive in both groups
on days 10 and 20 (Fig. 4b). The ALB expression was
earlier in group B than in group A, but AFP expression
occurred at the same time in both groups. In contrast,
ALB and AFP expressions were negative in BMMSCs
cultured in basal medium.
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(b x 200, and e), BMMSCs induced after 20 days (e, x200
and f). Scale bars in d, e, f, 10 pm

Western blot

The relative expression of ALB and AFP in the
induced BMMSCs was analyzed with Western blot-
ting. The expression level of hepatocyte-specific
proteins was normalized with f-actin as an internal
protein loading control. There was no expression of
ALB in group A on day 10 (p > 0.05), and apparent
expression in group B (p < 0.05). The expression of
AFP decreased with prolonged time in group B and
was less than in group A on day 20 (Fig. 5a). There
was higher ALB expression in group B compared to
group A (Fig. 5b) on day 20. Therefore, the expression
of ALB was earlier and at a higher level in group B
than in group A on day 10 and 20. This was consistent
with immunocytochemistry results.

Real-time PCR

To determine whether morphologic changes and the
expression of ALB were sustained and associated with
the induction of hepatocyte-specific genes, the total
RNA of both groups was isolated on day 10 and 20.
Real-time PCR was used to analyze the expression of the
ALB gene (Fig. 6). Undifferentiated BMMSCs were
used as negative controls. The ALB gene was detected in
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Fig. 4 The ALB and AFP expression of induced gene-modified BMMSCs on days 10 and 20. Immunohistochemistry for detecting
ALB (a). Immunofluorescence for detecting AFP (b)

both groups on day 10 and 20, and the quantity of the Discussion

ALB gene was significantly increased with prolonged

time . However, there was no significant difference Stem cells have generated a great deal of interest in
between group A and B on day 10 and 20 (Fig. 6 g). recent years because of their potential therapeutic use.
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AFP - — a— ——
B-actin - — i
| group A

25 [l group B

AFP protein expression by western-blot

day 10

day 20

Fig. 5 Western-blot results for detecting ALB and AFP of the
induced gene-modified BMMSCs on the 10th day and 20th day.
The results shown are representative of two independent
experiments, each of them performed in triplicate. Values

Under the influence of environmental factors, they can
proliferate, differentiate and replace damaged cells from
adult tissues. A number of studies have demonstrated
that stem cells can differentiate into hepatocytes in vitro.
Numerous cytokines and growth factors have been
shown to have potent effects on hepatic growth and
differentiation in vitro (Lee et al. 2004; Talens-Visconti
et al. 2007). They include HGF, EGF, transforming
growth factor (TGF), bFGF, insulin, insulin-like growth
factor, and oncostatin M (OSM). HGF and EGF are also
considered important factors in the hepatocyte differ-
entiation pathway (Forte et al. 2006; Sato et al. 1999;
Tamama et al. 2006).

Hepatocyte growth factor is identified as a potent
mitogen for hepatocytes. The secretion of HGF after
liver injury is increased (Shi et al. 2011). It can
accelerate tissue regeneration following an acute
insult, as well as amelioration of tissue fibrosis and
dysfunction in chronic conditions (Ishiki et al. 1992;
Pulavendran et al. 2011; Shiota et al. 2000). EGF is
another important factor in the proliferation and
differentiation of liver cells. HGF and EGF induce
the expression of all members of the TGF-beta family,
and they also produce a marked increase in CK19
expression that correlates with the appearance of cells
that resemble oval cells. In hepatic failure and acute
liver injury, the increased blood HGF and EGF levels
play an important functional role in liver regeneration
(Flohr et al. 2009; Mizuguchi et al. 2001). There are
many studies using HGF and EGF in the hepatocyte
inducing protocol, and the concentrations of HGF and
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B-actin

ALE protein expression by western-blot

Control  A10 A20

ALB

B10 B20

Day 20

Day 0 Day 10

represent mean + SD. Significance was set at p < 0.05 and
assessed compared with day O (asterisk) and compared between
groups (triangle)

EGF showed wide ranges (Snykers et al. 2009). The
concentration of HGF ranges from 20 ng/ml to
150 ng/ml (Banas et al. 2007; Kazemnejad et al.
2008; Talens-Visconti et al. 2006; Yamamoto et al.
2008), and the concentration of EGF ranges from
10 ng/ml to 50 ng/ml (Kazemnejad et al. 2008; Lange
etal. 2005; Shi et al. 2005). Wang et al. (2004) induced
isolated BMMSCs with HGF in vitro at a concentra-
tion of 50 ng/ml, which mimicked the injured liver
microenvironment. In our previous study, we showed
the combination of HGF (60 ng/ml) and EGF (45 ng/
ml) was the best hepatocyte inducing protocol.

Vascular endothelial growth factor is not only an
angiogenic factor but also plays a role in the survival
of the liver (Akiyoshi et al. 1998). In liver cirrhosis or
acute-on-chronic liver failure patients, serum VEGF
levels were significantly lower than those of the
control group, suggesting that serum VEGF levels
may be associated with hepatocyte regeneration
grades (Akiyoshi et al. 1998; Shi et al. 2011). The
VEGF,65-pCMV6-AC-GFP plasmid has been suc-
cessfully transfected into BMMSCs by electroporation
in our experiment, and had a stable expression after
G418 selection. However, the expression decreased
with a prolonged time after selection. Other studies
also established a method for transfecting the human
VEGF 45 gene into MSCs in which the target gene and
protein could be expressed effectively (Guo-ping et al.
2010; Tarnowski et al. 2010).

There are many studies on combining MSCs and
VEGF gene therapy for protecting neurons against
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Fig. 6 Real-time PCR analysis of the mRNA levels for ALB.
Melting curve for f-actin (a) and for ALB (b). Amplification
curve for f-actin (c) and for ALB (d). Standard curve for -actin
(e) and ALB (f). The relative quantity of the ALB gene (g).

hypoxic ischemic injury (An et al. 2010), promoting
MSC proliferation (Crespo-Diaz et al. 2011), enhanc-
ing the efficacy of MSCs in the swine model of
myocardial infarction (Liu et al. 2009) and promoting
cardiac function and MSC survival (Pons et al. 2009).
Some studies have shown that MSCs could also
achieve the biological effects by secreting VEGF.
VEGEF secreted by MSCs has been used in gastric ulcer
and oral ulcer healing (El-Menoufy et al. 2010;
Hayashi et al. 2008), in murine ischemic limbs leading
to an increase in vessel density (Hoffmann et al. 2010),
in inhibiting the apoptosis of lung cells (Zhen et al.

Values represent mean £ SD. Significance was set at p < 0.05
and assessed compared with day O (asterisk) and compared
between groups (triangle)

2010), in facilitating neurological function (Deng et al.
2010), enhancing the repair and regeneration of critical
sized bone defects (Kanczler et al. 2010) and improv-
ing cardiac function in failing rat hearts (Tao et al.
2009). Therefore, the VEGF 45 gene is the best target
gene in gene therapy for promoting angiogenesis. Liver
cells get nutrition and oxygen from a complex network
of blood vessels. Ajioka et al. (1999) showed that
VEGF-transfected liver cells formed a large number of
clones and the meaningful vascular network promoted
the growth of liver cells. However, there has been no
research on the influence of the VEGF gene on
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BMMSCs differentiating into hepatocytes. In our
experiment, we used HGF and EGF as the hepatocyte
inducing protocol, and studied the ability of BMMSCs
transfected with VEGF,45-pCMV6-AC-GFP plasmid
to differentiate into hepatocytes in vitro, and we
provided a reliable basis for gene and cell combination
therapy in liver failure. The results confirmed that gene
modified BMMSC:s still had the ability to differentiate
into hepatic cells under the induction of HGF and EGF.

The differentiation of hepatoblasts into hepatocytes
is a steady process. It is known that embryonic, fetal,
and adult hepatocytes differ in molecular phenotypes
(Shafritz et al. 2006; Theise 2006), and involve
different cytokines (Duncan 2003; Kamiya et al.
1999). EGF promotes mitosis in the early stage of liver
regeneration. HGF, OSM, glucocorticoids and endo-
thelial cells play an important role in maturation and
terminal differentiation stages. In vivo hepatogenesis
implies serial expression of early (AFP, HNF3b and
TTR), mid-late (ALB, HNF1a, HNF4a, and CK18),
and late (TO, TAT, C/EBPa, and CYPs) markers
(Clotman and Lemaigre 2006; Kinoshita and Miyaj-
ima 2002; Kyrmizi et al. 2006; Snykers et al. 2009).
The first expression of ALB is in early to mid-late
embryos and maintains expression in fetal and adult
hepatocytes (Shiojiri 1981). AFP, on the other hand, is
expressed very early in embryonic development and
during the fetal stages. Its expression gradually levels
off with increasing development and disappears
entirely in adult life (Cascio and Zaret 1991). There-
fore, AFP is a reliable marker for discriminating
between distinct developmental stages.

Our experiment showed that VEGFqs over-
expressing BMMSCs reduced the secretion of AFP
with prolonged time compared with group A, while the
secretion of ALB protein increased. It demonstrated
that the VEGF 45 gene could play an important role in
the maturation and terminal differentiation stage of
liver cells. It could also promote BMMSCs to
differentiate into hepatocyte-like cells under the
induction of HGF and EGF. Although the expression
of AFP was significantly reduced in group B on day 20
compared with group A, it did not disappear. We
therefore speculate that our hepatocyte-like cells were
in the mid-late stage. Our next research interests may
involve prolonging the induction time and using the
late (TO, TAT, C/EBPa, and CYPs) markers.

Data also demonstrated that the expression level of
the ALB gene was not totally consistent with the

@ Springer

expression of ALB protein. That is, real-time PCR
showed that the quantity of the ALB gene was
increased with prolonged time. However, there was
no significant difference between group A and B on
day 10 and 20, While Western blots showed that there
was no expression of ALB protein in group A
(»p > 0.05) and significant expression in group B
(» < 0.05) on day 10, and there was significant
difference between group A and B on day 10 and 20.
These results suggested that the VEGF 45 gene may
influence protein synthesis of ALB, and promote
BMMSC:s to differentiate into hepatocyte-like cells.

In conclusion, our study provided evidence that
electroporated BMMSCs still have the ability to
differentiate into hepatocyte-like cells. VEGF¢s-
pCMV6-AC-GFP plasmid promotes BMMSCs to
differentiate into hepatocyte-like cells under the
induction of HGF and EGF, and reduces the differen-
tiation time compared with control group.
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