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Abstract Although hepatocyte transplantation and
bioartificial liver support system provide new promis-
ing opportunities for those patients waiting for liver
transplantation, hepatocytes are easily losing liver-
specific functions by using the common in vitro
cultured methods. The co-culture strategies with
mimicking the in vivo microenvironment would
facilitate the maintenance of liver-specific functions
of hepatocytes. Considering that hepatocytes and
endothelial cells (ECs) account for 80-90% of total
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cell populations in the liver, hepatocytes and ECs were
directly co-cultured with hepatic stellate cells (HSCs)
or adipose tissue-derived stem cells (ADSCs) at a ratio
of 700:150:3 or 14:3:3 in the present study, and the
liver-specific functions were carefully analyzed. Our
results showed that the two co-culture systems
presented the enhanced liver-specific functions
through promoting secretion of urea and ALB and
increasing the expressions of ALB, CYP3A4 and
HNF4a, and the vessel-like structure in the co-culture
system consisted of hepatocytes, ECs and ADSCs.
Hence, our results suggested that the directly co-
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culture of hepatocytes and ECs with HSCs or ADSCs
could significantly improve liver-specific functions of
hepatocytes, and the co-culture system could further
promote angiogenesis of ECs at a later stage. There-
fore, this study provides potential interesting in vitro
strategies for enhancing liver-specific functions of
hepatocytes.

Keywords Co-culture system - Hepatocytes -
Endothelial cells - Adipose tissue-derived stem cells -
Liver - Hepatic stellate cells

Introduction

Although liver transplantation is considered as an
ultimate treatment for various liver diseases, such as
acute liver failure and end-stage liver disease (Bou-
dechiche et al. 2015), it is actually limited in the
clinical practice owing to the severe shortage of donor
liver organs. At present, several novel approaches,
including hepatocyte transplantation and bioartificial
liver support system, are being developed to replace
the non-functioning liver of those patients waiting for
liver transplantation with the aim of improving
survival and preventing severe complications (Chen
et al. 2012; Hughes et al. 2008; Lee et al. 2016; Rohn
et al. 2016; Shi et al. 2016; Struecker et al. 2014).
However, the primary hepatocytes easily lose their
phenotype and liver-specific functions in vitro if cells
are not cultured under the appropriate conditions
(Watanabe et al. 2016). Several methods for hepato-
cyte culture have been proposed to maintain liver-
specific functions through optimization of medium
components, cell sources and cultured methods (Liu
et al. 2014). Among them, establishment of an
appropriate cell-culture system that can reflect the
native environment of in vivo plays a prerequisite role
in maintaining liver-specific functions of hepatocytes,
since hepatocytes are rapidly deprived of their original
growth condition during the process of cell isolation.

Currently it is well recognized that co-culture
systems using a mixture of Kupffer cells or NIH 3T3
cells in co-culture with hepatocytes could facilitate to
improve their in vitro viability (Chia et al. 2005; Matis
et al. 2017). However, these co-culture systems using
only one of the non-parenchymal cells or non-liver
cells could not precisely mimic the growth
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microenvironment of hepatocytes since it is different
from the native environment of liver cells. Therefore,
it is necessary to develop a co-culture system with
multiple cells that could closely mimic the intrinsic
environment of hepatocytes, since liver is a complex
unit that consists of parenchymal cells (hepatocytes)
and a variety of non-parenchymal cells, such endothe-
lial cells (ECs), hepatic stellate cells (HSCs) and
Kupffer cells (Sakai et al. 2012).

Considering that hepatocytes and ECs account for
80-90% of the total cell populations in the liver (Van
As et al. 2002), it is essential to develop a co-culture
system that is similar to the native structure of liver, by
using the communications between hepatocytes and
ECs. Recently, some reports have also suggested that
HSCs could actively support the cell viability and
function of hepatocytes by secreting a number of
cytokines, growth factors and extracellular matrix
components (Ahmed et al. 2017). Hence, the co-
culture of ECs, HSCs and hepatocytes that learned
from the cell proportion of liver, can closely simulate
the growth environment of hepatocytes.

Additionally, a main obstacle for liver regenerative
medicine is the difficulty in vascularization of engi-
neered tissue-constructs (Chen et al. 2015). One
possible salutation is to integrate pre-vascularization
into engineered tissue constructs in vitro by using the
co-cultivation of ECs with mesenchymal stem cells
(MSCs), such as bone marrow-derived stem cells
(BMSCs) and adipose tissue-derived stem cells
(ADSCs) (Ma et al. 2014; Takebe et al. 2013), since
MSCs can express and release several important
angiogenic growth factors and cytokines, including
the vascular endothelial growth factor (VEGF) and
basic fibroblast growth factor (bFGF) (Matsuda et al.
2013). In view of the promotion of angiogenesis of
MSCs, it is significant to create a co-culture system
consisting of hepatocytes, MSCs and ECs to mimic the
visualized microenvironment of liver.

Herein, in the current study, we developed two co-
culture systems that are consisting of hepatocytes, ECs
and HSCs with a ratio of 700:150:3, and hepatocytes,
ECs and ADSCs with a ratio of 14:3:3 to investigate
the enhancing of liver-specific functions of hepato-
cytes. Our results showed that these two in vitro co-
culture methods could well maintain the long-term
viability and excellent functions of hepatocytes,
including albumin production and cytochrome P450
activity. Therefore, this study have provided two
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potential interesting in vitro approaches for enhancing
liver-specific functions of hepatocytes, and might be
applied in the bioartificial liver support system or liver
tissue regeneration in the future.

Materials and methods
Regents and cells

Human liver cell line (LO2) was purchased from
Institute of Zoology, Chinese Academy of Sciences
(Kunming, China). Human ADSCs and HEK-293T
cell lines were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China).
Human umbilical vein endothelial cell line (HUVECS)
was purchased from National Institutes for Food and
Drug Control (Beijing, China), and human hepatic
stellate cell line (LX2) was purchased from Bogu
Biotech Co., Ltd (Shanghai, China). Lentivirus vectors
(LV-GFP and LV-DsRed) were constructed by Jikai
Gene Chemistry Technology Co., Ltd (Shanghai,
China). A-MEM, DMEM, RPMI 1640, fetal bovine
serum (FBS) and 0.25% trypsin-0.02% EDTA were
from Gibco (Carlsbad, CA, USA).

Cell culture

HEK-293T cells were cultured in medium containing
DMEM and 10% FBS. LX2 and HUVECs cells were
cultured in the complete medium containing RPMI
1640 and 10% FBS. LO2 cells were cultured in
complete medium containing RPMI 1640, 10% FBS,
50 uM dexamethasone (Sigma-Aldrich, St. Louis,
MO, USA), 10 ng/mL. HGF (BD Bioscience, San
Jose, CA, USA) and 20 ng/mL EGF (BD Bioscience).
Human ADSCs were cultured in o-MEM containing
10% FBS, and ADSCs from the passage 3 or 4 were
used in this study. All cells were incubated at 37 °C in
a humidified atmosphere containing 5% CO,.

Recombinant lentivirus production

HEK-293T cells were cultured at a density of
1 x 10° cells/mL in a 10 cm plate for 24 h, and
lipofectamine 3000 (Life technologies, Carlsbad, CA,
USA) was used to transfect the cells following the
manufacture’s instruction, and 10 pg of plasmids was
used for one 10 cm plate. After that, transfection

medium was replaced with fresh culture medium after
16 h of transfection, and the viruses was subsequently
harvested after 48 and 72 h of transfection and
centrifugated at 3000g for 30 min, followed by
filtering through a 0.45 pum filter before used for
transduction.

Establishment of EGFP-LO2 and DsRed-
HUVEC:s cell lines

For establishment of EGFP-LO2, LO2 cells were
transduced with the supernatant of LV-GFP; for
establishment of DsRed-HUVECs, HUVECs cells
were transduced with the supernatant of LV-DsRed.
All target cells were transduced in presence of 5 g/
mL polybrene (Santa Cruz Biotechnology, Dallas, TX,
USA), and the transduced cells were selected for
stable integration by culturing in complete medium
containing 4 pg/mL puromycin (Sigma-Aldrich).

Cell co-culture

Two co-culture systems were established in the
current study. For establishment of LO2-HUVECs-
LX2 system, LO2, HUVECs and LX2 were directly
co-cultured at a ratio of 700:150:3 (about 4 x 10°
total cells/plate) in the 6-well plate. For establishment
of LO2-HUVECs-ADSCs system, LO2, HUVECs and
ADSCs were directly co-cultured at a ratio of 14:3:3
(about 4 x 10° total cells/plate) in the 6-well plate.
All cultured media were changed every 2 days. The
cell supernatants were centrifuged at 3000g for
10 min, and collected at — 80 °C for further
investigation.

LDH activity assay

Lactate dehydrogenase (LDH) activity in the co-
culture medium was measured using LDH assay kit
(Dojindo Molecular Technologies, Tokyo, Japan)
following the manufacturer’s instructions.

Albumin secretion assay
Albumin (ALB) concentration in the co-culture
medium was measured using human ALB enzyme-

linked immunosorbent assay (ELISA) quantification
kit (Nanjing Jiancheng Bioengineering Institute,
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Nanjing, China) according to the manufacturer’s
instructions.

Urea production assay

Urea concentration in the co-culture medium was
measured using quantichrome urea assay kit (BioAs-
say Systems, Cambridge, UK) according to the
manufacturer’s instructions.

Immunofluorescent assay

The expression of liver-specific biomarkers of hepa-
tocytes was analyzed by immunofluorescence. Briefly,
two co-culture systems including the co-culture sys-
tem of EGFP-LO2, DsRed-HUVECs and LX2, and the
co-culture system of EGFP-LO2, DsRed-HUVECs
and ADSCs, were firstly cultured in the confocal dish
(NEST Biotechnology Co., Ltd, Wuxi, China) for
7 days, and the adherent cells were fixed with 4%
paraformaldehyde (PFA) at room temperature for
15 min. Afterwards, the cells were incubated in PBS
containing 5% bovine serum albumin (BSA; Sigma-
Aldrich) for 20 min at room temperature, followed by
incubating with different primary antibodies at 4 °C
for overnight, including mouse anti human CYP3A4
(monoclonal, 1:100) (Santa Cruz Biotechnology, Inc.;
Cat. No. SC-53850), mouse anti human ALB (mon-
oclonal, 1:50) (Santa Cruz Biotechnology, Inc., Dal-
las, TX, USA; CA; Cat. No. SC-69873), and mouse
anti human HNF4o (monoclonal, 1:50) (Santa Cruz
Biotechnology, Inc.; Cat. No. SC-101059), respec-
tively. Then, the cells were washed twice with PBS,
and further incubated with the fluorescent conjugated
secondary antibodies including donkey anti mouse
IgG-Alexa Fluor 647 (polyclonal, 1:1000) (Life
Technologies; Cat. No. A-31571) for 30 min at room
temperature. Finally, the cells were washed twice with
PBS and observed using LSCM (Zeiss, LSM780,
Oberkochen, Germany). The fluorescence intensity
was further analyzed by ZEN 2012 Blue Edition
imaging analysis system (Zeiss, Germany).

Western blot analysis
The expression of liver-specific biomarkers of hepa-
tocytes was further analyzed by western blot analysis.

Briefly, two co-culture systems including the co-
culture system of EGFP-LO2, HUVECs and LX2, and
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the co-culture system of EGFP-LO2, HUVECs and
ADSCs, were co-cultured for 7 days, and then the cells
were selected for EGFP-LO2 by culturing in complete
medium containing 4 pg/mL  puromycin (Sigma-
Aldrich) for another 12 h. After that, the cells were
lysed in ice-cold RIPA buffer (TransGen Biotech Co.,
Ltd., Beijing, China) with protease inhibitor cocktail
(Roche, Indianapolis, IN, USA). Protein lysate
(40 pg) were separated by 12% SDS-PAGE and
transferred onto polyvinylidene fluoride (PVDF)
membranes (Millipore, Bedford, MA, USA). After-
wards, the membranes were blocked for 2 h in the
TBST buffer with 5% BSA and probed with the anti-
ALB, CYP3A4, HNF4a antibodies (all from Santa
Cruz Biotechnology, Inc.; 1:500 dilution) and anti- -
actin antibody (TransGen Biotech Co., Ltd.; 1:5000
dilution) overnight at 4 °C. The membranes were
washed with TBST buffer for three times, followed by
incubation with HRP-conjugated secondary antibody
(1:5000 dilution; TransGen Biotech Co., Ltd.) for 1 h
at room temperature. Finally, the protein expression
levels were detected by enhanced chemiluminescence
and visualized by autoradiography.

Statistical analyses

All quantitative data were expressed as the mean =+
standard deviation (SD). All statistical analyses were
performed with Graph Pad Prism version 6.0, and
statistical significance among different groups was
performed using Student 7" Test. The P < 0.05 was
considered as statistically significant.

Results
Viability of co-cultured cells

To investigate the effects of co-culture systems on cell
viability of co-cultured cells, two co-culture systems
including LO2-HUVECs-LX2 and LO2-HUVECs-
ADSCs were performed for 3 days, and the cell
viability was evaluated using LDH assay. As shown in
Fig. 1, compared with the monoculture of LO2, the
increased cell number of the two co-culture systems
including LO2-HUVECs-LX2 and LO2-HUVECs-
ADSCs did not increase the LDH activity of cell
supernatants after culturing for 3 days, suggesting that
these two co-culture systems did not interfere in the
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Fig. 1 LDH activity of co-culture systems. After culturing for
3 days, the LDH activity was significantly decreased in the co-
culture system of LO2-HUVECs-ADSCs compared with those
in the monoculture of LO2 or co-culture system of LO2-
HUVECs-LX2. For all groups, n = 3. *P < 0.05

cell viability of co-cultured cells. Especially, com-
pared with the monoculture of LO2 or the co-culture
system of LO2-HUVECs-LX2, the LDH activity was
significantly decreased in the co-culture system of
LO2-HUVECs-ADSCs after culturing for 3 days,
which indicated that co-culture system of LO2-
HUVECs-ADSCs promotes cell viability of co-cul-
tured cells.

Urea secretion of hepatocytes

In order to evaluate the effects of co-culture systems
on urea secretion of hepatocytes, we analyzed the urea
concentration of cell supernatants of the co-cultures
after culturing for 7 days. Although a slight increase of
urea concentration was observed in the two co-culture
systems as compared with the monoculture of LO2,
there was no significant difference in all groups after
culturing for 1, 3 and 5 days; however, compared with
the monoculture of LO2, an increased urea concen-
tration was clearly observed in the two co-culture
systems including LO2-HUVECs-LX2 and LO2-
HUVECs-ADSCs after culturing for 7 days (Fig. 2),
suggesting that these two co-culture systems could
enhance urea secretion of hepatocytes.

Co-culture systems promote ALB expression
of hepatocytes

We further evaluated ALB expression of hepatocytes
after co-culturing for 7 days. Compared with the

Il LO2-HUVECs-ADSCs
[ LO2-HUVECs-LX2
LO2
o=
6 =

54

~ 4 4

Urea secretion
mg/dL)

3-
24

1 3 5 7
Culture time (days)

Fig. 2 Urea secretion of co-culture systems. After culturing for
7 days, the urea secretion was significantly increased in the two
co-culture systems including LO2-HUVECs-LX2 and LO2-
HUVECs-ADSCs compared with that in the monoculture of
LO2. For all groups, n = 3. *P < 0.05

monoculture of hepatocytes, an increased ALB
expression was observed in the two co-culture sys-
tems, including LO2-HUVECs-LX2 and LO2-
HUVECs-ADSCs (Fig. 3a, b), which suggesting that
these two co-culture systems could promote ALB
expression of hepatocytes; additionally, the number
and the fluorescence intensity of hepatocytes (EGFP)
was also increased in the two co-culture systems
compared with the monoculture of hepatocytes
(Fig. 3a, ¢), which indicates that these two co-culture
systems could also facilitate hepatocyte proliferation.

Co-culture systems promote CYP3A4 expression
of hepatocytes

Cytochrome P450 enzymes (CYPs) are a major elim-
ination pathway through which many drugs are
metabolized in the liver (Zuo et al. 2017). In particular,
CYP3A4 is involved in the oxidation of approximately
50-60% of drugs metabolized by CYPs (Ueyama et al.
2017). To evaluate the effects of co-culture systems on
the xenobiotic metabolism of hepatocytes, we ana-
lyzed CYP3A4 expression of hepatocytes after co-
culturing for 7 days. Compared with the monoculture
of hepatocytes, an increased CYP3A4 expression was
observed in the two co-culture systems (Fig. 4a, b),
which suggestes that these two co-culture systems
could promote CYP3A4 expression of hepatocytes;
meanwhile, the number and the fluorescence intensity
of hepatocytes (EGFP) was also increased in the two
co-culture systems compared with the monoculture of
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Fig. 3 Co-culture systems promote ALB expression of hepa-
tocytes. a Representative confocal immunofluorescence images
of ALB expression in hepatocytes after co-culturing for 7 days
(magnification, x40; scale bar, 50 pm). HUVECs are stained
with DsRed; LO2 cells are stained with EGFP. Co-culture

hepatocytes (Fig. 4a, c), which is in accordance with

the results shown in Fig. 3c, indicating the promotion
of hepatocyte proliferation.
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systems significantly enhanced ALB expression in hepatocytes
compared with those in the monoculture. b Fluorescence
intensity of ALB expression. ¢ Fluorescence intensity of EGFP
(LO2). For all groups, n = 3. ¥*P < 0.05; **P < 0.01

It has been proven that the ADSCs play an active
role in the formation, stabilization and maturation of
vessel-like structure after co-culturing with the
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Fig. 4 Co-culture systems promote CYP3A4 expression of
hepatocytes. a Representative confocal immunofluorescence
images of CYP3A4 expression in hepatocytes after co-culturing
for 7 days (magnification, x40; scale bar, 50 um). HUVECs are
stained with DsRed; LO2 cells are stained with EGFP. Co-
culture systems significantly enhanced CYP3A4 expression in

endothelial cells (Ma et al. 2014). Consistent with the
previous report, we also found the vessel-like structure
in the co-culture system of LO2-HUVECs-ADSCs
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hepatocytes compared with that in the monoculture, and vessel-
like structure formation was clearly present in the co-culture
system of LO2-HUVECs-ADSCs (indicated by arrows). b Flu-
orescence intensity of ALB expression. ¢ Fluorescence intensity
of EGFP (LO2). For all groups, n = 3. *P < 0.05; **P < 0.01

(Fig. 4a), which oints to the potential angiogenesis in
this co-culture system. Considering that the difficulty
in vascularization of engineered tissue-constructs is
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the main obstacle for regenerative medicine, this co-
culture system may provide a new interesting strategy
for establishing engineered liver tissue constructs.

Co-culture systems promote HNF4a expression
of hepatocytes

HNF4a, a key transcription factor in the liver, plays a
central role in regulating lipid, glucose, bile acid and
drug metabolism (Xu et al. 2016). We further evalu-
ated HNF4o expression of hepatocytes after co-
culturing for 7 days. As shown in Fig. 5, co-culture
systems, including LO2-HUVECs-LX2 and LO2-
HUVECs-ADSCs, significantly increased the HNF4o
expression of hepatocytes and promoted hepatocyte
proliferation compared with those in the monoculture
of hepatocytes, which indicates that these two co-
culture systems could enhance the liver-specific
functions of hepatocytes.

Co-culture systems promote protein expression
of ALB, CYP3A4 and HNF4a in hepatocytes

To further determine the enhanced liver specific
functions of co-culture systems in hepatocytes. We
further evaluated the protein level of ALB, CYP3A4
and HNF4a in hepatocytes. As shown in Fig. 6, the
protein level of ALB, CYP3A4 and HNF4o was
significantly up-regulated in the co-culture systems
compared with those in the monoculture of hepato-
cytes, suggesting that enhanced hepatic functions of
hepatocytes could be achieved by these two co-culture
systems.

ALB secretion of hepatocytes

We next investigated the ALB secretion of hepato-
cytes in the cell supernatants of the co-cultures. After
culturing for 1 and 3 days, the ALB concentration was
not significantly different between the monoculture
and co-culture systems; however, after culturing for 5
and 7 days, the ALB concentration was significantly
increased in the two co-culture systems including
LO2-HUVECs-LX2 and LO2-HUVECs-ADSCs com-
pared with monoculture of LO2 (Fig. 7), which
suggested that these two co-culture systems promoted
ALB secretion of hepatocytes.
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Discussion

Since hepatocyte functions are known to lack in the
conventional in vitro conditions, it is necessary to
establish and make available and functional cultured
systems for maintaining liver-specific functions of
hepatocytes. It widely accepted that improved
microenvironment of cell growth by co-culturing with
non-parenchymal cells can lead to stabilization of the
hepatocyte phenotype and functions (Ahmed et al.
2017; Matis et al. 2017; Xiao et al. 2015). Signif-
icantly, in view of the fact that the endothelial cells
account for about 50% of the total cell population in
the non-parenchymal cells, and that endothelical cells
might be used to enhance hepatic functions of
hepatocytes, we established two co-culture systems
of hepatocytes and endothelial cells in the current
study. We demonstrated that these two co-culture
systems could be successfully used to improve secre-
tion of ALB and urea, to increase the expressions of
ALB, CYP3A4 and HNF4a, and to promote cell
proliferation of hepatocytes, which provide two
in vitro strategies for maintaining liver-specific func-
tions of hepatocytes.

There are closed relationships between the hepato-
cytes and hepatic stellate cells. On one hand, the
hepatic stellate cells lie in the perisinusoidal space of
the liver to produce hepatocyte growth factor (HGF),
transforming growth factor-o (TGF-o) and epidermal
growth factor (EGF), promoting hepatocyte prolifer-
ation during liver regeneration; on the other hand,
hepatocytes influence stellate cells by expressing
cytokines, such as insulin-like growth factor 1 (IGF-
1), to activate the cell proliferation of hepatic stellate
cells (Ahmed et al. 2017). Additionally, hepatic
stellate cells are the main producers of the extracel-
lular matrix in the liver. Hence, it is necessary to
establish a co-culture system containing hepatic
stellate cells to maintain liver-specific functions of
hepatocytes, considering that hepatic stellate cells
play an important role in maintenance of hepatocyte
phenotype and functions. Although the co-culture
systems consisting of hepatocytes, endothelial cells
and hepatic stellate cells have been used to create
in vitro liver models (Ahmed et al. 2017; Bale et al.
2016), these co-culture systems could not mimic the
real cell proportion in vivo. To mimic the cell
composition of native liver tissue (Racanelli and
Rehermann 2006), in this work, we established a co-
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Fig. 5 Co-culture systems promote HNF4o expression of
hepatocytes. a Representative confocal immunofluorescence
images of HNF4a expression in hepatocytes after co-culturing
for 7 days (magnification, x40; scale bar, 50 pum). HUVECsS are
stained with DsRed; LO2 cells are stained with EGFP. Co-

culture system consisting of hepatocytes, endothelial
cells and hepatic stellate cells, by reproducing a more
in vivo-like cell proportion of liver with a
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culture systems significantly enhanced HNF4a expression in
hepatocytes compared with those in the monoculture. b Fluo-
rescence intensity of ALB expression. ¢ Fluorescence intensity
of EGFP (LO2). For all groups, n = 3. P < 0.05; ““P < 0.01

LO2:HUVECs:LX2 ratio at 700:150:3 cells. We
found that this co-culture method could effectively
promote the maintenance of typical hepatic functions,
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engineered liver tissue construct. To overcome this g = 40+ =
difficulty, the co-culture of endothelial cells with 3' 20-
MSCs including ADSCs and BMSCs have been

recently used to establish a vessel-like structure for
tissue engineering (Ma et al. 2014; Takebe et al. 2013).
Since ADSCs have many advantages, such as being
abundant, easy acquisition and more suitable for
autologous transplantation than BMSCs (Pan et al.
2015), we further established a co-culture system of
LO2-HUVECs-ADSCs. As predicted, a vessel-like
structure was clearly observed in this co-culture
system (Fig. 4); the enhanced liver-specific functions
including synthesis of ALB and urea, as well as the
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Fig. 7 ALB secretion of co-culture systems. After culturing for
5 and 7 days, the ALB secretion was significantly increased in
the two co-culture systems including LO2-HUVECs-LX2 and
LO2-HUVECs-ADSCs compared with the monoculture of LO2;
compared with the co-culture system of LO2-HUVECs-ADSCs,
the ALB secretion was significantly increased in the co-culture
system of LO2-HUVECs-LX2 after culturing for 5 days. For all
groups, n = 3. P < 0.05
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expressions of ALB, CYP3A4 and HNF4o were also
achieved by this co-culture system. Hence, our data
suggested that this co-culture system not only has the
ability to enhance liver-specific functions of hepato-
cytes, but also provides a potential for integrating pre-
vascularization into liver tissue engineering.

Although these two co-culture systems could
enhance liver-specific functions of hepatocytes, the
two in vitro approaches presented their own charac-
teristics and advantages. On one hand, the enhanced
ALB secretion of the co-culture system of LO2-
HUVECs-LX2 (after culturing for 5 days) was
achieved when compared with the co-culture system
of LO2-HUVECs-ADSCs (Fig. 7). On the other hand,
the co-culture system of LO2-HUVECs-ADSCs could
promote cell viability of co-cultured cells compared
with those culture in the system of LO2-HUVECs-
LX2, and this co-culture system could further promote
angiogenesis of endothelial cells.

Conclusion

In summary, on the base of cell proportion of liver,
direct co-culture with endothelial cells and hepatic
stellate cells/adipose tissue-derived stem cells could
improve liver-specific functions of hepatocytes, and
direct co-culture with endothelial cells and adipose
tissue-derived stem cells could further promote angio-
genesis of endothelial cells. Therefore, this study
provides potentially interesting in vitro strategies for
enhancing liver-specific functions of hepatocytes.
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