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Abstract

AIM: To investigate whether the function of hepatocytes
co-cultured with bone marrow mesenchymal stem cells
(MSCs) could be maintained in serum from acute-on-
chronic liver failure (ACLF) patients.
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METHODS: Hepatocyte supportive functions and cy-
totoxicity of sera from 18 patients with viral hepatitis
B-induced ACLF and 18 healthy volunteers were evalu-
ated for porcine hepatocytes co-cultured with MSCs and
hepatocyte mono-layered culture, respectively. Chemo-
kine profile was also examined for the normal serum and
liver failure serum.

RESULTS: Hepatocyte growth factor (HGF) and Tumor
necrosis factor; tumor necrosis factor (TNF)-o were re-
markably elevated in response to ACLF while epidermal
growth factor (EGF) and VEGF levels were significantly
decreased. Liver failure serum samples induced a higher
detachment rate, lower viability and decreased liver sup-
port functions in the homo-hepatocyte culture. Hepato-
cytes co-cultured with MSCs could tolerate the cytotoxic-
ity of the serum from ACLF patients and had similar liver
support functions compared with the hepatocytes cul-
tured with healthy human serum /i vitro. In addition, co-
cultured hepatocytes maintained a proliferative capability
despite of the insult from liver failure serum.

CONCLUSION: ACLF serum does not impair the cell
morphology, viability, proliferation and overall metabolic
capacities of hepatocyte co-cultured with MSCs /in vitro.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Patients with fulminant hepatic failure (FHF) or acute-on-
chronic liver failure (ACLF) represent a major challenge
with a high mortality rate despite advances in critical care!’!,
Orthotopic liver transplantation (OLT) is one of the choices
for the treatment of acute liver failure and end-stage liver
diseases although the donors are still insufficient”. Tn ad-
dition, OLT is not suitable for the rapidly deteriorating
patients due to the irreversible brain damage caused by the
cerebral edema and intracranial hypertension. Therefore,
alternative therapies are needed to stabilize such patients un-
til an organ is available for transplantation[3]. In the last few
years, the isolated, viable and functional cells have been used
as a promising therapeutic tool”, Applications of cell-based
therapy in liver diseases include the development of extra-
corporeal liver support devices, commonly known as bioat-
tificial livers (BAL), and hepatocyte transplantation, which
would ideally serve as a bridge to transplantation or liver
regeneration via providing temporary hepatic support*”.

To date, several designs for BAL and hepatocyte trans-
plantation have been completed or are being assessed in
animal models and human trials”. Tt is generally agreed
that none of the cell-based therapy currently available can
be used as a well defined and practical option in clinical
settings, although convincing evidences have validated the
usefulness of these modalities in some biochemical param-
eters and clinical manifestations'®”. This is primarily due
to the accumulation of a wide range of putative toxic sub-
stances within the circulation of hepatic failure patients,
which potentially diminish the efficacy of BAL devices
or cell transplant”™. In vitro studies have demonstrated
that serum of patients with acute hepatic failure or FHF
can inhibit DNA, RNA and protein synthesis and disrupt
cellular integrity, ion transport and metabolic functions in
hepatocytesp’m. Given that most of the studies concerning
the effects of patients’ plasma or serum on liver cells use
monolayer-cultured hepatocytes or transformed cell lines,
and direct contact exists between the patient’s serum, plas-
ma or blood and the exogenous hepatocytes in the current
cell-based therapy, it is necessary to investigate whether
three-dimensional (3-D) hepatocyte culture system could
resist the cytotoxicity of circulating inhibitory factors in
the serum or plasma of the liver failure patients' 7,

In our previous studies, we reported a new-brand BAL
configuration for the development of a 3-D porcine he-
patocyte culture system by co-culturing with bone marrow
mesenchymal stem cells (MSCs) 7z vitro"*"™. Inductions
of albumin production, urea synthesis and cytochrome
P4503A1 activities were maximally achieved at a seeding
ratio of 2/1 for hepatocytes versus MSCs!"", Hepatocytes
co-cultured with MSCs were largely accumulated in the
G2-S phase, while less accumulated in the GO-G1 phase
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compared with the control'”. In addition, high levels of
diversified extracellular matrix (ECM) and soluble cyto-
kines synthesis were confirmed within the distinct cells in
hepatocyte homeostasis' """, The aim of the present study
was to investigate the 7z vitro effects of the sera from pa-
tients with viral hepatitis B-induced ACLF in China on the
metabolic functions and proliferation of 3-D hepatocytes
spheroids by co-culturing with bone marrow MSCs, which
to a great extent approaches to the clinical reality when ex-
tracorporeal BAL and hepatocyte transplantation occut.

MATERIALS AND METHODS

Animals and reagents

Three outbred white female pigs (15-20 kg) received hu-
mane care and all animal procedures were approved by the
Animal Care Ethics Committee of Nanjing Drum Tower
Hospital, and complied with the Guide for the Care and
Use of Laboratory Animals published by the US National
Institutes for Health (NIH Publication 85-23 revised 1996).
All chemicals were of analytical grade and purchased from
GIBCO (Grand Island, NY) unless otherwise stated.

Human plasma samples

Serum samples were obtained from 18 male patients with
ACLF due to severe viral hepatitis B at the onset of plas-
mapheresis or plasma exchange. Diagnosis of these pa-
tients was based on the critetia of severe hepatitis desctibed
in the Viral Hepatitis Protection, and the Cure Guideline
established by the Chinese Society of Infection and Hepa-
tology. Informed consent was obtained from all the study
subjects. A sample of blood was collected from the patients
for measurement of biochemical parameters (Table 1), and
normal serum was collected from 18 healthy volunteers.

Chemokine assays

Chemokines in human serum were quantified using the
following commercially available enzyme-linked immuno-
sorbent assay (ELISA) kits in accordance with the manu-
facturer’s instructions: hepatocyte growth factor (HGF),
epidermal growth factor (EGF), vascular endothelial
growth factor (VEGF), and tumor necrosis factor-a
(INF-a) (Biosource International, Camarillo, CA).

Porcine MSCs isolation and characterization

Porcine MSCs were isolated by bone marrow aspirates
from the iliac crest of pigs as described previously*'?,
The surface marker of the cultured MSCs was determined
by fluorescein isothiocyanate (FITC)-labeled monoclonal
antibody against CD45 (Antigenix America, Huntington
Station, NY) and phycoerythrin (PE)-conjugated antibod-
ies against CD29 (VMRD, Pullman, WA), CD44 and CD90
(Becton Dickinson) using a FACScan (Becton Dickinson,
San Diego, CA). Isotypic antibodies served as controls.

Porcine hepatocyte isolation and culture

Primary hepatocytes were harvested by a two-step #n situ
collagenase perfusion techm'que[m’ls]. The viability of the
isolated hepatocytes determined by Trypan blue exclusion
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Case No. Tbil (nmol/L) Dbil (1 mol/L) ALB (g/L) ALT (U/L) AST (U/L) CHE (U/L) ALP (U/L) LDH (U/L) y-GT (U/L)
1 306 168 34 218 342 3449 152 218 69
2 489 278 32 96 113 2896 136 288 74
3 456 281 36 202 315 1813 223 278 86
4 889 483 39 156 155 2224 195 279 49
5 400 202 33 65 104 3002 170 202 34
6 342 179 31 184 237 2408 138 197 42
7 456 263 33 261 158 1565 148 222 58
8 324 205 28 139 178 2672 125 234 36
9 591 366 32 87 101 2606 189 246 96

10 569 286 38 93 67 4737 121 266 104

11 425 268 43 187 108 5732 131 138 109

12 396 199 32 56 138 2783 138 277 38

13 499 313 34 29 98 4157 294 288 47

14 558 298 31 412 219 2025 104 245 99

15 239 151 28 235 236 1655 136 452 189

16 199 103 40 2343 2773 3858 147 1154 173

17 319 167 33 144 153 1698 116 276 93

18 301 222 33 64 95 3317 99 150 111

ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; CHE: Concentrations of acetylcholine; LDH:

Lactate dehydrogenase.

was higher than 95%. The percentage of nonparenchymal
cells, as judged by their size (< 10 um in diameter) and
morphology (nonpolygonal or stellate), was less than 1%,
which was also vetified by immunocytochemical analysis
of albumin and cytokeratin 18.

Establishment of homo-culture and co-culture system
To culture the pure primary hepatocytes, serum free
DMEM-LG was removed 4 h after seeding 4 X 10 cells
per well onto the 6-well culture plates (Corning Incorpo-
rated, Corning, NY), and 10% fetal bovine serum (FBS)
fresh medium with 1 mm dexamethasone, 5 mg/mL insu-
lin, 5 mg/mL transfertin, 5 mg/mL selenium, 100 TU/mL
penicillin and 100 mg/mL streptomycin were added and
exchanged every day thereafter. In heterotypic culture sys-
tem, hepatocytes (4 X 10°) were co-cultured with MSCs (2
X 105) during passages 3-5 in the 6-well culture plates.

Intervention with human serum

The culture medium was replaced with fresh FBS-free
medium containing pooled normal serum or ACLF serum
at concentrations ranging from 10% to 100% for 24 h. To
closely simulate BAL intervention and exclude the direct
contact between porcine cells and immunoglobulin as well
as complements derived from patients, human serum was
co-cultured using a 35-mm Millicell culture insert (Milli-
pore, Bedford, MA). Cell morphology, albumin expression
levels, and cell cycles in different groups were measured
to determine the optimal concentration of human serum
for culturing hepatocytes. All the medium samples were
subsequently collected and stored at -80°C for biochemical
analysis, which represented the porcine hepatocyte-specific
support functions on human serum.

Cell cycle analysis
For cell cycle analysis, MSCs pre-labeled with 10 um solu-
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tion of carboxyfluorescein diacetate succinimidyl ester
(CFSE; Molecular Probes, Eugene, OR) for 10 min at
37°C were incubated in fresh medium for 30 min prior to
co-culture with hepatocytes. Subsequently, cells of homo-
culture and co-culture subgroups were stained with the
CycleTEST PLUS DNA reagent kit (Becton Dickinson)
according to the manufacturer’s instructions, respectively.
The cell cycle profiles of samples were analyzed by FACS-
can (Becton Dickinson).

Biochemical parameters

The concentrations of acetylcholine (CHE), glutamine
(Gln), superoxide dismutase (SOD) and glucose (Glu)
in medium samples were measured by commercial kits
(Jiancheng Bioengineering, Nanjing, China) according to
the manufacturet’s instructions. Secreted albumin in the
culture medium was quantified by ELISA using purified
goat anti-albumin and horseradish peroxidase-conjugated
antibodies (Bethyl Laboratories, Montgomery, TX).

Incubation with FBS

Both hepatocyte homo-culture and co-culture groups with
the determined optimal concentration of serum from
normal population or liver failure patients were thereafter
replaced with fresh DMEM-LG supplemented with 10%
FBS and re-incubated for another 24 h.

Transmission electron microscopy
Transmission electron microscopy (TEM) analysis was
performed according to the standard protocol.

Hepatocyte viability

A live/dead assay was performed using calcein-AM and
SYTOX Orange dye (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions. Hoechst 33258 (Sigma-
Aldrich, St. Louis, MO) staining was used for visualization
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NS group (7 = 18) FS group (7=18) P value
HGF (pg/mL)  469.47+13487  5253.70 +1876.35 0.002
EGF (pg/mL) 282.56 + 41.55 74.63 £ 18.36 0
VEGF (pg/mL)  99.27 +19.42 ND 0
TNF-a 66.48 + 28.56 168.86 + 38.69 0.001

NS: Normal serum; FS: Liver failure serum; ND: Undetectable; HGF: He-
patocyte growth factor; EGF: Epidermal growth factor; VEGF: Vascular
endothelial growth factor; TNF-o.: Tumor necrosis factor-alpha.

of nuclei. Cells were visualized under a fluorescence mi-
croscope (Zeiss, Jena, Germany).

Cytotoxicity assay

Lactate dehydrogenase (LDH) activities in culture media
were measured with a kit (Jiancheng Bioengineering, Nanjing,
China) in accordance with the manufacturer’s instructions.

Fluorescence-activated cell sorting

To separate hepatocyte from co-cultures, CD44 CD45 cell
population was sorted out using a fluorescence-activated
cell sorting (FACS) caliber flow cytometer (Becton Dickin-
son). Briefly, cell suspension was simultaneously incubated
with FITC-conjugated monoclonal antibody against CD45
and PE-conjugated antibody against CD44 at room tem-
perature for 15 min. CD45 negative cells were gated and
then analyzed for red fluorescence. Hepatocytes and MSCs
alone served as controls, respectively.

Western blotting

Western blotting was performed using anti-PCNA mono-
clonal primary antibody (Chemicon, Melbourne, Australia)
and HRP-conjugated secondary antibody (Jackson Im-
munoresearch Laboratories, West Grove, PA). Enhanced
chemiluminescence reagents (Pierce Biotechnology, Rock-
ford, IL) were used for visualization.

Statistical analysis

Means of three independent experiments were reported.
The two-tailed unpaired Student’s # test or one-way analysis
of variance was used to evaluate the statistical differences.

RESULTS

Differential expression of chemokines in normal and
liver failure serum

HGF and tumor nectrosis factor (INF)-a level of liver fail-
ure serum (5253.70 £ 1876.35 and 168.86 £ 38.69 pg/mL)
(mean £ SD) was significantly higher than that of healthy
human serum (469.47 £ 134.87 and 66.48 + 28.56 pg/mL) (P
= 0.002 and 0.001). In contrast, other two growth factors,
EGF and VEGE, in the serum of ACLF patients (74.63
+ 18.36 pg/mL and undetectable) were lower than those
in the normal serum (282.56 + 41.55 pg/mL and 99.27 £
19.42 pg/mL) (P = 0.000) (Table 2).

(4 9
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Concentration of serum %
10 20 40 60 80 100

G2-S phase in Hep-F group  9.26  13.47 18.66 2343 13.99 7.81
16.02 23.28 28.25 32.08 3124 994

G2-S phase in Co-F group

Hep-F: Homo-hepatocytes cultured by various concentrations of liver
failure serum; Co-F: Albumin in the medium of both liver failure serum;
G2-S: Gap 2-Synthesis.

Optimal concentration of human serum for co-culturing
hepatocytes

The morphology of hepatocyte homo-culture underwent a
dramatic change (rounding and detachment) after 24 h of
culture in the medium containing 10% liver failure serum.
With increasing serum concentrations in the culture medium,
less cell sheet exposute to 100% liver failure serum could
constitute a confluent monolayer and the membranes of
the hepatocytes became indistinct (Figure 1A). On the other
hand, hepatocytes co-cultured with MSCs maintained an-
chored spherical multi-cellular aggregates and displayed mi-
nor difference when incubated with different concentrations
of liver failure serum (Figure 1B), indicating that 3-D hepa-
tocyte spheroids co-cultured with MSCs were not affected
by liver failure serum upon 24 h incubation. There was no
significant difference of albumin secretion between homo-
hepatocytes cultured by various concentrations of liver
failure serum (Hep-F) and those cultured by normal serum
(Hep-N) (Figure 1C). As for the co-culture system, the albu-
min in the medium of both liver failure serum (Co-F) and
normal serum (Co-N) groups were significantly higher than
those of Hep-F and Hep-N (P < 0.01). When the concen-
tration of serum reached or surpassed 40%, albumin in the
medium of Co-F group was significantly higher than that in
the Co-N group (P < 0.05) (Figure 1C). The largest amount
of albumin secretion was observed in the co-cultured hepa-
tocytes with 60% of serum (P < 0.01) (Figure 1C). The ratio
of G2-S phase cells in Hep-F group ranged from 7.81% to
23.43%, while larger populations of CFSE-negative cells
(hepatocytes) were accumulated in G2-S phase in response
to MSCs, peaking in the 60% serum subgroup with 32.08%
(Table 3). Taken together, 60% liver failure serum in culture
medium was used for the following investigations.

Hepatocyte-specific support functions of MSCs on
human serum

To investigate the hepatocyte’s supportive functions when
incubated with liver failure serum, the metabolic capacity of
medium samples from the 60% serum subgroups upon the
first 24 h incubation was determined. As shown in Figure
2A, CHE activity in Hep-F and Co-F groups was signifi-
cantly lower than that in the Hep-N and Co-N groups, re-
spectively (P = 0.000) (Figure 2A). Fortunately, CHE activity
in Co-F was 2-folds that in Hep-F (123.90 £ 28.15 U/mL
s 60.53 + 13.97 U/mlL, P = 0.043). There was no signifi-
cant difference of Gln synthesis between Co-N and Co-F
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Figure 1 Optimal serum concentrations for co-cultured hepatocytes. A: Morphology of homo-cultured hepatocytes at different concentrations of liver failure
serum (magnification x 100); B: Morphology of hepatocytes co-cultured with mesenchymal stem cells (MSCs) at different concentrations of liver failure serum (mag-
nification x 100); C: Albumin secretion in hepatocytes homo-cultured with normal serum (Hep-N), liver failure serum (Hep-F) and hepatocytes co-cultured with normal
serum (Co-N) and liver failure serum (Co-F). “Represents the significant difference vs Co-N group; "Represents the largest significance vs Co-N group.
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Figure 2 Hepatocyte-specific support functions in human serum. Concentrations of acetylcholine (CHE) activity (A), glutamine (GIn) synthesis (B), superoxide dismutase (SOD)
activity (C) and glucose (Glu) concentrations (D) in the medium of each group. *Indicates significant difference vs Hep-N group; °Indicates significant difference vs homo-hepatocytes cultured by
various concentrations of liver failure serum (Hep-F) group. Hep-N: Hepatocytes homo-cultured with normal serum; Co-N:Hepatocytes co-cultured with normal serum; Co-F: Liver failure serum.
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Figure 3 Post-incubation influence of liver failure serum on hepatocyte metabolic functions. Concentrations of acetylcholine (CHE) activity (A), glutamine (GIn) synthesis (B),
superoxide dismutase (SOD) activity (C) and glucose (Glu) concentrations (D) in the medium of each group. “Indicates significant difference vs hepatocytes homo-cultured with
normal serum (Hep-N) group; “Indicates significant difference vs homo-hepatocytes cultured by various concentrations of liver failure serum (Hep-F) group. Co-N:Hepatocytes co-
cultured with normal serum; Co-F: Liver failure serum.
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Figure 5 Increased proliferation after incubation with liver failure serum
by co-culturing with mesenchymal stem cells. The proliferating cell nuclear
antigen (PCNA) levels of hepatocytes cutured alone in Hep-N and Hep-F
groups were too low to be detected while a significant increase was observed
in the co-cultured groups irrespective of liver serum insult (P < 0.05). Statistical
analysis with regard to PCNA level showed no significant difference between
Co-N and Co-F groups (P > 0.05). Hep-N: Hepatocytes homo-cultured with
normal serum; Co-N:Hepatocytes co-cultured with normal serum; Co-F: Liver
failure serum.

groups (P = 0.083) (Figure 2B). Gln synthesis in Hep-F
group was significantly lower than that in Hep-N group (P
= 0.033) (Figure 2B). Gln concentration in Co-F group was
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significantly higher than in Hep-F group (P = 0.000) (Figure
2B). SOD activity in Hep-F group was significantly lower
than that in Hep-N group (P = 0.000) (Figure 2C). There
was no significant difference in the SOD activity between
the Co-I group and Co-N group (P = 0.088) (Figure 2C).
Furthermore, SOD activity in Co-F group was significantly
increased compared with that in Hep-F group (18.15 £ 1.25
U/mL 25 13.49 + 1.17 U/mlL, P = 0.001) (Figure 2C). The
concentration of Glu in the medium indirectly represented
the Glu consumption by hepatocytes. The results showed
that Glu in Hep-F group was significantly higher than that
in the Hep-N group (P = 0.041) (Figure 2D), suggesting
that liver failure serum delayed the glycometabolism of
homo-hepatocytes. There was no significant difference of
Glu between Co-F and Co-N groups (P = 0.920) (Figure
2D), suggesting that liver failure serum does not affect the
glycometabolism of hepatocytes co-cultured with MSCs.
Importantly, Glu concentration in Co-F group was signifi-
cantly lower than that in Hep-F group (5.42 + 0.91 25 6.60 *
1.28 mmol/L, P = 0.026), indicating that Glu consumption
rate was improved in response to MSCs treatment.

May 21, 2011 | Volume 17 | Issue 19 |



Shi XL et a/. Effect of ACLF serum on co-cultured hepatocytes

Post-incubation influence of liver failure serum on
hepatocyte metabolic functions

We further determined the effect on the hepatocyte meta-
bolic functions after the second 24 h incubation with 10%
FBS instead of human serum, which was defined as the
post-incubation influence of liver failure serum on hepato-
cytes. As shown in Figure 3A, B and D, the pattern of CHE
activity, Gln concentration and Glu content in the medium
wete similar to the effect of the first 24 h incubation with
liver failure serum. Surprisingly, there was no significant dif-
ference of SOD activity in each group when human serum

was changed into FBS (P > 0.05) (Figure 3C).

Cytotoxic effects of liver failure serum on homo-
hepatocytes and co-cultured hepatocytes

TEM, dead/live assay and LDH leakage were used to de-
termine the cytotoxic effects of liver failure serum on the
homo-hepatocytes (Hep-F) and co-cultured hepatocytes
(Co-F). Figure 4A displays quite a few occurrences of
nuclear pyknosis, dilated endoplasmic reticulum, mito-
chondrial hydropic degeneration and large peroxisomes
in the cytoplasm of hepatocytes in Hep-F group. On the
contrary, hepatocytes co-cultured with MSCs maintained
distinct membranes and cell ultrastructure, which was simi-
lar to that of hepatocytes 7 vivo, irrespective of presence
or absence of liver failure serum (Figure 4A). Hepatocyte
viability assay revealed that few hepatocytes were labeled
with nonviable cell marker SYTOX (red nuclei) in co-
culture spheroids and a large population of cells, including
hepatocytes and MSCs, was stained with viable cell marker
calcein-AM (green cytoplasm) (Figure 4B, lower panel).
In contrast, almost all hepatocytes scattering in full field
showed a lower viability in Hep-F group (Figure 4B, up-
per panel). In addition, LDH activity in Hep-F group was
significantly higher than that in Hep-N group (P = 0.034)
(Figure 4C). In contrast, there was no significant difference
in the LDH activity between Co-N and Co-F groups (P =
0.340) (Figure 4C), indicating that co-cultured hepatocytes
did not response to liver failure serum. Finally, LDH activ-
ity in Co-F group was significantly decreased compared
with that in Hep-F group (P = 0.036) (Figure 4C).

Increased proliferation of hepatocytes upon co-culturing
with MSCs

Proliferating cell nuclear antigen (PCNA) level is one of
the markers of cell proliferation. The PCNA of hepa-
tocyte in Hep-N and Hep-F groups was not detected by
Western blot analysis (Figure 5). A significant amount of
PCNA was detected in the hepatocytes of Co-F and Co-N
groups (Figure 5). Statistical analysis showed that there was
no significant difference in the PCNA level between Co-N
group and Co-F group (P > 0.05).

DISCUSSION

Of the estimated 112 million persons with chronic hepatitis
B in China, 15%-40% will eventually develop liver compli-
cations including liver cirrhosis, chronic hepatic failure and
hepatocellular carcinoma”. Ideal treatment is still not avail-
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able for severe viral hepatitis. Chronic severe hepatitis could
cause ACLF with a mortality rate of >70% if liver trans-
plantation cannot be perforrned[zo]. Therefore, motre and
more attention has been paid to delaying the progression of
ACLF by using BAL devices or hepatocyte transplantation
in China and other Asian countries”"
have been serving as the most ideal cell source for both pre-
clinical and clinical liver support due to their physiological
similarities with human hepatocytes and their availability™*,

A wide range of endogenous toxic metabolites as well
as cytokines accumulate in the circulation of patients with
liver failure”'”. Serum from acute liver failure or FHF
patients inhibited the growth, proliferation and metabolic
functions of various hepatocytes, e.g, primary hepato-
cytes" Hep G2 cells™" and HHY41 cells"™ by interfering
RNA, DNA and protein synthesis and inducing apoptosis.
However, recent studies argued that serum from adult
patients with acute liver failure did not have detrimental ef-
fects on the overall cell metabolic activity, protein synthesis,
and cytochrome P450 activity in the freshly isolated human
hepatocytesm. One of the reasons for interpreting the
controversial results of these studies is that several hepato-
trophic substances, e.g,, cytokines and growth factors are
elevated in the sera of patients with liver failure”*". There-
fore, the effect of liver failure serum on the liver or hepa-
tocytes is the net result of the balance between circulating
stimulatory molecules and inhibitory compounds.

To date, the greatest challenge to the restoration of
well-functioning liver cells 7z vitro lies in maintaining the
short-term viability and facilitating the rapid phenotypic
de-differentiation of primary hepatocytes in standard
mono-layered culture™. The maintenance of cell pheno-
type is dependent on the cellular physiological microenvi-
ronment 7 vivo, which consists of multiple signals includ-
ing paracrine cytokines and neighboring cells™". Recently,
hepatocytes are co-cultured with a range of different cell
types #n vitro to mimic the liver-like microenvironment®".
Our previous studies provided the first zz vitro 3-D co-
culture system in which porcine hepatocytes were co-
cultured with bone marrow MSCs. The morphology and
functionality of the hepatocytes in this co-culturing system
wete well maintained and were supetior to the hepatocyte
homo-culture. In addition, the role of soluble factors de-
rived from MSCs was confirmed as a vital component to
facilitate hepatocyte homeostasis'*"". Therefore, studies
are needed to determine whether such a robust co-culture
system could maintain an ideal liver support functions 7
vitro and avoid the cytotoxicity of liver failure serum.

The pool of 18 liver failure serum samples induced a
higher detachment rate, lower viability and decreased liver
support functions of mono-layered hepatocytes, which is
consistent with the main findings described previously™".
In addition, presence of the post-incubation effect of liver
failure serum suggested that some of the metabolic func-
tions such as CHE activity and Gln concentration were
still maintained at a lower level in hepatocyte homo-culture
compated with the control group. In contrast, the newly
developed 3-D hepatocyte co-culture system could tolet-
ate the cytotoxicity of the serum from ACLF patients and

. Porcine hepatocytes
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have a similar performance to that incubated with healthy
human serum iz vitro. These results demonstrated that co-
culture system displayed a better advantage over the pure
liver cells in hepatocyte-based therapy for end-stage liver
diseases. Moreover, hepatocytes co-cultured with MSCs
achieved a higher proliferation capacity despite of the
presence of the liver failure serum.

Recent studies have shown that VEGE, also known as
the vascular permeability factor, plays an essential role in
liver regeneration™ ™. It has been shown that expression
of VEGTF in both hepatocytes and non-parenchymal cells
are increased during liver regeneration induced by partial
hepatectomym’ssl. Furthermore, exogenous VEGF adminis-
tration after partial hepatectomy facilitates the proliferative
activity in the injured liver®. Tn contrast, neutralization
of VEGTF significantly inhibits the proliferative activity in
the liver during regeneration after partial hepatectomy"”.
Therefore, VEGF is not only an angiogenic factor but also
plays a role in the survival of liver. On the other hand, the
serum VEGF levels were increased in the patients with
acute hepatitis compared with controls and other types of
liver disease such as chronic hepatitis, fulminant hepatitis
and cirrhosis™. In addition, serum VEGF in sutvivors of
fulminant hepatitis was significantly increased in the recov-
ery phase compared with the levels on admission. In the
liver cirrhosis patients, serum VEGF levels were significant-
ly lower than those of the control group, suggesting that
serum VEGF level may be associated with hepatocyte re-
generation grade™, More recently, Namisaki and coworkers
reported that VEGF treatment could significantly reduce
the mortality rate of acute severe liver injury and on-going
acute hepatic failure in rats”’. Thus, VEGF levels in serum
may represent a predictor of clinical outcome for patients
with hepatic failure™. In the present study, we compared
the expression levels of some key chemokines related to
liver regeneration in the liver failure serum with those in
the healthy human serum. Our results revealed that HGF
and TNF-o were remarkably elevated in response to ACLF
while EGF and VEGF levels were significantly decreased,
which may partially account for the inhibitory effect of liv-
er failure serum on hepatocyte mono-layered culture rather
than stimulatory role. Since multipotent MSCs are a stable
source of VEGF-producing cells 7z vivo and in vitro™*,
have the ability to trans-differentiate into hepatocyte-like
cells under certain circumstances’, and are immunosup-
pressive by modulating the immune function of the major
cell populations involved in alloantigen recognition and
elimination™, our co-culture system may be a promising
candidate in future cell-based therapy.

In conclusion, 3-D spheroid culture system by co-cul-
turing primary hepatocytes with bone marrow MSCs can
tolerate the cytotoxicity of ACLF serum and has a better
performance in maintaining the function of hepatocytes.
Hence, primary hepatocytes co-cultured with MSCs may
be suitable for the application in clinical practice of BAL
and hepatocyte transplantation.
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COMMENTS

Background

Bioartificial livers (BAL) and hepatocyte transplantation are the cell-based
therapies which served as a bridge to transplantation or liver regeneration via
providing temporary hepatic support. However, none of the cell-based therapy
currently available can be used as a well defined and practical option in clinical
settings. This is primarily due to the accumulation of a wide range of putative
toxic substances within the circulation of hepatic failure patients.

Research frontiers

Serum from acute liver failure or fulminant hepatic failure (FHF) patients inhib-
ited the growth, proliferation and metabolic functions of various hepatocytes.
The authors reported a new-brand BAL configuration for the development of a
three-dimensional (3-D) porcine hepatocyte culture system by co-culturing with
bone marrow mesenchymal stem cells (MSCs) in vitro. So it is necessary to
investigate whether 3-D hepatocyte culture system could resist the cytotoxicity
of circulating inhibitory factors in the serum or plasma from liver failure patients.

Innovations and breakthroughs

Although most of the studies concerning the effects of patients’ plasma or se-
rum on liver cells use monolayer-cultured hepatocytes or transformed cell lines,
and direct contact exists between the patient’s serum, plasma, or blood and the
exogenous hepatocytes in the current cell-based therapy, 3-D hepatocyte cul-
ture system has not been investigated. This study focused on the in vitro effects
of sera from patients with viral hepatitis B-induced acute-on-chronic liver failure
(ACLF) in China on the metabolic functions and proliferation of 3-D hepatocytes
spheroids by co-culturing with bone marrow MSCs.

Applications

The study found that 3-D spheroid culture system by co-culturing primary he-
patocytes with bone marrow MSCs can tolerate the cytotoxicity of ACLF serum
and has a better performance in maintaining the function of hepatocytes. It
could be applied in clinical practice of BAL and hepatocyte transplantation.

Terminology

Three-dimensional (3-D) hepatocyte culture system is a culture system of por-
cine hepatocytes and bone marrow MSCs in a co-culture manner in vitro. Co-
culture of hepatocytes with non-parenchymal cells is beneficial for optimizing
cell functions via heterotypic interactions.

Peer review

This is an interesting study aimed to investigate whether the function of hepa-
tocytes co-cultured with bone marrow mesenchymal stem cells could be main-
tained in the presence of serum from patients with acute-on-chronic liver failure.
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