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Absiract

AIM: To observe the effects of plasma from patients
with severe viral hepatitis (SVHP) on the growth and
metabolism of porcine hepatocytes and the clinical
efficiency of bioartificial liver device.

METHODS: Hepatocytes were isolated from male
porcines by collagenase perfusion. The synthesis of DNA
and total protein, leakages of AST and LDH, changes in
glutathione (GSH), catalase and morphology of porcine
hepatocytes exposed to SVHP were investigated to
indicate the effect of plasma from patients with severe
hepatitis on the growth, injury, detoxification, and
morphology of porcine hepatocytes.

RESULTS: The synthesis of DNA and protein was
inhibited in the medium containing 100% SVHP
compared to the controls. The leakages of LDH and AST
increased in porcine hepatocytes following exposure to
100% SVHP for 5 h. The difference between 100% SVHP
and 10% newborn calf serum (NCS) was significant in
t-test (LDH: ¢ = 24.552, P = 0.001; AST: ¢ = 4.169, P =
0.014). After exposure to SVHP for 24 h, alterations in
GSH status were significant (F = 2.746, P<0.05) between
porcine hepatocytes in 100% SVHP and 10% NCS, but
no alteration occurred in the culture medium after 48 h
(F = 4.378, P<0.05). A similar profile was observed in
catalase activity. Many round vacuoles were observed in
porcine hepatocytes cultured in SVHP. The membranes
of these cells became indistinct and almost all the cells
died on d 5.

CONCLUSION: Plasma from patients with severe
hepatitis inhibits the growth, injures membrane, disturbs
GSH homeostasis and induces morphological changes of
porcine hepatocytes. It is suggested that SVHP should
be pretreated to reduce the toxin load and improve the

performance of porcine hepatocytes in extracorporeal
liver-support devices.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

A bioartificial liver (BAL) support system, composed
of artificial materials and biological components such
as hepatocytes, acts as a bridge to provide patients with
prolonged time of survival until a donor organ becomes
available for the transplantation or their own liver can
regenerate!. The performance of a BAL depends on the
viability and functional activities of hepatocytes in the
system. Many laboratories are currently investigating the
factors influencing the viability and functional activities
of hepatocytes. It has been demonstrated that serum or
plasma from liver failure patients interferes extensively
with cellular metabolism™®. When the patient’s blood is
detoxified by the BAL device, there is contact between the
patient’s plasma and cells in the device. It is thus important
to assess the direct interactions between plasma and
hepatocytes.

Porcine and human hepatocytes have similar
physiological characteristics and metabolic functions
and are considered to be the best candidate for use in a
BAL""". They have been applied in clinical trials based on
their easy source and excellent functions for the synthesis
of protein, glucose, and urea as well as lower lactate
dehydrogenase release. I vitro, porcine hepatocytes in
the bioreactor can clear most conjugated bile acid species
from pooled patient plasma'”. Furthermore, it can be
immobilized on a “hepatocyte/gold colloid” interface at
which hepatocytes proliferate quickly".

In China, HBV infection rate has been estimated to
be 10% or higher, and severe hepatitis caused by HBV is
common'>"™. BAL also provides temporary support for
these patients when acute or chronic severe viral hepatitis
(SVHP) develops. However, there are few reports on
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how SVHP interferes with the growth and function of
hepatocytes in primary culture. Therefore, we investigated
the direct interactions between SVHP and porcine
hepatocytes.

MATERIALS AND METHODS

Materials

Cell culture reagents, including RPMI-1640, sodium
pytruvate, and L-glutamine were purchased from GIBCO,
Life Technologies, Ltd. (Paisley, Scotland, UK). Type IV
collagenase was a product of Sigma Chemical Co, Ltd
(St. Louis, MO, USA). Reagents for the measurement
of reduced glutathione (GSH), catalase (CAT) and total
protein (ITP) were from Nanjing Biological Technology
Co, Ltd. Methyl thiazolyl tetrazolium (MTT) was from
Fluka Chemic AG (Switzetland). TriPure isolation reagent
was from Roche (Switzerland). Plasticware was from Nunc
(Denmark). All solutions wete prepared with twice-distilled
water.

Hepatocyte preparation

Healthy Chinese experimental miniature male pigs aged
1-4 d were provided by Experimental Animal Center of
Third Military Medical University. The research protocol
was in compliance with Chinese guidelines for the humane
care of experimental animals. Porcine hepatocytes were
isolated by modified two-step 7 situ collagenase perfusion
method"™', The viability of freshly isolated suspensions
determined by trypan blue exclusion was 85-95%. Porcine
hepatocytes were cultured at 37 °C for 24 h in RPMI-1640
medium supplemented with 10% (vol/vol) newborn calf
serum (NCS) at a density of 2x10° cells/mL in a 50 mI./L
CO:z incubator. The cultures were washed twice in warm
phosphate-buffered saline (PBS) and cultured in a medium
containing 10% (vol/vol) NCS, normal plasma (NP) anti-
coagulated by heparin, and SVHP. Porcine hepatocytes
were prepared for assay as described below:

Plasma from patients with severe virus hepatitis

Plasma was obtained from six patients with SVHP
(3 females, 3 males, aged 34-60 years) at the onset of
plasmapheresis and stored at -80 °C until use. Diagnosis
of these patients was in accordance with the criteria of
severe hepatitis described in the Viral Hepatitis Protection
and Cure Guideline established by the Chinese Infection
and Hepatology Association. In these six patients, total
bilirubin (TB) averaged 611.8 pmol/L, prothrombin
time (PT) averaged 32 s, total bile acids (TBA) averaged
309.8 umol/L and PTa averaged 29%. Hepatitis B
surface antigen (HBsAg) was positive and HBV-DNA
was greater than 10° copies/mL in all the 6 patients. All
patients suffered from hepatic encephalopathy, grade 11
in two patients, grade III in three patients, and grade IV
in one patient. Normal serum was obtained from normal
individuals.

Cell viability determination
Cells were seeded in 24-well plates in 500 pL. medium. The

viability was assessed by tetrazolium bromide assay (M'TT)
on d 0-5 after exposure to the culture medium containing

10% (vol/vol) NCS, 100% NP, and 100% SVHP.

DNA synthesis

After being cultured in six-well plates for 24 h, the media
were discarded, and DNA was isolated as the procedures
of TriPure isolation reagent description. DNA content was

determined using a spectrophotometer (SmartSpec 3000,
BioRad, USA).

Protein content

After being incubated for 24 and 48 h, monolayer
cells were washed and dissolved. Total cellular protein
was digested in 0.5 mol/L NaOH and measured by
micromodification as previously described"”.

Leakage of LDH and AST

Porcine hepatocytes were exposed to 100% SVHP and
10% (vol/vol) NCS in RPMI-1640 for 5 h. The media were
washed thrice with PBS and replaced with RPMI-1640
without plasma and serum. After 24 h of culture, the
leakage of LDH and AST from hepatocytes into the
supernatant was measured using an automated chemical
analyzer (Model 7020 Hitachi Co., Tokyo, Japan)"™.

Oxidative status

After being incubated for 24 and 48 h, the medium
containing 10% NCS, 100% NP, 100% SVHP was
removed, the wells were washed with PBS, and GSH was
added into 0.2 mL 10% (w/v) trichloroacetic acid for 10
min at room temperature. Samples were frozen at -20 °C
until measurement of GSH by fluorimetry. CAT activity
was measured.

Morphology

Cultured hepatocytes were observed daily under phase
contrast microscope (IX70, Olympus, Tokyo, Japan), and
the morphological changes were compared.

Statistical analysis

Data were expressed as meantSD. Statistical analysis was
carried out by analysis of variance and #test. P<0.05 was
considered statistically significant.

RESULTS

Viability of porcine hepatocytes cultured in SVHP

The viability of porcine hepatocytes cultured in 100%
SVHP was significantly lower than that cultured in the
medium containing 10% NCS (I = 6.328, P<0.01). The
viability of porcine hepatocytes in 100% NP group was
not higher than that in 10% NCS group. The viability of
porcine hepatocytes in all the groups tended to decrease

from the third day (Figure 1).

DNA content
After being cultured for 24 h, the DNA level in three
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Figure 1 Viability of porcine hepatocytes cultured in ¢ medium containing 10%
NCS, o 100% NP, A 100% SVHP. Results were expressed as mean+SD for six
samples.
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Figure 3 TP content in porcine hepatocytes grown in three different media. TP
synthesis in 100% SVHP and NP was compared to that in the medium containing
10% NCS (°P<0.05, °P<0.01 vs 10% NCS group, by two-way variance analysis).
Results were expressed as mean+SD for six samples. Black bar: 10% NCS; gray
bar: 100% NP; white bar: 100% SVHP.

different media was significantly different (' = 20.107,
P<0.01). The level was the lowest in 100% SVHP and
lower in 100% NP than in 10% NCS. The inhibitory effect
of porcine hepatocytes on DNA synthesis is shown in
Figure 2.

Total protein synthesis

During the course of culture, the amount of TP in three
different media was significantly different (IF = 9.281,
P<0.01, Figure 3). Multiple comparison showed that the
TP level in 100% SVHP was lower than that in 10% NCS
(P<0.01). The TP level in 100% NP was also significantly
lower than that in 10% NCS (P<0.05).

Leakage of LDH and AST
LLDH and AST elevations were observed in 100% SVHP
group after 5 h of culture. The LDH level in 100% SVHP

group was significantly higher than that in 10% NCS
group (# = 24.552, P = 0.001). The AST level in 100%
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Figure 2 DNA content in porcine hepatocytes grown in three different media. DNA
synthesis in 100% SVHP and normal plasma was compared to that in the medium
containing 10% NCS (*P<0.01 vs 10% NCS group, by ANOVA followed by multiple
comparisons). Results were expressed as mean+SD for six samples Black oblique
line: 10% NCS, black small point: 100% NP; black small square: 100% SVHP.
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Figure 4 Leakage of LDH and AST after 5 h of culture (black bar: LDH; white bar:
AST). The levels of LDH and AST in 100% SVHP were significantly higher than
those in the medium containing 10% NCS. Results were expressed as mean+SD
(1: t=24.552, P =0.001 and 2: t = 4.169, P = 0.014, compared to the10% NCS
group, n = 6).

SVHP group was also significantly higher than that in 10%
NCS group (= 4.169, P = 0.014, Figure 4), indicating that
hepatocytes cultured in plasma from patients with SVHP
had damage in the cell membrane.

GSH content and CAT activity

GSH concentration in porcine hepatocytes decreased in
SVHP and NP as compared to that in the culture medium
containing 10% NCS (Figure 5A). A significant decrease in
GSH content was observed in SVHP compared to that in
the medium containing 10% NCS within 24 h (FF = 2.7460,
P<0.05). After 48 h the GSH level declined slightly. There
was no difference between 100% SVHP and 10% NCS
(F = 4.378, P>0.05). A similar profile was observed in
CAT levels following incubation with SVHP and NP
(Figure 5B). The only difference between GSH and CAT
was that the CAT content was dramatically decreased after
being cultured for 48 h.

Morphological study

The dramatic change of porcine hepatocyte morphology
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Figure 5 GSH content in porcine hepatocytes grown in three different cultures (A) (*P<0.05 vs 10% NCS, by two-way variance analysis, compared to 10% NCS) and CAT
activity of porcine hepatocytes grown in the three different cultures (B) (‘P<0.05 vs 10% NCS by two-way variance analysis, compared to 10% NCS). Black bar: 10% NCS,

gray bar: 100% NP; white bar: 100% SVHP.

Figure 6 Morphological changes of porcine hepatocytes cultured in 100% SVHP (A and B) and media containing 10% NCS (C and D). After 24 h of culture, hepatocytes
in the100% SVHP group were detached from the dishes, vacuolization in the cytoplasm and deformities were more commonly observed. The membranes of cells became
indistinct (A); after 48 h of culture, vacuoles were more and mainly concentrated around cell nuclei (B); after 24 h of culture, hepatocytes in the 10% NCS group constituted
confluent monolayers with an intact morphology throughout the culture (C); after 48 h of culture, hepatocytes in the 10% NCS group constituted confluent monolayers with

an intact morphology throughout the culture (D).

after 24 h exposure to 100% SVHP was observed under
phase contrast microscope. As shown in Figures 6A-D,
most of the cells became detached and deformed.
Vacuolization in cytoplasm and necrosis were more
commonly observed. Membranes of the cells became
indistinct. These morphological changes became marked
after 48 h of culture. Vacuoles were mainly concentrated
around cell nuclei and detached from their dishes. During
the 48-h culture, hepatocytes in groups of 100% NP
and 10% NCS spread and formed a clear confluent
monolayer. Detachment, deformity, and vacuolization were
not observed in the cytoplasm. There was no obvious

difference between the two groups. After 5 d of culture,
necrosis was observed in the two groups and almost all
hepatocytes were dead in 100% SVHP group.

DISCUSSION

Experimental studies”” have demonstrated that plasma
from patients with fulminant hepatic failure (FHF) or
liver failure (LF) can inhibit the growth of hepatocytes
and synthesis of macromolecules in hepatocytes.
McCloskey ¢ a/”. found that plasma from patients with
liver failure could diminish DNA and protein synthesis.
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Shi et al”. reported that serum from patients with FHF
inhibits the growth rate and synthesis of DNA, RNA,
and protein. In our study, the plasma was from patients
with SVHP. Inhibition of growth and macromolecule
synthesis, reduction of viability of porcine hepatocytes
were demonstrated. The inhibition mechanism might be
related to endogenic materials such as bile acids, growth
factors, and cytokines in SVHP. There are more bile acids,
hepatic growth factor (HGF) and tumor growth factor-§3
(TGF-B)" in SVHP. Accumulation of intracellular bile
acids causes damage to intracellular organelles, such as
mitochondria®. Bile acids in nuclei cause DNA injury
by changing chromatin structure or by activating nuclear
nuclease, thus resulting in conversion into a metabolite that
could directly damage DNAP HGF does not always
accelerate the growth of hepatocytes. Sometimes there are
converse results™. Tt was reported that HGF inhibits cell
growth at a cell cycle phase and growth of cells is impaired
with the increasing HGF concentration, while elevated
serum TGF may lead to an increase in p21, a cyclin-
dependent kinase inhibitor that can inhibit the activation
of Gl-associated cyclins such as Cdk2®**. In this study,
the viability of porcine hepatocytes cultured in 100% NP
was decreased compared to that in 10% NCS, which may
result from cytokine- and antibody-mediated damage.

Membrane damage and enzyme leakage have been
detected in the culture medium™*", McCloskey ez a/”.
reported that after HHY41 hepatocytes are exposed to
plasma from patients with LF containing Na:’'CrOs for
16 h, the leakage of *'Cr is about 20 times higher than that
in controls. However, Uchino ¢t a/*”. demonstrated that
the function of pig hepatocytes does not deteriorate when
they are exposed to the serum from the patients with
FHF™. In this study, LDH and AST leakage from porcine
hepatocytes cultured in SVHP was significantly higher
than that from porcine hepatocytes cultured in 10% NCS.
Morphological changes of hepatocytes also suggested
severe cell membrane damage, indicating that SVHP can
lead to hepatocellular membrane impairment. Endogenic
toxins may originate either from cellular necrosis debris
and breakdown products released into the blood stream or
from accumulation of an agent that is normally eliminated
by metabolism in hepatocytes. Bile acids play an important
role in the toxicities and can form micelles with cholesterol
and phospholipids on the surface of hepatocyte
membranes, which produce apparent hepatocellular
membrane injury®”. Virus-mediated damage involves
immune-mediated and direct viral cytopathic effects.

The highest cytotoxicity values have been found in
the plasma from patients with FHE, indicating the utmost
importance of detoxification by BAL. Intracellular GSH
content often reflects the fate of potentially harmful
substances, and examination of GSH status may provide
information on the mechanisms of toxicity. Previous
experimental studies revealed that exposure of hepatocytes
to the serum from patient with FHF results in increase
or decrease in GSH content. The changes are related to
plasma concentration, culture time, hepatocyte typeH’S].
Previous studies have shown that Hep G2 cells respond

to abnormal culture conditions and toxic concentrations
of bile. GSH of HHY41 in plasma from patients with LEF
is decreased”. In our study, the pronounced decrease in
GSH levels was observed following incubation with SVHP.
As a main member of anti-oxidizing system, GSH plays
an important role in relieving the tissue depression due
to electrophilic reactive toxins or oxidative stress because
it can react directly with reactive oxygen free-radicals and
conjugate bile acids™. These factors lead to a depletion of

cellular GSH store. The activity of CAT changes as GSH,

which requires further investigation.
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