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Abstract
AIM: To evaluate a hybrid bioartificial liver support 
system (HBALSS) in cynomolgus monkeys with acute 
liver failure.

METHODS: To establish a model of acute liver failure, 
0.3 g/kg of D-galactosamine was injected intravenously 
into cynomolgus monkeys. Chinese human liver cells 
were introduced into a perfusion bioreactor to carry out 
hybrid bioartificial liver support treatment. Forty-eight 
hours after the injection, one group of cynomolgus 
monkeys received HBALSS care, and a second experi-

mental group received no treatment. Clinical manifesta-
tions of all animals, survival time, liver and kidney func-
tions and serum biochemistry changes were recorded. 
Simultaneous detection of the number, viability and 
function of hepatocytes in the hybrid bioartificial liver 
were also performed.

RESULTS: Forty-eight hours after the injection of D-ga-
lactosamine, serum biochemistry levels were significant-
ly increased, whereas albumin levels and the Fischer 
index were significantly reduced compared to baseline 
(all P s < 0.05). Of the ten monkeys in the HBALSS 
treatment group, five survived, with an average dura-
tion of survival of 128 ± 3 h. All cynomolgus monkeys 
in the control group died, with a duration of survival of 
112 ± 2 h. Survival time was significantly longer with 
HBALSS treatment (P  < 0.05). Moreover, the number, 
viability and function of hepatocytes were maintained 
at a high level with HBALSS.

CONCLUSION: The novel hybrid bioartificial liver plays 
a significant role in liver support by significantly reduc-
ing serum biochemistry levels and extending animal 
survival time.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study, the authors evaluated the safety, 
efficacy, and clinical feasibility of a hybrid bioartificial 
liver support system (HBALSS) with Chinese human 
liver cells for the treatment of acute liver failure in 
monkeys. The bioartificial liver significantly reduced se-
rum biochemistry levels and extended animal survival 
time. Furthermore, the number, viability and function 
of hepatocytes in the HBALSS were maintained at a 
high level during treatment. The results demonstrate 
that the novel HBALSS has the potential to be a safe, 
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reliable bridge treatment for acute liver failure patients 
awaiting donor-organ availability.
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INTRODUCTION
Acute liver failure (ALF) is a critical clinical condition 
with intensive, rapid progression and an ominous prog-
nosis. Although there has been progress in comprehen-
sive medical treatment in recent years, the mortality rate 
of  ALF remains high at approximately 80%[1-3]. Liver 
transplantation is currently the only effective treatment 
for ALF[4-8]. However, due to a variety of  reasons, a lim-
ited number of  liver transplantations are being carried 
out[9,10]. To bridge the time between ALF and suitable or-
gan availability, patients are placed on a bioartificial liver 
support system.

Over the past 20 years, hepatocytes from a variety 
of  sources have been intensely studied, though not 
fully, clinically tested. Hepatocytes can be obtained from 
adult or fetal animals, liver cell lines, and liver stem cells, 
however, each of  these sources provides a disadvantage. 
Ideally in liver transplantation, human hepatocytes are 
the perfect candidate cell types, but sources for adult 
hepatocytes are scarce and limited. Additionally, when in 
vitro, adult hepatocytes rapidly lose metabolic capacity, 
therefore, it is impossible to obtain a large number of  
hepatocytes. The ethical issues which entail the use of  
fetal hepatocytes for clinical applications are complex 
and difficult to deal with[11].

Research in hepatic stem cells has determined the 
various sources within the adult body and its potentials 
in regeneration and differentiation, but these discoveries 
are not sufficient yet to support its clinical application. 
Although C3A human liver cells were used in previous 
phase Ⅰ-Ⅱ clinical trials, it still needs further evalua-
tion[12]. Additional new liver cell lines have been used 
for research, though their clinical effect needs further 
investigation[13]. Therefore, it is important to find a well-
differentiated human liver cell line with vigorous growth, 
does not induce tumorigenicity, and maintains adequate 
liver cell function for the support of  a bioartificial liver 
during clinical treatment.

In this study, Chinese human liver cells (CL-1) were 
used to seed the development of  a novel human cell hy-
brid bioartificial liver. CL-1 cells derived from histologi-
cally normal liver tissue are well differentiated and display 
a high degree of  metabolic function[14]. CL-1 cells were 
grown in a microgravity culture, seeded in a perfusion 
bioreactor, and used to treat cynomolgus monkeys with 

artificially induced ALF. Because their physical structure 
so closely resembles that of  humans, cynomolgus mon-
keys were chosen as the animal model for development 
of  a hybrid bioartificial liver support system (HBALSS)[15]. 
Moreover, heterogeneous rejection is relatively low. The 
experimental results achieved in this study will further 
validate the safety and effectiveness of  the system while 
exploring its feasibility in clinical applications.

MATERIALS AND METHODS
Liver cell cultures
Hepatocytes were grown using a three-dimensional human 
cell/tissue culture system, known as the rotary cell culture 
system (RCCS; Synthecon Inc., Houston, TX, United 
States), which simulates microgravity in three-dimensional 
culture microcarriers. The CL-1 cells (HL-7702 [L-02]) 
were purchased from the Cell Bank in the Chinese Acad-
emy of  Sciences. The cells were amplified in tissue cul-
ture flasks (Corning Inc., Corning, NY, United States). 
Microcarriers (100 mg; GE Healthcare, Little Chalfont, 
United Kingdom) were mixed with 2 × 106 CL-1 cells 
at 37 ℃, 5% CO2 for 12 h with 25 mL of  high glucose 
DMEM medium (Gibco of  Thermo Fisher Scientific 
Inc., Waltham, MA, United States) containing 10% fetal 
bovine serum (Gibco). Then, another 25 mL of  high 
glucose DMEM medium containing 10% fetal bovine 
serum, 30 mmol/L HEPES (Sigma-Aldrich, St. Louis, 
MO, United States) and no growth factor was added. 
The rotation speed of  the microgravity culture system 
was maintained at 13.5-15.5 r/min. The 25 mL of  the 
medium was replaced every 24 h.

Animals used in experiments
Fifteen cynomolgus male monkeys (ordinary level) from 
seven to eight years-old, weighing 6.5-7.0 kg, were pur-
chased from Guangdong Entomological Institute, South 
China Primate Research and Development Center (Cer-
tificate of  Conformity SCXK [Guangdong] 2009-2010 
complying with the GB 14925-94 proposal for all experi-
mental monkeys). All animals were housed individually in 
a controlled unit in a mechanically ventilated confinement 
facility under standard field conditions. Monkeys were 
fed three times a day and water was provided ad libitum. 
The project was approved by the Institutional Review 
Board of  the Second Affiliated Hospital of  Southern 
Medical University, Guangzhou, China (No. ZJYY-2011-
GDEK-001).

Anesthesia and general care
Because of  humane considerations, the Committee re-
quested all experiments should be performed with an-
esthesia to minimize suffering. Experiments on animals 
were carried out in compliance with Guidance to Treat 
Animals, promulgated by the Ministry of  Science and 
Technology in 2006. Anesthesia was induced with ket-
amine (15 mg/kg) and atropine (0.5-1.0 mg/kg), and 
then maintained intravenously with propofol (≤ 8.5 
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mg/kg per hour), fentanyl (≤ 0.015 mg/kg per hour), 
and atracurium (≤ 0.7 mg/kg per hour) depending on 
the depth of  anesthesia. The humane endpoint was set 
in keeping with the general well-being or behavior of  the 
monkeys.

Human cell HBASS configuration
The human cell HBALSS was jointly developed by the 
Institute for Regenerative Medicine, Southern Medical 
University and the Chinese Academy of  Sciences, Bei-
jing Daiboruike Technology Development Co., Ltd. The 
abiotic part consists of  non-biologic membrane plasma 
separator, blood perfusion, and three peristaltic pump 
components. The biologic part contains a perfusion biore-
actor with 4.0 × 109 of  CL-1 cells seeded in microcarriers. 
It also consists of  a membrane oxygenator, membrane 
plasma separator, a 37 ℃ temperature water bath, and 
three double-headed peristaltic pumps. Both the abiotic 
and biologic parts are connected through the three abiotic 
valves to form the closed-loop piping.

Establishment of the ALF model in the cynomolgus 
monkey
D-galactosamine (D-gal) was dissolved in a 5% glucose 
solution to make a concentration of  1.0 g/mL. The pH 
value was then adjusted to 6.8 using 1 mol/L sodium 
hydroxide and was filter sterilized. The cynomolgus 
monkeys were injected with 0.5 mL/kg of  ketamine and 
sumianxin Ⅱ (im). Two hours later, D-gal (0.3 g/kg) 
was injected within 10 min via the external jugular vein. 
Cynomolgus monkeys appeared normal after treatment. 
A humane endpoint evaluation was used in our experi-
ments, and death was used as the indicator.

Experimental groups and treatments
Forty-eight hours after the injection of  D-gal, all cy-
nomolgus monkeys were randomly divided into two 
groups. In the HBALSS treatment group (n = 10), cy-
nomolgus monkeys were anesthetized and treated with 
HBALSS for 6 h. In the ALF control group (n = 5), cy-
nomolgus monkeys were anesthetized only for monitor-
ing and plasma perfusion.

HBALSS therapy for cynomolgus monkeys with ALF 
non-biologic (plasma perfusion) treatment
Forty-eight hours after the establishment of  ALF, plasma 
perfusion treatment was provided to monkeys in the ALF 
control group. Monkeys with liver failure were placed 
under anesthesia with ketamine and sumianxin Ⅱ, and 
the femoral veins were connected with a double-lumen 
hemodialysis catheter to establish cycle paths, which 
was then separately connected to the arterial and venous 
ports of  a DX-10-type blood purification machine (Bei-
jing Daiboruike Technology Development Co., Ltd., Bei-
jing, China). Unfractionated heparin was given as a first 
dose of  180 IU/kg and maintenance doses of  30 IU/kg 
per hour. The blood purifier was filled with hydroxyethyl 
starch sodium chloride and the rate of  blood flow was 

15-20 mL/min. After blood plasma entered the mem-
brane separator, it would then enter the blood purifier to 
remove bilirubin.

Hybrid bioartificial liver treatment
CL-1 cells were cultured in RCCS and placed in the perfu-
sion bioreactor, which was connected with the membrane 
oxygenator, membrane plasma separator, and blood pu-
rifier tube via three-way valves. Two hours after plasma 
perfusion treatment, the three-way valve was switched on. 
Then the plasma in the blood purifier flowed into the bio-
logic part at a flow rate of  5 mL/min and circulated at a 
speed of  30 mL/min in the bioartificial liver. The plasma 
then reacts with CL-1 cells and performs the function of  
biosynthesis and metabolism for 4 h.

Vital sign and serum biochemistry observations, and 
survival duration
During HBALSS treatment, the vital signs of  cynomol-
gus monkeys, including the ability to stand, walk, changes 
in consciousness, eating habits, vision, hearing, and tactile 
response to stimuli, convulsions and tremors, were ob-
served and recorded. Any symptoms and their duration 
were recorded. Bleeding, allergies, high fever and other 
serious adverse reactions were recorded. Serum levels of  
aspartate aminotransferase (AST), albumin (ALB), total 
bilirubin, total bile acid, urea nitrogen, creatinine, and am-
monia were examined at baseline, before treatment (at 48 
h) and after treatment (54 h). Then the Fischer index was 
calculated. The duration of  survival of  cynomolgus mon-
keys was recorded and surviving animals were sacrificed 
with a lethal injection of  pentobarbital and KCl (iv). After 
the death of  the cynomolgus monkeys, a detailed autopsy 
was performed and the animal’s organs were immediately 
fixed with formalin. Hematoxylin and eosin staining was 
carried out to assess organ necrosis and inflammatory cell 
infiltration under microscopic examination.

Determination of hepatocyte number, viability, and 
function in the bioartificial liver
Viability and function of  human CL-1 hepatocytes in 
the bioartificial liver were determined before and after 
HBALSS treatment. Trypan blue dye exclusion was used 
to determine the number of  viable CL-1 cells. CL-1 liver 
cell effector function was evaluated by determining the 
levels of  alanine transaminase (ALT), AST, lactate dehy-
drogenase, urea, and ALB in the culture medium with a 
Cobas C311 Chemistry Analyzer (Roche, Basel, Germa-
ny), according to the manufacturer’s instructions.

Statistical analysis
Significance between groups was compared using Stu-
dent’s t-tests, and survival rates between the groups were 
analyzed using a χ 2 test. Survival time was analyzed using 
Kaplan-Meier survival analysis and the Log-rank test. 
All data analyses were performed using SPSS version 
13.0 statistical software (SPSS Inc., Chicago, IL, United 
States), with P < 0.05 indicating significance.
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Table 3  Liver cell function during hybrid bioartificial liver 
support system support

Table 2  Hepatocyte changes with hybrid bioartificial liver 
support

Table 1  Serum biochemistry with D-galactosamine adminis-
tration (n  = 15)

RESULTS
Establishment of the cynomolgus monkey model with 
ALF
There were no significant changes in the vital signs of  
animals in each group before and after D-gal adminis-
tration. Twelve hours after administration, food intake 
began to decrease, while serum transaminases began 
to increase with the progression of  ALF. The levels of  
bilirubin, bile acids, ammonia, and lactic acid gradually 
increased and platelets decreased. Prothrombin time was 
gradually extended. Serum biochemistry results from 48 h 
before and after D-gal administration are shown in Table 
1. Levels of  ammonia, ALT, total bilirubin, total bile acid, 
blood urea nitrogen, and creatinine were significantly 
higher than compared previously (Ps < 0.05), whereas 
albumin levels and the Fischer index were significantly 
reduced (Ps < 0.05). These indicate that the liver failure 
model was established successfully.

Detection of the numbers of hepatocytes, viability and 
function using culture medium
As shown in Table 2, when HBALSS was not connected 
to the animal, the number and viability of  CL-1 cells de-
creased. The total number of  CL-1 cells did not decrease 
significantly over 48 h, compared with previous readings 
(0 h), and cell viability after 24 h was not significantly de-
creased. In addition, cell function, as measured by ALT, 
AST, lactate dehydrogenase, urea, and ALB, remained un-
affected at 48 h, suggesting that the HBALSS meets the 
requirements needed for a hybrid artificial liver (Table 3).

No significant decline in liver cell viability before and 
after HBALSS treatment
As shown in Figure 1, before HBALSS treatment, CL-1 
cells were seeded in RCCS and the viability was deter-
mined at 95%-99%. After HBALSS treatment, trypan blue 
dye testing showed that the viability of  cells was main-
tained at 85%-89%. Throughout the course of  treatment, 
there was no detachment of  cells from the microcarriers. 
The CL-1 cells in microcarriers were maintained at a high 
level of  cell viability, which meets the requirement for the 
development of  a hybrid artificial liver.

Animal survival time analysis
All ten cynomolgus monkeys with ALF survived during 
the entire course of  the HBALSS treatment. There was 
no liquid leakage in the piping system and no obvious 
bleeding, allergies, high fever, or other serious adverse 
reactions found in the monkeys. Although transient fluc-
tuations in heart rate and blood pressure were observed 
when the vessel was being connected to the system, 
heart rate, oxygen saturation, respiration, and general ar-
terial blood pressure remained stable (Table 4). Although 
all 10 of  the monkeys survived during HBALSS treat-
ment, five died after treatment. Their survival duration 
was significantly longer than in the ALF control group (P 
< 0.01) (Table 5, Figure 2).

Serum biochemistry changes in experimental animals
As shown in Figure 3, the levels of  ALT, total biliru-
bin, total bile acid, urea nitrogen, creatinine, and am-
monia increased in the ALF control group, but levels 
of  ALB and the Fischer index decreased. However, in 
the HBALSS treatment group, the baseline levels were 
normal, and before treatment, the levels of  ALT, total 
bilirubin, total bile acid, urea nitrogen, creatinine and 
ammonia increased, but there was a decrease in the level 
of  ALB and in the Fischer index. After treatment, only 
the Fischer index continued to decrease.

Animal necropsy and pathologic changes
There was no bloody ascites observed in any of  the dead 
monkeys, but the livers were slightly enlarged, soft, blunt 
in the edges, and the liver capsules were smooth. In the 
ALF control group, portions of  the liver surfaces showed 
mottled coloring, and there was sporadic bleeding. Cross 
sectioning of  the livers showed blood congestion and yel-
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Indicators 48 h before 
administration

48 h after 
administration

P

ALT (U/L) 28.3 ± 4.7   494.2 ± 31.9 4.09 × 10-18

Ammonia (μmol/L) 28.9 ± 3.0   149.5 ± 12.3 3.14 × 10-16

TBiL (μmol/L)   1.2 ± 0.2   16.7 ± 2.1 1.06 × 10-13

TBA (U/L)   6.0 ± 1.4   51.1 ± 7.3 2.46 × 10-13

BUN (μmol/L)   3.7 ± 0.9     6.2 ± 0.9 2.96 × 10-6

Cr (μmol/L) 76.7 ± 5.7 133.5 ± 6.2 1.66 × 10-12

ALB (g/L) 41.3 ± 1.6   37.3 ± 0.6 5.86 × 10-8

Fischer index   3.2 ± 0.2     2.2 ± 0.1 1.49 × 10-11

ALB: Albumin; ALT: Alanine aminotransferase; BUN: Blood urea nitro-
gen; Cr: Creatinine; TBA: Total bile acid; TBiL: Total bilirubin.

Indicators 0 h 24 h 48 h 72 h

Hepatocytes 
(n × 109)

4.1 ± 0.3 3.9 ± 0.4 3.8 ± 0.3 3.0 ± 0.1

P - 0.3675 0.2254 0.0239
A value 0.985 ± 0.105 0.919 ± 0.048 0.751 ± 0.024 0.530 ± 0.053
P - 0.3900 0.0610 0.0173

P values are vs 0 h.

Indicator 0 h 24 h 48 h 72 h

ALT (IU) 25.9 ± 4.2 28.3 ± 4.9 31.0 ± 2.6   72.1 ± 10.7a

AST (IU) 22.0 ± 3.6   27.9 ± 10.0 31.6 ± 8.0   68.3 ± 12.7a

LDH (mmol)   0.28 ± 0.09   0.31 ± 0.10   0.41 ± 0.12   0.74 ± 0.18a

Urea (mmol)   2.28 ± 0.24   2.02 ± 0.21   1.82 ± 0.26   1.69 ± 0.20a

ALB (mg) 18.67 ± 2.57 17.42 ± 1.70 14.86 ± 1.47 13.58 ± 1.61a

aP < 0.05 vs 0 h. ALB: Albumin; ALT: Alanine aminotransferase; AST: As-
partate aminotransferase; LDH: Lactate dehydrogenase. 
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Table 5  Survival results

Table 4  General vital signs of a cynomolgus monkey during treatment

low milky-like necrosis substances. The remaining livers 
were red or brownish gray in color and the edges were 
free of  bile.

Hepatocytes showed diffuse swelling and were sinusoi-
dal. These hepatocytes appeared narrow due to pressure. 
Their cytoplasm appeared loose, and there were signs of  
vacuolar degeneration, nuclear fragmentation, and disso-
lution. Part of  the portal areas showed small amounts of  
neutrophil and lymphocyte infiltration (Figure 4).

DISCUSSION
A novel human cell hybrid bioartificial liver, designed 
to provide a bridge therapy for ALF patients awaiting 
a compatible organ, was developed in this study. This 
system is comprised of  human hepatic CL-1 cells grown 
in microgravity culture and seeded in a perfusion biore-
actor. For the pre-clinical evaluation of  this HBALSS, a 
stable, potentially reversible, and well reproducible large-

animal model of  ALF was devised with cynomolgus 
monkeys. The cynomolgus monkey is the closest evolu-
tionary primate to humans, making it the most suitable 
animal model for the preclinical evaluation of  artificial 
livers. Studies have shown that ALF induced by D-gal is 
highly reproducible and potentially reversible[16,17]. More-
over, the histology of  livers used in this model is very 
similar to hepatocytes infected with hepatitis virus or 
drug-induced ALF in humans[18]. Therefore, as described 
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Figure 1  Cell viability. Trypan blue staining in Chinese human liver cells seeded in a Rotary Cell Culture System A: Before hybrid bioartificial liver support system 
treatment (cell viability: 95%-99%); and B: after treatment (cell viability: 85%-89%); magnification × 100.

Time (h) Heart rate 
(per min)

P Blood oxygen 
(%)

P Respiratory rate 
(per min)

P Artery blood pressure 
(mmHg)

P

0 90.5 ± 3.8 - 99.7 ± 0.5 - 15.3 ± 1.2 - 114.6 ± 4.1 -
1 94.1 ± 3.4 0.000959 99.6 ± 0.5 0.343436 13.9 ± 1.4 0.000528 117.9 ± 4.8 0.000093
2 92.7 ± 3.8 0.005743 99.1 ± 0.7 0.005121 15.4 ± 2.0 0.797625 116.9 ± 6.4 0.102480
3 98.1 ± 3.1 0.000002 99.4 ± 0.5 0.193422 16.8 ± 1.9 0.006689 110.4 ± 4.5 0.003146
4 91.9 ± 3.8 0.271246 99.0 ± 0.8 0.009535 15.2 ± 1.4 0.780352 110.5 ± 4.8 0.002654
5 89.6 ± 3.5 0.330509 99.6 ± 0.5 0.678310 15.5 ± 2.0 0.678310 108.8 ± 5.9 0.002654
6 91.2 ± 4.6 0.381557 99.7 ± 0.5 1 16.4 ± 1.6 0.003241 113.7 ± 4.7 0.261975
Average 92.6 ± 4.4 - 99.4 ± 0.6 - 15.5 ± 1.8 - 113.3 ± 5.8 -

P values vs 0 h.

Group Survived Survival time 95%CI

(n) (h)
Control (n = 5) 0 112.8 ± 2.06 108.76-116.84
Experimental (n = 10) 5    128 ± 3.32 121.49-134.51

CI: Confidence interval.

Group

ALF
HBALSS
HBALSS-censored

1.0

0.8

0.6

0.4

0.2

0.0

Cu
m

 s
ur

vi
va

l

110.00      120.00       130.00       140.00

Survival time (h)

Survival functions

Figure 2  Survival curves. In the hybrid bioartificial liver support system 
(HBALSS) treatment group, five cynomolgus monkeys survived and the remain-
ing five died. The survival time was 128 ± 3 h. In control groups, all cynomolgus 
monkeys died and the survival time was 112 ± 2 h. ALF: Acute liver failure.
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by Terblanche et al[19], this is an ideal animal model of  
ALF.

To verify the safety of  HBALSS used in this study, 
we monitored adverse reactions and vital signs of  these 
monkeys throughout the treatment period. All monkeys 
tolerated the treatment well, with no serious complica-
tions, such as bleeding, clotting, allergies, or high fever.

To optimize treatment efficacy, we used human hepat-
ic CL-1 cells, which displayed a high level of  differentia-
tion and metabolic function in our previous studies[14,20]. 
There are many different human liver cell lines available, 
all with varied differentiation and metabolic proper-
ties[21-25]. Although CL-1 cells are derived from histologi-

cally normal liver tissue, they display a certain degree 
of  tumorigenicity, though less so than in other liver cell 
lines obtained from tumors. The DNA index of  CL-1 
cells is 1.43, indicating that they are well-differentiated, 
but not normal diploid cells. These cells are immortal-
ized, and thus able to be maintained in culture, providing 
a distinct advantage to this cell line. Moreover, we previ-
ously showed that nude mice inoculated subcutaneously 
with CL-1 cell debris, failed to develop tumors[20].

The new bioartificial liver examined in this study em-
ploys a double-barrier system, which uses a second sub-
plasma technology that effectively prevents the leakage 
of  hepatocytes from the bioreactor into the patient. The 
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Figure 3  Serum biochemistry. Before and after D-galactosamine injection, serum concentrations of total bilirubin (TBiL), total bile acid (TBA), ammonia, blood urea 
nitrogen (BUN) and creatinine (Cr) were significantly increased, whereas Fischer indices were significantly reduced. Six hours after treatment in the acute liver failure 
(ALF) group, levels of TBiL, TBA, ammonia, BUN, and Cr remained elevated, while the Fischer indices remained decreased. Additionally, in the hybrid bioartificial liver 
support system (HBALSS) group, levels of TBiL, TBA, ammonia, BUN and Cr decreased significantly. aP < 0.05 vs control group.
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survival time of  the animals is critical for evaluating the 
efficacy of  the HBALSS[26-28]. Flendrig et al[29] reported 
that Academic Medical Center bioartificial liver treat-
ment for swine acute hepatic failure, using 1.4 × 1010 
porcine hepatocytes, significantly reduced blood am-
monia levels and prolonged survival. In this study, none 
of  the monkeys died during the treatment of  HBALSS, 
while the survival rate after treatment was 50%. How-
ever, untreated monkeys with ALF died at 120 h, dem-
onstrating that HBALSS treatment effectively prolongs 
the survival time of  animals.

ALF is mainly due to metabolic disorders resulting 
from abrupt, massive necrosis of  hepatocytes. Thus, an 
effective and alternative artificial liver supporting system 
must be able to replace the liver function for detoxifica-
tion, metabolism, and synthesis. The bioartificial liver 
supporting system for ALF patients is mainly dependent 
on the biologic functionality of  donor hepatocytes. Here, 
4 × 109 human hepatocytes were seeded into the reactor; 
the same cell number, viability, and function were con-
firmed 24 h after seeding, thus meeting the requirements 
for an artificial liver. Preliminary results suggested that 
the animals could not tolerate more than 6 h of  treat-
ment, which is why only 6 h of  hybrid bioartificial liver 
treatment was carried out. HBALSS reduced the levels 
of  liver enzymes, such as ALT, bilirubin and total bile 
acid in the ALF animal, suggesting that the bioreactor 
hepatocytes play an active role in detoxification. Further, 
HBALSS treatment resulted in significant increases in 
ALB levels, likely resulting from both enhanced produc-
tion by the animal’s liver and secretion by bioreactor 
hepatocytes. Serum ALB was filled in the bioreactor and 
pipes before the experiment, also contributing to the ob-
served elevation in levels. Therefore, HBALSS could im-
prove the animal’s clinical levels and extend the survival 
time, confirming the effectiveness of  using the hybrid 
bioartificial liver.

Studies have shown that the accumulation of  am-
monia and aromatic amino acids is closely related to he-

patic encephalopathy[30-32]. Blood ammonia levels and the 
Fischer index are two key indicators used for HBALSS 
evaluation. HBALSS treatment reduced ammonia and 
aromatic amino acid levels in the ALF animal, improv-
ing the Fischer index. Further, rapid reduction of  blood 
ammonia and elevated Fischer indices indicated that the 
hepatocytes in the bioreactor could remove ammonia 
and had a role in balancing amino acids.

In summary, the perfusion bioreactor seeded with 
CL-1 cells cultured in RCCS, was effective as a new hu-
man cell hybrid bioartificial liver. This HBALSS signifi-
cantly reduced the concentrations of  serum AST, total 
bilirubin, total bile acid, urea nitrogen, and creatinine, 
as well as improved the Fischer index and survival time. 
The results in this animal model of  ALF are encouraging 
and will need to be explored further in phase Ⅰ clinical 
trials to assess its potential as a safe, reliable bridge treat-
ment for ALF patients awaiting donor-organ availability.

COMMENTS
Background
Acute liver failure (ALF) is a critical clinical condition with intensive, rapid pro-
gression and an ominous prognosis. The mortality rate of ALF remains high at 
approximately 80%. Liver transplantation is currently the only effective treat-
ment for ALF. However, due to various reasons, a limited number of liver trans-
plantations are performed.
Research frontiers
To bridge the time between ALF and suitable organ availability, patients are 
placed on a bioartificial liver support system. Bioartificial systems use liver cells 
as a biologic component to partially take over the synthetic, regulatory and 
detoxifying functions of the liver. The research hotspot is how to improve cell 
viability and function in the bioreactor.
Innovations and breakthroughs
In this study, the perfusion bioreactor with Chinese human liver cells was ef-
fective as a new human cell hybrid bioartificial liver. This hybrid bioartificial liver 
support system (HBALSS) was found to significantly reduce the concentrations 
of serum biochemistry levels and extend animal survival time. Furthermore, the 
number, viability, and function of hepatocytes in the HBALSS were maintained at 
a high level during treatment. These results demonstrate that the novel HBALSS 
has the potential to be a safe, reliable bridge treatment for ALF patients.
Applications
The experimental results achieved in this study will further validate the safety 
and effectiveness of the system while exploring its feasibility in clinical applica-
tions. The results in this animal model will need to be explored further in clinical 
trials to assess its potential as a safe, reliable bridge treatment for ALF patients.
Terminology
HBALSS is an experimental extracorporeal device that uses living cell lines to 
provide detoxification and synthesis support to the failing liver. It is usually used 
as a bridge treatment for ALF patients waiting for liver transplantation.
Peer review
This is an experimental study to evaluate the safety and efficacy of HBALSS in 
a cynomolgus monkey model of ALF and assess its feasibility in clinical applica-
tion. The authors demonstrate successful establishment of the animal model 
of ALF, and show that the novel hybrid bioartificial liver can significantly reduce 
serum biochemistry levels and extend survival time, displaying its role in liver 
support.
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