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Abstract

Objective: The study aims to construct an off-line bioartificial liver support system (off-line BAL) with human liver
cell line, and explore it's safety and effect in patients suffering with HBV-related acute on chronic liver failure (ACLF).

Methods: The off-line BAL was constructed with cultured HepG2 cell. Twenty patients with HBV-related ACLF
were randomly separated into the two groups. Patients in the treatment group were dealt with plasma exchange
(PE) first and then BAL treatment. The control group received a therapy of PE only . The clinical parameters were
assessed at different times and survival rate was evaluated at 3 months.

Results: In the treatment group, 9 patients’ general conditions and clinical symptoms were improved, total
bilirubin decreased about 44.27%, MELD scores decreased to 21.71 from 24.26, prothrombin activity (PTA)
increased to 48.97%, and there was a significant difference between pretreatment and post-treatment.

Compared to the control group, PTA increased dramatically (51.02% vs. 37.24%; P=0.0477) at 4 weeks and
MELD score decreasedsignificantly (21.71 vs. 24.47; P=0.0409) at post-treatment in BAL groups. During the 12
weeks, the survival rates were 70% and 50% (P=0.3613) in the treatment and control groups. No severe adverse
events occurred and no liver tumor was found following three years of observation.

Conclusions: The off-line BAL may be safe for patients with liver failure. It can improve the patients’ clinical
conditions and laboratory parameters, but it has no obvious benefit compared to PE treatment. The routine clinical
application still needs further evidence.

Keywords: Liver failure; Bioartificial liver; HepG2; Treatment The physical artificial liver system can improve hyper-bilirubinemia
and hepatic encephalopathy. However, these roles are temporary, and
clinic trials have shown a benefit to the short-term survival rate of liver
failure patients [7]. To acquire replacement of hepatic function,
Liver failure is a severe clinical syndrome characterized by hepatic  researchers have tried to develop BAL devices [2,3,8].

encephalopathy, ascites, icterus, coagulation disorder due to a variety
of acute or chronic injuries induced by various causes, such as
hepatotoxic drugs, alcohol consumption, and hepatitis virus infection
[1-3]. In China, Hepatitis B virus (HBV) infection accounts for the
highest proportion of hepatitis cases. Some chronic hepatitis B patients
may rapidly progress toward acute-on-chronic liver failure (ACLF),
and liver transplantation is considered the standard treatment for these
patients. However, several limitations, such as lack of donor organs,
operative damage, risks of rejection and high costs have restricted the
use of liver transplantation in many ACLF patients.

Introduction

BAL is equipment through which blood plasma is circulated over
living liver cells or liver cell line cultured in a bioreactor. The use of
BAL with living cells can provide patients with functions of
metabolism, detoxication and synthesis [2]. At present, on-line BAL is
common in clinical trials in which the blood plasma separation devices
and cell based bioreactor are linked; however, anticoagulant therapy
may have impacts on patients’ coagulant system in the course of
therapy. Up to now, no bioartificial liver has been applied for treating
patients in clinics due to its unsatisfactory effect in improving the liver
function [8,9].

Therefore, new alternative therapy to delay or improve disease
progression of ACLF is urgently required. Cell therapies have been
suggested and extensively studied in the world [4]. Among them,
hepatocytes based therapy for liver failure has been attracting great
attention [4,5]. Several types of extracorporeal artificial livers have
been used to treat liver failure patients including physical and
bioartificial liver (BAL) support systems [6].

In the present study, we successively established the cell line
expressing human augmenter of liver regeneration (hALR). A total of
800 million HepG2 hALR cells were cultured in bioreactors for 96
hours, and found it can keep hepatocyte - specific synthesis and
metabolism functions [5,10].
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In this study, we performed a new therapy that was characteristic of
the bioreactor located separately from the liver failure patient. The
blood plasma was separated from the patient and returned after the
purification in the cell- based bioreactor. Here, we observed the safety
and validity of this therapy in patients suffered with HBV-related
acute-on-chronic liver failure (ACLF).

Materials and Methods

Patients

This open-labeled and controlled study was registered at the
Chinese Clinical Trial Registry site (no. ChiCTR-TRC- 12002029) and
was authorized by the Military Logistic Ministry of Health, China.
Twenty patients with HBV-related ACLF, diagnosed according to the

Chinese guideline of liver failure in 2010 [11], were enrolled between
2011 and 2012. They were randomized into BAL group or control
group. Patients in BAL group were dealt with Plasma Exchange (PE)
and off-line BAL therapy; whereas, patients in control group accept PE
therapy [5]. Patients with severe bacterial peritonitis and
gastrointestinal bleeding at enrollment were excluded from the study.
An outline of the experimental procedure is summarized in Figure 1.

Ethics

The protocol was approved by the Ethical Committee of the 302
Military Hospital of China. All procedures were done according to the
ethical standards and the Helsinki Declaration. Written informed
consent was acquired from all patients before admission to the study.
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Figure 1: An outline of the experimental procedure. Patients with HBV-related ACLF were randomized to treatment group (treated with
plasma exchange and off-line bioartificial liver) or control group (plasma exchange only). The bioreactors were established with cultured hALR
HepG2 cell. The off line BAL was used to the plasma to culture the cells for four hours ,which was separated from liver failure patients after
first-time PE. Finally, the same patients was received the second round PE treatment with the purified plasma.

Myers Squibb, Shanghai, China) were utilized on the patients with

Management of patients
HBYV reactive replication (HBV DNA > 102 copies/ml).

Every patient received standard treatment including intensive care
monitoring, supporting treatment, plasma infusion, albumin
supplement,  antibiotics = and  terlipressin  (if  required).
LamivudineGlaxo SmithKline, Tianjing, China and entecavir (Bristol-

Off-line bioartificial liver procedure

1. Bioreactor construction: Stable expressed hALR-HepG2 cell line
and bioreactors containing approximately 800 million cells were
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established previously in our lab [10]. Prior to use, bioreactors were
rinsed with 500 mL 0.9% sodium chloride for three times (Figure 2).

2. Plasma exchange for the first time: Blood access was set up
through a double-lumen catheter (Arrow International, Inc. PA, US)
via the jugular vein of the patient with liver failure. PE was
manipulated with EC-40W plasma separator (Asahi Kasei Co., Japan)
in artificial machine (EQUA-SMART, Italy) with blood flow velocity
100 mL/min and exchange rate 10~15 mL/min. The total volume of
discarded blood plasma was about 2800 mL.

3. Extracorporeal bioartificial liver treatment: Extracorporeal
bioartificial liver supporting system was constructed as shown in

Figure 2. After the bioreactor with HepG2 hALR was cultured in media
for 96 hours, the culture media were replaced with 1000mL 0.9% NaCl
and rinsed three times. Then the 0.9% NaCl was replaced to the plasma
from step 2, and continued to culture five hours. Plasma volume was
1500 mL; the flow velocity was 40 mL/min.

4. PE for the second time: The purified plasma from step 4 was used
to perform the second PE for the patients with plasma separator
EC-40W (Asahi Kasei Co., Japan) in artificial machine (EQUA-
SMART, Italy). The blood flow velocity was 100 mL/min, exchange rate
was 10~15 mL/min. The discarded blood plasma volume was near
1500 mL.

%

1

B L
-
A: Media pool; B : Peristaltic pump;

Figure 2: BAL bioreactor culture schematic diagram. 800 million cells culture medium was elicited from medium pool, pumped into
bioreactor, gone through cells filter, at last returned to pool A. The speed of pump is 100~200 mL/min.

U
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Control group treatment procedure

All the treatment procedure was same as the step 1: PE was
performed in artificial machine with blood flow velocity 100 mL/min
and exchange rate 10~15 mL/min. The exchanged plasma volume was
about 2800 mL.

Biochemical parameters: Serum total bilirubin (TBil), aspartate
aminotransferase (ALT), electrolytes, prothrombin activity (PTA),
blood ammonia (BLA), serum creatinine (Cre) and a-fetal protein

(AFP) were monitored through the therapy session. The blood
biochemical indices were detected in Automatic Analyzer (Olympus,
Japan).

MELD scoring system for patients was assessed as: MELD=0.378ln

[total bilirubin (mg/dl)]+1.12 In (INR)+0.95 In [creatinine (mg/dl)]
+0.64.
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Prognostic evaluation: Improved- patients who were discharged
from our hospital because clinical symptoms improved and hepatic
function recovered (serum TBil level decreased > 50%, PTA > 40%).

Useless or deteriorated: Patients who died, or accepted liver
transplantation, or didn’t meet the above criteria.

Statistical analysis: Statistical analysis was performed using
GraphPad Prism 6 software. Numerical data was described by mean
( + standard deviation) or median (minimum, maximum) of the
group. Statistical significance between two groups was determined by
the chi-square test for categorical data and Student’s T-Test for
quantitative data, or if the data were heavily skewed (non-normal)
then Wilcoxon Rank-Sum Test. If baseline measures were available
then the T-test was performed using analysis of covariance
(ANCOVA), adjusting for baseline. Statistical significance was
established when P < 0.05.

Off-line BAL | Control

Group (n=10) | group(n=0) P value
Age (years) 41.4 £10.45 431+ 11.27 NS
Gender(Male/Female) 10/0 09-Jan NS
TB (umol/L) 359.6 + 114.6 371.98+106.5 | NS
MELD score(R) 24.26 + 2.68 24.71+2.94 NS
PTA(%) 35.59 + 9.57 35.1+5.41 NS
Encephalopathy 3 2 NS
Ascite 9 8 NS
Cr(umol/L) 91.32+17.1 89.9+10.4 NS
BAL: Bioartificial Liver; TB: Total Bilirubin; PTA: Prothrombin Activity; Cre:
Creatinine; MELD: Model for End-Stage Liver Disease; R=0.378In [total bilirubin
(mg/dIl)] +1.12 In (INR)+0.95 In [creatinine (mg/dl)]+0.64

Table 1: The baseline patient characteristics.
Results
Baseline characters

Change of clinical situation and biochemical indicators after
BAL treatment

Clinical situation improvement After off-line BAL treatment, nine
patients’ clinical symptoms including fatigue, nausea, anorexia,
abdominal distention, and hepatic encephalopathy were improved.

Changes of biochemical indicators The changes of main biochemical
indicators including ALT, TBil and PTA in treatment groups are listed
in Figure 3. The serum TBil level decreased about 44.27% after BAL.
Bilirubin removal rate (pre-treatment-post-treatment)/pre-treatment),
respectively (P<0.05). Average MELD scores were 24.26 and 21.71 in
the pre-treatment and post-treatment of BAL.

Comparison between BAL and control group

The changes of main laboratory parameters in BAL and control
group are listed in Figure 4. The levels of serum total bilirubin

decreased about 30%~50% in two groups. There was a significant
difference between two groups (P=0.041). PTA increased significantly
in the BAL group at 4 weeks (BAL group vs. Control group, 51.02% vs.
34.247%, P=0.0477), but no significant difference between two groups
(P=0.2082). The level of BLA decreased obviously after PE and BAL
treatment (68.9 + 21.6 vs. 42.4 + 17.32 umol/L), but there was no
significant differences between BAL group and control group (P=0.
2433).

Average MELD scores pretreatment, post-treatment, one week and
four weeks in BAL group was 24.26, 21.71, 22.10 and 19.90,
respectively, and were 24.71, 24.47, 25.08, and 18.79 in control group
(P=0. 4938).

Serum albumin & lactate: The level of serum albumin & lactate were
(29.4 + 1.6) g/L, (1.62 + 0.41) mmol/L in BAL group, and (28.9 + 2.3)
g/L, (1.71 + 0.31) mmol/L in control group, there were no significant
differences.

Safety

Short term outcomes

In the treatment group, survival rate of four weeks was 90% with
nine patients were treated in hospital and one patient dying of hepatic
encephalopathy. While in the control group, three patients died after
plasma exchange, and survival rate of four weeks was 70% (P=0.1213).
On the 12 weeks, the survival rate of the BAL and control groups were
70% and 50%, respectively (P=0.3613). In treatment group, one died of
hemorrhage in the upper alimentary tract and one died of hepato-renal
syndrome. At the same time, five patients survived, one patient
received liver transplantation and four died of ACLF in control group
(Table 2).

Follow-up

We followed up on seven cases (treatment group) and five cases
(control group), all without liver transplantation. The survival rates of
one year and three years of treatment group was 70% and 60%,
respectively. It was both 50% in control group. No significant
differences in three-year survival rate were found (Figure 3D,
P=0.652).

All the patients in treatment group received abdominal B-ultrasonic
or Magnetic Resonance Imaging examination at least twice each year,
and six patients did not have were not found existing liver hepatic
space occupying lesion in three years. The main biochemical indicators
including ALT, TBil and PTA at one year and three years have no
significant differences between BAL and control groups. The average
AFP of one year and three years was (9.81 + 3.52) ng/mL and (8.18 +
2.27) ng/mL in treatment group, respectively.

Discussion

Severe liver disease is a major cause of death worldwide. The liver
has the potential ability to regenerate; liver diseases ensue to meet the
needs when the regeneration process is impaired [12]. Various
therapies have been widely studied in China and other countries
recently. Among them, liver cells or cell line based treatments for
ACLF has been attracting more attention [13].
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Figure 3: The changes of main biochemical indicators including TBIL, BLA and PTA in Off-line BAL group are listed in Figure 3. Figure 3A:
The levels of serum TBil decreased about 44.27% after treatment. Bilirubin removal rate (pre-treatment concentration- post-treatment
concentration)/pre-treatment concentration), respectively (P=0.0012). Figure 3B: PTA increased from 35.59 + 9.57 to 48.97 £ 7.55 (P=0.004).
Figure 3C: Level of BLA decreased to 68.9 + 21.6 from 94.9 + 31.45, but there was no significant difference between them(P=0.0558).
Figure3D: Average MELD scores decreased to 21.71 from 24.26 after BAL(P=0.0187).

Off-line bioartificial liver support system was a novel concept in
bioartificial area and its may have potent regenerative potential in liver
failure patients. It was first reported in 2002, but there were no further
reports in this [14,15]. Off-line BAL can purify the plasma, improve
the microenvironment and supply the factors of promoting hepatocyte
growth with liver failure. In this study, 10 patients with HBV related
ACLF were treated with cell lines constructed in our department and
shoved satisfactory safety [10]. The plasma from patients was further

purified through cell therapy, which had the effect of detoxicfication
and biosynthesis [16-18]. Moreover, HepG2 cell transfected with ALR
was used to secrete ALR, and it may be beneficial in patients with
ACLF [10,19]. After off-line BAL therapy, MELD scores improved
significantly in patients with liver failure. Furthermore, no serious side
effects were observed during the treatment period, and no tumors were
found in living patients during the three years follow-up time [16].
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Figure 4: Changes of main laboratory parameters in BAL and control group. Figure 4A:The levels of bilirubin decreased about 30% ~50%.
There was significant difference between BAL and control group (P=0.041). Figure 4B: PTA increased obviously in BAL group at four weeks
(BAL vs. Control, 51.02% vs. 34.247%, P=0.0477), but no significant difference between two group (P=0.2082). Figure 4C: The level of BLA
decreased darmatically after PE and BAL (68.9 + 21.6 vs. 42.4 + 17.32 umol/L), but there was no significant difference between BAL group and
control group (P=0. 2433). Figure 4D: Seven cases in treatment group and five cases in control group were followed up.The survival rates of
one year and three years of treatment group was 70% and 60%, respectively, while it was both 50% in control group. No significant differences
in three-year survival were found between two groups (P=0.652).

Weeks elapsed

Patient Group Gender Yo Diagnosis Base MELD prognosis

1 T Male 63 ACLF 21.31 Died6 days after BAL
2 T Male 33 ACLF 21.36 improvement

3 T Male 38 ACLF 25.31 improvement

4 T Male 45 ACLF 21.92 improvement

5 T Male 32 ACLF 25.05 Died45 days after BAL
6 T Male 44 ACLF 23.06 improvement

7 T Male 29 ACLF 22.86 improvement
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8 T Male 54 ACLF 24.61 improvement
9 T Male 40 ACLF 28.85 improvement
10 T Male 36 ACLF 28.23 Died35 days after BAL
1 C Female 42 ACLF 19.71 liver transplantation
12 C Male 29 ACLF 28.25 Died10 days after PE
13 C Male 43 ACLF 21.81 Died15 days after PE
14 C Male 33 ACLF 27.63 improvement
15 C Male 63 ACLF 22.55 improvement
16 Cl Male 51 ACLF 24.65 Died27 days after PE
17 C Male 44 ACLF 24.58 improvement
18 C Male 30 ACLF 23.38 improvement
19 C Male 39 ACLF 25.99 improvement
20 (e} Male 57 ACLF 28.6 Died21 days after PE

T: Treatment group; C: Control group; PE: Plasma Exchange; BAL: Bioartificial Liver; ACLF: Acute-on-Chronic Liver Failure

Table 2: Patients’ general condition and outcome on 12 weeks.

Bilirubin and PTA were two critical indicators for prognosis of liver
failure in the early stage. In the treatment group, statistical differences
existed between pre-therapy and post-therapy. However, as for PTA,
significant changes were observed four weeks post treatment between
the BAL group and control group, which might be associated with the
use of cell therapy.

Blood ammonia in BAL and control group showed significant
improvement, and it was more obvious after PE in control group. We
believe, the reason was the plasma used in off-line BAL needed 4~6
hours to be in vitro and that the hepatocytes could not synthesize
enough metabolize ammonia [20-23]. In addition, insufficient
hepatocyte amounts might have impacts on the patients’ outcome with
liver failure [24]. Thus, we will focus on increasing hepatocyte amounts
and constructing multi-component bioreactor in our later study.

In summary, the off-line bioartificial liver supporting systems we
constructed have satisfactory safety and efficacy, but the routine
clinical application still needs furth investigations.
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