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Abstract
AIM: To investigate the protective efficacy of recom
binant adenovirus containing hyper-interleukin-6 (HyperIL-6, HIL-6) and hepatocyte growth factor (HGF) (AdHGF-HIL-6) compared to that of recombinant adenovirus
containing either HIL-6 or HGF (Ad-HIL-6 or Ad-HGF) in
rats with acute-on-chronic liver failure (ACLF).

Institutional animal care and use committee statement:
All of the procedures involving animals were reviewed and
approved by the Institutional Animal Care and Use Committee of
the Ethical Committee on Animal Experiments at First Affiliated
Hospital of Chongqing Medical University (Chongqing, China)
with the reference number 2015-3.

METHODS: The recombinant adenoviruses containing
HIL-6 and/or HGF were constructed. We established
an ACLF model, and rats were randomly assigned
to control, model, Ad-GFP, Ad-HIL-6, Ad-HGF or AdHGF-HIL-6 group. We collected serum and liver tissue
samples to test pathological changes, biochemical
indexes and molecular biological indexes.
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RESULTS: Attenuated alanine aminotransferase,
prothrombin time, high-mobility group box 1 (HMGB1),
endotoxin, tumour necrosis factor (TNF)-α and interferon-γ
were observed in the Ad-HGF-, Ad-HIL-6- and Ad-HGFHIL-6-treated rats with ACLF. Likewise, reduced hepatic
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damage and apoptotic activity, as well as reduced
HMGB1 and Bax proteins, but raised expression of
Ki67 and Bcl-2 proteins and Bcl-2/Bax ratio were also
observed in the Ad-HGF-, Ad-HIL-6- and Ad-HGF-HIL-6treated rats with ACLF. More significant changes were
observed in the Ad-HGF-HIL-6 treatment group without
obvious side effects. Furthermore, caspase-3 at the
protein level decreased in the Ad-HIL-6 and Ad-HGFHIL-6 treatment groups, more predominantly in the
latter group.

Key words: Acute-on-chronic liver failure; Recombinant
adenovirus; Hyper-interleukin-6; Hepatocyte growth
factor; Inflammatory cytokines

interleukin-6 (Hyper-IL-6, HIL-6) is an artificial
protein involving IL-6 connected with a variant of
glycoprotein 80 (soluble interleukin 6 receptor, sIL6R) by an artificial short linker. HIL-6 is a steady
protein expressing biological activity dozens of times
or even one thousand times stronger than that of
[5]
IL-6/sIL-6R complex in vitro or in vivo . HGF initiates
liver regeneration after liver excision or chemical
[6-8]
injuries
. The coadministration of IL-6 and HGF
most effectively raised both the weight of unoccluded
lobes and the DNA synthesis of hepatocytes in animals
that underwent portal branch ligation (PBL) of the
[9]
median branches and left lateral , suggesting a
possible synergistic effect of these two factors. Our
study assessed the protective effect of recombinant
adenovirus containing HIL-6 and HGF compared to
that of recombinant adenovirus containing either HIL-6
or HGF in an ACLF rat model.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

CONCLUSION: This study identifies that the protective
efficacy of Ad-HGF-HIL-6 is more potent than that of
Ad-HGF or Ad-HIL-6 in ACLF rats, with no significant
side effects.

HEK293 cell culture

Core tip: The purport of our study was to analyse
the protective efficacy of recombinant adenovirus
containing hyper-interleukin-6 (Hyper-IL-6, HIL-6)
and hepatocyte growth factor (HGF) (Ad-HGF-HIL-6)
compared to that of recombinant adenovirus HIL-6
or HGF (Ad-HIL-6 or Ad-HGF) in rats with acute-onchronic liver failure (ACLF). In summary, our results
suggest that Ad-HGF-HIL-6 may confer a more powerful
protective effect against ACLF than do Ad-HGF or AdHIL-6 in rats and can restrain the secretion of diverse
inflammatory cytokines and reduce the apoptosis of
hepatocytes. Ad-HGF-HIL-6 is likely to be a feasible
protective therapy for serious liver injury.

HEK (Human Embryonic Kidney) 293 is a cell line
derived from human embryonic kidney cells grown in
tissue culture. This particular line was initiated by the
transformation and culturing of normal HEK cells with
sheared adenovirus 5 DNA. HEK293 cells are used
to produce viruses for biomedical research purposes.
We culture the cell line in Dulbecco’s modified Eagle’s
medium (Hyclone, Logan, UT, United States) supple
mented with 10% foetal calf serum (Hyclone, Logan,
UT, United States). Being cultured at 37 ℃ in 5% CO2
provided a favorable growth environment for HEK293
cells. Medium was renewed 2-3 times a week, and cell
5
5
counting was kept between 1 × 10 and 3 × 10 cells
per millilitre.
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Adenovirus vector and genes

Adenovirus vector GV314 (pDC315-3FLAG-sv40EGFP) was used in this study. The vector and the
primers for amplifying the Hyper-IL-6, HGF or HGFIRES-Hyper-IL-6 ORF were purchased from Genechem
Incorporation, Shanghai, China. pDC315-3FLAG-sv40HGF-EGFP (Ad-HGF), pDC315-3FLAG-sv40-HyperIL-6-EGFP (Ad-HIL-6) and pDC315-3FLAG-sv40HGF-IRES-Hyper-IL-6-EGFP (Ad-HGF-HIL-6) were
[10]
constructed as previously described . An ‘‘empty’’
vector pDC315-3FLAG-sv40-EGFP (Ad-GFP) was used
as a negative control. The recombinant adenoviruses
were greatly propagated with HEK293 cells for
enhancing titre. Viruses for animal experimentation
were purified by caesium chloride gradients as
[11]
previously described .

INTRODUCTION
Acute-on-chronic liver failure (ACLF) refers to the
patients with chronic liver diseases that have the
raised perils of multiple organ failure or death following
one or a few precipitating incidents, such as infection
or bleeding. It still lacks an effective treatment so far.
Viral vectors have been engineered for gene therapy
[1,2]
against various types of infectious diseases . The
adenovirus vector has become the ideal vehicle for
[3]
liver diseases due to its hepatotropism .
Previous studies have reported that IL-6 plays a
critical and unique role during the process of early[4]
stage hepatic regeneration response . Hyper-
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Animals

Female Sprague-Dawley rats weighing 150-170 g
were purchased from the Experimental Animal Centre
of Chongqing Medical University (Chongqing, China).
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[12]

Housing conditions were as detailed previously . All
rats were given humanitarian care in conformity to the
international guidelines.

of liver specimens were treated with 10% neutral
formalin. Paraffin-embedded specimens were cut into
5 µm sections and stained with haematoxylin and
eosin (HE). The extent of injury was determined by the
[14]
criteria as the literature described.
Ki67-related antigen is mainly localized in the
nucleus by immunohistochemistry. The proliferation
of hepatocytes was evaluated by Ki67-staining. After
deparaffinised, sections were incubated in a prediluted
monoclonal anti-Ki67 antibody (Roche Ventana) on an
automatized medical system (BenchmarkXT, Ventana)
utilizing a diaminobenzidin detection kit (Ventana/
VIEW 3,30) based on the manufacturer’s instructions.

Induction of ACLF in rats

An ACLF rat model was performed as formerly
[13]
depicted . Briefly, human serum albumin (HAS;
Octapharma m.b.H, Austria) was compounded with
physiological saline in the proportion of 8 g/L and
then emulsified with incomplete Freund’s adjuvant
of an equal amount. The rats received 0.5 mL of
the prepared solution by multipoint subcutaneous
injections four times in total (The first two times had a
14-d interval, and a 10-d intervals between the latter
two). After that, the rats were given 4 mg HSA by tail
intravenous injection twice in one week for a total of 6
wk. Finally, we induced ACLF in rats by intraperitoneal
injection of D-galactosamine (D-GalN; 400 mg/kg)
with lipopolysaccharide (LPS; 100 µg/kg) (SigmaAldrich Co., United States).

Determinations of hepatocyte apoptosis by TUNEL
assay

A detection kit (In Situ Cell Death Kit; Roche Diagnostics
GmbH, Mannheim, Germany) was employed for
accurate evaluation of the typical biochemical and
morphological characteristics of apoptosis. We used
proteinase K to treat paraffin-embedded liver sections,
and so, hydrogen peroxide hampered the endogenous
peroxidase activity. The sections were incubated in a
terminal TdT/nucleotide compound at 37 ℃ for 1 h.
Following that, the slides were washed in phosphatebuffered saline. Nuclear labeling was performed with
horseradish peroxidase and diaminobenzidine. We
performed counterstaining using hematoxylin. The
apoptotic cells were observed and photographed
under an optical microscope (Positive cells were dyed
brown in nuclei.). Apoptosis was determined in eight
liver samples of each group by counting 1000 cells
from five sections of each sample. The percentage of
positive cells was used to present apoptosis rates (%).

Experimental design

All the rats were divided into a control group (normal
rats, n = 16), a model group (ACLF model rats, n =
16), an Ad-GFP group (Ad-GFP treated ACLF rats, n =
42), an Ad-HIL-6 group (Ad-HIL-6 treated ACLF rats,
n = 42), an Ad-HGF group (Ad-HGF treated ACLF
rats, n = 42), and an Ad-HGF-HIL-6 group (Ad-HGFHIL-6 treated ACLF rats, n = 42). Adenoviruses were
administered by caudal vein injection at a dose of 1 ×
10
10 viral particles in 100 µl (diluted with physiological
saline) 3 h after the ACLF model had been induced.
Meanwhile, the rats of the control and model groups
received physiological saline by tail intravenous
injection. The time of administration of adenovirus was
marked as baseline (0 time point). Rats of all of the
groups were sacrificed randomly for hepatic tissue and
blood collection after adenovirus or physiological saline
had been given for 24 h and 48 h.

Determinations of HMGB1, Bcl-2, Bax and caspase-3
proteins by Western blot

Briefly, proteins extracted from liver samples were
subjected to 10% SDS-PAGE, and transferred to
PVDF membranes for 2 h. Western blots were
then performed in accordance with a method pre
[15]
viously described . Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; Santa Cruz Co., United
States) was used as a control. Anti-HMGB1 antibody
was purchased from Abcam Co., United Kingdom;
Anti-caspase-3, -Bcl-2 and -Bax antibodies were
purchased from CST Co., United States. Finally, an
Odyssey infrared imaging system (LI-COR Co.) was
used to detect the signals.

Determinations of serum and plasma samples

An Automatic Hitachi Analyzer (Hitachi Inc., Japan)
was utilized to test serum alanine aminotransferase
(ALT). We also chose to avail of plasma prothrombin
time (PT) to determine liver function. Serum endotoxin
was tested with a commercial kit (Houshiji, Xiamen,
China) in accordance with the instructions of the kit.
ELISA kits (HMGB1 ELISA kit was purchased from
Westang Co., China, tumour necrosis factor (TNF)-α
and interferon (IFN)-γ ELISA kits were purchased
from EBioscience Co., United Kingdom, respectively)
were employed to measure serum levels of HMGB1,
TNF-α and IFN-γ on the basis of the manufacturer’s
instructions.

Real-time quantitative PCR for detection of Hyper-IL-6
and HGF

Trizol reagent (Invitrogen Co., United States) was used
to extract total RNA from liver samples in accordance
with the manufacturer’s recommendations. Total
RNA was reverse-transcribed employing a reagent kit
(PrimeScript RT; TaKaRa Co. Ltd., Dalian, China) in
accordance with standard instructions. The expression

Histopathology and immunohistochemistry

We used light microscopy to assess the histopath
ological changes of the liver. Parts of the right lobe

WJG|www.wjgnet.com
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GFP group at 24 h: 31.89 ± 3.88 s, 1255.25 ± 156.52
IU/L, 1121.35 ± 35.94 pg/mL, 0.048 ± 0.003 EU/mL,
260.07 ± 50.23 pg/mL and 174.70 ± 15.99 pg/mL,
respectively; 48 h: 40.87 ± 5.13 s, 3034.15 ± 156.52
IU/L, 1810.71 ± 138.75 pg/mL, 0.051 ± 0.001 EU/
mL, 357.81 ± 14.17 pg/mL and 267.53 ± 10.68 pg/
mL, respectively) showed no statistical discrepancy at
the two time points (p > 0.05).
Compared to the Ad-GFP group, plasma PT, serum
ALT, HMGB1, endotoxin and IFN-γ were markedly
lower in the Ad-HGF group (24 h: 25.95 ± 2.16 s,
285.00 ± 29.05 IU/L, 973.14 ± 46.55 pg/mL, 0.039
± 0.001 EU/mL, 133.02 ± 15.13 pg/mL, respectively,
p < 0.01; 48 h: 31.98 ± 5.79 s, 1342.87 ± 325.09
IU/L, 1233.17 ± 24.63 pg/mL, 0.046 ± 0.003 EU/mL,
193.64 ± 9.16 pg/mL, respectively, p < 0.01), AdHIL-6 group (24 h: 26.98 ± 2.22 s, 310.75 ± 24.38
IU/L, 1026.41 ± 49.25 pg/mL, 0.043 ± 0.002 EU/mL,
150.07 ± 20.60 pg/mL, respectively, p < 0.01; 48
h: 30.66 ± 4.87 s, 1127.54 ± 217.88 IU/L, 1303.32
± 107.31 pg/mL, 0.051 ± 0.002 EU/mL, 205.64 ±
9.18 pg/mL, respectively, p < 0.01) and Ad-HGFHIL-6 group (24 h: 19.88 ± 4.72 s, 227.38 ± 32.78
IU/L, 925.67 ± 32.95 pg/mL, 0.036 ± 0.002 EU/mL
and 111.87 ± 11.24 pg/mL, respectively, p < 0.01;
48 h: 23.77 ± 5.31 s, 578.87 ± 87.47 IU/L, 1093.40
± 35.86 pg/mL, 0.041 ± 0.001 EU/mL and 163.97 ±
12.89 pg/mL, respectively, p < 0.01) at 24 h and 48 h,
and the changes were more predominant in the latter
group at two time points (p < 0.05). Serum TNF-α
also decreased in ACLF rats with the administration
of Ad-HGF-HIL-6 (24 h: 166.43 ± 22.20 pg/mL; 48
h: 279.68 ± 30.31 pg/mL), Ad-HGF (24 h: 191.11 ±
28.30 pg/mL; 48 h: 302.13 ± 12.69 pg/mL) or AdHIL-6 (24 h: 203.76 ± 13.73 pg/mL; 48 h: 313.52 ±
27.39 pg/mL) compared to rats in the Ad-GFP group
(24 h: 257.84 ± 29.85 pg/mL, 48 h: 357.81 ± 14.17
pg/mL; p < 0.01) at 24 h and 48 h. A greater effect
in reducing serum levels of TNF-α of ACLF rats was
observed from the administration of Ad-HGF-HIL-6
compared to Ad-HIL-6 (p < 0.05), but serum TNF-α
between the Ad-HGF-HIL-6 group and Ad-HGF group
or between the model group (24 h: 260.07 ± 50.23
pg/mL, 48 h: 356.86 ± 14.34 pg/mL) and Ad-GFP
group had no significant differences (p > 0.05).

Table 1 Primers for real-time PCR
Gene
Hyper
IL-6

Primer sequences
Forward: 5'-GTCAGATCTATGCTGGCCGTCGGCTGC-3'

Reverse: 5'-CCGGAATTCCTACATTTGCCGAAGAGCCCTC-3'
Forward: 5’-ATGATGTGGGGGACCAAA-3’
Reverse: 5’-CAACTTGTATGTCAAAATTACTTTGTG-3’
Forward: 5’-TGACGAGGCCCAGAGCAAGA-3’
β-actin
Reverse: 5’-ATGGGCACAGTGTGGGTGAC-3’
HGF

of the target genes in the liver was detected with SYBR
Premix Ex TaqTM (Takara, Otsu, Japan), and a Real-Time
PCR system (ABI PRISM 7500; Applied Biosystems,
United States) was employed to perform the procedure.
Designing specific primers for HIL-6, HGF and β-actin
originated from known human sequences (Table 1)
was performed using Oligo 7.0 Software. The PCR
procedure for HIL-6, HGF and β-actin was composed
of 95 ℃ for 10 min, 40 cycles of 94 ℃ for 5 s, 55 ℃ for
30 s and 72 ℃ for 30 s, and then 94 ℃ for 15 s. The
data were collected automatically using the LightCycler
(Roche, Switzerland), and then the value of the
threshold cycle (Ct) was analysed on the basis of the
-ΔΔCt
[16]
2
method .

Statistical analysis

The Kruskal-Wallis test was used to analyse histopathological
score, Ki67 proliferation index and apoptosis rates (%)
in our study. Two-way analysis of variance followed
by Tukey’s Honestly Signiﬁcant Difference (HSD) test
for independent samples was adopted to evaluate the
other parameters in this study. We used SPSS 19.0 to
perform statistical analysis, and regarded a P-value <
0.05 as having statistical significance.

RESULTS
Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on plasma PT, serum ALT, HMGB1, endotoxin,
TNF-α and IFN-γ

As shown in Figure 1, plasma PT, serum ALT, HMGB1,
endotoxin, TNF-α and IFN-γ of the control group were
10.34 ± 0.69 s, 48.88 ± 7.29 IU/L, 454.15 ± 18.45
pg/mL, 0.013 ± 0.001 EU/mL, 59.85 ± 14.45 pg/mL
and 46.21 ± 6.18 pg/mL at 24 h, and 9.69 ± 1.10
s, 51.77 ± 9.56 IU/L, 465.76 ± 46.84 pg/mL, 0.013
± 0.001 EU/mL, 59.84 ± 6.94 pg/mL and 58.20 ±
15.04 pg/mL at 48 h, respectively. Plasma PT, serum
ALT, HMGB1, endotoxin, TNF-α and IFN-γ increased
significantly in the model group at 24 h and 48 h (24
h: 34.71 ± 2.79 s, 1206.13 ± 154.29 IU/L, 1115.02 ±
33.58 pg/mL, 0.049 ± 0.002 EU/mL, 257.84 ± 29.85
pg/mL and 172.17 ± 16.12 pg/mL, respectively, p <
0.01; 48 h: 42.76 ± 4.77 s, 2889.34 ± 305.46 IU/L,
1817.57 ± 121.50 pg/mL, 0.061 ± 0.002 EU/mL,
356.86 ± 14.34 pg/mL and 268.79 ± 8.34 pg/mL,
respectively, p < 0.01) compared to the control group,
however, the model group and the Ad-GFP group (Ad-

WJG|www.wjgnet.com

Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on liver histopathology and Ki67 expression

HE staining revealed neither the necrosis nor the
degeneration of hepatic lobule in the liver samples of
the control group (Figure 2). However, widespread
necrosis was detected in the model and Ad-GFP
groups, whereas histology of samples was significantly
ameliorated in rats of all of the recombinant adenovirus
(not including Ad-GFP) treatment groups, which displayed
an obvious diminish of inflammatory cell infiltration,
amelioration of liver cell swelling, and less pyrenolysis.
These changes were more obvious in the Ad-HGFHIL-6 group. The histopathological score comparison is
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Figure 1 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on the hepatic enzyme, prothrombin time, inflammatory cytokines, serum endotoxin
and high mobility group box-1 in a rat acute-on-chronic liver failure model compared to those of pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAGsv40-Hyper-IL-6-EGFP. A: Alanine transaminase (ALT); B: prothrombin time (PT); C: Tumour necrosis factor-α (TNF-α); D: Interferon-γ (IFN-γ); E: Endotoxin; F:
High mobility group box-1 (HMGB1). aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, eP < 0.05 vs Ad-HGF treated. The results are
expressed as the mean ± SD, n = 6. control: Normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-Hyper-IL-6EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP.

presented in Figure 2.
We stained the nuclear Ki67 of hepatocytes (Figure
3). As shown in Figure 3, the expression of Ki67 was
higher in the Ad-HGF group (24 h: 6.27%; 48 h:
5.29%), Ad-HIL-6 group (24 h: 5.94%; 48 h: 4.90%)
and Ad-HGF-HIL-6 group (24 h: 11.95%; 48 h:
9.10%) compared to the Ad-GFP group (24 h: 0.17%
; 48 h: 0.11%; p < 0.01) at 24 h and 48 h, and the
expression of Ki67 was more predominant in the AdHGF-HIL-6 group at both two time points (p < 0.05).

WJG|www.wjgnet.com

However, the expression of Ki67 in the model group (24
h: 0.13%; 48 h: 0.09%) had no statistical significance
compared to the Ad-GFP group at the two time points (p
> 0.05).

Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on hepatic apoptosis

As shown in Figure 4, TUNEL assay displayed that
apoptotic cells had irregular and condensed nuclei, and
the nuclei was brown-stained. Apoptosis could scarcely
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Figure 2 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on liver histology (HE staining, original magnification × 100) compared to those of
pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAG-sv40-Hyper-IL-6-EGFP and comparison of histopathological scores for all types of treated liver. Arrow
indicates an apoptotic or necrotic cell. aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, and eP < 0.05 vs Ad-HGF treated. The results
are expressed as the mean ± SEM, n = 8. control: normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-HyperIL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP; A: Control at 24 h; B: Model at 24 h; C:
Ad-GFP at 24 h; D: Ad-HIL-6 at 24 h; E: Ad-HGF at 24 h; F: Ad-HGF-HIL-6 at 24 h; G: Control at 48 h; H: Model at 48 h; I: Ad-GFP at 48 h; J: Ad-HIL-6 at 48 h; K: AdHGF at 48 h; L: Ad-HGF-HIL-6 at 48 h.
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Figure 3 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on Ki67 proliferation index (immunohistochemistry, original magnification × 200)
compared to those of pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAG-sv40-Hyper-IL-6-EGFP and quantification for Ki67+ hepatocytes versus total
counted cells for all types of treated liver. aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, eP < 0.05 vs Ad-HGF treated. The results
are expressed as the mean ± SEM, n = 8. Arrow is a Ki67+ cell. control: normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC3153FLAG-sv40-Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; and Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP; A: Control at 24
h; B: Model at 24 h; C: Ad-GFP at 24 h; D: Ad-HIL-6 at 24 h; E: Ad-HGF at 24 h; F: Ad-HGF-HIL-6 at 24 h; G: Control at 48 h; H: Model at 48 h; I: Ad-GFP at 48 h; J:
Ad-HIL-6 at 48 h; K: Ad-HGF at 48 h; L:Ad-HGF-HIL-6 at 48 h.
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Figure 4 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on apoptotic index by TUNEL assays (Images are represented at × 400 magnification)
compared to those of pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAG-sv40-Hyper-IL-6-EGFP and comparison of the apoptosis rates (%) for all types of
treated liver. Arrow indicates an apoptotic cell. aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, and eP < 0.05 vs Ad-HGF treated. The
results are expressed as the mean ± SEM, n = 8. Control: normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP; A: Control at 24 h; B: Model at 24
h; C: Ad-GFP at 24 h; D: Ad-HIL-6 at 24 h; E: Ad-HGF at 24 h; F: Ad-HGF-HIL-6 at 24 h; G: Control at 48 h; H: Model at 48 h; I: Ad-GFP at 48 h; J: Ad-HIL-6 at 48 h; K:
Ad-HGF at 48 h; L:Ad-HGF-HIL-6 at 48 h.
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A Control

decreased the levels of Bax and caspase-3 proteins
compared to Ad-GFP (p < 0.05), and the effect of
Ad-HGF-HIL-6 treatment was more obvious (p <
0.05). The levels of Bax protein in the Ad-HGF group
were lower than those of the Ad-GFP group (1.12 ±
0.27, p < 0.01) but significantly higher than those of
the Ad-HGF-HIL-6 group (p < 0.05). However, AdHGF treatment failed to decrease the expression of
caspase-3 protein levels (0.59 ± 0.22) compared to
Ad-GFP (p > 0.05). Bcl-2 protein of the model group
(0.24 ± 0.03) was remarkably lower than that of the
control group (1.85 ± 0.40, p < 0.01). The Ad-HIL-6
(0.54 ± 0.19), Ad-HGF (0.81 ± 0.20) and Ad-HIL-6HGF (0.93 ± 0.41) treatments dramatically enhanced
Bcl-2 protein expression compared to Ad-GFP (p <
0.01), and the effect of Ad-HGF-HIL-6 was more
obvious (p < 0.05). The trends of Bcl-2/Bax (protein
levels; ratio) in each group were consistent with those
of Bcl-2. In addition, Bcl-2 protein and Bcl-2/Bax
displayed no statistical discrepancy between the model
and Ad-GFP groups (p > 0.05).

Model Ad-GFP Ad-HIL-6 Ad-HGF Ad-HGF-HIL-6
Bcl-2

Bax

GAPDH

B

Control

Model Ad-GFP Ad-HIL-6 Ad-HGF Ad-HGF-HIL-6
Caspase-3
GAPDH

C

Control

Model Ad-GFP Ad-HIL-6 Ad-HGF Ad-HGF-HIL-6
HMGB1
GAPDH

Hyper-IL-6 and HGF gene expression

As shown in Figure 7, real-time quantitative PCR
revealed that the expression of HIL-6 or HGF mRNA
in the liver samples in the Ad-HIL-6 or Ad-HGF group
had no significant difference compared to the Ad-HGFHIL-6 group (HIL-6: 4.27 ± 3.69 vs 4.92 ± 1.34, HGF:
1.68 ± 5.13 vs 2.56 ± 7.79; p > 0.05) and had a very
small intersection of false-positive expression in the
control (HIL-6: 1.02 ± 0.27, HGF: 1.01 ± 0.21; p <
0.01), model (HIL-6: 0.64 ± 0.28, HGF: 0.57 ± 0.04;
p < 0.01), Ad-GFP (HIL-6: 1.08 ± 0.15, HGF: 0.64 ±
0.16; p < 0.01), HIL-6 (HGF: 0.63 ± 0.25; p < 0.01)
and HGF (HIL-6: 0.49 ± 0.01; p < 0.01) groups.

Figure 5 Western blot assays showing the protein expression of Bcl-2,
Bax, Caspase-3 and HMGB1 for all types of treated liver. n = 6. A: Bcl-2,
Bax; B: Caspase-3; C: HMGB1. control: normal liver; Model: ACLF liver; AdGFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-Hyper-IL6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC3153FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP. ACLF: Acute-on-chronic liver failure.

ever be detected in the liver tissue slices of the control
group, while apoptosis increased in the model and AdGFP groups. Recombinant adenovirus (except Ad-GFP)
administration dramatically reduced apoptotic rates
compared to Ad-GFP.
The percentage of apoptotic hepatocytes significantly
increased in the model group (24 h: 16.8%; 48 h:
20.87%) compared to the control group (24 h: 0.14%,
48 h: 0.18%; p < 0.01). In contrast, the apoptotic
index markedly decreased (p < 0.01) in the Ad-HGFHIL-6 (24 h: 2.18%; 48 h: 3.46%), Ad-HIL-6 (24 h:
6.88%; 48 h: 7.98%) and Ad-HGF (24 h: 7.60%;
48 h: 8.35%) groups compared to the Ad-GFP group
(24 h: 15.97%, 48 h: 21.13%; p < 0.01). The lowest
apoptotic rates were observed in the Ad-HGF-HIL-6
group (p < 0.05). At the detected time points, there
were no statistically significances (p > 0.05) in the
apoptotic index between the model and Ad-GFP
groups.
As shown in Figure 5A and B and Figure 6A-D,
Bax and caspase-3 proteins in the model group (1.23
± 0.23; 0.67 ± 0.19) were dramatically enhanced
compared to the control group (0.97 ± 0.20, 0.15 ±
0.14; p < 0.01), however, there was no statistically
significance between the model group and Ad-GFP
group (1.21 ± 0.20; 0.68 ± 0.31, p > 0.05). The AdHIL-6 (1.18 ± 0.21; 0.40 ± 0.21) and Ad-HGF-HIL-6
(1.01 ± 0.12; 0.25 ± 0.14) treatments evidently
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Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on HMGB1 protein expression

As shown in Figure 5C and Figure 6E, the Western blot
assay exhibited that the HMGB1 protein expression in
liver samples was dramatically enhanced in the model
group (1.12 ± 0.00) compared to the control group
(0.41 ± 0.01, p < 0.01); however, it was remarkably
reduced in the Ad-HGF (1.02 ± 0.02), Ad-HIL-6 (0.80
± 0.01) and Ad-HGF-HIL-6 (0.59 ± 0.02) groups
compared to the Ad-GFP group (p < 0.01), and the
change was more considerable in the Ad-HGF-HIL-6
group (p < 0.01). Meanwhile, the HMGB1 protein
expression had no statistical significance between the
model and Ad-GFP groups (1.12 ± 0.06, p > 0.05).

DISCUSSION
Various strategies have been attempted in vivo to
[17-21]
search for effective ways to treat ACLF
. In our
study, an ACLF rat model was used to perform a
comparative study on the efficacy of Ad-HGF, Ad-HIL-6
or Ad-HGF-HIL-6 in ACLF. We demonstrated that AdHGF-HIL-6 significantly improved pathological damage
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Figure 6 Protein levels of Bcl-2, Bax, Caspase-3 and HMGB1 detected by Western blot, revealing the relative protein expression of Bcl-2, Bax, Caspase-3
and HMGB1, and the ratio of Bcl-2/Bax of all treated livers. A: Bcl-2 protein; B: Bax protein; C: the ratio of Bcl-2/Bax; D: Caspase-3 protein; E: HMGB1 protein. A,
B, D, E: The Y axis represents the relative protein expression of Bcl-2, Bax Caspase-3 and HMGB1 compared to that of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) for all types of treated liver; C: The Y axis represents the ratio of the relative protein expression of Bcl-2/Bax for all types of treated liver. aP < 0.05 vs AdHIL-6 treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HGF treated, dP < 0.01 vs Ad-GFP treated. The results are expressed as the mean ± SD, n = 6. Control: normal
liver; Model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; AdHGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP.

compared to Ad-HGF and Ad-HIL-6 in ACLF rats.
Meanwhile, greater effects in correcting coagulation
and liver function were observed in ACLF rats with AdHGF-HIL-6 treatment. Ki67 is an important index for
evaluating the regeneration of hepatocytes. At the
24 h and 48 h detection points of our study, Ad-HGFHIL-6 treatment significantly enhanced the frequency
+
of Ki67 hepatocytes compared to Ad-HGF or AdHIL-6, indicating a better ability to promote hepatocyte
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regeneration.
The apoptosis of hepatocytes plays a significant part
[22,23]
in the development of multifarious liver diseases
.
By reducing the hepatocyte injury that proceeds apopto
sis, HGF may prevent or diminish the initiation of the
[24]
apoptotic cascade . In our study, we also detected
that Ad-HGF-HIL-6 remarkably enhanced Bcl-2 (antiapoptotic) protein expression and apparently reduced
Bax (pro-apoptotic) protein expression in hepatocytes of
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Figure 7 Expression of mRNA levels of hyper-IL-6 or HGF as detected by representative reverse transcription-polymerase chain reaction. A: Hyper-IL-6
mRNA; B: HGF mRNA. The Y axis represents the relative mRNA expression of Hyper-IL-6 or HGF compared to that of the house-keeping gene β-actin for all types of
treated liver. bP < 0.01 vs Ad-GFP treated, cP < 0.01 vs Ad-HIL-6 treated, dP < 0.01 vs Ad-HGF treated, eP > 0.05 vs Ad-HGF treated and fP > 0.05 vs Ad-HIL-6 treated.
The results are expressed as the mean ± SD, n = 6. Control: normal liver; Model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; and Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP.

ACLF rats compared to Ad-HGF or Ad-HIL-6. Although
both Ad-HGF-HIL-6 and Ad-HIL-6 could conspicuously
decrease the activities of caspase-3, the former
had a more significant effect. In addition, apoptotic
characteristics were viewed by the TUNEL assay of
liver tissues. These results displayed that Ad-HGFHIL-6 could protect the liver of rats against ACLF more
effectively by reducing apoptosis.
HMGB1 positively reacts upon various inflammatory
[20,25-27]
diseases
. A protective effect against ACLF is
detected by blockading HMGB1 at 24 h since the ACLF
[21]
model was established . A previous study proved that
the high level of HMGB1 plays a considerable part in
[28]
the pathogenic mechanism of liver failure . Our study
found that Ad-HGF-HIL-6 could significantly decrease
the serum and tissue HMGB1 concentrations in ACLF
compared to Ad-HGF or Ad-HIL-6, suggesting reduced
inflammatory response and necrotic hepatocytes.
These results further indicate that the mechanism of
Ad-HGF-HIL-6 in protecting against ACLF is likely to be
related to HMGB1 signalling, which is worthy of future
research.
In the progress of ACLF, systemic inflammatory
[29]
response is tightly related to its prognosis . Anti-TNF
treatment protects against experimental hepatic damage
[30]
due to bacteria endotoxin , demonstrating that TNF-α
plays a pivotal part in the development of liver failure.
In the current research, serum TNF-α in the AdHGF, Ad-HIL-6 and Ad-HGF-HIL-6 groups significantly
decreased compared with the Ad-GFP group; however,
there was no statistical discrepancy between the AdHGF-HIL-6 and Ad-HGF treatments at 24 h and 48
h, but these levels were lower than those of the AdHIL-6 treatment. TNF-α can mediate apoptosis by
interacting with TNF-R1, giving rise to the activation
[21]
of caspase cascades , as confirmed by the similar
alteration trend between TNF-α and the apoptotic
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indicator caspase-3 in this experiment. Similarly, AdHGF-HIL-6 inhibited the release of IFN-γ and endotoxin
more effectively than did Ad-HGF or Ad-HIL-6, also
suggesting the alleviation of the liver inflammatory
response.
Our study confirmed the functional synergistic
effect of HIL-6 and HGF by combining them into an
adenovirus vector. Real-time PCR results suggest
that the constructions of recombinant adenovirus
were successful, as the expression of the two genes
in the liver tissues of ACLF rats was excellent and
did not produce mutual interference. Moreover, the
enhancement of treatment did not increase immuno
genicity or toxicity.
In summary, our results suggest that Ad-HGF-HIL-6
may confer a more powerful protective effect against
ACLF than do Ad-HGF or Ad-HIL-6 in rats and can
restrain the release of various inflammatory cytokines,
reduce the apoptosis of hepatocytes, and protect
rats against experimental ACLF even 48 h since ACLF
model was established, although the precise molecular
events and cell signalling pathways warrant further
studies. Our findings indicate that Ad-HGF-HIL-6 is
likely to be a feasible and neoteric protective agent for
severe liver injury.

COMMENTS
COMMENTS
Background

Acute-on-chronic liver failure (ACLF) is a life-threatening medical emergency,
which is usually associated with a precipitating event and results in high
mortality. Therefore, it is urgent to develop new therapeutic reagents for ACLF.
Gene therapy by delivering a target gene to the patients via viral and non-viral
vectors appears to be a promising approach for the treatment of ACLF. Previous
studies have shown that hyper-interleukin-6 (HIL-6), comprising interleukin-6
(IL-6) and the soluble IL-6 receptor, can reduce the necrosis of remnant liver
cells during the process of liver failure, and hepatocyte growth factor (HGF) can
stimulate the DNA synthesis of hepatocytes, suggesting a possible protective
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effect of these two factors on liver injury.

Research frontiers

2

IL-6 is the crucial transcriptional factor during the process of early-stage hepatic
regeneration response. Hyper-IL-6 is an artificial fusion cytokine comprising
IL-6 linked by an artificial linker with a soluble variant of gp80 (sIL-6R). HIL-6
is a stable protein displaying biological activity in vitro or in vivo 10-1000-fold
higher than that of IL-6/sIL-6R soluble complex. HGF initiates liver regeneration
after liver excision or chemical injuries. The coadministration of IL-6 and HGF
most effectively increased both the wet weight of the unoccluded lobes and
the hepatocellular DNA synthesis of the animals that underwent PBL of the left
lateral and median branches, suggesting a possible synergistic effect of these
two factors. In the current study, the authors evaluated the protective efficacy of
recombinant adenovirus containing HIL-6 and HGF (Ad-HGF-HIL-6) compared
to that of recombinant adenovirus HIL-6 (Ad-HIL-6) or HGF (Ad-HGF) in an
ACLF rat model.

3

4
5

6

Innovations and breakthroughs

ACLF is a condition with acute liver function decompensation secondary to
chronic liver diseases. Infectious etiologies constitute the majority of acute
insults in the East. In this study, the authors established a rat model of ACLF
by immune system-induced liver cirrhosis induced with HSA, and later with
D-galactosamine and lipopolysaccharide. Since this practical animal model
can well simulate the pathophysiological processes of ACLF, the experimental
results of treatment with Ad-HGF-HIL-6 are more persuasive. On the other
hand, they sought to deliver two genes by a recombinant adenovirus vector
into rats simultaneously but avoiding significant side effects. These findings
demonstrated that the protective efficacy of Ad-HGF-HIL-6 is more potent than
that of Ad-HGF or Ad-HIL-6 in ACLF rats, with no significant side effects.

7

8

Applications

These findings indicate that Ad-HGF-HIL-6 is likely to be a potential and novel
protective agent for severe liver inflammatory injury.

9

Terminology

ACLF refers to an acute deterioration of known or unknown chronic liver
disease. It is primarily caused by bleeding and infections, which could result
in a series of pathophysiological process, including systemic hemodynamic
changes, systemic inflammatory response syndrome, hepatorenal syndrome,
and hepatic encephalopathy. IL-6 is a pleiotropic cytokine mediating acutephase responses, cell regeneration, and transition from innate to acquired
immunity. In the classical pathway, IL-6 binds to a membrane bound IL-6R and
the complex associates with gp130, for intracellular signalling. Interactions of
the IL-6/sIL-6R complex with gp130 provides IL-6 sensitivity to many cell types
that do not express IL-6R, thereby expanding biological effects. HIL-6 is a
chimera of recombinant human IL-6 bound to IL-6Rα by a short peptide chain.
Compared to IL-6/IL-6Rα, HIL-6 has a 10-1000-fold higher receptor binding
affinity while the half-life is similar to IL-6. HIL-6 has enhanced and longer
activation of mitogen-activated protein kinase pathways. HGF initiates liver
regeneration after liver excision or chemical injuries. The coadministration of
IL-6 and HGF most effectively increased both the wet weight of the unoccluded
lobes and the hepatocellular DNA synthesis of the animals that underwent
portal branch ligation of the left lateral and median branches, suggesting
a possible synergistic effect of these two factors. In the current study, we
evaluated the therapeutic efficacy of recombinant adenovirus containing HIL-6
and HGF compared to that of recombinant adenovirus HIL-6 or HGF in an
ACLF rat model.
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Peer-review

15

This is a very well designed research and the literature relating to the principle
for using this recombinant adenovirus in the ACLF model in rats to explicate its
potential effects has been exhaustively explored. The study is well presented
in terms of its aims and purposes. There are confident data to indicate that AdHGF-HIL-6 may be explored as a potential therapeutic agent for severe liver
inflammatory injury.
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