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Abstract

AIM: To investigate whether a virus constitutively
expressing active Akt is useful to prevent cirrhosis in-
duced by carbon tetrachloride (CCls).

METHODS: Using cre-loxp technique, we created an
Ad-myr-HA-Akt virus, in which Akt is labeled by a HA
tag and its expression is driven by myr promoter. Fur-
ther, through measuring enzyme levels and histological
structure, we determined the efficacy of this Ad-myr-
HA-Akt virus in inhibiting the development of cirrhosis
induced by CCls in rats. Lastly, using western blotting,
we examined the expression levels and/or phosphory-
lation status of Akt, apoptotic mediators, endothelial
nitric oxide synthase (eNOS), and markers for hepatic
stellate cells activation to understand the underlying
mechanisms of protective role of this virus.

RESULTS: The Ad-myr-HA-Akt virus was confirmed us-
ing polymerase chain reaction amplification of inserted
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Akt gene and sequencing for full length of inserted
fragment, which was consistent with the sequence
reported in the GenBank. The concentrations of Ad-
myr-HA-Akt and adenoviral enhanced green fluorescent
protein (Ad-EGFP) virus used in the current study were
5.5 x 10" vp/mL. The portal vein diameter, peak ve-
locity of blood flow, portal blood flow and congestion
index were significantly increased in untreated, saline
and Ad-EGFP cirrhosis groups when compared to nor-
mal control after the virus was introduced to animal
through tail veil injection. In contrast, these parameters
in the Akt cirrhosis group were comparable to normal
control group. Compared to the normal control, the liv-
er function (Alanine aminotransferase, Aspartate ami-
notransferase and Albumin) was significantly impaired
in the untreated, saline and Ad-EGFP cirrhosis groups.
The Akt cirrhosis group showed significant improve-
ment of liver function when compared to the untreated,
saline and Ad-EGFP cirrhosis groups. The Hyp level
and portal vein pressure in Akt cirrhosis groups were
also significantly lower than other cirrhosis groups. The
results of HE and Van Gieson staining indicated that
Akt group has better preservation of histological struc-
ture and less fibrosis than other cirrhosis groups. The
percentage of apoptotic cell was greatly less in Akt cir-
rhosis group than in other cirrhosis groups. Akt group
showed positive HA tag and an increased level of phos-
phorylated Akt as well as decreased levels of Fas. In
contrast, Caspase-3 and Caspase-9 levels in Akt group
were significantly lower than other cirrhosis groups.
Noticeable decrease of DR5 and o-SMA and increase of
phosphorylated eNOS were observed in the Akt group
when compared to other cirrhosis groups. The NO level
in liver was significantly higher in Akt group than other
cirrhosis groups, which was consistent with the level of
phosphorylated eNOS in these groups.

CONCLUSION: This study suggest that Ad-myr-HA-Akt

virus is a useful tool to prevent CCls-induced cirrhosis in
rat model and Akt pathway may be a therapeutic target
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for human cirrhosis.

© 2013 Baishideng Publishing Group co., Limited. All rights
reserved.
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Core tip: In the present study, we have demonstrated
for the first time that Ad-myr-HA-Akt virus was a useful
tool to prevent carbon tetrachloride-induced cirrhosis in
rat model. Our data obtained at different levels, from
function to histological changes, apoptosis rate of he-
patocytes, activation of hepatic stellate cells, deposition
of collagen, portal vein pressure and NO level, which
were all consistently and collectively supported the hy-
pothesis that introduction of Ad-myr-HA-Akt virus inhib-
its the development of cirrhosis.
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INTRODUCTION

It has been found that massive apoptosis of hepatocytes
resulted in activation of hepatic stellate cells (HSC),
which produce collagen and ultimately lead to the fibrosis
and cirrhosis" 7, Accordingly, inhibiting hepatic apoptosis
is considered as an important strategy to prevent cirrho-
sis"". Previous research showed that Akt plays a crucial
role in preventing Fas signaling-mediated hepatic apop-
tosis, and that over-expression of Akt was capable of
preventing hepatic apoptosism’lzj. Therefore, we intended
to establish a recombinant vector carrying 447 gene to
inhibit cirrhosis in a rat model.

Adenovirus can effectively express genes of interest.
Accordingly it has been widely used as vector for gene
therapymls]. Recently, Cre-loxp system has been used to
create replication-defective virus and successfully used in
creating therapeutic virus with recombinant genelw‘zz]. In
the present study, using cre-loxp technique, we created an
Ad-myr-HA-Akt virus, in which Akt is labeled by a Hem-
agglutinin (HA) tag and its expression is driven by myr
promoter. We further determined that this Ad-myr-HA-
Akt virus was capable of inhibiting the development of
cirrhosis induced by carbon tetrachloride (CCl4). Lastly,
we examined the expression level and/or phosphoryla-
tion status of Akt, apoptotic mediators, endothelial nitric
oxide synthase (eNOS), and markers for HSC activation.
Our results indicated that introduction of Ad-myr-HA-
Akt virus was able to prevent hepatocyte apoptosis and
subsequent cirrhosis in a rat CCls-induced cirrhosis model.
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MATERIALS AND METHODS

Preparation of recombinant adenoviral vector carrying
Akt

According to the method that has been publishedm], a
replication-defective adenovirus vector was constructed
in HEK293 cell with co-transfection of pCD316 plas-
mid, pPBHGIloxAE1 and 3Cre (Invitrogen, United States).
The details have been previously published. The vector
of interest was selected with polymerase chain reac-
tion (PCR) amplification of inserted 447 gene using the
following primer pair as show: F: 5-GGGAATTCAT-
GGGATGCGTGTGTAGC-3’; R: 5>-GGGGATCCT-
CAGGCCGTGCCGCTGGCCGAGTA-3. The PCR
thermal condition consisted of 94 “C 5 min, 30 cycles
of 94 °C 305,58 C 30 s, 72 C 1 min, and a final exten-
sion at 72 ‘C 5 min. The amplified gene was further con-
firmed with DNA sequencing (Sunbiotech Co., Ltd, ABi
3730, Beijing). adenoviral enhanced green fluorescent
protein (Ad-EGFP) was putrchased from Stratagene (CA,
United States) and used as a control vector for tracking
the distribution of virus after introduced to animal. The
concentration of recombinant adenovirus was measured
with tissue culture infective dose method as previously
reported”,

Plasmids were amplified in DH5a competent cells
and purified using a commercial kit (Qiagen). Viruses
were prepared in HEK293 cells (Qiagen, GmbH, Hilden,
German), which contain the necessary gene for the virus
package. Specifically, one day prior to the transfection,
HEK?293 cells were seeded at a concentration of 10 X
10° in 10 mL complete dulbecco’s modified eagle medi-
um and cultured overnight. Upon transfection, 1 mg/mL
plasmid stock was taken and adjusted into a volume of
1600 plL, 150 pl. calcium phosphate was added to the
same tube, mixed well and incubated at room tempera-
ture for 20 min. The resultant mixture was slowly added
into HEK293 cell culture. The dish was gently moved
and swirled to allow the even distribution of virus in cul-
ture. Cells were further cultured for 16 h. The superna-
tant was discarded and replaced with fresh medium. After
a 2-d culture, cells were examined under a fluorescence
microscope (E80i, Nikon, Japan) for the green fluores-
cent protein (GFP") cells. Cells were harvested and lysed
using freezing (-70 C) and thawing (37 C) twice. The
resultant mixture was centrifuged at 10000 g for 10 min.
The supernatant with virus was collected and stored at
-70 C for future infection of target cells.

Rat cirrhosis model and experiment groups

Fifty male rats (weight 220 * 20 g) were purchased from
Animal Center of Hunan Agticulture University (Hunan,
China). Rats were housed under 25 C = 2 °C and a 12-h
light/dark cycle in microisolater cages. Ten rats were
randomly selected and used for the normal control. The
remaining 40 rats were subjected to the induction of cir-
rhosis using CCls as previously reported[zs]. These rats
were further randomly divided into 4 groups (z = 10 per
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group). One group did not receive additional treatment,
the other three groups received saline, Ad-EGFP, Ad-
myr-HA-Akt (3.0 X 10" vp in 1 mL saline), respectively,
via tail vein injection at 2 wk after cirrhosis induction.
The treatment was repeated at 6 wk. Accordingly, the
experiment groups of rats were defined as follows: not-
mal control, untreated cirrhosis, saline cirrhosis, EGFP
cirthosis and Akt cirrhosis. All surgical procedures were
completed in accordance with the guidelines on the care
and use of laboratory animals for research purposes by
the Central South University Xiangya Medical School’s
Animal Care and Use Committee. Mice were anesthetized
with chloral hydrate (72) for all surgical procedures.

Hemodynamic and ultrasound parameters

Three days after treatment, five rats from each experi-
mental groups (normal control group, untreated cirrho-
sis, saline cirrhosis, Ad-EGFP and Akt cirrhosis) were
restricted from food with free access to water for 12 h.
Rats were anesthetized by 7 infusion of 2.5% chloral
hydrate (50 gtt/min). Then, diameter (D) and peak veloc-
ity of blood flow (V) in portal was measured using ultra-
sound system (SIMENS Co., Ltd, Acuson Seguoia 512,
Germany). The blood flow (QQ) and congestion index
(CI) was calculated using the following formulas: Q =
0.5772D2/4V X 60, and CI = nD2/4V, respectively. Using
a blood pressure device (RBP-1B, Sino-Japan friendship
clinical medicine institute), the tail mean arterial pressure
was recorded.

Analysis of liver function and histological changes

Eight weeks after cirrhosis induction, 1 mL of blood
from each rat was collected from portal vein and sub-
jected to analysis for alanine aminotransferase (ALT);
aspartate aminotransferase (AST) and albumin (ALB)
levels using a automatic biochemical analyzer (Spotchem
SP4430, Arkray, Kyoto, Japan). Using aseptic techniques,
laparotomy was performed, the portal vein was exposed,
and portal vein pressure was measured with catheteriza-
tion. Then rats were sacrificed and the right lobe of the
liver was removed and stored in liquid nitrogen for future
analysis. Liver tissue sections were subjected to HE stain-
ing for cellular and tissue structure as well as Van Gieson
(VG) staining for collagen deposition. Hepatic hydroxy-
proline (Hyp), which is the main constituent of collagen
protein, was used to estimate the degree of hepatic fibro-
sis, was measured with a commercial kit following manu-
facture’s protocol (Jiancheng Biological product institute,
Nanjing, China). The stained sections were examined
and photographed under a microscope equipped with a
digital photograph acquiring system (E80i, Nikon, Japan).
Hyp and liver function matkers were measured with an
automatic machine (Beckman 1.X20, United States).

Flow cytometry analysis

Apoptosis of hepatic cells was detected using Annexin-
V-fluorescein isothiocyanate (FITC)/Propidium iodide
(PI) double staining and flow cytometry analysis. The
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cells were harvested and resuspended in Annexin-V bind-
ing buffer and further incubated with 5 pl. of Annexin
V-FITC and 10 pL of PI for 10 min at room temperature
in the dark, followed by cytometric analysis (EPICS XL,
Beckman Coulter, United States) within 30 min of stain-
ing, All experiments were performed in triplicate.

Western blotting

Using a protein extraction kit (Biovision, CA, United
States), whole-cell extracts were prepared from frozen
liver tissue. Protein concentration of the extracts was
determined by the Bradford method with a kit purchased
from Biovision (United States). Forty micrograms of pro-
tein were separated on 10% sodium dodecyl sulfate-poly-
acrylamide gels and were electronically transferred onto a
polyvinylidene difluoride membrane (Roche Diagnostics,
Mannheim, Germany). The membrane was blocked in a
standard western blotting procedure. Briefly, the mem-
brane was blocked with 7.5% milk in tris-buffered-saline
with tween (ITBST) buffer [20 mmol/L Tris-HCI (pH 7.6),
137 mmol/L NaCl, 0.05% Tween 20], then probed with a
primary antibody [anti-Akt, anti-phospho-Akt-Ser-473 (p-
Akt) Akt, p-Akt, Fas, DR5 and HA, purchased from Cell
Signaling Technology (Beverly, MA, United States). After
washing with TBST buffer, the membrane was further
incubated with HRP-conjugated goat anti-rabbit second-
ary antibody (1:20000, KPL, United States). The protein
bands were visualized using an enhanced chemilumines-
cence detection system, LumiGLO (KPL, United States).
B-actin (NeoMarkers, Fremont, CA, United States) was
used as a loading control and normalization reference for
quantification.

Measurement of NO

Nitric acid reductase method was used to measure he-
patic NO using a commercial kit (CST, United States),
following the manufacture manual. Briefly, 1 g of rat liver
tissue stored in the liquid nitrogen was thawed and ho-
mogenized at 4 C in the saline at a concentration of 100
g/L. Following centrifuge (1000 r/min for 5 min), the su-
pernatant was used for the nitric acid reductase reaction
to measure product of NO2z and NOs, which indirectly
represent the level of NO.

Examination of transplanted GFP" cells

GFP+ cells in the host were examined at 8 wk after in-
duction of cirrhosis. Mice was euthanized and infused
with normal saline until the liver became pale. The liver,
spleen, heart, lung, brain and kidney were collected,
cryostat sectioned at a thickness of 2 pm, and examined
for GFP" cells under a fluorescence microscope (E80i,
Nikon, Japan). A fraction of the tissues from the above
organs were also formalin-fixed, paraffin-embedded, con-
tinuously sectioned for H and E (hematoxylin and eosin)
staining and histological analysis.

Statistical analysis
The SPSS program (version 12.0, SPSS Inc., United
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Table 1 Portal vein diameter, peak velocity of blood flow,
congestion index and blood flow in each experimental group
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Table 3 Portal vein pressure, mean arterial pressure and heart

rate in each experiment group at the end of the treatment

Group n D (mm) V (cm/s) Cl Q (mL/min) Group n PVP (mmHg) MAP (mmHg) HR
Normal 5113+024 12.67+0.64 0.0010+0.0003 4.56 +1.86 Normal 5 8.96 £ 1.46 83.5+9.8 323+73
Cirrhosis 20 Cirrhosis 20

Untreated 5 1.81+0.19° 10.13 +£0.68" 0.0021 + 0.0007*  9.69 + 258" Untreated 5 16.01 £1.32° 79.6 £14.2 339+ 89
Saline 51.83+0.29" 10.06+0.72" 0.0024 + 0.0008" 9.32+283" Saline 5 15.87 £ 1.40° 80.1+11.5 282 +101
EGFP 51.82+027° 998+0.77" 0.0020 +0.0006° 8.97 +245" EGFP 5 15.65+1.18° 829+129 31978
Akt 5 1.28 +0.32°°% 11.39 + 0.63°“% 0.0013 + 0.0004°°% 5.11 +2.30°*¢ Akt 5 9.23 +£1.51%°% 88.5+17.6 289 + 96

P < 0.05 (vs Normal control); ‘P < 0.05 (vs Untreated group); °P < 0.05 (vs
Saline group); ®P < 0.05 [vs enhanced green fluorescent protein (EGFP)
group]. No difference was detected among Untreated, Saline and EGFP
groups. D: Diameter; V: Peak velocity of blood flow; CI: Congestion index;
Q: Blood flow.

Table 2 Liver function parameter in each experiment group

in each experimental group

Group n ALT (U/L) AST (U/L) ALB (g/L) Hyp (ug/g)
Normal 5 235+6.3 1093 +6.1 331+26 1805+125
Cirrhosis 20

Untreated 5 277.6+25.8" 380.5+16.9" 22.7+35" 3752+17.3"
Saline 5290.7+229" 3689+238 247+37" 393.8+223"
EGFP 52859+273" 3744+267° 239+29" 3885+9.8"
Akt 5 126.4 +5.8%9%% 202.5 + 9.5 30.7 +4.8"°® 245.9 +15.6™"%

P < 0.05 (vs Normal control); ‘P < 0.05 (vs Untreated group); °P < 0.05 (vs
Saline group); ®P < 0.05 [vs enhanced green fluorescent protein (EGFP)
group]. No difference was detected among Untreated, Saline and EGFP
groups. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
ALB: Albumin; Hyp: Hepatic hydroxyproline.

States) was used for statistical analysis. Quantitative data
were expressed as mean = SD. Student 7 test and/or one-
way Analysis of variance was used for group comparisons.
The differences were considered significant when P < 0.05.

RESULTS

Preparation of Ad-myr-HA-Akt virus and transfer to rats
As detailed in the method, the Ad-myr-HA-Akt virus
was confirmed using PCR amplification of inserted Akt
gene and sequencing for full length of inserted fragment,
which was consistent with the sequence reported in the
GenBank. The concentrations of Ad-myr-HA-Akt and
Ad-EGFP virus used in the current study were 5.5 X
10" vp/mL. The virus was introduced to animal through
tail veil injection. According to the control vector with
expression of green fluorescent protein (GFP), the distri-
bution of virus was mainly in the liver (Figure 1).

Hemodynamic results of portal vein in different
experimental groups

Five rats from each group (normal control group, un-
treated cirrhosis, saline cirrhosis, Ad-EGFP, and Akt
cirrhosis groups) were subjected to measure portal vein
diameter (D) and peak velocity of blood flow (V) and
calculation of portal Q and CI (Figure 2). As shown in
the Table 1, these parameters were significantly increased
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P < 0. 05 (vs Normal control); “P < 0. 05 (vs Untreated group); °P < 0. 05
(vs Saline group); 8P < 0. 05 [vs enhanced green fluorescent protein (EGFP)
group]. No difference was detected among Untreated, Saline and EGFP
groups. PVP: Portal vein pressure; MAP: Mean arterial pressure; HR:
Heart rate.

in untreated, saline and Ad-EGFP cirrhosis groups when
compared to normal control. In contrast, these param-
eters in the Akt cirrhosis group were comparable to nor-
mal control group.

Ad-myr-HA-Akt virus was able to preserve liver function
and reduce portal hypertension

Eight weeks after cirrhosis induction, blood samples from
portal vein were collected and subjected to the measure-
ment of ALT, AST and ALB. As shown in the Table 2,
compared to the normal control, the liver function was
significantly impaired in the untreated, saline and Ad-
EGFP cirrhosis groups. However, the Akt cirrhosis group
showed significant improvement of liver function (lower
levels of the four parameters) when compared to the
untreated, saline and Ad-EGFP cirrhosis groups. Con-
sistently, the Hyp level (Table 2) and portal vein pressure
(Table 3) in Akt cirrhosis groups were also significantly
lower than other cirrhosis groups (untreated, saline and
Ad-EGFP). Of note, Mean arterial pressur and heart rate
did not showed significant differences among the groups.

Ad-myr-HA-Akt virus significantly reduced the liver
fibrosis

To determine whether the above observations were de-
rived from the histological changes of liver, we examined
cellular and tissue structure and collagen deposition using
HE and VG staining, respectively (Figure 3). Our results
indicated that Akt group has better preservation of his-
tological structure and less fibrosis than other cirrhosis
groups. Collectively, these data supported that Ad-myr-
HA-AKT virus was efficient in inhibiting the develop-
ment of cirrhosis induced by CCla.

Ad-myr-HA-Akt virus inhibited apoptosis of hepatocytes
To confirm the reduction of liver fibrosis was related to
the reduction of apoptosis of hepatocytes, we doubly
stained hepatocytes with PI and Annenin V to detect
the apoptosis rate in each experimental group. As shown
in Figure 4, the percentage of apoptotic cell was greatly
less in Akt cirrhosis group than in other cirrhosis groups
(2.5%-3.9% reduction). These results suggested that
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Spleen

Testis

Figure 1 Tissue distribution of transferred viruses in the host. Representative micrographs from each organ (as designated) are shown for the presence of green
fluorescent protein (GFP), which is a marker for the presence of the recombinant virus. GFP was primarily observed in the liver (top panel) and rarely present in other

organs.

Figure 2 Measurement of hemodynamic parameter of portal vein. Representative graphs for identifying portal vein and measurement of hemodynamic param-
eters using ultrasound.

amelioration of liver function and fibrosis in Akt may be
involved in the reduction of apoptosis of hepatocytes.

Ad-myr-HA-Akt virus inhibited apoptotic mediators

Next, to confirm the apoptosis, we measured the expres-
sion levels of apoptotic mediators using Western blot-
ting. As shown in Figure 5A. Akt group showed positive
HA tag and an increased level of phosphorylated Akt
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(p-Akt) as well as decreased levels of Fas. The levels of
p-Akt and Fas are comparable in Akt cirrhosis group and
normal control group. In contrast, Caspase-3 and Cas-
pase-9 levels in Akt group were significantly lower than
other cirrhosis groups (untreated, saline and Ad-EGFP
groups). These results suggested that introduction of
Ad-myr-HA-Akt virus resulted in the inhibition of Fas-
mediated apoptotic pathway, which presumably led to the
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Van gieson

Figure 3 Histological changes in rat
with cirrhosis induced by CCls. Livers
from rats in each experimental group
were collected 8 wk after CCls treatment,
sectioned, and subjected to HE and van
gieson staining for tissue structure and
collagen deposition. While cirrhosis groups
without treatment or received saline or ad-
enhanced green fluorescent protein treat-
ment show structure disruption and nodule
formation as well as remarkable deposition
of collagen, cirrhosis group with Akt virus
transfer show well preserved tissue struc-
ture and less collagen, both of which are
comparable to normal control (magnifica-
tion x 100).
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Figure 4 Flow cytometry analysis for hepatocyte apoptosis in each experimental group. Single hepatocytes from each experiment groups were prepared at 2
wk after CCls treatment, and subjected to double staining of Propidium iodide (P1) and Annenin V to detect the dead and apoptotic cell. Representative data from each
group are shown with designated name. Double positive cell with Pl and Annenin V were considered as apoptotic dead cells and its percentage is listed in the right up-
per quadrant of the plot.

. - 26-29]
Table 4 NO content in liver tissue face to mediate apoptosis™ . It has been showp that
FasL-Fas pathway is an important cascade leading to

Groups n NO (umol/g) hepatocyte apoptosis, which in turn activates HSC that
15 3

Niggzael 5 253+0. 61 produce collagen[ I Song et al™ showed that block of
Cirrhosis 20 Fas signaling pathway could inhibit the development
Untreated 5 1.20+0.77° of cirrhosis. Akt plays important roles in regulating cell
Saline 5 1.03 +0.87° . R IR . - 11,12
EGEP 5 e survival through inhibiting Fas-mediated apoptosis' .
Akt 5 238 £ 0.67°° I.n the current study, we utilized the c.onstit.ut.ive expres-
sion of active form of Akt to block cirrhosis induced by

*P < 0.05 (vs normal control); °P < 0.05 (vs Untreated group); °P < 0.05 (vs CCls. The efficacy of this virus was firstly confirmed at
Saline group); *P < 0.05 [vs enhanced green fluorescent protein (EGFP) the level of liver function. Furthermore, using multiple

group]. No difference was detected among Untreated, Saline and EGFP approaches, we examined whether the transfer of Akt iz

groups: this virus in liver could result in the molecular alterations
that favor the survival of hepatocyte and/or disfavor the
reduction of the apoptosis of hepatocytes. fibrosis. Our data indicated that Ad-myr-HA-Akt virus
was a useful tool to prevent CCls-induced cirrhosis in rat
Ad-myr-HA-Akt virus inhibited activation of hepatic model.
stellate cell and increased the levels of eNOS activity Encouragingly, the data obtained at different levels,
and NO production from function to histological changes, apoptosis rate of
To understand the mechanism undetlying the hepatocyte hepatocytes, activation of HSC, deposition of collagen,
apoptosis and fibrosis of liver, we further measured two portal vein pressure and NO level, which were all con-

markers (DR5 and a-SMA) for the activation of HSC sistently and collectively supported the hypothesis that
and the 1evels Of eNOS and itS phosphorylation status introduction Of Ad—myr—HA—Akt virus mhlblts the devel—

that is correlated to the NO production. Noticeable opment of cirrhosis. First, all measured parameters for
decrease of DR5 and a-SMA (Figure 5A) and increase liver function were consistent with reduced hepatocyte
of phosphorylated eNOS (Figure 5B) were observed apoptosis: the introduction of Akt virus led to increased
in the Akt group when compared to other cirrhosis expression of Akt and its phosphorylation, decreased
groups (untreated, saline and Ad-EGFP). As shown in expression of apoptotic mediators (Caspase-9 and Cas-
Table 4, the NO level in liver was significantly higher in pase-3) and ultimately preserved liver functions (enzyme
Akt group than other cirrhosis groups (untreated, saline levels). Second, the portal vein pressure was consistent

and Ad-EGFP), which was consistent with the level of with the histological structure as well as NO levels. The
phosphorylated eNOS in these group. Collectively, these introduction of Akt virus led to reduction of formation
results suggested that introduction of Ad-myr-HA-Akt of liver nodules, portal vein pressures and increased level
virus blocked the activation of HSC and maintained NO of NO, which is directly correlated with vasodilation.
level, which may subsequently reduced liver fibrosis and ~ Third, the level of specific marker (Hyp) for the liver fi-
blood vessel resistance following the damage from CCla. brosis was consistent with the amount of deposition of
collagen and the expression of a-SMA and DR5, mark-
ers for activated HSC.

DISCUSSION While the introduction of Ad-myr-HA-Akt virus led
Fas is one of the most important receptors on cell sur- to the rescue of phosphorylated Akt level as well as in-
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A Cirrhosis

Control
Untreated

Saline EGPF Akt
e S— DT

Fas

Caspase-3

Caspase-9

DR-5

< = -~ —_ :

a-SMA

HA

B-actin

L _ % ¥ 3 3

Cirrhosis
Control

Untreated Akt Saline EGPF

Figure 5 Western blotting analysis for apoptotic mediators and activa-
tion of hepatic stellate cells and endothelial nitric oxide synthase level. A:
Apoptotic mediators and activation of HSC; Liver tissue from each group of rats
were homogenized and subjected to measurement for the levels of Akt, phos-
phorylated Akt (p-Akt), Fas, Caspase-9 and Caspase-3, and HSC activation
markers, DR5 and a-SMA, as designated in the figure. B: eNOS level; Liver tis-
sues from each group of rats were homogenized and subjected to the measure-
ments for Akt, pAkt, eNOS and phosphorylated eNOS (p-eNOS). Blotting of HA
was used to confirm the expression of recombinant HA-Akt protein, and B-actin
was used for the loading control. Data are representative of 3 experiments.
HSC: Hepatic stellate cells; eNOS: Endothelial nitric oxide synthase.

hibition of apoptotic pathway in the liver of rat cirrhosis
model. However, several issues remain to be addressed
regarding the application of this virus for the treatment
for cirrhosis. First, the efficacy of this form of virus in
other type of cirrhosis, especially those chronically devel-
oped remains to be determined. In addition, regarding the
development of the cirrhosis, it was thought that HSC
activation plays a crucial role in producing collagen[lfs].
While we speculate that reduced HSC activation in Akt
group may be a subsequent outcome of reduced hepato-
cyte apoptosis, it is unknown whether the introduction of
Akt-virus has a direct effect on HSC activation. Further-
more, we observed that rats in the cirrhosis groups with-
out treatment or received saline or Ad-EGFP treatment
showed a noticeable reduction of phosphorylated Akt
level, suggesting that the damage of hepatocytes follow-
ing CCls treatment may also be involved in the disruption
of Akt signaling pathway. Lastly, one of the risks of the
constitutive activation of Akt is the increased susceptibil-
ity to tumorgenesis. We could not conduct a long-term
study to determine the time of virus clearance and evalu-
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ate the risk of tumor development. As future directions,
we will further determine the application of this virus in
other forms of cirrhosis and assess its side effects.
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COMMENTS

Background

Massive apoptosis of hepatocytes result in activation of hepatic stellate cells
(HSC), which produce collagen and ultimately lead to the fibrosis and cirrhosis.
Inhibiting hepatic apoptosis is considered as an important strategy to prevent
cirrhosis. Akt plays a crucial role in preventing Fas signaling-mediated hepatic
apoptosis, and that over-expression of Akt was capable of preventing hepatic
apoptosis.

Research frontiers

The progress in understanding mechanisms of cirrhosis brings the development
of effective therapies closer to reality. Points of therapeutic intervention may in-
clude: (1) removing the injurious stimuli; (2) suppressing hepatic inflammation;
(3) down-regulating stellate cell activation; and (4) promoting matrix degrada-
tion. The future prospects for effective treatment are more promising than ever
for the millions of patients with chronic liver disease worldwide.

Innovations and breakthroughs

To date, there have been a number of studies regarding the therapeutic impli-
cation of hepatic cirrhosis. However, the research about the strategy to block
apoptotic signaling pathway are limited. In this study, the authors created an
Ad-myr-HA-Akt virus and determined the efficacy of this virus in inhibiting the
development of cirrhosis induced by CCls in rats. The authors confirmed that
that introduction of Ad-myr-HA-Akt virus was not only able to ameliorate the
liver cirrhosis but also to reduce the portal vein pressure.

Applications

These results could be the basis for further studies to understand the patho-
genesis of hepatic cirrhosis. The conclusion suggest that Akt pathway may be a
therapeutic target for human cirrhosis.

Terminology

HSC, also known as perisinusoidal cells or lto cells are pericytes found in the
perisinusoidal space of the liver. Substantial evidence now exists to recognize
HSCs as the main matrix-producing cells in the process of liver cirrhosis. Liver
injury of any etiology will ultimately lead to activation of HSCs, which undergo
transdifferentiation to fibrogenic myofibroblast-like cells.

Peer review

Authors demonstrated that Akt improved liver histology and function and re-
duced portal venous pressure, liver apoptosis and collagen levels is useful for
accurate understanding the progress of hepatic cirrhosis and also give a fea-
sible target for the therapy of cirrhosis.
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