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ABSTRACT

Background/Aims: Liver resection represents the treatment of choice for hepatocellular carcinoma (HCC) arising in
well-compensated cirrhosis. Gene expression of the multifunctional cytokine, Oncostatin M (OSM), stimulates liver
regeneration and adenoviral vector expressing OSM (AdOSM) allows a persistent expression of the gene. The aim of
this study is to evaluate the benefits of the preoperative injection of AdOSM to the remnant lobes to regenerate the liver.
Methods: A 70% partial hepatectomy was performed in dimethylnitrosamine-administrated cirrhotic rats with a preop-
erative injection of AdOSM, adenoviral vector carrying #-galactosidase (AdLacZ), or phosphate-buffered saline (PBS).
The morphologic, histologic, and biochemical changes in the remnant liver and survival rates were then assessed. Re-
sults: Portal injection with clamping the portal branches of the resected lobes for 5 min made it possible to effectively
transduce the adenoviral vector into the remnant lobes. The ratio of the remnant liver weight/body weight (%) was 2.3 £
0.5 in the AdOSM group, 1.1 + 0.3 in the AdLacZ group (p < 0.001), and 1.6 + 0.4 in the PBS group (» = 0.02). The
fibrous ratio (%) was 21.3 + 4.6 in the AdOSM group and 35.2 + 4.5 in the AdLacZ group on day 4 after hepatectomy
and fibrous status was significantly decreased in the AdOSM group (p = 0.02). Serum hyaluronic acid which is the in-
dicator of liver fibrosis was 215 + 141 ng/mL in the AdOSM group and 1963 + 1225 ng/mL in the AdLacZ group (p =
0.03). Conclusions: The OSM gene therapy may increase the possibility of hepatectomy in a cirrhotic liver by improv-
ing fibrosis, hepatic function, and hepatocyte regeneration.
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1. Introduction tokine that was originally purified from the conditioned
media of phorbol ester stimulated U937 (histocytic lym-
phoma) cells, is related structurally and functionally to
the subfamily of neurotrophic cytokines known as the
interleukin-6 (IL-6) [6]. The OSM was originally recog-
nized as an inhibitor for tumor cell’s proliferation. How-
ever, the OSM presents many other biological activities
such as in inflammation, development, and tissue remod-
eling in the injured liver [7-9].

Although recent demonstrations of satisfactory results of
nonsurgical procedures such as percutaneous ethanol in-
jection (PEI), radiofrequency ablation (RFA), and tran-
scatheter arterial chemoembolization (TACE), liver re-
section still plays an important role in treatment of Hepa-
tocellular carcinoma (HCC) [1]. However, liver failure
following hepatectomy sometimes occurs when a liver
resection volume exceeds safety limits. This is because In the liver, the OSM stimulates the expression of

Fhe hregen(_aratlve .ar?'“.t yhan(_j “Vﬁr fL:chtlons ar(re] m:galred acute phase proteins and tissue inhibitor of metallopro-
e P T o Tl_ere ore, one should con- ainage 1 (TIMP-1) [10]. It is well known that TIMP-1
sider accelerating the remnant liver regeneration to pre- plays an important role in remodeling of extracellular

vent postoperative liver failure [2,3]. matrix during liver regeneration [11]. Among the IL-6
Previously administration of hepatocyte growth factor family cytokines the OSM was the strong inducer of the

(I_-|GF)_was a}imed to support liver regeneration for the TIMP-1 [12]. Therefore, administration of the OSM might
cirrhotic partial hepatectomy models and showed prefer- help to promote the remnant liver regeneration

able reggnle ratlo_n deffects [4.5]. HowEver, ';GF |tself.has In general the cytokines are rapidly turned over, there-
a potential to Induce cancer growth or hepatocarcino- fore continuous dosage are needed to keep its biological

ger(;esm antdt\_/vh:slh vg/)esr'iz/lthe SU?J?CII to .be slettled. e activity. To overcome the problem, several vectors in-
n costatin M ( ). a pleiotropic glycoprotein cy- cluding naked plasmid, liposome and adenoviral vector
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The recombinant human adenovirus type 5 is fre-
quently used for in vivo gene therapeutic applications.
This virus infects a range of dividing and non dividing
cells very efficiently and has an affinity to liver tissue in
particular. Although adenovirus-related toxicity remains
major concerns [14], it would still be a suitable vector for
accelerating liver regeneration.

In this study, we evaluated the benefits of the preop-
erative injection of adenoviral vector expressing the
OSM (AdOSM) to the remnant lobe to accelerate its re-
generation following hepatectomy.

2. Material and Methods
2.1. Animals

During all the following experimental procedures, the
animals were treated in accordance with Japanese Gov-
ernment Animal Protection and Management Law (No.
105), Japanese Government Notification on Feeding and
Safekeeping of Animals (No. 6), the Guidelines for Ani-
mal Experiments of Wakayama Medical University, and
the NIH Guide for the Care and Use of Laboratory Ani-
mals (Institute of Laboratory Animal Resources, National
Research Council).

Seven-week-old male, Sprague-Dawley rats that wei-
ghed 200 to 250 g were purchased (Kiwa Jikken, Waka-
yama, Japan) and fed a nutritionally balanced rodent diet
and water ad libitum. Liver fibrosis was induced by the
intraperitoneal injections of 1% dimethylnitrosamine (D-
MN) (Nacalai tesque, Kyoto, Japan) dissolved in saline
at 1 mL/kg body weight for 3 consecutive days per week
for 3 weeks, which showed a pseudolobular formation
that was similar to the characteristic pathologic changes
found in liver cirrhosis in humans [15].

2.2. Replication-Defective Recombinant
Adenoviral Vectors

El-and E3-region-deleted replication defective adenovi-
ral vectors expressing either human OSM (AdOSM) or
[S-galactosidase (AdLacZ) under a CA promoter (com-
prising a cytomegalovirus enhancer and chicken beta-
actin promoter) were obtained from the RIKEN Bio Re-
source Center (Tukuba, Japan). These vectors were pro-
pagated with 293 cells (Japan Collection of Research
Bioresources, Osaka, Japan), which were human embry-

onic kidney cells transformed by the E1A and E1B genes.

The viruses were purified twice with cesium chloride
equilibrium centrifugation, then were dialyzed against
phosphate buffered saline (PBS) with 10% glycerol, and
titrated with 293 cells. Both viral titers of AdLacZ and
AdOSM were 5.0 x 10 plaque forming unit (PFU)/mL.
To confirm the expression of OSM or LacZ gene, HelLa
cells (Japan Collection of Research Bioresources, Osaka,

Copyright © 2012 SciRes.

Japan) were cultured with the transduction of AdOSM or
AdLacZz, as previously described [4]. Our previous study
showed that the injection of high doses of AdLacZ (2 x
10° PFU) led to fetal hepatotoxicity and injection doses
ranged from 5 x 108 to 1 x 10° PFU was safe in cirrhotic
rats [4]. Therefore, injection dose in this study was also
set to be 5 x 10° PFU.

2.3. Experimental Designs

Figure 1 showed schema of this experimental protocol.
Four days after the last DMN injection, the rats were
placed into 3 groups: rats were injected into the portal
vain with either AdLacZ (5.0 x 10° PFU) in 0.5 mL PBS
(AdLacZ group; n = 10); AdOSM (5.0 x 10® PFU) in 0.5
mL PBS (AdOSM group; n=10); or only 0.5 mL of PBS
(PBS group; n = 10) under ether anesthesia. These rats
were performed a 70% partial hepatectomy on day 4 after
the portal injections under ether anesthesia according to
the method described by our previously report [5]. All
the rats in each group were also followed and the living
rats were sacrificed on day 4 after hepatectomy to assess
the liver regeneration activity.

2.4. Histological Examination

Paraffin-embedded liver sections were stained according
to the Azan-Mallory method and then were observed
microscopically to assess the fibrous status of the liver.
Randomly different fields were selected from each of 50
slides (n = 5 rats in the each group) that were stained
with Azan-Mallory with a light microscope at X100 mag-
nification. As a control, pathologic grades of liver of rats
without hepatectomy were examined (20 fields of 5 rats
in the each group). Hepatic damage was classified in the
following manner: grade 1, hepatocellular necrosis and/
or cellular inflammatory reaction with preservation of
normal architectural patterns; grade 2, increased fibrous

0 Day 29

] | III:ZX

Figure 1. Experimental protocol. Intraperitoneal injection
of dimethylnitrosamine (10 pg/g BW) on 3 consecutive days
per week was performed for 3 weeks (arrows). Four days
after the last DMN injection (Day 21), the rats were placed
into 3 groups: rats were injected into the portal vain with
either AdLacZ (5.0 x 10° PFU) in 0.5 mL PBS (AdLacZ
group; n = 10), AdOSM (5.0 x 10® PFU) in 0.5 mL PBS
(AdHGF group; n = 10) or only 0.5 mL of PBS (PBS group;
n = 10) under ether anesthesia (black arrow head). These
rats were performed a 70% partial hepatectomy 4 days
after the portal injections (Day 25) under ether anesthesia
(white arrow head). All the rats in each group were also
followed and the living rats were sacrificed 4 days after
hepatectomy (Day 29) to assess the liver regeneration activ-
ity (a cross mark).
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tissue and loss of normal architecture; grade 3, early
pseudolobulization and fibrous bridging between peri-
portal and pericentral areas (early cirrhosis); and grade 4,
wide fibrous bands and extensive pseudolobulization
with regenerating nodules (advanced cirrhosis) as previ-
ous report [16]. In this study, grades 3 and 4 were de-
fined as cirrhosis.

To analyze quantitatively the fibrous status, a scion-
imaging software program (Scion corporation, Frederick,
Md) was used to calculate the Azan-Mallory stained
slides according to the ratio of the fibrosis area per unit
area of the liver tissue (x40).

2.5. Biochemical Analyses

The serum obtained from blood samples was stored at
-20°C and used to measure aspartate transaminase (AS-
T), alanine transaminase (ALT), albumin, total bilirubin,
and hyaluronic acid to evaluate postoperative liver func-
tion. All parameters were measured according to stan-
dard laboratory methods.

2.6. Statistical Analysis

Data were analyzed using the Stat View J-4.5 software
program (Abacus Concepts, Inc., Berkeley, CA). The re-
lationships between categorical variables were tested
using a chi-squared analysis and Fisher’s exact probabil-
ity test. Survival was calculated using the Kaplan-Meier
method, and comparisons of survival curves were made
using the log-rank test. P-values of less than 0.05 were
considered to be statistically significant.

3. Results

3.1. Prevention of DMN Inducing Liver Fibrosis
by OSM Gene Therapy

Cirrhosis induced by the DMN injection was treated with
PBS, AdLacZ, and AdOSM. The liver section of Azan-
Mallory staining on day 4 after PBS, AdLacZ or AdOSM
treatment were shown in Figures 2 (A)-(C). Centrilo-

bular damage that consisted of hemorrhagic necrosis,
congestion, and inflammatory cell infiltration was ob-
served in AdLacZ and PBS treated rat livers, although
these changes were scarcely found in the AJOSM treated
rat livers. An image analysis indicated that the fibrosis
area was 13.4% + 3.9% in the AJOSM group, 30.1% +
5.5% in the AdLacZ group (p < 0.001), and 26.8% *
4.3% in the PBS group (p = 0.002). Pathological grades
of 1, 2, 3, and 4 of the liver on day 4 after PBS, AdLacZ
or A-dOSM treatment were shown in Table 1. The ratio
of grade 3 + 4 (defined as liver cirrhosis) decreased in the
AdOSM group, compared with the AdLacZ groups (p =
0.02). As for biochemical analyses on day 4 after PBS,
AdLacZ or AdOSM treatment, serum levels of albumin
and hyaluronic acid in AdOSM-treated rats were signifi-
cantly improved in comparison with AdLacZ-treated rats
(p =0.03 and p = 0.01, respectively) (Table 2).

Table 1. Pathological grade of the liver on day 4 after PBS,
AdLacZ or AOSM administration.

Grade
Group
1 2 3 4 Cirrhosis (%)
PBS (f = 20) 0 5 8 7 15 (75%)
AdLacZ (f = 20) 0 4 9 7 16 (80%)
AdOSM (f = 20) 0 11 8 1 9 (45%)"

n =5 in each group. f: observation field. Grade 3 + 4 are defined as cirrhosis.
p =0.02 vs AdLacZ.

Table 2. Biochemical analyses on day 4 after PBS, AdLacZ
or AdOSM administration.

Grou AST ALT  ALB B HA
Poogun)  Guw) (gL (mgldl)  (ng/mL)

PBS 183+43 12346 3.0+04 04202 243444

AdlacZ 247471 91422 30+03 13+12 8434297

AdOSM 157+53 99426 35+03" 05+0.2 322+179”

n =5 in each group. p = 0.03 vs AdLacZ, “"p = 0.003 vs PBS, p = 0.01 vs
AdLacZ.

Figure 2. Azan-Mallory staining (x40) of the remnant liver sections on day 4 after the adenoviral vectors injection. (A)
Treated with PBS; (B) Treated with AdLacZ; (C) Treated with AAOSM. In livers treated with AdOSM, fibrotic tissue was

decreased compared with the livers treated with PBS or AdLacZ.

Copyright © 2012 SciRes.
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3.2. Survival Evaluation of the Preoperative
Administration of AdOSM into the Portal
Vein after 70% Partial Hepatectomy

Figure 3 shows the survival curves based on the Kaplan-
Meier method after 70% hepatectomy among the three
treatment groups. The survival rates on day 4 after-he-
patectomy were 70% (7/10) in the AdOSM group, 50%
(5/10) in the AdLacZ group, and 60% (6/10) in the PBS
group. The rats that died within 4 days were autopsied,

and all were found to have jaundice and extensive ascites.

Macroscopic examination of the remnant liver on day 4
after hepatectomy showed that the surface and edge of
the liver treated with AdOSM was smooth compared
with these of AdLacZ and PBS groups (Figure 4). The
ratios of the remnant liver weight/body weight (%) on
day 4 after hepatectomy in the AdOSM, the AdLacZ, and
the PBS groups were shown in Table 3. A significant
improvement of the ratio was found in the AAOSM group
compared with the other groups.

Histological examination of the remnant liver on day 4
after hepatectomy was shown in Figure 5. Severe fi-
brotic changes with wide fibrous bands and extensive
pseudolobulization were seen in the remnant liver of the

1 T
1
0.8 1
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5 0.6 1 PBS group
E @- - - - AdLacz group
204 1
5
173}
0.2 1
0 o
0 1 2 3 4

Days after hepatectomy

Figure 3. Survival curve after a 70% partial hepatectomy.
The survival rates on day 4 after hepatectomy were 70%
(7/10) in the AdOSM group, 50% (5/10) in the AdLacZ
group, and 60% (6/10) in the PBS group.

| R 1 1

PBSand AdLacZ groups, whereas fibrosis was disap-
peared and slightly was seen in periportal area in the
AdOSM group. An image analysis indicated that the fi-
brosis area was 21.3% + 4.6% in the AdOSM group,
35.2% + 4.5% in the AdLacZ group (p < 0.001), and
31.5% + 5.2% In the PBS group (p = 0.003). Pathologi-
cal grade of the remnant liver on day 4 after 70%
hepatectomy were shown in Table 4. The ratio of grade 3
+ 4 (defined as liver cirrhosis) decreased in the AdOSM
group, compared with the AdLacZ groups (p = 0.04). As
for biochemical analyses on day 4 after 70% partial
hepatectomy, serum levels of AST, ALT, total bilirubin
and hyaluronic acid were significantly improved com-
pared with AdLacZ-treated rats (p < 0.001, p = 0.002, p
=0.02 and p = 0.03, respectively) (Table 5).

4. Discussion

In this study, the oncostatin M showed degradation of the
fibrosis induced by DMN and accelerated liver regene-
ration after partial hepatectomy although in cirrhotic
situation.

Hepatectomy can transiently increase the concentra-
tion of endogenous cytokines such as HGF and OSM,
however, the cirrhotic liver impairs the response to en-
dogenous these cytokines changes. Our previous study
showed over expression of HGF recovered rat cirrhotic
model to a clearly less cirrhotic condition and achieved a
favorable regeneration [5]. It means that HGF played
important role to liver growth, repair and regeneration
following hepatectomy. However, the HGF effect on HCC
or carcinogenesis must be considered [16]. On the other
hand, carcinogenic effect is not noted OSM although a
liver regeneration effect is accepted same as HGF. It
suggested that HGF and OSM also play different roles in
the hepatic regeneration, and HGF are essential for the
initiation of hepatic differentiation including car cino-
genesis, while OSM is essential for the maturation of
hepatocytes [9].

Figure 4. Macroscopic examination of the remnant liver on day 4 after hepatectomy. The surface and edge of the liver treated
with PBS (A) and AdLacZ (B) were rough, whereas those were smooth in the group treated with AdOSM (C).

Copyright © 2012 SciRes.
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Figure 5. Azan-Mallory staining (x100) of the remnant liver on day 4 after hepatectomy. (A) Treated with PBS; (B) Treated
with AdLacZ; (C) Treated with AAOSM. Advanced fibrotic changes were found in PBS and AdLacZ group.

Table 3. Morphological regeneration of the remnant liver
following a 70% partial hepatectomy.

Remnant liver

Body Remnant liver weight/Body

Group

weight (g) weight (g) weight (%)
PBS (n=6) 282+ 32 46+15 1.6+04
AdLacZ (n =5) 230+ 16 25+06 1.1+£03
AdOSM (n=7)  301x41" 6.9+2.0" 23+05™

The survival rates on day 4 after hepatectomy were :10% (7/10) in the
AdOSM group, 50% (5/10) in the AdLacZ group, and ~ 60% (6/10) in the
PBS group.

Table 4. Pathological grade of the remnant liver on day 4
after 70% hepatectomy.

Grade
Group
1 2 3 4 Cirrhosis (%)
PBS (f = 20) 0 4 9 7 16 (80%)
AdLacz (f =20) 0 3 5 12 17 (85%)
AdOSM (f = 20) O 9 7 4 11 (55%)"

n=5 in each group. f = observation field. Grade3 + 4 are defined as cirrho-
sis. p =0.04 vs AdLacZ.

Table 5. Biochemical analyses on day 4 after 70% partial
hepatectomy.

AST ALT ALB B HA

Group qui) (UL (@dL)  (mgidL)  (ng/mL)

PBS(n=6) 185+57 79+23 2.7+0.3 1.7+0.7 395%226
AdLacZ (n=5) 240 £30 10629 2.9+0.3 3.8+1.4 1963 1225

Hokkk

AdOSM (n=7)112+43"39+ 257 3.0+ 0.41.4 +0.377215 + 141

"p=0.02 vs PBS, p < 0.001 vs AdLacZ. “p = 0.01 vs PBS, p = 0.002 vs
AdLacZ.  p=0.02vs AdLacZ.  p=0.03 vs AdLacZ.

OSM is able to induce the synthesis of acute phase
proteins in hepatocytes and it is involved in the devel-

Copyright © 2012 SciRes.

opment, function, and regeneration of the liver such as
following hepatectomy. For example, OSM-deficient mice
exhibit defects in liver regeneration after partial hepatic-
tomy and CCl, liver injury [17]. In this study, we demon-
strate that DMN administrated rat exhibit impaired liver
regeneration, i.e., delayed hepatocyte proliferation, per-
sistent liver fibrosis, and increased tissue destruction. We
also show that the injection of AdLacZ in rats failed to
liver regeneration after 70% hepatectomy and that
AdOSM-administrated rats recovered the regenerative
liver response, suggesting that OSM is a key downstream
mediator of IL-6 in liver regeneration. We first show that
consistent with these observations, restoration of liver
mass after 70% hepatectomy was rapid in AAOSM livers.
Especially, the recovery rate during the initial 4 days was
markedly increased in AJOSM-treated rats, while it was
comparable to AdLacZ-treated rats 4 days after hepatec-
tomy. Although we did not examine the direct effects of
OSM on the cell cycle progression, our results suggest
that OSM mediated signaling is required for the early
proliferative response of hepatocytes to hepatectomy.

As for the mechanism of hepatocyte regeneration with
OSM after hepatectomy, it is known to enhance hepatic
regeneration of hepatoblasts by inducing the activation of
the signal transducer and activator of transcription 3
(STAT3) pathways [18]. STAT3 mediates the OSM sig-
naling for functional maturation of hepatocytes into he-
patectomized liver cells and morphological changes in-
cluding the formation of E-cadherin-based adherence
junctions [19]. OSM, IL-6, and leukemia-inhibitory fac-
tor share STAT3 signaling cascades, and OSM exploit
the distinct hepatocytic differentiation signaling in an
OSM receptor (OSMR) [20]. Although the regulatory
mechanisms of OSMR are still unclear, it is estimated
that OSMR expression is regulated by a signaling path-
way activated during the process of hepatogenesis. The
regulation of OSM signaling might be largely dependent
on the expression status of OSMR in residual liver tis-
sues after hepatectomy, because this functional redun-
dancy can be explained by the shared use of the receptor
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subunit gp130 [21].

5. Conclusion

The preoperative portal injection of the OSM gene pro-
moted liver regeneration and attenuated liver fibrosis
after hepatectomy in cirrhotic rats without hepatotoxicity.
This system might be appropriate for clinical trials con-
sisting of the preoperative percutaneous transhepatic por-
tal injection system under ultrasonographic guidance to
prevent the postoperative liver failure.
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