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~DOBITE#ELEDZ LT, HRSRENHTEZL
NELMERoE (R2), MEAYA, GGl IMTH
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ICEOEHEZATHAEENTRIA TS, Lizdio
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0 2 4 6 8 10 12 10 100 1000
Day IFN concentration (IU/mL)
—+— control
—+— IFN-a 100 IU/mL B FN-a
~=~ [FN-f 100 IU/mL B IFN-B

1 et MHSCOMAMIC AT 5 1 BIFNOIEM.  IFN-o, IFN-BIEICMEERFAICHMEZNH L, £0in
HlZh RILTFN-a L Y IN-BD T3R5 72,
a) Human hepatic stellate cells (hHSCs) were cultured with or without [FN 100 IU/mL for 4-11days. Medium were
changed every for 4 days. b) hHSCs were cultured with or without [FN 10-1000 TU/mL for 7 days. Medium were
changed every for 4 days. Data represent the mean £SEM (n=35). +p <0.05 vs control (t-test) .*p <0.05 (t-test) .

Time after quiesence

600 8 h 5 24 h - 32h 4 48h
©
Bl 1 1,
: 8 L 1._1 L
]
0 0- ™ g e
£
SIRIRIN
L o
<o
A i il

°""2n an 2n 4n 2n 4n 2n 4n
[E2 HriEv MHSCOMBIEMICH TS 1 BIFNOIER. IFN-BAKIELE M DOGO/CIMI N 6 ~DBITAHBHE

A EpER N,
Cell cycle progression of hHSCs grown in absence (control) or presence of [FN-f 100 IU/mL at indicated periods after

quiescence. Cellular DNA content was analyzed by flow cytometry.
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16 hr

e e o P2
R e o D15

24 hr

T SN=— 1
B IEL - e

-y e e p15
- — — — — 2D -
actin
control 100 1000 100 1000 IU/mL "“m
IFN-B IFN-a control 100 1000 W/mL
IFN-p IFN-c
1 HIFNEp21 ERORE

X3 #53€v MHSCIZISH 2 4IM0/E 8BS SCDKFAEHE F Iz 5 1 BINO/ER.
RIS/ R, oCDKEFRE FplsT2TERICEE Lo,
The hHSCs were cultured with IFN 100, 1000 TU/mL for 16, 24 h. Expression of indicated cyclin-dependent kinase

inhibitor was analyzed by Western blot.

R1 HEL MESCIZBIT 2 EM P REFRBICHTAIN-BOMEM.  1HIFNT P-1 ®EFORES |

FEETA, tOMPIZIZEE LT,
Gene Name| proteinase LT
8h 24 h 72 h
MMP-1 |Collagenase—1 —>  [~7 1.3 folds T 2 folds
MMP-2 Gelatinase A e —_— S
HMP-3 |Stromelysin-1| —» — —
HHP-9 Gelatinase B —— R —=
MMP-14 | MTI-MMP — — —
TIMP-1 [MMPs inhibitor|~"" 1.2 folds |~ 1.2 folds |~ 1.3 folds
TIMP-2 |[MMPs inhibitor — R R

Time course analysis of the MMP-1, -2, -3, -9, -14 and TIMP-1, -2 mRNAs expression levels in [FN-P-treated hHSCs
were carried out. The cells were cultured for 8, 24, 72 hrs with or without IFN-B 100 TU/mL. The levels of mRNAs in the

cells were determined by real-time PCR assay.
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a) 1o " b) 1 z
*
— |
- 120 T
100 =
120 &
% 80 [ =
90 0 H ¥
60 0 )
30 20 ™ !
5 " X 0 i = Il
control 100 U/mb
control 10 100 1000 FN=?
IFN-22(1U/mL) TGF-7 10 ng/mL

X4 HEE MHSCIZBIT AWP-1EARBRICHT HIFN-BOEA.  IFN-BHTGF-RIETFETB LI UFET & bic
MWMP-1EEORAE LR S8k,
a) The hHSCs were cultured for 96 h with [FN-B 10-1000 I'U/mL. *p <0.01 vs control (Shirley-Williams test). b) The
hHSCs were stimulated by TGF- in the presence or absence of [FN-§ for 96h. *p <0.05 (t-test). MMP-1 contents in
the culture supernatants were measured by ELISA. The cell numbers were measured by MTS Cell Proliferation Assay.
Data represent MMP-1 secretion per cell. MMP-1 secretion in non-treated cells was used as a control (100%). Data
represent the mean £5EM (n=3).

a ) . p~Smad2

R ‘_,:"-f# | Smad2

IFN-B - - 10 100 1000 IU/mL
TGFf - 10 10 10 10 ng/mL

Smad7 mRNA expression (% of control)

control IFN-p
100 1U/mL

X5 K¢ RHSCIZIBIT BTGB 7 FHMzxt+ HIFN-BOIEM.  IFN-BiiSmad2 Y > L D HIPB & U\ Smad7
WEFOBHRTHEIC L VTCF-B 7 FLO—H2HET 2 LB AL 2o,

a) Western blot analysis of phosphorylated (p-Smad2) and nonphosphorylated Smad2 were carried out. The hHSCs were
stimulated by TGF-J} in the presence or absence of [FN- for 24 h. b) The expression levels of Smad7 mRNA were
analyzed by real-time PCR. The hHSCs were cultured for 24 h with or without IFN-f 100 IU/ml.. Data were normalized
on GAPDH mRNA expression levels. Data represent the mean £SEM (n=3). *p <0.05 vs control (t-test).

28



HRBROTITICET 5 —K%

M AL
EFE 2L

FERA

BXFA s

FE2ED
REEAL

¥ B £ |HRHS

HiRRH

HAREE

2=

M

REFRA

MXTA hA

BREL 5

Ry

HRRE

Ogawa T, Kawada
K, IkedaK

Effect of natural int/H

ation and apoptosis j
f hepatic stellate ¢
1ls.

erferon o on proliferit.

epatology In|

in press

2009

Otogawa K, Ogawa
T, Shiga R, Ike
da K, Kawada N

ellate cell activatiof
n and the progression|
of liver fibrosis

Induction of tropomyoHepatology In|
sin during hepatic stit,

in press

2009

Smedsred B, Le C
outeur D, lkeji

dal-Vanaclocha

gy L, Senoco H,
i
L, Yamaguchi N

la K, Jaeschke H,|ease: update from the
Kawada N, Naito| 14th International S
M, Knolle P, Nalymposium.

Hepatic sinusoidal ¢
1l1s in health and dis

iver Int

in press

2009

T, Shiga R, Nak
atani K, Ikeda
F, Nakajima Y, K
awada N,

Otogawa K, OgawaAttenuation of acute
and chronic liver injRegul Integr
ury in rats by iron—dComp Physiol.

eficient diet.

Am J Physiol

294

R311-20

2008

kR, I
W, PEA,

ERBREOMMK L EE
DA NVAFRNED
REMORMER B
HE AR F AN AT
OWEE [T O
LWRESIE,

BAY - CAY &7 A /LA fF#k » Medical Pract
I —/EMEFIZHice

25

1815-7

2008

/NIEAL, FTER
B2

#He{.DMechanism
R EMBEMEERy b
-2

FFfFF - B8 -

57

205-209

2008

R, T HE A
X

KOET LR~
__ﬁ.._

R 96

541-546

2008

T R ST

Hﬁ.ﬁ& PR TOHESE Ihedical Bio 5

40-43

2008

29




i A — B

WEo2L
FERA | RXZA M4 | RELEO |8 B 4 ([HEdS | dios |Hws | ~—
mREA
M
BREKXA BT A g REEEL BE ER—3 HiAREE
Ogawa T, Kawada Effect of natural intHepatology In in press 2009
K, TkedaK erferon a on prolifer(t.
tion and apoptosis o
f hepatic stellate ce
11s.
Otogawa K, OgawalInduction of tropomyoHepatology In| in press 2009
T, Shiga R, Ikejsin during hepatic stt.
ida K, Kawada N |ellate cell activati
in and the progressio
of liver fibrosis
Otogawa K, OgawajAttenuation of acute J Physiol 294 R311-20 2008
T, Shiga R, Nakjand chronic liver injRegul Integr|
tani K, Ikeda jury in rats by iron-dComp Physiol
K, Nakajima Y, Kleficient diet.
awada N,
N LEEIA
WEoL
FARA | WXSA Mg BREED | B 4 |[HEEs | RS |HEE | ~—2
mEEA
ek
REERA BmXEA g RREL 25 S’ HRiEE
Ogawa T, Kawada [Effect of natural intHepatology Inl in press 2009
'l(. Tkeda K erferon o on prolifert.
ation and apoptosis of
f hepatic stellate ce
1ls,
Otogawa K, Ogawa/Induction of tropomyoHepatology In in press  [2009
T, Shiga R, Ikejsin during hepatic stit.
da K, Kawada N |ellate cell activatio
n and the progression
of liver fibrosis

30




#E{k OMechanism
E AR ) R E SN
T—%

MIEEL, FTER

< BB - B

7

205-209

008

ko dichs

#wEo2L

ERLED
BREA

FERL | RXFA b

= A

HifR A

HiRRHEE (HARSE

4

¢

=

REERE | BXIL ML

RREL

25

R

HRREE

Shinkawa H, NakaHepatocellular carci
i T, Temori A, Tjoma (HCC) recurring 1
naka H, Takemur(0 years after clearan
S, Ohba K, Uenjce of hepatitis B sur
ishi T, Ogawa M, [face antigen and 20 y]
Yamamoto S, Hailears after resection
S, Ichikawa T, |of hepatitis B virus-
odai S, Hirohaslrelated HCC.
i K, Wakasa K,
ubo S.

Int J Clin On|
col,

13

562-6

2008

amori A, HayashFrequent detection of]

i T, Shinzaki M,| hepatitis B virus DM

in hepatocellular ¢
i 8§, Enomoto M,|arcinoma of patients
Morikawa H, Sakiwith sustained virolo|
guchi H, Shiomijgicresponse for hepat|
S, Takemura §, |itis C virus

Kobayashi 8, I

J Med Virol

In press

2009

ubo S, Kawada N
B

Jpn J Transfi
sion and Cell
Therapy

54

393-397

2008

KIEMIC BT 5 CRIF4&

A A2 s

DANABBLITET
tn~7y7¥¥®ﬁ
L&}

55

75-82

2008

BE:2L

MXFA g (BRLEED

BREA

EERA

W

HifRiEA

HiRRs  [HAREE

31




M

BRERERA BT INA REHL B ~—v HREE

Enomoto M, Yaman|Platelet-associated IlLiver Int. 28 1314-5 2008
e T, Hino M, OhnlgG for the diagnosis
ishi M, Tamori |of immune thrombocyto
A, Kawada N. paenic purpura during
peginterferon alpha

and ribavirin treatme
nt for chronic hepati
tis C.

gAmEH
WE-EL

FERAL | MM Mg BESEO | § 2 |HRES | Hi [MigeE | ~—
REEAL

MRk 2L

BEREKAL MXFA 4 REEA 55 =g HiksE

WFFERRIRIC & 5 R HES D 50 RA BEHE O HHIEE - BRI 191
BETRELRL,

32



Effect of Natural Interferon « on Proliferation and Apoptosis of Hepatic Stellate Cells

Tomohiro Ogawa', Norifumi Kawada', and Kazuo Tkeda®

1) Department of Hepatology, Graduate School of Medicine, Osaka City University, Osaka, Japan
2) Department of Anatomy, Graduate School of Medicine, Osaka City University, Osaka, Japan

Short Title: Interferon « and stellate cell apoptosis

Corresponding Author:
Norifumi Kawada, M.D. & Ph.D.

Department of Hepatology, Graduate School of Medicine, Osaka City University

1-4-3, Asahimachi, Abeno, Osaka 545-85835, Japan

(Phone) 81-6-6645-3897  (Fax) 81-6-6646-6072
(E-mail) kawadanori@med.osaka-cu.ac.jp

Abstract

Inhibition of the proliferation of hepatic stellate
cells (HSC) is clinically important for the control
of liver fibrosis and cirrhosis. Interferons are now
frequently used for chronic viral hepatitis because
of their anti-viral activity. However, patients
treated with interferons exhibit a regression of
liver fibrosis even if viral eradication is not
achieved, indicating that interferon itself has anti-
fibrotic activity. Herein, we show the anti-
proliferation and pro-apoptotic activity of natural
interferon a against HSC. We found that
interferon « inhibited serum-stimulated
[*H]thymidine incorporation of HSC in a dose-
dependent manner, with a significant reduction at
more than 100 U/mL. Interferon « also attenuated
PDGF-BB-stimulated DNA synthesis of HSC,

Although the molecular mechanism behind these
phenomena has not been defined, we found that
interferon o triggers the apoptosis of HSC treated
with low-dose tumor necrosis factor a, as
determined by the Alamar blue assay, morphology,
and DNA ladder formation. Furthermore,
interferon a decreased inhibitor of caspase-
activated Dnase levels, which may augment tumor
necrosis factor a-induced cell death signals. Thus,
interferon @ regulates the number of
myofibroblastic hepatic stellate cells and may
clinically contribute to the regression of human

liver fibrosis.
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1. Introduction

Hepatic stellate cells (HSC), which reside in
Disse’s space outside sinusoids, maintain a
quiescent phenotype, and store vitamin A under
physiologic conditions. They undergo activation
in response to inflammatory stimuli and become
myofibroblastic cells (1, 2). The latter phenotype
secretes profibrogenic mediators, generates
extracellular matrix materials, and thus plays a
pivotal role in the fibrogenesis of the liver (3-5).
One of the features of activated HSC is their
proliferation. An increase in the number of
activated myofibroblasts together with the
deposited extracellular matrix materials
contributes to the formation of fibrotic septa
forming C-C and P-C bridges. The suppression of
HSC activation and cell number is thus a possible
mechanism which can be exploited to establish
therapeutic strategies against human liver fibrosis
(6, 7).

Our previous studies have shown that
antioxidative compounds such as resveratrol and
N-acetyl-L-cysteine exert anti-fibrotic activity in
the liver and have an anti-proliferative effect on
cultured HSC. (8-10). Resveratrol functions as an
inhibitor of tyrosine kinase and inhibits the
phosphorylation of platelet-derived growth factor-
receptor § (PDGFR) under PDGF-BB
stimulation, leading to attenuation of the
activation of mitogen-activated protein kinase
(MAPK). N-acetyl-L-cysteine also inhibited DNA
synthesis of cultured rat HSC stimulated by
PDGF-BB through the cathepsin B-dependent
proteolytic degeneration of PDGFR.

Recently, several clinical reports have
revealed that interferon a (IFNa), especially
when used in combination with ribavirin, provides
an effective therapy for chronic hepatitis C.
Although the primary action of [FNa is to
eradicate viruses, it has also been suggested to
suppress and even cause the regression of liver
fibrosis, as revealed by repeated liver biopsies
performed in [FNa-treated patients with chronic
hepatitis C (11, 12). These reports strongly
indicate that IFNa may induce the deactivation of
human HSC, thereby reducing the septum-
forming fibroblastic cell lineage. Herein, we show
evidence for the anti-proliferative and pro-
apoptotic actions of IFNc against human HSC
(13).

2, Materials and Methods

2.1. Materials

Recombinant rat dimer of platelet-derived growth
factor B (PDGF-BB) was obtained from R&D
Systems (Minneapolis, MO, USA). Polyclonal
antibodies against extracellular signal-regulated
kinases 1 and 2 (ERK1/2), phospho-ERK1/2 (Thr
202/Tyr 204), mitogen-activated kinase/ERK
kinase (MEK), phospho-MEK, Akt, phospho-Akt
(Ser 473), cytochrome c, caspase-3, and cleaved
caspase-3 were purchased from Cell Signaling
Technology, Inc. (Beverly, MA, USA) and those
against cyclin D1, cdk2, cdk4, cdk6, p21, p27,
p53, caspase-activated DNase (CAD), and
inhibitor of CAD (ICAD) were acquired from
Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Dulbecco's modified Eagle's medium
(DMEM) and fetal bovine serum were purchased



from Sigma Chemical Co. (Saint Louis, MO,
USA).  [‘HiThymidine and  enhanced
chemiluminescence (ECL) detection reagent were
purchased from Amersham Pharmacia Biotech
(Buckinghamshire, England). Immobilon P
membranes were purchased from Millipore Corp.
(Bedford, MA, USA). Kodak XARS film was
purchased from Eastman Kodak Co. (Rochester,
NY, USA). Human natural IFNa was donated by
Otsuka Pharmaceutical Co. (Tokushima, Japan).
All other reagents were obtained from Sigma
Chemical Co, or Wako Pure Chemical Co.

2.2. Preparation of human hepatic stellate cell line,
LX-2

Human HSC-line, (LX-2, donated by Dr. Scott
Friedman), a cell line spontaneously immortalized
by growth in low serum, were established as
previously reported. Characterizations of the cells
were described in detail elsewhere (13). Human
HSC were maintained on plastic culture plates in
DMEM supplemented with 10% fetal bovine
serum. After the culture had continued for the
indicated number of days, the medium was
replaced by serum-free DMEM with test agents
and the culture was continued for 48 h.

2.3. Immunoblot

Proteins were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred to Immobilon P
membranes. After blocking, the membranes were
treated with primary antibodies followed by
peroxidase-conjugated secondary antibodies.
Immunoreactive bands were visualized using the

enhanced chemiluminescence system (Amersham

Pharmacia Biotech) and Kodak XARS film.

2.4, Cell growth assay

Subconfluent Human HSC-line was cultured on
plastic dishes for 3 days in 10% FBS/DMEM, and
then maintained for 24 h in serum-free DMEM.
These cells were successively stimulated with test
agents for 24 h, and then were pulse-labeled with
1.0 uCi/ml of [*H]thymidine during the last 24 h.
The incorporated radioactivity was counted by

liquid scintillation, as previously described (9).

2.5. Cell survival assay

Cell survival was measured using the Alamar blue
assay (BIOSOURCE) according to the
manufacturer’s instructions, In brief, 20 pl of
Alamar blue was added to 6-well plates
containing DMEM. Absorbance at 530 nm was
measured using a micro-plate reader (Wallac 1420
ARVOsx, P-E Applied Biosystems).

2.6. DNA fragmentation assay.

Cell samples were homogenized and centrifuged.
The pellet was resuspended in 1 mL of lysis
buffer consisting of 10 mmol/L Tris-HCI, pH 7.4,
10 mmol/L NaCl, 10
ethylenediaminetetraacetic acid (EDTA), 100 g/L
proteinase K, and 0.5% SDS and incubated for 2 h
at 50°C before being treated with ribonuclease

mmol/L

overnight at 37°C. After extraction with phenol-
chloroform twice and precipitation with ethanol,
the DNA was dissolved in TE buffer (10 mmol/L
Tris-HCI, pH 7.5, 1 mmol/L EDTA). The DNA
was loaded onto 1.5% agarose gel containing
ethidium bromide,
acetate/EDTA buffer for 2 h at 50 V, and

electrophoresed in Tris



photographed under ultraviolet illumination.

2.7. Flow Cytometric Quantification of Apoptotic

and Necrotic cells.

Forquantification of apoptotic cells, we used flow
cytometry (FACS Calibur HG; BD, Franklin
Lakes, NJ) after trypsination of Human HSC
treated with [FNa or TNFa, IFNo/TNFa under
serum-reduced conditions (0.1% FBS) for 48
hours (14). To detect early apoptotic changes,
staining with Annexin V-FITC, which is known to
have high affinity to phosphatidylserine, and
propidiumiodide were used according to the
manufacturer’s instructions (Roche Diagnostics,

Rotkreuz, Switzerland).

2.8. Mitochondria/cytosol fractionation

Human HSC were freated with mediums
supplemented with TNFa and/or IFNa for 24 h.
Then, the cells were collected using a cell scraper,
and the
centrifugation at 600 x g for 5 min at 4°C. After
ice-cold PBS, fractions with
enriched mitochondria and cytosol were obtained
using a Mitochondria/Cytosol fractionation kit

(Bio Vision Research Products, Mountain View,

collected cells were pelleted by

washing with

CA, USA) according to the manufacturer's
instructions. Individual fractions were stored at -

80°C until use.

2.8. Statistical analysis

Data presented as bar graphs are the means + S.D.
of at least three independent experiments.
Statistical analysis was performed using Student’s

t-test (P < 0.01 was considered significant).

3. Results

3.1. Effect of [FNa on DNA synthesis of Human_
HSC-line

As shown in Fig. 1, human HSC incorporated 11
+ 2 (DPM x 10%) of ["H]thymidine in the
presence of serum. DNA synthesis dose-
dependently decreased in the presence of IFNg; it
decreased significantly to 71 and 48% of the
control in the presence of 107 and 10° IU/mL,
respectively, of IFNc. PDGF-BB (10 ng/mL)
augmented DNA synthesis of HSC at about 1.2
times, Even in this condition, IFNc at a
concentration of more than 10° ITU/mL

significantly suppressed DNA synthesis of HSC
(Fig. 2).

3.2. Effect of IFNa on cell cycle-related protein.
d F- imulated signal

transduction in HSC

Because [FNa suppressed DNA synthesis of

human HSC, we hypothesized that IFNa

regulates cell cycle-related protein expression,
thereby hampering cell cycle transition from the
G1 to S phase. Thus, the expression of several cell
cycle-related proteins was determined by
immunoblot. As shown in Fig. 3, the amount of
major cell cycle-related proteins such as cyclin
D1, cdk2, cdk4, cdké, p21, and p27 was not
affected by IFNa. Although a previous report
using hepatoma cell lines indicated that p33 is
involved in growth suppression by IFNa (15), we
failed to observe the suppression of p53 in HSC
treated with [FNca. The PDGF-BB-activated
MEK-MAPK cascade and Akt were also



unaffected.

Although the mechanism of IFNa-dependent
DNA synthesis inhibition was not clear, we found
that [FNa triggered the apoptosis of human HSC-
line in the presence of a low dose of TNFa. As
shown in Fig. 4, IFNa or TNFa alone failed to
affect the number of HSC, as determined by the
Alamar blue assay. However, the simultaneous
addition of [FNa and TNFa significantly
decreased the cell number to 54% of the control.
In fact, when observed under a phase-contrast
microscope, the cell density of human HSC
became sparse when cells were treated with [FNa
and TNFa for 48 h (Fig. 5). This finding indicates
that cell death is actively stimulated by the
combination of IFNa and TNFa. This
observation was further supported by the fact that
cell treatment with [FNa plus TNFa induced
DNA ladder formation (Fig. 6) and analysis using
flow cytometric quantification of apoptotis of
human HSC line (Fig.7).

3.4. Role of IFNct on caspase cascade
Finally, we tested whether [FNa regulates the

caspase cascade in human HSC-line. As shown in
Fig. 8A, cytochrome ¢ release from mitchondria
into the cytosol was augmented by TNFa alone
and TNFa/ [FNa treatment. In accordance with
this result, cleaved caspase 3 was enriched in cells
treated with TNFa alone and TNFo/ [IFNa (Fig.
8B). Because TNFa alone thus triggered
cytochrome c release and the activation of caspase
3 and failed to induce the active apoptosis of HSC,
we hypothesized that IFNa may play a critical

role in finalizing DNA fragmentation. After
searching for the mechanism, we found that [FNa
significantly reduced the level of inhibitor of
caspase-activated DNase (ICAD) without
affecting the amount of CAD (Fig. 8C).

4. Discussion

IFNa is now a first-choice therapy for chronic
hepatitis C (CH-C). In combination with rivabirin,
IFN therapy leads to about a 30 and 80 %
eradication of HCV genotypes 1 and 2,
respectively. Recently, pegylated [FNa has
improved the efficacy of antiviral therapy (16, 17).
IFNa as well as IFNP binds to cell surface
receptors composed of IFNARI and IFNAR2
subunits. IFNa binding leads to ligand-induced
receptor dimerization and then to the auto- and
trans-phosphorylation of Janus protein tyrosine
kinases, which successively induces the
phosphorylation of STAT1/STAT2.
Phosphorylated STAT1/STAT2 binds to IFN
regulatory factor 9 (IRF-9) to form [FN-
stimulated gene factor 3 (ISGF3), which
translocates into the nucleus and binds to the [FN-
stimulated response element (ISRE), initiating the
transcription of IFN-dependent genes such as 2°-
5'-oligoadenylate synthetase. These IFN-induced
intracellular signalings suppress viral replication
to complete viral eradication (18, 19).

In addition to the antiviral effect, [IFNa is also
known as a negative growth factor and shows
anti-oncogenic activity (14). Several lines of
evidence have revelaed that [FN therapy for CH-
C lowers the occurrence of hepatocellular

carcinoma (HCC), although the precise molecular



mechanism has not yet been elucidated (20-22).
In addition, treatment using IFN in combination
with 5’-fluorouracil (5-FU) was reported to be
effective for advanced HCC with portal vein
thrombosis (23, 24). It has recently been reported
that IFNc/f induces p53 gene transcription and
increases the p33 protein level in HepG2 and
HLE cells, two human hepatic cancer cell lines,
thereby contributing to tumor suppression.
However, the effect of IFN on the proliferation
and cell survival of hepatic non-parenchymal
collagen-producing HSCs has vet to be fully
elucidated.

Several lines of evidence show that IFNa
treatment for chronic hepatitis C leads to the
regression of liver fibrosis even if HCV is not
successfully eradicated (11,12). This fact indicates
that IFNa has a direct anti-fibrotic action, most
likely through its action against HSC. Initially,
IFN y was reported to successfully inhibit HSC
activation, as revealed by its inhibitory effect on
collagen synthesis and smooth muscle a-actin
expression (25,26). Its in vivo anti-fibrotic action
has also been elucidated (27,28). Successively,
IFNa was proven to inhibit DNA synthesis of
human HSC although a relatively weak inhibitory
effect was seen at a concentration above 10* U/ml
(29). In the present study, we observed an almost
100-times stronger anti-proliferative effect using
OIF, a natural IFNa. This discrepancy may be
derived from the difference in [FN used and from
the condition and culture system of HSCs.
Furthermore, in that report, Mallat et al. showed
that IFN« suppressed [*H]thymidine
incorporation of human HSC stimulated with 5%
fetal calf serum, PDGF-BB (20 ng/mL), PDGF-

AA (20 ng/mL), or TGFE1 (0.5 ng/mL), and that
IFNa reduced the number of HSC stimulated with
5% fetal calf serum. However, the authors did not
refer to the mechanism, especially to the
induction of apoptosis of human HSC exposed to
IFNa. Although we failed to clarify the
mechanism of IFNa-dependent inhibition of cell
cycle progression in human HSC-line, we found
that natural IFNa contributes to the induction of
apoptosis of human HSC by activating the
caspase cascade, which provides a novel insight
into the fibrosis regression in patients treated with
[FNa derivatives.

Mallat et al. additionally showed that IFN« as
well as IFNy reduced the secretion of prolines and
the mRNA expressions of collagens al(I) and
ct1(1IT) (29). With respect to this mechanism,
Inagaki Y et al. recently reported that [FNa
blocked promoter activation and prevented the
progression of liver fibrosis induced by CCl,
injection when administered to transgenic mice
harboring the alpha2(I) collagen gene (COL1A2)
promoter sequence, and that, in transient
transfection assays, [FNa decreased the steady-
state levels of COL1A2 mRNA and inhibited
TGFB/Smad3-stimulated COL1A2 transcription
(30).

In addition to these previous observations, we
herein found that IFNa in combination with a
small amount of TNFa shows a pro-apoptotic
effect in HSC. This effect is considered to be
related to cytochrome ¢ release into the cytosol
from mitochondria and caspase-3 activation and
be regulated by ICAD (Fig. 7). Although human
HSC have been proven to be resistant to apoptosis
(31), the data shown here clearly indicate that



they undergo apoptosis at inflammatory liver sites
in the presence of IFNa, which may at least
partially account for the regression of liver
fibrosis during IFN therapy due to chronic
hepatits C.

In conclusion, the present study demonstrates
the anti-proliferative and pro-apoptotic actions of
natural human IFNa against human HSC-line,
and provides useful information regarding the
mechanism of IFN-dependent regression of

human liver fibrosis caused by viral infection.
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