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Hepatocyte growth factor activator inhibitor type 1
(HAI-1), a Kunitz-type serine protease inhibitor for
hepatocyte growth factor activator (HGFA), is respon-
sible for proteolytic activation of hepatocyte growth
factor. We examined the expression of HGFA and
HAI-1 in liver tissues of chronic liver diseases includ-
ing hepatocellular carcinoma (HCC). HGFA expres-
sion was detected not only in the liver tissues of
chronic hepatitis and cirrhosis and in the nontumor-
ous liver tissues surrounding HCC, but also in HCC
tissues. On the other hand, none of the liver tissues of
hepatitis and cirrhosis and none of the nontumorous
tissues surrounding HCC were stained with anti-
HAI-1. However, 35% of HCC tissues were stained with
anti-HAI-1, and HAI-1 positivity increased as the his-
tological grade decreased and as serum a-fetoprotein
increased. Transduction of antisense HAI-1 inhibited
the growth of human hepatoma cells. These results
suggest the possibility that HAI-1 plays an important
role in the progression of HCC. © 2001 Academic Press
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Hepatocyte growth factor (HGF) is secreted from
mesenchymal cells of the liver as an inactive single-
chain form of HGF (pro-HGF) and normally remains in
this form associated with the extracellular matrix (1).
Once tissue injury occurs, pro-HGF is converted to
active heterodimeric HGF (mature HGF) by two ho-
mologous serine proteases, HGF activator (HGFA) and
blood coagulation factor XIl (1-3), and other serine
proteases such as plasminogen activators (4, 5). HGFA
is produced by hepatocytes as an inactive form and is
also activated mainly by thrombin and partly by blood
coagulation factor Xa in response to tissue injury (6, 7).
The levels of HGFA mRNA in the liver increase during
liver injury induced by carbon tetrachloride (8). Re-
cently, two HGFA inhibitor (HAI)-1 and -2, which were
Kunitz-type serine protease inhibitors having two
Kunitz domains, were isolated (9, 10). HAI-1 mRNA
was strongly expressed in the kidney, pancreas, pros-
tate, small intestine, lung and placenta. In human
liver tissues, biliary epithelial cells in portal triads
were immunohistochemically stained with anti-HAI-1
antibody, but hepatocytes were not stained (11).

HGF is known to play an important role in the mi-
gration and invasion of tumor cells (12-14). Recently,
several investigators have reported that overexpres-
sion of HGF as well as transforming growth factor-«,
another hepatotropic growth factor, promoted carcino-
genesis in transgenic mouse models (15-17), and that
the HGF levels in the liver and serum increased during
diethylnitrosamine-induced hepatocarcinogenesis (18).
However, growth inhibitory effects of HGF on various
cancer cells in vitro have been also demonstrated (19—
21), and Satori-Rugiu et al. have shown that HGF
overexpression in c-myc-transgenic mice reduces hepa-
tocarcinogenesis (22). Moreover, the infusion of recom-
binant HGF inhibited cell proliferation of rat HCC

0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.



Vol. 289, No. 1, 2001

induced by diethylnitrosamine (23). Since HAI is a
potent inhibitors of HGFA and serine proteases/serine
protease inhibitor systems are considered to be impor-
tant for tumor progression (9, 24, 25), HGFA and HAIs
may regulate the mature HGF levels in tumorous and
surrounding nontumorous tissues, resulting in the con-
tradictory effects of HGF on carcinogenesis or tumor
progression.

In humans, the development of HCC is strongly as-
sociated with chronic liver disease, particularly cirrho-
sis, which commonly occurs as a result of hepatitis B
virus or hepatitis C virus infection. The level of serum
HGF in HCC patients increases approximately twofold
compared to the level in normal subjects but is similar
to the level in patients with liver cirrhosis (26). On the
other hand, overexpression of c-Met, a specific receptor
for HGF, in HCC tissues was immunohistochemically
detected in approximately 40% of HCC patients (27—
29) and was related to the poor prognosis of HCC
patients after hepatic resection (30). These investiga-
tions suggest that HGF may play an important role in
hepatocarcinogenesis and the progression of HCC. In
the present study, to clarify the involvement of HGFA
and HAI-1 in liver tissues during the development and
progression of HCC, we investigated the expression of
HGFA and HAI-1 in liver tissues from patients with
hepatitis and cirrhosis, and in both HCC and the non-
tumorous liver tissues surrounding HCC. Moreover,
we examined the effect of antisense HAI-1 transduc-
tion on the growth of human hepatoma cells.

PATIENTS AND METHODS

Patients. Liver tissues were obtained from 32 patients with
chronic liver disease, including 9 patients with chronic hepatitis, 6
patients with liver cirrhosis and 17 patients with HCC. The diagno-
sis was based on the findings of blood biochemistry, imaging studies
and histological examination. Hepatitis B surface antigen was posi-
tive in 1 patient with chronic hepatitis, 2 patients with liver cirrhosis
and 7 patients with HCC; anti-hepatitis C virus antibody was posi-
tive in 7 patients with chronic hepatitis, 2 with liver cirrhosis and 7
with HCC. Seven of the HCC patients had liver cirrhosis. According
to the histological findings, the 17 HCC patients were divided as
follows: 4 patients were well differentiated, 7 were moderately dif-
ferentiated and 6 were poorly differentiated. The tumorous and the
surrounding nontumorous liver tissues from patients with HCC were
obtained by surgical resection, and liver tissues from patients with
chronic hepatitis and liver cirrhosis were obtained by needle biopsy.

The liver tissues used were fixed in formalin for histological and
immunohistochemical examinations. Four sets of tumorous and the
surrounding nontumorous liver tissues were snap frozen in liquid
nitrogen and stored at —80°C for Northern blot analysis and in situ
hybridization.

Immunohistochemistry. Immunohistochemical staining for HGFA
and HAI-1 was performed on formalin-fixed paraffin sections using
the labeled polymer method, as described previously (11). Briefly,
after antigen retrieval (5 min of autoclaving in 10 mM citrate buffer,
pH 6.0), the sections were treated with 3% H,0, in PBS for 10 min
and washed in PBS twice, followed by blocking in 3% BSA in PBS for
1 h at room temperature. Then, the sections were incubated with
monoclonal antibodies against HAI-1(10 ng/ml) (9, 11, 31) and HGFA
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(10 pg/ml) (32) for 16 h at 4°C. The sections were then washed in
PBS and incubated with Envision-labeled polymer reagent (Dako,
Carpinteria, CA) for 45 min at 37°C. The reaction was detected by
ImmunoPure Metal Enhanced DAB Substrate Kit (Pierce, Rockford,
IL) and counterstained with Mayer’'s hematoxylin.

Northern blot analysis. Total cellular RNA was isolated by
QuickPrep Total RNA extraction kit (Amersham—Pharmacia Biotech
Inc., Piscataway, NJ). HAI-1 transcripts were detected using a hu-
man HAI-1 cDNA probe (11).

In situ hybridization. The procedures used for in situ hybridiza-
tion were described previously (11). For the probe, a 622-bp HAI-1
cDNA corresponding to bases 144-765 of the human HAI-1 cDNA
sequence was generated by PCR. The PCR product was subcloned
into pCR2.1 (Invitrogen; San Diego, CA), and in vitro transcription to
generate digoxigenin-labeled probes was carried out according to the
manufacture’s instruction (Boehringer Mannheim GmbH, Mann-
heim, Germany). After the hybridization, the sections were treated
with 30 pg/ml of ribonuclease A at 37°C for 30 min, followed by
blocking non-specific binding sites with 3% BSA in Tris-buffered
saline. Signals were detected by alkaline phosphate-conjugated anti-
digoxigenin sheep 1gG Fab fragment and BM Purple (Boehringer
Mannheim GmbH).

Cell culture. Human hepatoma cells (HepG2, Hep3B, PLC/
PRF/5, HLF, huH1/cl.2, Huh6/cl.5, and HuH7) and PT67 retrovirus
packaging cells were cultured in RPMI 1640 (Sigma, St. Louis,
MO)/5% fetal calf serum (FCS) and Dulbecco’'s modified Eagle’'s me-
dium (Sigma)/5% FCS, respectively.

Production of recombinant retrovirus and retroviral infection of
human hepatoma cells. The doxycycline-regulated retroviral vector,
Rev-Tet system (Clontech, Palo Alto, CA), was used in this study (33).
To construct pRevTRE HAI-1(AS), the human HAI-1 coding region was
amplified by PCR using the human HAI-1 cDNA as a template and the
following primers: 5'-AGGCCCGCGCTCTGAAGGTGA-3' and 5'-
AGCTCGGGAGGACAGGGTTGG-3'. After HindllI-EcoRV digestion,
the PCR product was inserted into the HindllI-Hpal site of pRev TRE
(Clontech) in an antisense orientation. pRevTRE HAI-1(AS) or
pRevTet-On (Clontech) were transfected into PT67 packaging cells,
followed by incubation with hygromycin (200 pg/ml) (Gibco-BRL, Rock-
ville, MI) or G418 (400 pg/ml) (Wako, Osaka, Japan), respectively. The
amphotropic recombinant retroviruses, RevTRE HAI-1(AS) and
RevTet-On, were harvested from established virus producer cells.

Hep3B human hepatoma cells were infected with the RevTet-On
retrovirus and the G418-resistant colonies were cloned. The cells
were then infected with the RevTRE HAI-1(AS) retrovirus, followed
by incubation with hygromycin (200 ng/ml). The pooled populations,
Hep3B/TH-1(AS), resisting both G418 and hygromycin, were sub-
jected to further studies.

Western blot analysis. Hep3B/TH-1(AS) or parental cells were
cultured in the presence or absence of doxycycline (100 ng/ml) for
48 h, respectively. After solubilization, total proteins were subjected
to SDS-PAGE and blotted to nitrocellulose filters. To detect HAI-1
protein, filters were incubated with anti-HAI-1 antibody (11) and
then subjected to enhanced chemiluminescence Western analysis
(Amersham—-Pharmacia Biotech Inc.).

In vitro cell growth assay. Hep3B/TH-1(AS) and parental cells
(4 x 10*) were seeded into 6-well plates (day 0). On day 2, Hep3B/
TH-1(AS) cells were cultured with doxycycline (100 ng/ml). The num-
ber of cells was counted on day 6.

Statistical analysis. Statistical parameters were ascertained
with the Statview J-4.5 software (Abacus Concepts, Inc., Berkeley,
CA). Statistical analysis was performed by the y* test, Kruskal—
Wallis test and Mann—Whitney U test. P < 0.05 was considered to
be statistically significant.
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TABLE 1

Immunohistochemical Detection of HGFA and HAI-1 in
Chronic Hepatitis, Liver Cirrhosis, and Hepatocellular Car-
cinoma

No. of HGFA HAI-1
Subjects samples (%) (%)
Chronic hepatitis 9 9 (100) 0 (0)
Liver cirrhosis 6 6 (100) 0 (0)
Hepatocellular carcinoma
Nontumorous tissue 17 17 (100) 0 (0)
Tumorous tissue 17 17 (100) 6 (35)

Note. The paraffin-embedded liver tissues of patients with chronic
hepatitis, liver cirrhosis, and hepatocellular carcinoma were stained
with anti-HGFA or anti-HAI-1. Immunohistochemical staining of the
liver tissues with the exception of biliary epithelial cells was ana-
lyzed.

RESULTS
HGFA and HAI-1 Expression in the Liver Tissues

We examined the expression of HGFA and HAI-1
proteins in HCC and the surrounding nontumorous
tissues from 17 HCC patients and in liver tissues from
6 patients with liver cirrhosis and 9 patients with
chronic hepatitis by immunohistochemistry (Table 1).
The liver tissues from all patients with chronic hepa-
titis and liver cirrhosis were stained with anti-HGFA
antibody (Figs. 1A and 1C). Both HCC and the nontu-
morous tissues surrounding HCC from all HCC pa-
tients were also stained with anti-HGFA antibody
(Figs. 1E and 1G). The cytoplasm of hepatocytes or
HCC cells was homogeneously stained with anti-
HGFA antibody.

Although the biliary epithelial cells were stained
with anti-HAI-1, as previously reported in normal hu-
man livers (11), none of the liver tissues from patients
with chronic hepatitis or cirrhosis were positive for
HAI-1 (Figs. 1B and 1D). However, 6 of 17 HCC tissues
(35%) were stained with anti-HAI-1 antibody, while
the nontumorous liver tissues surrounding HCC from
all HCC patients were negative for HAI-1 (Table 1 and
Figs. 1F and 1H).

To confirm the expression of HAI-1 mMRNA, we per-
formed Northern blot analysis using the liver tissues
from 4 HCC patients (Table 2, patients 4, 11, 14, and
15). The HCC tissues from patients 14 and 15 were
stained with anti-HAI-1 antibody, while those from
patients 4 and 11 were not. The expression of HAI-1
MRNA was detected in the HCC tissues from patients
14 and 15 by Northern blot analysis (Fig. 2A). How-
ever, HAI-1 mRNA was not detected in the nontumor-
ous liver tissues from patients 14 and 15, nor was it
detected in either the HCC or the nontumorous tissues
from patients 4 and 11. Moreover, we examined HAI-1
expression in the liver tissues from patient 15 by in
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situ hybridization. We found positive signals for HAI-1
mMRNA in tumor cells of the HCC tissue (Fig. 2B, a) but
not in the nontumorous tissue surrounding HCC (Fig.
2B, ¢). When using the sense probe, no signals were
detected in the HCC (Fig. 2B, b) or the nontumorous
tissues from this patient.

Relationship between HAI-1 Expression and Patient
Profiles in HCC

To analyze the clinical significance of HAI-1 expres-
sion, we examined the relationship between HAI-1 pos-
itivity and each patient's profile. The profiles of 17
HCC patients and the findings of immunostaining for
HAI-1 are shown in Table 2. Neither the age, underly-
ing liver disease, status of hepatitis B and C virus
markers, nor the tumor size was correlated with the
immunohistochemical positivity for HAI-1. However,
HAI-1 positivity was increased as the histological
grade of the HCC decreased; 5 of 6 (83%) patients with
poorly differentiated HCC were positive for HAI-1,
while none of the 4 patients with well differentiated
HCC were positive (P < 0.01). Also, HAI-1 positivity
increased with an increase in the serum «o-fetoprotein
(AFP) levels; 4 of 6 (67%) HCC patients with greater
than 400 ng/ml of serum AFP were positive for HAI-1,
while none of 7 HCC patients with less than 10 ng/ml
was positive (P < 0.05).

TABLE 2

The Profiles of Patients with Hepatocellular Carcinoma
and Immunohistochemical Detection of HAI-1 in the Liver
Tissues of These Patients

Underlying Tumor HAI-1

liver disease size AFP Histological
Case (HBVor HCV) (cm) (ng/ml) grade T N
1 CH (HBV) 35 2 Well - -
2 CH (NBNC) 35 2 Well - -
3 CH (HCV) 2.0 6  Well - -
4 LC (NBNC) 2.2 336 Well - -
5 LC (HCV) 7.0 6 Moderate - -
6 CH (HBV) 14.0 6  Moderate - -
7 LC (HCV) 2.0 8  Moderate - -
8 CH (HBV) 12.0 12 Moderate - -
9 LC (HCV) 3.0 17 Moderate + —
10 LC (HCV) 2.4 18 Moderate - -
11 LC (HCV) 3.0 8,233  Moderate - -
12 CH (HBV) 2.0 3 Poor - -
13 CH (HBV) 25 573  Poor + -
14 CH (HBV) 2.6 879  Poor + -
15 CH (NBNC) 15.0 3,154  Poor + -
16 CH (HCV) 9.0 27,920  Poor + -
17 LC (HBV) 10 386,900  Poor + -

Note. Hepatocellular carcinoma was classified as well differenti-
ated (well), moderately differentiated (moderate), or poorly differen-
tiated (poor) by histological findings. CH, chronic hepatitis; LC, liver
cirrhosis; NBNC, neither HBV or HCV; T, tumorous tissue; N, non-
tumorous tissue.
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FIG. 1. Immunohistochemical staining for HGFA and HAI-1 in
the liver tissues from patients with chronic hepatitis, liver cirrhosis
and HCC. The liver tissues were obtained from the patients with
chronic hepatitis (A and B), liver cirrhosis (C and D) and HCC
(patient 16 in Table 2) (E-H) and were subjected to immunohisto-
chemical staining for HGFA (A, C, E, and G) or for HAI-1 (B, D, F,
and H). The areas of HCC tissues of E and F were magnified in G and
H, respectively. HGFA expression was strongly detected in the liver
tissue from chronic hepatitis and liver cirrhosis (A and C), whereas
HAI-1 expression was not (B and D). Both HCC and the surrounding
nontumorous tissues were also stained with anti-HGFA (E and G).
However, HAI-1 expression was detected only in the HCC tissue but
not in the nontumorous tissue (F and H). N, nontumorous liver tissue
surrounding HCC; T, HCC tissue. [Original magnification (A-D, G,
and H) 400 X; (E and F) 150 X.]

HAI-1 Expression in Human Hepatoma Cell Lines
and the Effect of Inhibition of HAI-1
Expression on Cell Growth

We performed Northern blot analysis to examine
HAI-1 expression in several human hepatoma cells.
HAI-1 mRNA was strongly expressed in Hep3B and
Huh6/cl.5 cells (Fig. 3, lanes 2 and 6), moderately in
HuH7 (lane 7), and slightly in HepG2 and huH1/cl.2
(lanes 1 and 5), whereas expression of HAI-1 was not
detected in PLC/PRF/5 and HLF (lanes 3 and 4).

To analyze the effect of inhibition of HAI-1 expres-
sion on growth of hepatoma cells, we constructed a
recombinant retrovirus expressing antisense HAI-1
under the control of a tetracycline-regulated system
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and established antisense HAI-1-transduced Hep3B
cells [Hep3B/TH-1(AS)]. When Hep3B/TH-1(AS) cells
were treated with doxycycline to induce antisense
HAI-1 expression, the amount of HAI-1 protein in
Hep3B/TH-1(AS) was decreased to 60% of that ob-
served in parental cells (Fig. 4A, P < 0.05), and the
growth of Hep3B/TH-1(AS) was inhibited (Fig. 4B, P <
0.05). The HAI-1 expression and growth of Hep3B/TH-
1(AS) without doxycycline were similar to HAI-1 ex-
pression and growth in parental cells (data not shown).

DISCUSSION

HGF is a pleiotropic factor that functions as a mito-
gen, motogen, and/or morphogen for a variety of cells,
particularly epithelial cells bearing c-Met receptor ty-
rosine kinase. Because HGF is secreted in an inactive
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FIG. 2. Expression of HAI-1 mRNA in tumorous and nontumor-
ous liver tissues surrounding HCC. (A) Northern blot analysis of
HAI-1 mRNA in HCC and nontumorous liver tissues. Total RNAs (10
rg/ml) extracted from tumorous and nontumorous liver tissues from
4 HCC patients (patients 4, 11, 14, and 15 in Table 2) were analyzed
for HAI-1 mRNA as described under Patients and Methods. The
bottom panel shows the ethidium bromide staining for 28S ribosomal
bands. Lanes 1 and 2, patient 14; lanes 3 and 4, patient 15; lanes 5
and 6, patient 4; and lanes 7 and 8, patient 11. N, nontumorous
tissue surrounding HCC; T, HCC tissue. (B) In situ hybridization for
HAI-1 mRNA in HCC and nontumorous liver tissues. The HCC (a
and b) and nontumorous liver tissues (c) obtained from the HCC
patient 15 in Table 2 was subjected to in situ hybridization for HAI-1
using an antisense MRNA probe (a and c) or using a sense probe (b).
In situ hybridization was performed as described under Patients and
Methods. (Original magnification 200 X.)
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FIG. 3. Expression of HAI-1 mRNA in human hepatoma cell
lines. Northern blot analysis of HAI-1 transcripts in human hepa-
toma cells. Total RNA (10 ng) was analyzed for HAI-1 mRNA, as
described under Patients and Methods.

precursor form, proteolytic activation in the extracel-
lular milieu is a critical limiting step in the HGF-
induced signaling pathway. Therefore, HGFA and its
potent inhibitor, HAI-1, must act in concert to regulate
the HGF activity in the pericellular microenvironment
existing not only in injured tissues but also in malig-
nant tumors (1-3, 6, 7). Recently, we demonstrated
that HAI-1 expression was detected in normal colorec-
tal mucosa and was decreased in colorectal cancer (31)
and that HGFA is expressed in colorectal mucosa and
tumors and could be involved in the activation of HGF
in colorectal cancers (34). In the present study, we
showed that the hepatocytes in chronic hepatitis and
cirrhosis were strongly stained with anti-HGFA anti-
body, in accordance with a previous report in which
HGFA is expressed in the parenchymal cells of rat liver
(8). Also both HCC and the surrounding nontumorous
parenchymal tissues were positive for HGFA. In con-
trast, HAI-1 expression was detected only in HCC cells,
but not in non-neoplastic hepatocytes, using immuno-
histochemical staining, Northern blot analysis and in
situ hybridization. Furthermore, HAI-1 was immuno-
histochemically expressed in HCC tissues of 35% of
HCC patients, where the HAI-1 positivity was in-
creased in poorly differentiated HCC (83%) compared
to well differentiated HCC and was also higher in HCC
patients with high serum AFP levels than in those with
low serum AFP. These results indicate that the HAI-1
expression in HCC tissues may be related to tumor
progression rather than hepatocarcinogenesis. The
concomitant upregulation of protease inhibitor and its
target protease has been reported in several malignant
tumors and also in the liver tissues during hepatic
fibrosis. Tissue inhibitors of metalloproteases and ma-
trix metalloproteases were increased in cases of gastric
carcinoma (35) and HCC (36) as well as in fibrotic liver
disease (37, 38). Plasminogen activator inhibitors and
urokinase-type plasminogen activator were also up-
regulated simultaneously in malignant tumors (25),
and high levels of plasminogen activator inhibitor type
1 have been reported to indicate a poor patient prog-
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nosis (39, 40). Recently, several investigators have
demonstrated that plasminogen activator inhibitor
type 1 was vital for the invasion and neovasculariza-
tion of cancer though the underlying mechanism is
undefined (41, 42). Moreover, protease nexin-ll, a
serine protease inhibitor having a Kunitz domain that
is homologous to those in HAI-1 (9), is abundantly
expressed in most of the cancer cell lines (43, 44).
Currently, it remains unclear whether the increased
expression of HAI-1 causally contribute to, or rather
are the consequence of, the malignancy in HCC. None-
theless, two possibilities can be offered for a possible
role of HAI-1 in the progression of HCC. First, HAI-1
might contribute to the growth of hepatoma cells via a
function possibly independent of its HGFA-inhibitory
activity. In the present study, the transduction of an-
tisense HAI-1 also induced growth inhibition of human
hepatoma cells, which strongly expressed HAI-1, in the
absence of HGF. We have also observed that the over-
expression of HAI-1 stimulated the growth of human
fibrosarcoma cells, and that protease nexin-11 could be
involved in the growth of colon cancer cells in vitro and
in vivo (unpublished observation), suggesting that pos-
sible link between Kunitz-type inhibitors and cellular
growth. Second possibility is that HAI-1 might para-
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FIG. 4. The effect of antisense HAI-1 transduction in human
hepatoma cells. (A) The expression of HAI-1 proteins in parental and
antisense HAI-1-transduced Hep3B cells, Hep3B/TH-1(AS). Total
proteins (15 ng) were extracted from Hep3B/TH-1(AS) and parental
cells incubated with doxycycline for 3 days, and analyzed by Western
blot analysis, as described under Patients and Methods. (B) The
effect of antisense HAI-1 on the growth of Hep3B cells. Hep3B/TH-
1(AS) and parental Hep3B cells were incubated with doxycycline
(100 ng/ml) for 4 days, and then viable cells were counted. The
number of parental cells was set as 100%.
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doxically contribute to the pericellular activation of
HGF that could have an important role in progression
of HCC. Our recent investigations have shown that
membrane-form HAI-1 acts not only as a cellular sur-
face inhibitor of HGFA but also as a reservoir for this
enzyme. This reservoir function is terminated by reg-
ulated shedding of HGFA/HAI-1 complex induced by
protein kinase C activation, accompanying significant
recovery of HGFA activity in the pericellular space
(45). These properties of HAI-1 may resulted in the
efficient localization and concentration of HGFA on the
surface of hepatoma cells, which in turn may ensure
the pericellular activation of HGF.

Recent studies have shown that the expression of
HAI-1 was detected in the epithelial cells of pseudo-bile
ducts and in the scattered hepatocytes with fulminant
hepatitis, although normal hepatocytes did not express
HAI-1 (9, 11). HAI-1 was also upregulated in the re-
generative colon epithelium of acetic acid-induced
mouse colitis models (46). These findings suggest that
the expression of HAI-1 may be involved in tissue
injury or regeneration. However, in the current study,
reactive expression of HAI-1 was not observed in hepa-
tocytes of chronic hepatitis and cirrhosis. Further in-
vestigations should be performed to clarify the involve-
ment of HAI-1 in tissue injury or regeneration.

In conclusion, we demonstrated that the expression
of HAI-1 was detected specifically in HCC tissues but
not in non-neoplastic hepatocytes, whereas HGFA was
expressed in both HCC and nontumorous liver tissues.
Furthermore, we showed that the inhibition of HAI-1
expression in human hepatoma cells induced a de-
crease in cell growth. These findings suggest the pos-
sibility that HAI-1 plays an important role in the pro-
gression of HCC. This is the first report describing the
expression of HGFA and HAI-1 in the liver tissues of
various chronic liver diseases, including HCC, and
further experimentation will be necessary to clarify
the involvement of HAI-1 in various aspects of tumor
biology.
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