
Abstract. Background: Hepatocyte growth factor activator
inhibitor type-1 (HAI-1) inhibits hepatocyte growth factor
activator and matriptase. Ιn the present study it was
investigated whether the expression of HAI-1 is associated
with the progression of prostate cancer. Patients and
Methods: The expression of HAI-1 was evaluated by
immunohistochemistry (IHC) of samples from 51 patients
with negative prostate biopsies and 75 patients with
untreated prostate cancer. Furthermore, the expression of
HAI-1 was evaluated in 24 patients with castration-resistant
prostate cancer (CRPC), and the relationship between HAI-
1 expression and the prostate-specific antigen (PSA)
progression-free rate was investigated. Results: Expression
of HAI-1 by IHC in patients with prostate cancer was
significantly higher than in those with negative prostate
biopsy. CRPC exhibited significantly lower HAI-1 expression
than untreated metastatic prostate cancer. The PSA
progression-free rate was worse in patients without HAI-1
expression than in those with positive HAI-1 expression.
Conclusion: It is suggested that HAI-1 may play an
important role in the pathogenesis of CRPC. 

Hepatocyte growth factor (HGF) is considered to play an
important role in functional regulation in the
microenvironment of tissues in physiological states. HGF
stimulates the proliferation, migration and invasion of
various types of cancer cells, including those of the colon,
stomach, lungs, gall bladder and prostate (1-8). HGF is
secreted as an inactive single-chain precursor form (pro-

HGF). HGF activator (HGFA) is a factor XII-like serine
protease that catalyzes the proteolytic conversion of pro-HGF
to the active two-chain form, in response to tissue injury (9,
10). In addition, matriptase is able to activate pro-HGF (11).
We recently reported that this active form, active HGF, was
more elevated in the serum in advanced prostate cancer,
including castration-resistant disease, than in localized
disease (12). HGFA activity is controlled in a pericellular
microenvironment by two serine protease inhibitors, called
HGFA inhibitor type-1 (HAI-1) (13) and type-2 (HAI-2)
(14). HAI-1 also possesses the ability to inhibit matriptase
action (15-17). HAI-1 mRNA is expressed in normal tissues
such as the kidney, pancreas, prostate, small intestine, lungs
and placenta as well as in many cancer cells. HAI-1 protein
is also expressed in PC-3 and DU-145 prostate cancer cells
(18). The balance between HGFA and HAI is a critical factor
in pericellular HGF activation in tumors (19-22); therefore,
the relationship between HGFA and HAI in prostate cancer
needs to be determined. We recently demonstrated that serum
HGFA and HAI-1 levels were elevated in patients with
advanced-stage prostate cancer (23, 24). In addition, a
positive correlation was found between serum HGFA and
HAI-1 levels in patients with prostate cancer. These results
suggest that HGFA and HAI-1 may play an important role
in the progression of prostate cancer.

In the present study, we investigated the expression of
HAI-1 in prostatic tissues from needle biopsies and analyzed
the relationship between HAI-1 expression and several
clinicopathological factors.

Patients and Methods

Patients. We enrolled 75 patients with untreated prostate cancer and
51 patients without prostate cancer between 2000 and 2006 at the
Toyama University Hospital. Fifty-one patients without prostate cancer
were defined as the control cohort. Diagnosis was confirmed
pathologically by transrectal ultrasonography (TRUS)-guided
systematic biopsy of the prostate. The clinical stages were determined
according to the Jewett staging system (25), and the histological grade
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was determined by the classification of General Rule for Clinical and
Pathological Studies on Prostatic Cancer (26). Out of the 75 patients
with prostate cancer, 29 were in clinical stage B, 28 were in stage C,
and 18 were in stage D2. Furthermore, the expression of HAI-1 was
evaluated in 24 patients with CRPC. CRPC was defined as three
consecutive rises of the prostate-specific antigen (PSA) level, four
weeks apart; PSA rises are defined as ≥25% with a 2.0 ng/ml increase
above the post-treatment nadir while the patient is receiving androgen-
deprivation therapy and testosterone should be at castrated levels (27).
Written informed consent was obtained from all patients before study
entry. The Institutional Review Board of the University of Toyama
approved the study. 

Immunohistochemistry (IHC). Tissue samples obtained from
prostate biopsies were fixed in 10% neutral-buffered formalin and
embedded in paraffin. Five-micrometer-thick tissue sections were
de-paraffinized in xylene and rehydrated through a graded series of
alcohols. Antigen retrieval was performed using a pressurized
heating chamber (Pascal; DakoCytomation, Carpinteria, CA, USA)
and Target Retrieval Solution (pH 9.0; DakoCytomation) at 120˚C
for 4 min. Endogenous peroxidase activity was blocked with 3%
H2O2 solution containing 0.1% sodium azide for 5 min at room
temperature, and non-specific blocking was performed with
blocking reagent (DakoCytomation) for 10 min at room
temperature. A goat polyclonal antibody against human HAI-1
(dilution 1:1,000; R&D System Inc., Minneapolis, MN, USA) was
applied to the tissue sections overnight at 4˚C. After washing with
tris-buffered saline (TBS) three times, the sections were incubated
with a secondary antibody (Histofine MAX-PO(G); Nichirei
Bioscience Inc., Tokyo, Japan) for 45 min at room temperature.
After washing with TBS 3 times, the immunoreactive product was
visualized with 3’3-diaminobenzidine (DakoCytomation). The slides
were then counterstained with Mayer’s hematoxylin.

IHC scoring. The following scoring system based on the staining
intensity was applied for the IHC results: 0, negative; 1+, weakly-
positive; 2+, moderately-positive; and 3+, strongly-positive.

Examples of negative and positive stains are illustrated in Figure 1a-
d. The positivity was graded if more than 50% of the cells showed
membranous staining; cytoplasmic staining was not evaluated. Two
investigators evaluated all immunoslides independently. If there was
a disagreement, cases were re-evaluated using a multiheaded
microscope, and a final agreement was reached in all cases.

Statistical analysis. Statistical analyses were carried out with the
PASW ver.18 program (IBM Japan, Tokyo, Japan). Differences in
HAI-1 expression between the two groups were calculated by the
Mann-Whitney U-test. Correlative analyses between the clinical
stages and tumor grades were performed using one-way analysis of
variance (ANOVA) and multiple comparison tests. A value of
p<0.05 was considered significant.

Results

HAI-1 expression in prostatic tissues. We examined the
expression of HAI-1 in prostatic tissues from 51 patients
who did not have prostate cancer and from 75 patients with
prostate cancer, by IHC. The clinical stages and histological
grades are presented in Table I. 

Out of the 51 benign prostatic tissues, 47 (92%) were
scored as positive for HAI-1 (weak in 10, moderate in 32 and
strong in 5), and 4 were scored as negative for HAI-1. Out of
the 75 prostate cancer tissues, 70 (93%) were scored as
positive for HAI-1 (weak in 6, moderate in 30 and strong in
34), and 5 were scored as negative. Representative examples
of HAI-1 tumor staining of the various histological grades
are shown in Figure 1. The mean scores for HAI-1 in
patients with and without prostate cancer were 1.75±0.74 and
2.24±0.87, respectively. Expression of HAI-1 in patients with
prostate cancer was significantly higher than in those without
prostate cancer (p<0.0005, Table II).
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Table Ⅰ. Patients’ characteristics.

n Age (years) PSA (ng/ml) 

Mean±SD (range) Mean±SD (range)

Controls 51 68.5±7.9 (55-81) 5.8±3.0 (1.6-13.3)
Prostate cancer
Overall 75 74.0±8.5 (51-94) 475.7±2228.6 (3.1-18900)
Clinical stage*

B 29 70.7±7.6 (54-85) 13.6±16.7 (3.1-93.1)
C 28 75.3±7.7 (59-94) 251.9±621.8 (8.9-2949)
D 18 77.2±9.5 (58-94) 1567.6±4392.7 (16-18900)

Tumor grade
Well 17 71.5±7.7 (54-85) 9.5±6.2 (3.1-24.2)
Moderately 28 73.2±7.4 (59-87) 186.2±409.3 (4.6-1542)
Poorly 30 76.1±9.5 (55-94) 1009.6±3466.2 (5.7-18900)

PSA:Prostate -specific antigen; Well, well-differentiated
adenocarcinoma; Moderately, moderately differentiated
adenocarcinoma; Poorly, poorly differentiated adenocarcinoma.
*According to the Jewett staging system (25).

Table Ⅱ. The expression of Hepatocyte growth factor activator inhibitor
type 1 (HAI-1) in prostate cancer.

n IHC score p-Value

0 1 2 3

Controls 51 4 10 32 5 0.0005
Prostate cancer 75 5 6 30 34
Clinical stage*

B 29 0 4 14 11 0.65
C 28 4 1 10 13
D 18 1 1 6 10

Tumor grade
Well 17 0 3 10 4 0.22
Moderately 28 1 1 10 16
Poorly 30 4 2 10 14

IHC: Immunohistochemical; Well, well-differentiated adenocarcinoma;
Moderately, moderately differentiated adenocarcinoma; Poorly, poorly
differentiated adenocarcinoma. *According to the Jewett staging
system(25).



The individual scores for HAI-1 in each clinical stage are
shown in Table II. The mean HAI-1 expression was
2.24±0.69 in patients with stage B disease, 2.14±1.04 in
stage C and 2.39±0.85 in stage D. There were no significant
differences in HAI-1 expression with respect to clinical stage
(p=0.65).

The individual scores of HAI-1 for each tumor grade are
shown in Table II. The mean HAI-1 expression was 2.06±0.66
in patients with well-differentiated adenocarcinoma, 2.46±0.74
in moderately-differentiated adenocarcinoma and 2.13±1.04 in
poorly-differentiated adenocarcinoma. There were also no
significant differences in HAI-1 expression with respect to
tumor grades (p=0.22).

HAI-1 expression in patients with CRPC. Twenty-four
patients with CRPC were also examined for the expression
of HAI-1 in prostatic tissues. Table III shows the patient
characteristics. HAI-1 expressions in CRPC patients were
significantly lower than in metastatic prostate cancer patients
(Figure 2).

HAI-1 score and PSA progression-free survival in prostate
cancer. Seventy-five patients were identified and included in
this analysis. During a median follow-up of 63 (range=0-118)

months, 26 patients (34.7%) had PSA progression at a median
of 28 (range=0-114) months. Patients were divided into two
groups according to the HAI-1 expression: score 0 (n=5,
6.7%) and score 1 to 3 (n=70, 93.3%). The PSA progression-
free survival was significantly lower in those with HAI-1 score
0, than in those with HAI-1 scores 1 to 3 (p<0.05, Figure 3). 

Discussion

In the present study, we showed that the expression of HAI-1 in
patients with prostate cancer was significantly higher than in
patients without prostate cancer. HAI-1 expression was not
correlated with clinical stage or tumor grade; however, negative
HAI-1 expression was significantly correlated with shorter PSA
progression-free survival. These results are different from a
report by Saleem et al., in which tissue samples from a normal
prostate exhibited a high constitutive protein level of HAI-1
compared with benign prostatic hyperplasia (BPH) and low-
grade cancer with progressive loss with increasing tumor grade
(28). Saleem et al. suggested that the enhancement of
matriptase and diminution of HAI-1 expression during
progressive stages of prostate cancer may be associated with
the increasing biological aggressiveness of the disease. On the
other hand, Knudsen et al. reported that HAI-1 expression was
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Figure 1. Immunohistochemical staining for Hepatocyte growth factor activator inhibitor type 1 (HAI-1) in prostatic tissues (×400). The following
score system based on the staining intensity was applied for the immunohistochemical results: 0, negative (a); 1+, weak (b); 2+, moderate (c); and
3+, strong (d). Representative examples of the staining patterns are presented.



significantly increased in localized prostate cancer, as
compared with the normal gland (29), which is consistent with
our results. As Kataoka et al. (30) indicated, HAI-1 is not only
an inhibitor but also a specific acceptor of active HGFA, acting
as a reservoir of this enzyme on the cell surface. The latter
property appears to ensure concentrated pericellular HGFA
activity under certain cellular conditions, such as tissue injury
and inflammation, via the up-regulated shedding of the HGFA-
HAI-1 complex. These phenomena could occur in prostate
cancer tissues.

Knudsen et al. (29) found a significant association between
HAI-1 expression and the increased risk of PSA progression
after prostatectomy. They also analyzed the expression of HAI-
1 in prostate cancer metastases and found that HAI-1 was
expressed in all of the 16 bone metastases and all of 15 lymph
node metastases. In our recent study, elevation of serum HAI-
1 was much higher in patients with distant metastases and
hormone-resistant prostate cancer than in those without
metastases (24). These results suggest that HAI-1 may play an
important role in the progression of prostate cancer as well as
hepatocellular carcinoma (17); therefore, we need to investigate
whether HAI-1 is overexpressed in prostate cancer metastases
in order to determine the source of the elevated serum HAI-1.

This is the first study to investigate membrane type HAI-1
expression in CRPC cases. In our study, membrane-type HAI-
1 expression in patients with CRPC deteriorated in
comparison with those with metastatic disease before
treatment. Furthermore, patients with negative HAI-1
expression had a significantly shorter PSA progression-free
survival than those with positive HAI-1 expression; therefore,
there is a possibility that HAI-1 is related to the progression
of prostate cancer. Previous studies indicated that reduced
expression of HAI-1 is likely involved in the progression of
prostate, breast, gastric and gynaecological cancer (18, 28,
31, 32). Fukushima et al. investigated the effect of HAI-1
knockdown on the experimental pulmonary metastasis of the
human pancreatic carcinoma cell line SUIT-2 and showed that
loss of HAI-1 enhanced metastatic pulmonary colonization
(33). The results of their study suggest that decreased HAI-1
expression may increase cancer migration and invasion.
Further studies regarding the therapeutic applications of HAI-
1 for metastasis prevention are required.

ANTICANCER RESEARCH 33: 575-582 (2013)

578

Figure 2. Expression of hepatocyte growth factor activator inhibitor type-
1 (HAI-1) according to clinical stage in patients with prostate cancer. Each
bar represents the mean±SD; *p<0.05 for the difference of stage D versus
castration-resistant prostate cancer (CRPC, one-way ANOVA). 

Figure 3. Kaplan-Meier curves of prostate-specific antigen progression-
free survival in patients with prostate cancer stratified by immunohisto-
chemical score (score 0 or scores 1 to 3); p<0.05 (log-rank test). 

Table Ⅲ. Characteristics of patients with castration-resistant prostate
cancer (n=24).

Characteristic Value

Age (years) 73.13±7.96
Initial serum PSA (ng/ml) 556.17±852.82
On study 81.35±187.78
Clinical stage* (n)

B 4
C 4
D 15

Tumor grade (n)
Well 2
Moderately 12
Poorly 7

Previous therapies (n)
Androgen deprivation therapy 24
Chemotherapy 6
HIFU 1
Radical prostatectomy 1

PSA: Prostate-specific antigen; HIFU: high intensity focused
ultrasound; Well, well-differentiated adenocarcinoma; Moderately,
moderately differentiated adenocarcinoma; Poorly, poorly differentiated
adenocarcinoma. *According to the Jewett staging system (25).



Decreased HAI-1 expression in CRPC cases and its
relation to poorer prognosis also suggested that hormone-
sensitive prostate cancer could have higher HAI-1 expression.
Knudsen et al. (29) analyzed radical prostatectomy specimens
after neo-adjuvant androgen deprivation therapy. Cases with
more than three months androgen deprivation showed a
significant decrease in HAI-1 expression. Our result for the
CRPC cases, which had been treated by primary androgen
deprivation therapy, are consistent with the results of Knudsen
et al.; therefore, HAI-1 protein expression appears to be
regulated by androgen. However, the precise mechanisms of
decreased HAI-1 expression after androgen deprivation
therapy are not clear from either radical prostatectomy
specimens or CRPC cases. It is necessary to perform an in
vitro study using androgen-dependent prostate cancer cell
lines with and without androgen stimulation to determine the
process under question.

In this context, the relationship between androgen
deprivation and HGF(c-MET) signaling is currently being
investigated. Verras et al. (34) reported that androgen
receptor negatively regulates the expression of c-MET, an
HGF receptor, as a mechanism of prostate cancer
progression. They suggested that therapeutic strategies
aiming to inhibit the activation of the HGF/c-MET pathway
might be of benefit when combined with current androgen
ablation treatment. Singh et al. (35) reported that HGF and
MET expressions were up-regulated during androgen-
independent progression in their in vitro LNCaP cell model.
On the other hand, Nakashiro et al. (36) reported that
hormonal ablation therapy, prior to prostatectomy, did not
seem to alter the expression of HGF/c-MET in carcinoma
cells in their clinical practice; however, Maeda et al. (37),
from the same group as Nakashiro et al., showed that
knockdown of c-MET using a specific c-MET siRNA
inhibited the induction of c-MET expression by androgen
depletion and actually repressed prostate cancer cell growth.
Tu et al. (38) demonstrated the efficacy of c-MET inhibitors
in anti-proliferation, when combined with androgen ablation
therapy for advanced prostate cancer. Cabozantinib (XL184)
is an oral small-molecule inhibitor of multiple kinase
signaling pathways, including c-MET and VEGFR2. Interim
analysis of a phase II study, designed as a “randomized
discontinuation” trial in patients with metastatic CRPC, was
recently presented by Hussain et al. (39, 40). After 12 weeks
of treatment, patients with a partial response continued open-
label cabozantinib, those with stable disease were blindly
randomized to cabozantinib versus placebo, and those with
progressive disease discontinued treatment. Cabozantinib at
100 mg/day, led to improvement of bone parameters,
especially bone scan and markers, as early as week six. At
this time, among bone-evaluable patients, 86% (56/65)
complete or partial resolution of bone metastases and 12%
(8/65) stabilizations were reported. Prolonged progression-

free survival (21 versus 6 weeks) was registered in the cohort
of patients who had undergone randomization; therefore,
reduced HAI-1 expression after androgen deprivation therapy
may be linked to increased HGF/c-MET expression in
prostate cancer.

There are some limitations in the present study. The
number of cases was relatively small and the study was
retrospective. The results could, therefore, be different if
performed in a larger population or in a prospective manner.
The findings of HAI-1 expression decrease in CRPC could
be due to the therapeutic effect of androgen deprivation
therapy. This could be investigated using radical
prostatectomy specimens after neoadjuvant androgen ablation
therapy, as Nakashiro et al. did (34); however, we did not
have access to non-CRPC prostatic tissues during primary
androgen deprivation therapy with long-term regression.

In conclusion, the expression of HAI-1 was increased in
prostate cancer tissues compared to benign prostate tissues.
No significant association was found between HAI-1 IHC
expression and clinicopathological factors. HAI-1 expression
was significantly lower in patients with CRPC than in those
with metastatic disease before androgen deprivation,
suggesting that HAI-1 may play an important role in the
pathogenesis of CRPC. In addition, negative HAI-1
expression was significantly correlated with shorter PSA
progression-free survival.
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