
Abstract. Background: Japanese-American (J-A) men who
have immigrated to the U.S.A. and acquired the Western
lifestyle usually have more invasive prostate cancer (PCa)
than native Japanese (NJ) living in Japan. The specific
reasons for these differences remain unknown. The objective
of this study was to examine immunostainings of cathepsin B
(CB) and its endogenous inhibitor stefin A (SA) in tissue
microarray (TMA) and radical prostatectomy (RP) tissue
sections in the hope of obtaining insights into the invasiveness
of PCa in Japanese patients. Patients and Methods: TMA and
RP sections were evaluated in 50 men (25 NJ and 25 J-A) for
CB and SA reaction products. The CB and SA immuno-
stainings were imaged directly from microscope slides to a
computer using a high performance charge coupled device
(CCD) digital camera, quantified using Metamorph software,
analyzed using the two-sample t-test, and confirmed by
multiple regression analysis. Results: The CB and SA proteins
were localized in the carcinomatous glands and isolated
cancer cells in the TMA and RP sections. The Gleason scores
and pre-surgery serum total prostate-specific antigen (PSA)
levels did not differ significantly in the NJ and J-A patients
(p=0.14, p=0.16, respectively). The Chi-square analysis of
clinical stage versus place of birth showed that the NJ patients
had significantly more T2a and T2b clinical stages than the J-
A patients who had more advanced T2c and T3a stages

(p=0.003). The CB and SA immunostainings and their ratios
in Gleason score 6 tumors did not show any difference, but the
CB:SA ratios in score ≥7 tumors approached significance
levels. Conclusion: The overall matching of specimens
according to the Gleason grade/score, pre-RP serum total PSA
levels, clinical stage and age prior to evaluation of
immunostainings greatly minimizes subjectivity associated
with the evaluation of markers in this ethnic sub-population
of PCa patients. CB and SA immunostaining is similar in
Japanese patients who have organ-confined and moderately-
differentiated PCa. Analysis of the reaction product data
provides indirect evidence that invasiveness of PCa is similar
in the two Japanese patient populations.

Invasiveness (or aggressiveness) of prostate cancer (PCa)
varies significantly in patients (1, 2), but metastasis is
responsible for about 90% deaths (3-5). Japanese-American
(J-A) men who have immigrated to the U.S.A. and acquired
the Western lifestyle usually have more invasive PCa than
native Japanese (NJ) living in Japan (6-12). Many criteria
(such as age, body weight, body fat, food habits, nutrition,
hormone levels, medical care, pathological grade, tumor
volume, nuclear size and shape, pre-biopsy serum total
prostate-specific antigen (PSA) levels, PSA density, pro-
PSA expression, clinical stage and/or relationship of
prostatic stroma and carcinomatous epithelia) have been used
to show differences in the Japanese population. The specific
reasons for these differences remain unknown. Selective
utilization of criteria has provided inconsistent results. For
example, Shiraishi et al. compared prostate autopsy samples
of NJ, J-A, and Caucasian patients using tenascin, ras p21,
and lectin-binding Helix Pomatia antigen (HPA) by
immunohistochemical (IHC) techniques (13). They found
that tenascin expression and HPA-positive cases were more
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common in J-A than NJ, whereas ras p21 expression was
lower in J-A than NJ. They concluded that PCa was more
aggressive biologically in NJ than in J-A, but immunostained
micrographs were not published. Fukagai et al. suggested
that PCa in NJ was more advanced than in J-A living in
Hawaii, presumably due to late PCa screening (14). Other
studies have shown that the incidence and age-dependence
of PCa were usually lower in NJ than J-A men (9, 15).
Recently, Marks et al. concluded that the mechanism of
carcinogenesis differed in NJ and J-A patients, possibly due
to interactions of chromatin/genetic materials and nutrients
(10). Veltri et al. have shown that ratios of epithelium and
stroma in tissue micro-array (TMA) sections could
distinguish the two groups of patients (11). Subsequently,
Veltri et al. showed that nuclear size and shape and pro-PSA
expression were significantly different in NJ and J-A PCa
patients whereas pre-operative PSA levels, PSA density, and
DNA were not (11, 12).

The above group of criteria did not include proteases (such
as cysteine proteases, matrix metalloproteases, and/or serine
proteases), alone or together, which are required for the
degradation of basement membrane (BM) and extracellular
matrix (ECM) proteins, and cancer cell invasion to other
compartments (16-19). Proteases have been used to
determine invasiveness of many solid organ carcinomas
(prostate, breast, colon, brain and lung carcinomas and
melanoma) in Caucasian and African-American men (16, 17,
19-28). Cancer cells also utilize proteases to degrade
membrane proteins in the prostatic margins/capsules, seminal
vesicles, bladder neck, lymph nodes and/or other organs
before invading them (1, 16, 19, 21, 25). In contrast, benign
prostatic hyperplasia (BPH) and benign (‘normal’) prostate
cells do not degrade or invade the BM and ECM
compartments (18). Since cathepsin B (CB) is one of the
proteases involved in degradation of BM and ECM, cancer
cell invasion and progression in many solid organ carcinomas,
it was selected for evaluation in PCa of Japanese patients (16,
17, 21, 27). Our objective was to identify differences in the
reaction products of CB and its endogenous inhibitor stefin
A (SA) in tissue microarray (TMA) and radical
prostatectomy (RP) tissue sections by IHC techniques in the
hope of obtaining new insights into invasive PCa in Japanese
patients using the group of patients earlier evaluated by
Marks et al. (10) and Veltri et al. (11, 12).

Patients and Methods
Patient population. In a retrospective study of 68 Japanese patients,
Marks et al. (10) selected RP tissue samples of 50 (25 NJ and 25
J-A) PCa patients who had not received any treatment prior to
surgery between 1994 and 2001. The Japanese men had organ-
confined moderately differentiated PCa (10). The samples showed
overall matching according to the Gleason grade/score, PSA levels,
clinical stage and age at biopsy and/or RP.

Tissue preparation and array construction. The formalin-fixed,
paraffin-embedded sections were evaluated for pathology and
Gleason grades/scores by a single pathologist using hematoxylin
and eosin (H&E) stained sections as described elsewhere (10,
11). Briefly, TMA blocks were constructed by Dr. Angelo De
Marzo, as reported (10-12). Core tissue cylinders (diameter
0.6mm) were removed from pre-selected regions of benign
(‘normal’) appearing glands and carcinomatous areas of the
individual donor paraffin-embedded blocks. The cores were
arrayed into new recipient blocks according to the methods of
Kononen et al. (29). Eight core sections (4 benign and 4 PCa)
per case were examined in this study. In addition to the TMA
sections, paraffin-embedded RP tissue sections (5 to 6 μm) were
obtained from each patient and evaluated at the Minneapolis
Veterans Affairs Medical Center (VAMC). In the RP sections,
BPH and benign glands at least two microscope fields away from
the carcinomatous areas were selected for evaluation as controls.
The Minneapolis investigators provided CB and SA
immunostaining results to co-author Dr. Leonard S. Marks (LSM)
prior to receiving any clinical data (Tables I and II) . All the
samples and medical information were collected by LSM
according to the approved protocol by the Institutional Review
Board (IRB) of the University of California Los Angeles, Los
Angeles, CA. The Minneapolis investigators did not have access
to the Health Insurance Portability & Accountability Act of 1996
(HIPAA)-regulated patient identifying data.

Immunohistochemical localization of cathepsin B and stefin A
antibodies. Since the CB and SA antibodies used in the previous
study were unavailable (30-32), new antibodies were used in the
present study. Briefly, mouse monoclonal anti-human liver CB
immunoglobulin G (IgG) was obtained from Oncogene Research
Products (Calbiochem, Cambridge, MA, USA) and polyclonal goat
anti-human SA IgG from R&D Systems (Minneapolis, MN, USA).
The molecular weights of CB and SA, their purities, and IHC
localization techniques were reported earlier (30-32) and the
immunoblot studies on the new antibodies were similar to those
previously reported by us (30). Data using the new antibodies were
evaluated and published previously (33, 34).

Immunohistochemical localization of cathepsin B and stefin A.
Antigen retrieval was carried out in 10 mM citrate buffer (pH 6.0)
using a Decloaking Chamber Pro machine (Biocare Medical, Walnut
Creek, CA, USA) (30, 33, 34). The mouse anti-CB and goat anti-
SA antibodies were localized in TMA and RP tissue sections using
IHC localization techniques (33, 34). The reaction products were
developed for 10 minutes with fresh-filtered 3, 3’-diaminobenzidine
(DAB) and enhanced with dilute osmium tetroxide solution as
reported (33, 34). The negative control sections were incubated with
pre-immune mouse or goat serum in lieu of the primary antibodies
and processed.

Quantification of localization data using Metamorph image
analysis system. The immunostainings for CB and SA were
quantified using a computer-based image analysis system equipped
with Metamorph software (Universal Imaging Corp., West Chester,
PA, USA), as we reported previously (30, 33, 34). Briefly, the
images of the CB and SA reaction products were acquired at x200
(x10 ocular and x20 objective) directly from slides to a computer
using a Zeiss (Carl Zeiss, Inc., Thornwood, NY, USA) microscope
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and a high performance Charge Coupled Device (CCD)
(Photometrics, Tucson, AZ, USA) digital camera which uses a
1317x1035 imaging array with 6.8x6.8 micrometer pixels and
12-bit digitization. On the basis of gray values ranging from 4,095
to 0, white to black respectively, threshold boundaries of the
immunostainings were created (30, 33, 34). The utilization of
neutral and green filters provided optimum imaging of the reaction
products. In the RP sections, benign (‘normal’) and/or BPH areas
were imaged at least two microscope fields away from the
carcinoma and used as controls. Since the proximity of the benign
or BPH glands to the cancer was unknown in the TMA sections,
immunostainings of BPH glands from the RP sections were used
as controls. The measurements of CB and SA are presented as
range and mean with standard error of the mean (SEM).

Data analysis. The immunostaining data were analyzed using the
two-sample Student’s t-test (significance of p≤0.05), Chi-square,
and/or multiple regressions.

Results
Profile of prostate cancer patients. Several studies on the
same group of Japanese PCa patients have been published
(10-12) and the relevant biopsy-and RP-associated data is
presented in Tables I and II. The biopsy-associated data on
the Gleason score and clinical stage were incomplete (Table
I). After biopsy, the pathological diagnosis was known in 7
NJ and 20 A-J patients, but prostatectomy specimens
revealed the pathological diagnosis in 20 (5 unknown) NJ
and 23 (2 unknown) J-A patients (Tables I and II). The
Gleason scores in the RP (p=0.14) and pre-surgery serum
total PSA levels (p=0.16) did not differ significantly between
the NJ and J-A patients (Tables I and II). The prostate
weight did not differ in these Japanese patients (p=0.43)
(Table II). Earlier studies had shown that prostate weight,

Sinha et al: Cathepsin B in Invasive Prostate Cancer

2273

Table I. Distribution of biopsy data in Japanese prostate cancer patients.

Native Japanese Japanese-American p-value

Number of prostate samples 25 25 -
Data by primary criteria
Gleason score ≤6 5 15 -
Gleason score ≥7 2 5 -
Pathology not in database 18 5 -
Gleason score (Mean±SD) 4.9±1.9 5.7±1.4 0.07
Pre-surgery PSA levels, range (Mean±SD) 0.7-40.1 (11.7±9.5) 0.7-26 (8.5±5.7) 0.16
Clinical stage at biopsy N/A N/A -
Age at diagnosis, range (Mean±SD) 58-75 (65.4±5.0) 58-77 (69.7±4.9) 0.004

N/A=not available; PSA=prostate-specific antigen, ng/ml; SD=standard deviation; Student’s t-test, significant p-value≤0.05.

Table II. Distribution of radical prostatectomy data in Japanese prostate cancer patients.

Native Japanese Japanese-American p-value

Gleason score 6 tumors after RP1 4 5 -
Gleason score >7 tumors after RP1 16 18 -
Unknown pathology 5 2 -
Mean Gleason score after RP (Mean±SD) 7.2±0.8 6.9±0.5 0.14
Pathological stage after RP1

pT2a 9 3 -
pT2b 12 7 -
pT2c 0 9 -
pT3a 4 6 -

TNM clinical stages2 T2a, T2b, T3a T2a, T2b, T2c, T3a 0.003
Prostate weight (grams), range (Mean±SD)3 10-62 (34.8±13.6) 21-105 (38.5±17.9) * 0.43
Number of years after RP, range (Mean±SD)4 5.2-10.7 (7.4±1.7) 5.6-14.4 (9.7±2.6) 0.001
Patients with unknown post-surgery PSA levels 25 1 -
Patients with PSA>0.2 ng/ml5 N/A 7 -

1Data from Veltri et al. (12); 2Chi-square test, stage versus place of birth; 3data from Veltri et al. (11); 4data calculated with January 1, 2007 as the
end date; 517 Japanese-American patients had PSA<0.2 ng/ml; *n=22; RP=radical prostatectomy; PSA=protate-specific antigen; N/A=not available;
TNM: T=primary tumor, N=regional lymph nodes, M=distant metastases; SD=standard deviation; Student’s t-test, significant p-value≤0.05.



serum PSA levels, pathological tumor stages and Gleason
grades were similar in these NJ and J-A patients (10-12).
The Chi-square analysis of clinical stage versus place of
birth showed that the NJ patients had significantly more T2a
and T2b clinical stages than the J-A patients who had more
advanced T2c and T3a stages (p=0.003) (Table II).
Therefore, the age at diagnosis, which was significantly
different between the two groups, was utilized (p=0.004)
(Table I). The follow-up after RP was significantly shorter
in the NJ than the J-A men (p=0.001) (Table II). Marks et
al. also showed that the J-A men had undergone RP surgery
about 28 months earlier than the NJ patients and this was
significantly different (10). Post-RP serum total PSA levels
of ≥0.2 ng/ml indicated recurrence of PCa in seven of the
JA patients, but similar data were not available for the NJ
patients (Table II). The PSA level of ≥0.2 ng/ml is most
commonly used in clinical practice (35). In 17 of the J-A
patients, the PSA levels were <0.2 ng/ml and the PSA level
was not known in one patient (Table II).

Cathepsin B and stefin A in BPH glands. In the TMA
sections showing BPH glands, CB and SA proteins were
localized in the basal and some cuboidal/columnar cells

(Figure 1A, D). Similar localization was found in BPH
glands in the RP sections. The immunostainings of CB alone
and SA alone in BPH glands were different in the TMA
sections compared to the RP sections (p=0.002 and p=0.024,
respectively) (Figure 2). The ratios were not significantly
different (p=0.13).

Cathepsin B and stefin A in prostate cancer. In general, the
new antibodies against CB and SA produced lower levels of
immunostainings in the TMA and RP sections than those
evaluated earlier (30, 31). The CB and SA proteins were
localized in the cuboidal/columnar carcinomatous glands and
isolated cells in the TMA and RP sections of the NJ and J-A
patients (Figure 1B, C, E, F). The CB alone and SA alone
reaction products showed variations within and between the
Gleason scores of both groups of patients.

Cathepsin B and stefin A in Gleason score 6 and 7-9 tumors.
Comparative CB and SA reaction product data in the TMA
and RP sections from the NJ and J-A patients are shown in
Tables III and IV. The statistical analysis of CB and SA
immunostainings in the Gleason score 6 tumors did not show
any difference between the two groups (Table III). In the NJ
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Figure 1. Cathepsin B (CB) and stefin A (SA) immunostainings in tissue microarray (TMA) sections obtained from Japanese prostatectomy patients.
CB reaction products (A) and SA (D) in benign prostatic hyperplasia glands. Reaction products of CB in Gleason score 7 NJ (B) and J-A (C), and
of SA in adjacent sections of NJ (E) and J-A (F) tumors.



and J-A patients with a Gleason score ≥7, the CB alone
immunostainings were not significantly different between the
TMA and RP sections (p=0.49 and p=0.1, respectively)
(Table IV). However, SA alone was significantly higher in
the TMA sections of the NJ than the J-A patients (p=0.02),
but not in the RP sections (p=0.98) (Table IV). In the J-A
patients, the CB to SA ratios were higher in the TMA than
the RP sections (p=0.08, marginally significant) (Table IV).
The CB to SA ratios in the RP sections from the NJ patients
were higher than the J-A patients (p=0.07, marginally
significant) (Table IV).

For the multiple regression analyses, the immunostaining
data in the TMA and RP sections were adjusted for tumor
weight, PSA levels, clinical stage, age, and follow-up time
for evaluation of the NJ and J-A patients. In general, the NJ
patients showed slightly higher CB immunostainings in the
TMA sections than those in the J-A patients (marginally
significant, p=0.095). Similar analysis of CB
immunostainings in the RP sections did not show any
difference (p=0.28). The analysis of SA and CB: SA ratios
did not show any difference in the TMA sections (p=0.21,
p=0.35, respectively) or the RP sections (p=0.78, p=0.46,
respectively) of the NJ and J-A patients.

Discussion

Studies of Marks et al. (10) and Veltri et al. (11, 12) allowed
us to categorize organ-confined and moderately
differentiated PCa according to Gleason grade/ score, pre-
biopsy serum total PSA levels, clinical stage, and age at
biopsy and/or prostatectomy. These criteria are usually used

in the initial diagnosis and prediction of prognosis for the
PCa patients. The utilization of these criteria allowed overall
matching of the Japanese patients prior to evaluation of the
CB and SA immunostainings. The image analysis indicated
similar CB and SA immunostaining, suggesting that the
invasiveness of the cancer was similar in both groups of
Japanese patients. The finding was consistent with our study
of the same biomarkers in African-American and Caucasian
PCa patients who were overall matched according to the
above criteria (34). Further analysis indicated that the ratios
of CB≤SA in the NJ and J-A patients were similar to the
CB≤SA ratios in Caucasian patients who had organ-confined
and less aggressive (or indolent) PCa (30). Thus, our finding
of similar invasiveness of PCa was consistent with the
dataset of Japanese patients who did not have lymph node
metastases. In our earlier study of a sub-population of 97
Caucasian PCa patients, the ratios of CB>SA were
associated with increased pelvic lymph node metastases
(p=0.006) (30). Earlier, we had reported on increased
cysteine protease CB activities in PCa in relation to its
endogenous cysteine protease inhibitors (30, 31, 34), much
as others have reported for many other solid organ
carcinomas (16, 21, 36).

Our analysis of the above criteria, in addition to tumor
weight and PSA density, indicated that the sub-populations
of NJ and J-A patients were not significantly different (10-
12). In contrast, significant differences of PCa in Japanese
patients were found when a mixture of criteria (such as
socioeconomic status, age, body weight, body fat, hormone
levels, nutrition, medical care, tumor volume, nuclear size
and shape, prostatic stroma and carcinomatous epithelia
relationships), alone or together, were used in the study (10-
12). Therefore, it is proposed that PCa patients should be
matched according to the Gleason grade/score, pre-
prostatectomy serum total PSA levels, clinical stage and age
at diagnosis for comparison of this cancer in races and ethnic
groups. These criteria greatly minimized subjectivity
associated with the selection of samples and evaluation of
biomarkers in the Japanese and other racial groups of
patients. Since a small number of PCa cases were studied,
the proposed criteria need to be validated in a large number
of Japanese patients.

Image analysis of CB alone and SA alone indicated that
the reaction products were significantly higher in BPH
glands from the TMA sections than BPH glands in the RP
sections (p=0.002 and p=0.024, respectively) . The
specific reasons for these differences are unknown, but it
could be due to increased CB and SA immunostaining
associated with a higher ratio of cut edges to surface areas
in the TMA sections in comparison to the RP sections,
sampling bias associated with selection of site-specific
pathological grade in the TMA cores in comparison to the
RP sections, or the cancer ‘field effect’ on normal-
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Figure 2. The IHC reaction products for CB alone and SA alone in BPH
glands were significantly higher (p=0.002 and p=0.024, respectively) in
the TMA sections when compared to the RP tissue sections, but the CB
to SA ratios were not (p=0.13).



appearing prostate and/or BPH glands in TMA sections.
Our limited study indicated that TMA sections are best
suited for concurrent screening of many biomarkers,
including CB and SA, but large RP tissue sections allow
in-depth analysis of carcinomatous areas showing two or
more Gleason grades/scores in relation to the stroma and
invasive tumor edges.

In conclusion, the overall matching of specimens
according to the Gleason grade/score, pre-RP serum total
PSA levels, clinical stage and age prior to evaluation of
immunostainings greatly minimizes subjectivity associated
with the evaluation of CB and SA immunostaining in this
ethnic population of PCa patients. CB and SA immuno-
staining is similar in sub-populations of Japanese PCa
patients who have organ-confined and moderately-
differentiated disease. Analysis of the reaction product data
provides indirect evidence that invasiveness of PCa is similar
in the NJ and the J-A patients.
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