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Objective: We assessed the variations in stage, prostate specific antigen at diagnosis,
Gleason score, risk classification and primary therapy in Japanese prostate cancer patients,
and compared with those of the US patients.

Methods: Between 2004 and 2006, the distribution of primary therapy and clinical
characteristics of 2303 newly diagnosed patients at Nara Medical University and its 23
affiliated hospitals were assessed to compare with those of the Cancer of the Prostate
Strategic Urological Research Endeavor data and to clarify the differences in data between
the USA and Japan.

Results: The proportions of clinical T stage of 3—4, prostate specific antigen at diagnosis
>20 ng/ml, Gleason score of 8—10 and high-risk group were greater in our study than those
of the Cancer of the Prostate Strategic Urological Research Endeavor data (T3-4, 26.2
vs. 3.5—-11.8%; prostate-specific antigen, 34.1 vs. 8.1-27.0%; Gleason score, 29.3 vs.
9.7-12.1%). Regarding the primary treatments, 51% of patients received primary
androgen deprivation therapy, 30% underwent radical prostatectomy, 14% received radiation
therapy and 2% had watchful waiting in our study, while the corresponding figures in the
Cancer of the Prostate Strategic Urological Research Endeavor data were: radical prostatect-
omy, 44%; radiation therapy, 23%; primary androgen deprivation therapy 20% and watchful
waiting 10%.

Conclusions: The Japanese prostate cancer patients still have higher prostate-specific
antigen at diagnosis, higher Gleason score and higher clinical stage than the US patients.
The trends of primary therapy for prostate cancer were different from those in the USA. The
higher rate of primary androgen deprivation therapy is characteristic for the Japanese
patients.

Key words: primary therapy — prostate cancer — staging — risk classification — Gleason score

PSA-exposure rate in the Japanese men is unfortunately still
lower than that of those in the USA (3), and the stage
migration following the beginning of PSA screening has not

INTRODUCTION

Since the introduction of prostate-specific antigen (PSA) in
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cancer screening, most patients with prostate cancer has
demonstrated lower Gleason score, lower PSA at diagnosis
and lower stage when compared with those before 1990s in
the USA (1). Men of 50 years or older were highly exposed
to a PSA test in the USA (2). On the other hand, the

been accomplished in Japan.

The CaPSURE data showed that, between 2000 and 2002,
the distributions of low-, intermediate-, and high-risk
patients were 46.8, 37.2 and 16.0%, respectively. Regarding
the primary therapy, approximately 40% of the patients

© The Author (2010). Published by Oxford University Press. All rights reserved.
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underwent radical prostatectomy (RP) and 20% patients
received primary androgen deprivation therapy (PADT)
according to the report of Veterans Affairs (VA) health care
system (4). On the other hand, the breakdown of primary
therapies of the Japanese patients was different from that of
the Americans. In 2000, 57% of the Japanese patients
received PADT and 28% received RP in the population
where more than 33% of the patients showed clinical T3 or
T4 and 48% showed PSA of 20 ng/ml or greater at diagnosis
(5). The distribution of risk classification and the breakdown
of the primary therapy in Japan are supposed to be different
from those in the USA.

In this study, we surveyed patients newly diagnosed as
having prostate cancer in our institution and the affiliated
hospitals to assess their clinicopathologic characteristics and
primary therapy comparing with the CaPSURE data in the
USA.

PATIENTS AND METHODS

A total of 2371 patients who were newly diagnosed as
having prostate cancer at Nara Medical University (NMU)
hospital and its 23 affiliated hospitals between January 2004
and December 2006 were enrolled in this study. Sixty-eight
patients were excluded from this study due to incomplete
information at diagnosis. Finally, 2303 patients were evalu-
ated. The clinical T stage, PSA at diagnosis, Gleason score,
age and primary therapy were investigated in all patients.
The patients were divided into low-, intermediate- and high-
risk groups according to the risk classification of the
CaPSURE data (2003) (1). For instance, low-risk patients
had PSA of 10 ng/ml or less, biopsy Gleason score of 6 or
less and clinical stage (1997 TNM system) T1 or T2a.
Intermediate-risk patients had a PSA of 10.01—20 ng/ml,
Gleason score of 7 and clinical stage T2b. High-risk patients
had PSA >20 ng/ml, Gleason score of 8 or greater and clini-
cal stage T3 or T4. These classifications were based on the
criteria of D’Amico et al. (6), with the exception of the
TNM staging system (D’Amico et al. adopted the 1992
TNM classification).

The distribution of primary therapy and the clinical
characteristics of this study were compared with those of the
CaPSURE data as an example to clarify the differences in
data between the USA and Japan. The statistical analysis
was not available in comparison of clinical characteristics
because the number of patients in each period (1989—1992,
19931995, 19961999 and 2000-2002) of the CaPSURE
data was not described (1).

The distribution of primary therapies based on the clinical
parameters and risk classification of the cohorts in this study
was compared with those of the CaPSURE data (4) (2003)
in the USA.

The primary therapies of the low-risk group in which
available modalities were most varied were compared with
those of the CaPSURE data of between 2004 and 2006 (7).
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In this comparison, the risk classification was based on the
criteria of D’Amico et al. (6) which was also used in the
CaPSURE data (2007) (7).

To examine the differences in categorical parameters, x>
test was performed. All P-values <0.05 were considered as
statistically significant.

The institutional reviewer board approved this retrospec-
tive study, and obtaining informed consent from the patients
was exempted in the respect of the aim and methods of this
study.

RESULTS

Of all 2303 patients, 420 patients were treated at NMU hos-
pital and 1883 were treated at 23 affiliated hospitals. The
mean age and PSA at diagnosis of all patients were 71.9
years (median 72; range 39—96) and 140.0 ng/ml (median
12.3, range, 0.4-16 920), respectively. The demography of
2303 patients is shown separately in the university hospital
and the affiliate hospitals in Table 1. In NMU hospital, the
patient’s age was younger, PSA at diagnosis was lower,
Gleason score was lower and clinical T stage was lower than
those in the affiliated hospitals (P < 0.001).

The patients’ demographics at diagnosis such as PSA
value, Gleason score, clinical T stage and risk classification
in this study were also different from those of the CaPSURE
data (1) (Fig. 1). In our series, 41.8% of the patients showed
PSA values of 10 or less, 33.3% of them had T1 stage and
39.3% of them showed Gleason score of 6 or less. Of all
patients, 503 patients (21.8%) were considered as the
low-risk group, 650 patients (28.3%) as the intermediate-risk
group and 1150 patients (49.9%) as the high-risk group. On
the other hand, the CaPSURE data showed that 47.9% of the
patients between 1989 and 1992, 57.5% between 1993 and
1995, 66.0% between 1996 and 1999, and 76.1% between
2000 and 2002 showed PSA values of 10 or less. Regarding
clinical T stage and Gleason score, 26.2 and 29.3% of the
patients showed T3—4 and Gleason score of 8—10 in this
study, while 3.5 and 9.8% of the patients showed T3—4 and
Gleason score of 8—10 in the CaPSURE data of between
2000 and 2002. Our patients diagnosed between 2004 and
2006 had higher PSA value, higher Gleason score, higher
clinical T stage and higher risk classification than the
patients of the CaPSURE data diagnosed between 1989 and
2002.

In our series of patients, 51% received PADT, whereas
20% received PADT in the CaPSURE data (4). The pro-
portion of RP was 30% for our patients, whereas it was 44%
in the CaPSURE data. Regarding the external beam radiation
therapy (EBRT), the proportions in our series and the
CaPSURE data were 8 and 16%, respectively. The pro-
portion of brachytherapy was 6% for our patients and 7% for
CaPSURE patients. The proportion of WW in our series was
2% and smaller than that of the CaPSURE data (10%) (P <
0.001) (Fig. 2).

110Z *£ Aenuge4 uo ngmyebiyy n nysniy () 1e Bio sppwnolpioxo-eoff woly papeojumog
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Table 1. Demographic characteristic of 2303 patients

Overall University Affiliated P value
[n=2303  hospital hospital ¢
(%)] [n=420(%)] [n=1883(%)] test)
Age
<60 154 (6.7) 52 (12.4) 102 (5.4) 0.001>
60—69 684 (29.7) 130 (31.0) 554 (29.4)
70-79 1117 (48.5) 199 (47.3) 918 (48.8)
>80 348 (15.1)  39(93) 309 (16.4)
PSA at diagnosis
<4.0 37(1.6) (92.1) 28 (1.5) 0.001>
4.0-10.0 926 (40.2) 216 (51.4) 710 (37.7)
10.1-20 554 (24.1)  98(23.3) 456 (24.2)
>20 785 (34.1) 97 (23.1) 689 (36.6)
Gleason score
2—-4 72 (3.1) 0 (0.0) 72 (3.8) 0.001>
5-6 834 (36.2) 146 (34.8) 688 (36.5)
7 722 (31.4) 175 (41.6) 547 (29.0)
810 675(29.3) 99 (23.6) 576 (30.6)
Clinical T stage
Ti 766 (33.3) 183 (43.6) 583 (31.0) 0.001>
T2 933 (40.5) 134 (31.9) 799 (42.4)
T3 489 (21.2) 95(22.6) 394 (20.9)
T4 115 (5.0) 8 (1.9) 107 (5.7)

PSA, prostate-specific antigen.

Of all patients, 503 were considered the low-risk group
according to the CaPSURE data (2003) (1). Of these 503
patients, 468 were classified into the low-risk group accord-
ing to the D’Amico’s classification (6). The primary therapy
for the low-risk patients showed a significant higher pro-
portion of PADT and a significant lower proportion of RP in
our series than in the CaPSURE data (2007) (P < 0.001)

(Fig. 3).

DISCUSSION

Cooperberg et al. (1) demonstrated the time trends in risk
stratification for prostate cancer using the CaPSURE data in
2003. From 1989 to 2002, the clinical T stage, Gleason
score and PSA at diagnosis of newly diagnosed patients
showed dramatic changes. Earlier time of diagnosis and the
numbers of patients showing lower PSA, lower Gleason
score and lower clinical T stage increased. Consequently, the
high-risk patients significantly decreased, whereas the
low-risk patients significantly increased. From 2000 to 2002,
46.8% patients were classified as the low-risk group and
16.0% were done as the high-risk group, whereas from 1989
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to 1992, 29.5 and 36.5% patients were classified as the low-
and high-risk groups, respectively.

On the other hand, the newly diagnosed Japanese patients
in our study still had higher PSA value, higher Gleason
score, advanced clinical T stage, and worse risk classifi-
cation as compared with those of the CaPSURE data. The
conceivable reason of this discrepancy between the Japanese
and American patients is the difference of exposure rate of
PSA screening. Approximately 75% of the American men
aged 50 years or more measured their own PSA value (2)
while the PSA-exposure rate in the Japanese men is currently
still low (3). Accordingly, this study possesses a potential
limitation in comparing the primary therapy between the two
countries having different PSA-exposure rates. Our data
demonstrated the difference in the proportion of PSA value,
Gleason score and clinical T stage when compared with the
CaPSURE data. In other words, the Japanese urologists even
now treat patients who have similar characteristics in USA a
decade ago.

Regarding the primary therapy, a preferable trend to
choose PADT was noticed in the Japanese patients (5,8—10).
In 2000, approximately 57% of 4529 patients received
PADT in Japan (5). Of the patients with T1c-T3NOMO, 1226
patients (45.9%) chose PADT (5). In our present study, 42%
(796 of 1887) of the patients with T1c-T3NOMO chose
PADT. Furthermore, 27% of the low-risk patients in our
present survey chose PADT. The proportion of PADT was
high in our low-risk group patients as well as in the Japanese
patients with localized and locally advanced prostate cancer.
On the other hand, only 7% of the low-risk group patients
received PADT in the CaPSURE data (7).

In contrast to PADT, the proportions of RP and RT in the
CaPSURE data were higher than those in our present study
(RP, 44 vs. 30%; RT, 23 vs. 14%). Furthermore, the pro-
portion of WW in our present study was lower than that in
the CaPSURE data (2 vs. 10%, respectively). In NMU hospi-
tal, 3-DCRT, IMRT and seed implant are available. On the
other hand, 3-DCRT is available in several affiliated hospi-
tals but not in most of the affiliated hospitals. In NMU hos-
pital, 44% of the patients received RT (e.g. IMRT, 3-DCRT
or seed implant) and 24% received PADT while in the
affiliated hospitals 7% received RT and 57% received PADT
(data not shown). The proportion of PADT in NMU hospital
was not different from that of the CaPSURE data (24 vs.
20%, respectively) (data not shown). The main reason for
this trend in NMU hospital is that NMU hospital is the only
institute to provide three modalities (IMRT, seed implant
and RP) for our patients. In NMU hospital, the patients with
newly diagnosed prostate cancer are recommended several
therapeutic options and there are many referred patients who
intend to receive IMRT or seed implant.

In the affiliated hospitals, the physicians are apt to provide
PADT if the patients hesitate to receive RP. If EBRT is
available, the physicians can provide EBRT instead of RP.
In addition, most patients are likely to receive primary
therapy in the same hospital where their prostate cancers are
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Figure 1. The chronological variation in the clinical T stage (A), PSA value (B), Gleason score (C) and risk classification (D) of the CaPSURE data (1) in
comparison with those of our present study. (CaPSURE data cited by Cooperberg et al. (1).) NMU, Nara Medical University; affiliated, affiliated hospitals.
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Figure 3. The distribution of primary therapy in patients with low risk in
Figure 2. The distribution of primary therapy in our present study and the our present study and the CaPSURE data (7) (CaPSURE data cited by
CaPSURE data (4). (CaPSURE data cited by Cooperberg et al. (1).) PADT, Cooperberg et al. (7).) PADT, primary androgen deprivation therapy; RP,
primary androgen deprivation therapy; RP, radical prostatectomy; EBRT, radical prostatectomy; EBRT, external beam radiation therapy; AS/WW,
external beam radiation therapy; WW, watchful waiting; Brachy, seed active surveillance or watchful waiting; Brachy, seed implant; Cryo, cryosur-
implant; Cryo, cryosurgery. (£ < 0.001, chi-square test). gery. (P < 0.001, chi-square test).

diagnosed. The physicians in the affiliated hospitals are also In Japan, permanent seed implantation was legally approved
likely to perform primary therapy for their patients. Indeed,  in 2003. NMU has started seed implantation since 2004 (11),
the proportion of PADT was higher in the institutes where  and IMRT was also started since 2005. The number of
EBRT was unavailable than in those where EBRT was avail-  patients receiving seed implant and IMRT has increased year
able as in our institute (data not shown). Furthermore, the by year. Most physicians have recognized the usefulness of
number of RP per year in each institute correlated inversely  RT for localized prostate cancer. In the near future, the trend
with the proportion of PADT (data not shown). of primary therapy for prostate cancer will be expected to

In the last decade, most urologists conducted RP for  change. Nonetheless, we emphasize that we still treat a great
patients with localized or locally advanced prostate cancer. proportion of the high-risk patients in Japan.
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CONCLUSION

The present study clarified the differences in the character-
istics of prostate cancer patients between the USA and
Japan. The Japanese patients with prostate cancer still have
higher PSA at diagnosis, higher Gleason score and higher
clinical stage than the American patients. In other words, the
Japanese patients to whom urologists face up were not
similar to patients with prostate cancer in the USA.
Therefore, the trend of primary therapy for prostate cancer in
Japan was different from that in the USA. The higher rate of
PADT is the most characteristic for the Japanese patients.
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Purpose: We investigated the clinical significance of chromogranin A and endo-
thelin-1 polymorphism and expression in prostate cancer.

Materials and Methods: We analyzed 2 CHGA polymorphisms by polymerase
chain reaction-restriction fragment length polymorphism in DNA samples of 435
patients with prostate cancer and 316 age matched male controls. Chromogranin
A and endothelin-1 expression was evaluated by immunohistochemistry in pros-
tate specimens of 114 men with prostate cancer who underwent radical retropu-
bic prostatectomy and in 27 with bladder cancer who underwent radical cystec-
tomy and served as controls.

Results: For the CHGA Glu264Asp polymorphism men with the GG genotype
were at 2.05 times higher risk for prostate cancer than men with the CC genotype
(p = 0.014). In men with prostate cancer higher chromogranin A immunochisto-
chemistry grade was associated with higher stage and higher Gleason score
(p = 0.011 and 0.044, respectively). Multivariate analysis showed that chromo-
granin A immunochistochemistry grade was an independent variable for predict-
ing biochemical failure after radical prostatectomy (p = 0.023). Higher endothe-
lin-1 expression was observed in prostate cancers (p — 0.011), especially those
with a higher Gleason score (p = 0.042). There was no significant relationship
between chromogranin A polymorphisms, and chromogranin A and endothelin-1
expression.

Conclusions: Polymorphism and expression of chromogranin A and endothelin-1
have clinical significance in prostate cancer. Chromogranin A expression was an
independent predictor of biochemical failure after prostatectomy in patients with
localized prostate cancer.

Key Words: prostate; prostatic neoplasms; polymorphism, genetic;
chromogranin A; endothelin-1

NEUROENDOCRINE cells have an impor-
tant role in normal prostates and
BPH as well as in primary and meta-
static prostate cancer.”* Of the bio-
genic amines and neuropeptides se-
creted by neuroendocrine cells CHGA
is a candidate marker for diagnosing
and predicting the prognosis of pros-
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tate cancer. Patients with prostate
cancer have significantly higher se-
rum CHGA than those with BPH
and controls.” A group reported that
CHGA protein expression determined
by IHC is a useful prognostic marker
of biochemical failure after radical
prostatectomy.” To date only 1 group
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has performed IHC analysis and found higher
CHGA expression in benign epithelial cells adjacent
to prostate cancer lesions than in the BPH region.*
On the other hand, CHGA polymorphisms can influ-
ence CHGA expression, which eventually affects
baseline blood pressure,® but the relationship be-
tween CHGA polymorphisms and prostate cancer
remains unclear.

ETs, which are endogenous small peptides se-
creted by endothelium, exert paracrine and auto-
crine effects through cell surface receptors and in-
fluence cellular processes, such as angiogenesis,
cellular proliferation, and tissue repair and develop-
ment.®~® Plasma ET-1 levels in patients with hor-
mone refractory, metastatic prostate cancer are
higher than in patients with organ confined prostate
cancer or controls.® Another IHC study showed ET-1
over expression in cases of advanced prostate cancer
and high grade prostatic intraepithelial neoplasia.'®
Recently CHGA and ET-1 interaction was reported
in a group of twins as well as in vitro experiments.'*
The study showed that polymorphisms in the CHGA
promoter region are associated with serum ET-1 and
CHGA stimulated ET-1 secretion in endothelial cells
in a dose dependent manner. To our knowledge the
association between CHGA and ET-1 in prostate
cancer has not been assessed.

We analyzed 7 polymorphisms in the promoter
region and the Glu264Asp polymorphism in exon 6
of CHGA in a Japanese population to evaluate the
relationship to prostate cancer risk and clinical
characteristics. We evaluated CHGA and ET-1 pro-
tein expression to determine whether they are re-
lated to localized prostate cancer pathological fea-
tures and treatment outcomes. Also, we assessed the
relationships among the CHGA genotypes, CHGA
protein expression and ET-1 protein expression.

MATERIALS AND METHODS

Subjects

A total of 751 men, including 435 with prostate cancer and
316 controls, were enrolled in this study. All patients with
prostate cancer were diagnosed at Akita University Med-
ical Center, Kyoto University affiliated hospital and re-

Tabie 1. PCR primers

lated community hospitals. They were pathologically di-
agnosed using specimens obtained from transrectal needle
biopsy or transurethral prostate resection due to lower
urinary tract symptoms. Prostate cancer clinical or patho-
logical stage at diagnosis was determined by reviewing
the medical records based on the TNM system. Prostate
cancer was classified as stage A—T1a-bNOMO, stage
B—T1c-2NOMO, stage C—T3-4NOMO and stage D—T1-
4N1MO-1 or T1-4N0-1M1 by the modified Whitmore-
Jewett system. Controls were native Japanese men older
than 60 years who had undergone health inspection at a
community hospital.

IHC was done in prostate specimens from 114 men
with stage T2-4 prostate cancer who underwent RRP and
in BPH specimens from 27 who underwent radical cystec-
tomy for bladder cancer. Since endocrine therapy may
affect the number of neuroendocrine cells, patients with
prostate cancer treated with endocrine therapy before
RRP were excluded from analysis.'? Clinical information
was reviewed in the medical records. DNA and prostate
specimens were collected after obtaining informed consent
with approval from the institutional ethics committee.

CHGA Polymorphism Genotyping

We selected 7 polymorphisms in the CHGA promoter re-
gion for LD analysis. DNA direct sequencing was done in
200 samples to analyze the genotypes of those polymor-
phisms. The Appendix lists PCR primer sequences. Geno-
type data were imported into Haploview, version 3.32
(Daly Laboratory, Board Institute, Cambridge, Massachu-
setts) to test LD among polymorphisms in the CHGA
promoter region. D’ greater than 0.8 was considered a
strong LD.

Finally, we analyzed 2 CHGA polymorphisms, includ-
ing rs9658635 in the promoter region and Glu264Asp in
exon 6, using certain primers (table 1). After confirming
successful PCR amplification each product was digested at
37C overnight with 5 U Bee I or BfuC I restriction en-
zymes (New England Biolabs, Beverly, Massachusetts).
For the rs9658635 polymorphism restriction fragments
were 114 and 21 bp for the T allele, and 135 bp for the C
allele. For the Glu264Asp polymorphism restriction frag-
ments were 129 and 106 bp for the G allele, and 235 bp for
the C allele. To avoid genotyping errors caused by incom-
plete digestion or other technical failures we repeated the
experiment at least twice for all samples and compared
the genotype with the DNA sequencing results in 100
randomly selected samples.

Reference Single Nucleotide Polymorphism

1s3658635 159658655
Palymorphism T-415C Glu264Asp
Primers Forward-5" CCTAGATATTGGAGAGAGCCATGAGTGA 3’ Forward-5' AGGGTGGCAGGCAAAGAG 3’
Reverse-5' CCATGTGTACTGAGGTCCCTGGCAG 3 Reverse-5" AAGGTGGAATGAGGTTATGG 3'
Length {bp) 135 235
Enzyme Beel BfuCi
Fragments {bp) 21+ 114 106 + 128
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IHC Staining and Evaluation

We performed IHC staining for CHGA and ET-1 using a
certain protocol. Briefly, deparaffinized, rehydrated sec-
tions were steamed for 20 minutes to enhance antigen
retrieval. Immuncghistochemical labeling with mouse anti-
human CHGA antibody (DakoCytomation, Glostrup, Den-
mark) (X800) or ET-1 antibody (Alexis Biochemicals,
Lausen, Switzerland) (x250) was done overnight at 4C.
Slides were labeled with the anti-mouse EnVision™+
system labeled with horseradish peroxidase for 30 min-
utes. The liquid DAB+ Substrate-Chromogen System
(DakoCytomation) was applied at room temperature for
30 minutes. Slides were counterstained with hematoxylin
solution for nuclear staining. Specimens were examined
by 2 independent researchers blinded to sample back-
ground data.

CHGA positive stained cells were counted in 10 high
power visual fields at 200X magnification to determine
which had the most positive cells (fig. 1, A). Since the
number of CHGA positive cells in the BPH region was
greatly different than that in the prostate cancer region,
CHGA positive cells in 3 regions were counted, including
BPHcont, BPHpca and PCapca. Counting was done 3
times per sample and the mean was used for statistics.
The mean value of each sample was categorized as grade
1—less than 10, grade 2—10 to 29 and grade 3—30 or
greater for the prostate cancer region. Since neuroendo-
crine cells are consistently found in the periurethral ducts
and verumontanum,’® those regions were excluded from
counting.

Cytoplasmic ET-1 staining intensity was scored on a
semiquantitative scale as l—weak, 2—moderate and
3—strong (fig. 1, B). The percent of cytoplasmic ET-1
positive cells was divided into 4 groups, including 1—less
than 25%, 2—25% to 50%, 3—50% to 75% and 4 —greater
than 75%. Total immunoreactivity grade was calculated
by multiplying the 2 scores’* and defined as grade 1—6 or
less, grade 2—8 and grade 3—greater than 8.

Statistical Analysis
All data were entered into an Access® database and ana-
lyzed using Excel® 2007 and SPSS®, version 16.0J. We

prostate cancer

L

Gradel Grade? CGrade3

Figure 1. IHC in BPH and prostate cancer regions. A, CHGA
cytopliasmic staining pattern. B, representative ET-1 IHC stains
of different grades.

examined differences in mean age in the 3 groups using
the independent t test. Hardy-Weinberg equilibrium anal-
ysis was done to compare observed and expected genotype
frequency using the Pearson chi-square test. We used
binary logistic regression to assess the association be-
tween prostate cancer risk and genotypes by calculating
the OR and 95% CI. We hypothesized that the C allele of
the rs9658635 polymorphism would be an inherent ge-
netic risk factor for prostate cancer and prostate cancer
progression. Statistical modeling was done independently
on the relative risk of the CC or CT genotype against the
TT genotype for rs9658635 using the logistic regression
model adjusted by age. For Glu264Asp the G allele was
hypothesized as an inherent genetic risk factor for pros-
tate cancer and prostate cancer progression.

We used 1-way ANOVA to compare the number of
CHGA IHC positive cells among the 3 groups and Ken-
dall’s ~b rank correlation coefficients to examine the re-
lationship between IHC grade and Gleason score or clini-
cal stage. The biochemical failure-free interval was
defined as the time from the date of RRP to the date when
PSA increased to more than 0.4 ng/ml. We estimated
relationships between polymorphisms or IHC grade and
biochemical failure-free survival in stage T2-4 prostate
cancer cases by the Kaplan-Meier method and evaluated
them by the log rank test. The Cox multivariate propor-
tional hazards model was used for multivariate analysis.
We examined relationships between polymorphisms and
THC grades in patients with prostate cancer using Fisher’s
exact test. All statistical tests and p values were 2-tailed
with results considered significant at p <0.05.

RESULTS

Characteristics

Mean age + SD in patients with prostate cancer and
male controls was 70.28 = 7.43 and 69.46 * 7.22
years, respectively (p = 0.289). Stage was A to C, D1
and D2 in 10, 191, 83, 25 and 126 patients with
prostate cancer, respectively. In the prostate cancer
group Gleason score was less than 7, 7, greater than
7 and unavailable in 14, 202, 164 and 55 patients,
respectively.

CHGA Associations

Polymorphism genotypes vs prostate cancer risk
and clinicopathological factors. Genotype distribu-
tions in all groups were consistent with Hardy-
Weinberg equilibrium. Since more than 90% of D’
values in the 7 polymorphisms in the CHGA pro-
moter region equaled 1 (fig. 2), the rs9658635 poly-
morphism, which was reported to be associated with
CHGA expression,”® was chosen as a representative
polymorphism for further analysis. Statistical anal-
ysis of genotype frequency showed no relationship
between the rs9658635 polymorphism and the pros-
tate cancer risk (p >0.05, table 2). For the
Glu264Asp polymorphism we found a significantly
increased prostate cancer risk in men with the GG
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Figure 2, There were strong LDs among 7 CHGA promoter re-
gion polymorphisms. Red diamonds indicate D' = 1. Gray dia-
monds indicate D’ less than 1.

genotype and the GC genotype than in those with
the CC genotype (OR 2.05, 95% CI 1.16-3.63;
p = 0.014 and OR 1.97, 95% CI 1.10-3.52; p = 0.023,
respectively, table 2). There was no significant asso-
ciation of the rs9658635 or the Glu264Asp CHGA
polymorphism with prostate cancer clinical stage or
Gleason score (p >0.05).

IHC grade vs prostate cancer clinicopathological
factors and prognosis. BPHcont, BPHpca and
PCapca showed a mean + SD of 97 + 81, 136 * 109
and 20 + 48 CHGA IHC positive cells, respectively
(p <0.001, fig. 3). Compared with BPHcont BPHpca
had more and PCapca had fewer CHGA positive
cells (p = 0.046 and <0.001, respectively). In pa-
tients with prostate cancer a higher CHGA IHC
grade was more often found in those with pT3-4
than pT2 disease (p = 0.011). There was a signifi-
cant association between CHGA IHC grade and
Gleason score (p = 0.044). On univariate analysis a
higher probability of biochemical failure after RRP
was significantly associated with higher CHGA THC
grade (p = 0.001, fig. 4), higher Gleason score (p =
0.039), higher stage (p = 0.025) and higher PSA at
diagnosis (p <0.001). On multivariate analysis
CHGA THC grade was an independent factor pre-
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Figure 3. There were significant differences among mean num-
ber of CHGA IHC positive cells in BPHcont, BPHpca and PCapca.

dicting possible biochemical failure after RRP (p =
0.023, table 3).

ET-1 IHC Grade

Prostate cancer showed a higher ET-1 IHC grade
than BPH (chi-square 9.030, p = 0.011). Of patients
with prostate cancer we noted a higher ET-1 IHC
grade in those with a higher Gleason score (chi-
square 4.149, p = 0.042, fig. 5). There was no statis-
tically significant relationship between ET-1 ITHC
grade and clinical stage or biochemical failure after
RRP (p = 0.661 and 0.230, respectively).

CHGA Polymorphism

Genotypes vs CHGA and ET-1

Cross-tabulation results showed no significant asso-
ciation of the CHGA rs9658635 or the Glu264Asp
polymorphism with CHGA or ET-1 IHC grade
(table 4). We found no significant relationship be-
tween CHGA and ET-1 expression (p >0.05).

Tahie 2. CHGA polymorphisms vs prostate cancer risk and clinicopathological factors

Gleason Score 8 or Greater vs Less

Prostate Ca vs Control Clinical Stage Dvs A + B + C Than 8

Genotype Polymarphism OR (35% Cl) p Value OR {85% Cl) p Value OR {95% CI) p Value
CHGA promoter rs9658635:

T 1 1 1

cT 1.12 (0.81-1.55) 0.502 1.41 (0.87-2.31) 0.167 1.26 {0.79-1.98) 0.331

CC (.83 (0.55-1.25) 0.363 1.24 (0.65-2.39) 0512 1.03 {0.56-1.91) 0914

CT + CC 1.02 (0.76-1.38) 0.892 1.37 (0.86-2.18) 0.187 1.18{0.77-1 84) 0.424

TT + CT.CC 1.29 (0.89-1.86) 0.185 (.98 {0.55-1.76} 0.954 1.10{0.64-1.91) 0.729
Exon € Glu264Asp:

GC 1 1 1

GC 1.87 (1.10-3.52) 0.023 1.80 (0.64-5.10) 0.268 2.96{0.96-9.22) 0.058

GG 2.05(1.16-3.63) 0.014 2.11{0.76-5.87) 0154 2.62 (0.86-8.04) 0.031

GC + CC 2.01 (1.15-3.51) 0.014 1.98 (0.72-5.43) 0.817 2.7710.81-8.37) 6072

CC + GC.GG 0.86 {0.64-1.15) 0.314 0.80 (0.54-1.20) 0.278 1.02 {0.63-1.51} 0.804
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Figure 4. Higher CHGA IHC grade was associated with higher
probability of biochemical failure after RRP.

DISCUSSION

We first investigated the influence of CHGA poly-
morphisms on prostate cancer clinicopathological
factors. Results revealed a significant association
between the G allele of the CHGA Glu264Asp poly-
morphism and the risk of prostate cancer in a native
Japanese population, suggesting that the CHGA
Glu264Asp polymorphism may be a useful marker
for estimating the prostate cancer risk. To our
knowledge this is the first study to investigate
whether CHGA gene variants influence prostate
cancer. The G to C allele variant of the Glu264Asp
polymorphism caused the 264 amino acid CHGA to
change from glutamic to aspartic acid. Pancre-
astatin, an impairing glucose metabolism peptide
of 52 amino acids, is located in this CHGA encod-
ing region.'® Pancreastatin inhibits the release of
glucose stimulated insulin from pancreatic islet
cells.’® Since insulin has an important role in
prostate cancer pathogenesis,'” it is reasonable
that the CHGA Glu264Asp polymorphism affects
prostate cancer carcinogenesis through functional
alteration of pancreastatin by regulating insulin
secretion. Also, the importance of the pancreasta-
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Figure 5. Compared with BPH prostate cancer showed higher
ET-1 IHC grade. Higher ET-1 IHC grade was associated with
higher Gleason score (GS) prostate cancer.

tin polymorphism was supported by the observa-
tion that the Gly297Ser polymorphism influences
glucose uptake.'® Pancreastatin is a useful prog-
nostic indicator in patients with neuroendocrine
tumors'? but there was no association between the
CHGA Glu264Asp polymorphism and prostate
cancer prognosis.

The CHGA rs9658634 polymorphism is report-
edly associated with serum CHGA and the ET-1
level.>'! However, the CHGA polymorphism showed
no relationship with CHGA or ET-1 IHC expression
in our study, which could have been due to several
reasons. 1) The different methods of measuring
CHGA expression may have led to different results.
Since CHGA is secreted by other tissues as well as
the prostate, serum CHGA represents total CHGA
expression in the whole body. We used prostate sur-
gical specimen IHC grade instead of the serum level
to more specifically reflect prostate CHGA expres-
sion in the prostate. In support of our findings an-
other research group found no correlation between
serum CHGA and immunohistochemical results.?’
2) The discrepancy may have been be due to our
population. Only men older than 60 years with
prostate cancer were enrolled in our study

Table 3. Biochemical failure and clinical factor Cox proportional hazards model

Univariate Multivariate
Clinical Factors HR {85% Cl} p Value HR {35% Cl) p Value
CHGA HC grade greater then 2 or not 3585 (1.608-7.987) 0.002 2713 {1.148-6.407) 0.023
Gleason scare 8 or greater or not 2.237 (1.020-4.908) 0.044 1.512 (0.850-3517) 0.337
T stage greater than 2 or not 2.427 (1.088-5.394) 0.030 0.869 (0.375-2.504) 0.948
PSA greater than 10 ng/m! or not 5.682 {1.950-16.557) 0.001 4.611 {1.483-14.336) 0.008
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Tabie 4. CHGA polymorphisms vs CHGA and ET-1 expression
CHGA IHC Grade ET-1 IHC Grade
1 2 3 p Value 1 Z 3 o Value
rs3658635: 0.964 0.487
1T 28 6 9 18 14 1
cT 32 10 ] 18 14 19
GC 13 3 3 10 3 6
Gluz64Asp: 0.423 0.272
cc 4 iy 0 1 2 1
GC 27 1 10 17 17 14
GG 43 8 " 29 12 21

whereas other studies included subjects without
cancer regardless of age or gender. This may re-
sult in the lack of a significant relationship be-
tween CHGA polymorphisms and expression in
patients with prostate cancer.

However, our study shows that in patients with
localized prostate cancer and no history of endocrine
therapy a higher CHGA THC grade was associated
with worse tumor stage and higher Gleason score. A
group also reported that IHC staining for CHGA is
significantly associated with Gleason score,®® al-
though a contradictory result was reported.?* Fur-
thermore, the Cox multivariate regression model
showed that CHGA THC grade was an independent
variable for predicting biochemical failure after
RRP. In a study of lymph node positive cases of
prostate cancer the investigators found that CHGA
expression is associated with biochemical failure af-
ter RRP.??> However, the history of endocrine ther-
apy before RRP, which was associated with CHGA
expression,’ was not controlled in that study. Other
studies in D2 prostate cancer cases showed that
higher CHGA THC grade is associated with a worse
prognosis.?>?* Taken together, CHGA IHC grade,
which represents neuroendocrine differentiation,
could predict the prognosis in patients with prostate
cancer.

Compared with BPHcont, the number of CHGA
THC positive cells was higher in BPHpca and lower
in PCapca (fig. 3). This agrees with the result that
CHGA positive cells had more prominent expression
in benign epithelial cells adjacent to prostate cancer
lesions than in the prostate cancer region.? Also,
there is a tendency toward a decreased number of
neuroendocrine cells in untreated patients with
prostate cancer compared with that in patients with
BPH and male controls with a normal prostate.?*
Hence, higher serum CHGA in patients with pros-
tate cancer may result from BPHpca, which has
many more neuroendocrine cells than in patients
with BPH. This indicates that to predict prostate
cancer susceptibility more efficiently we should fo-
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cus on the cancerous region and the adjacent non-
cancerous region.

Neuroendocrine cells in the BPH region are neg-
ative for a-methylacyl coenzyme A racemase while
neuroendocrine cells in prostate cancer are positive
for a-methylacyl coenzyme A racemase.” In vitro
cells of the androgen dependent line LNCaP were
induced to show neuroendocrine differentiation by
androgen deprivation®® or agents that increase in-
tracellular cyclic adenosine monophosphate.?” Re-
sults indicate that PCapca neuroendocrine cells,
which have hormone insensitive characteristics,
may differentiate from prostate cancer cells. Pa-
tients with the worst prostate cancer stages had a
higher CHGA THC grade, indicating that more pros-
tate cancer cells had transformed into neuroendo-
crine cells with hormone insensitive characteristics
and resulting in a worse prognosis. Whether our
patients with hormone refractory prostate cancer
had many more hormone insensitive neuroendo-
crine cells than our patients with localized prostate
cancer should be explored in the future.

Serum ET-1 has no value for estimating prostate
cancer prognosis.?® We noted no association of ET-1
expression with clinical stage or biochemical failure
after RRP. However, prostate cancer showed signif-
icantly higher ET-1 expression than the BPH region
and higher ET-1 THC grade was associated with a
higher Gleason score.

CONCLUSIONS

A CHGA genetic variant may modify prostate cancer
carcinogenesis and CHGA expression may be a use-
ful biomarker to predict the higher malignant poten-
tial of localized prostate cancer and biochemical fail-
ure after RRP. Thus, results suggest that CHGA is
involved in prostate cancer carcinogenesis and pro-
gression.
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APPENDIX
DNA Sequencing Primers for GHGA Promoter Region

Fragment No.
{polymarphisms)

Reference Single
Nucleotide Polymorphism

Primers

PCR

DNA Seguencing

1

4

3

G-1106A rs9658628
A-1018T rs8658628
T-996G 139658631
G-462A rs9658634
T-415C rs3658635
C-89A rs7159323
C-57T rs9658638

Forward-5" CAGGTTCTCATTTAGGGACA 3/
Reverse-5' AAAGGTCAGTTTCCTGGTIG 3

Forward-5" CATCAGTTACCTGTCAAGTGCGT 3’
Reverse-5" CCCCGTGCTATTTTTCCTAAGT 3

Forward-5" GCCCAGGGACACAAGGCAAAT 3'
Reverse-5' TCGGCGTGCGTCCGTCTGTC 3

Forward-5" TTTAGGGACAGGCGTGAGCACAGGT 3
Reverse-5' TCAGTTTCCTGGTTGGCTTCCCTT 3

Forward-5° TGTCAAGTGCGTTTCCTCTGT 37
Reverse-5’ TTCCTAAGTGCCCTCTGCCT 3

Forward-5' CACCTCTTGGAAACCAGATACC 3’
Reverse-5' TGCGTCCGTCTGTCGGTCGATG 3’
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