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Table 1 Patients’ characteristics

Preoperative erectile function Overall Normal ED P-value
Number of patients 48 36 12 o
Median age (years, range) 66 (54-73) 65 (54-73) 68 (62-73) 0.016F
Median follow-up (months, range) 32 (3-606) 36 (8-62) 27 (3-66) 0.058%
Median PSA (ng/mL, range) 7.2 (1.4-37.0) 7.2(2.1-37.0) 3.2 (1.4-15.1) 0.0537
Clinical stage 0.2647

Tib (%) 3(6.3) 3(8.3) 0(0)

Tle (%) 25 (52.1) 20 (55.6) 541D

T2a (“a) 14(29.2) 8 (22.2) 6 (50.0)

T2b (% 6 (12.5) 5(13.9) 1(8.3)
Median NPT (mm) 25 (0-50) 25 (15-50) 15 (0-45) 0.0087

+Mann-Whitney U-test; $Fisher’s exact test. ED, erectile dysfunction: NPT, nocturnal penile tumescence (determined with
nocturnal penile circumferential change by the erectometer); PSA. prostate-specitic antigen.
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Bilateral NS: 27 patients 19 (29.6%) 10 (46.7%) 1 {93.1%)

Unilateral NS: @ patients 5 (44.4%) 2 (63.0%)  0{100%)

Fig.1 Recovery of any degree of erection following
nerve-sparing-radical retropubic prostatectory. The recov-
ery rate of any degree of erection with time and patients at
risk determined by the Kaplan-Meier Method. There was
no statistically significant difference between bilateral and
unilateral nerve-sparing groups (log-rank test £ =0.761).

We assessed the recovery rate of erectile function
following nerve-sparing RRP according to its quality by
the Kaplan-Meier method. The overall estimated recov-
ery rates of any degree of erection were 50.6% at
36 months and 94.3% at 60 months (Fig. 1). The rate of
sufficient ercction was 17.7% at 36 months without fur-
ther improvement (Fig. 2). Sufficient erection to penc-
trate appearcd only in the bilateral nerve-sparing group;
however, as for any degree of erection, there was no
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QOverali: 36 patients 32 (5.6%) 16 (17.7%) 3(17.7%)
Bilateral NS: 27 patients 23 (7.4%) 12 {23.1%) 3 (23.1%)
Unilateral NS: 9 patients 9 (0.0%) 4 {0.0%) 0 (0.0%)

Fig. 2 Recovery of sufficient erection to penetrate fol-
lowing nerve-sparing-radical retropubic prostatectomy.
The recovery rate of sufficient erection to penetrate with
time and patients at risk determined by the Kaplan-Meier
Method. Recovery was seen only in the bilateral nerve-
sparing group.

statistically significant difference in recovery between
bilateral and unilateral nerve-sparing.

The efficacy of sildenafil was determined in 13
patients with ED following nerve-sparing RRP
(Table 2). Efficacy was found in nine patients (62.9%).
Of the nine patients with normal erectile function before
surgery. sildenafil was effective for six (66.6%): four
were bilateral and two were unilateral nerve-sparing
patients. In the four patients with bilateral nerve-
sparing, sildenafil was effective at a dosage of 100 mg
for two and 50 mg for two. For the two patients with the
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Table 2 The cfficacy of sildenafil for postoperative ED
Preoperative erectile function Overall Normal ED
Number of patients 13 -9 4
Mean age: vears (range) 66.4 (57-73) 66.8 (62-71) 65.3 (37-73)
NS (bilateral/unilateral) 875 6/3 2/2
CHiicacy of sildenafil (%)
25mg 172 (50.0) 0/1 (0.0) 1/1 (100)
S0mg 46 (66.7) 3/4 (75.0) 172 (50.0%
75 mg 1/1 (100.0) 1/1 (100.0) —/ {00.0)
100 my 3/4 (75.0) 2/3 (66.7) 1/1 (100)
Total 9/13 (69.2) 6/9 (66.7) 34 (75.0)

ED, erectile dysfunction; NS-RRP, nerve-sparing retropubic radical prostatectomy; NS, nerve-sparing.

unilateral procedure, sildenafil was similarly effective at
a dosage of 100 mg and 50 mg. Of three men who
showed no response to sildenafil. one patient with bilat-
eral sparing spontaneously achieved erection sufficient
to penetrate 24 months after RRP. Another patient with
the bilateral procedure who did not respond to 100 mg
" sildenafil achieved sufficient erection with intracavern-
ous injection of 20 ug of alprostadil. The other one with
unilateral sparing did not request further treatment after
tailure with 25 mg of sildenafil.

Tor four patients with ED before surgery. sildenafil
was effective in three (75%). For two patients with bilat-
eral nerve-sparing, sildenafil was effective at the dos-
ages of 25 mg and 50 mg, respectively. For one patient
with the unilateral procedure, sildenafil was effective at
a dosage of 100 mg. However, the drug was not effective
at a dosage of 50 mg for the one remaining patient with
unilateral nerve-sparing.

Discussion

We sct out to examine functional erectile recovery fol-
towing nerve-sparing RRP. the efficacy of sildenafil for
ED following nerve-sparing RRP and the rationale of
the surgery for preoperative ED patients.

Introduction of nerve-sparing has been reported to
enable the preservation of erectile function. However,
the outcomes reported previously varied widely (13.3~
86%) for the maintenance rate of erectile function.™'* 7
Reasons for the variations might be the reliability of
cavernous nerve preservation, the difference in assess-
ment procedures and period of ED following the sur-
gery. as well as the definition of erection before and after
surgery.

Walsh er al. reported that the recovery rate for erec-
tile function was high, being 86% within 18 months
following surgery.'” Although it was also reported that
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the recovery rate at more than 6 months following sur-
gery was 87.6% with any degree of erection, most of
the erections were not sufficient in quality and the recov-
ery rate of erection sufficient to penetrate was only
9.8%." In the current study, although most patients
noticed their erection. the rate of sufficient erection
without sildenafil was low, being 17.7% at 36 months.
That suggested the possibility of a lower recovery rate
in terms of being ‘sufficient to penetrate’ without any
aid, even following the nerve-sparing procedure.

A previous study suggested that the recovery rates
for sufficient erectile function were 31.2% and 13.3%
in patients with bilateral and unilateral nerve-sparing,
respectively."” It seems that bilateral nerve-sparing pro-
vides a more favorable outcome than the unilateral type.
In the current study, recovery of sufficient erection to
penctrate was seen only in the bilateral nerve-sparing
group. Indeed, this result suggested that the amount of
preserved nerve fiber might be responsible for the more
favorable recovery of the function. A recent basic exper-
iment revealed that nerve injury induced apoptosis of
smooth muscle, which led to volume loss of cavernous
tissue and finally caused ED due to venous leakage.'"
The maintenance of the cavernous nerve is important
for both nNOS-NO-cGMP pathway preservation and
the amount of cavernous tissue. Thus. bilateral, rather
than unilateral, nerve-sparing might be essential for
preservation of sufficient erection for sexual intercourse
without any aid. There are some reports on the efficacy
of sildenafil for patients with ED after RRP>" *! The
rates of efficacy of sildenafil were reported to be 71.7%,
50% and 15.4% with patients who underwent bilateral,
unilateral and non-nerve-sparing RRP, respectively.’
Although the assessment of the efficacy of sildenafil in
the current study was preliminary due to the limited
number of patients. sildenafil was cffective for both
nerve-sparing groups. These results suggest that at least
unilateral nerve-sparing is crucial for the efficacy of
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sildenafil. Again. maintenance of the nNOS-NO-cGMP
pathway may be essential for both spontanecous func-
tional recovery and the efficacy of sildenafil.

In the current study, sildenafil was effective postop-
eratively in three of four preoperative ED patients. Thus,
a postoperative favorable effect of sildenafil might be
expected for patieats with preoperative ED if they have
mild dysfunction and a good response to sildenafil
before surgery. If sildenafil is effective in ED patients
prior to RRP, nerve-sparing is also able to maintain the
cffectiveness postoperatively even in a unilateral nerve-
sparing group. In the present study. we chose nerve-
sparing RRP for preoperative ED patients when they
strongly hoped for nerve-sparing during the detailed
informed consent process before surgery. In the future,
preoperative assessment for the response to sildenafil
may be useful to select candidates for nerve-sparing
surgery. In the PDE35 inhibitor era, this highly effective
oral agent and nerve-sparing procedure play key roles
in the QOL of RRP patients.

The current study has some limitations. The major
limitation is the small number of patients. Addition-
ally. the study is retrospective and the time of recovery
of erectile function was not ¢learly determined. Fur-
thermore, the questionnaire has not been completely
validated. The reason we developed a new question-
naire was for the purpose of assessing the quality of
erectile function regardless of sexual activity and the
time when they recovered from ED. However, as far as
we know, there is no report on the efficacy of silde-
nafil after nerve-sparing RRP for patients having ED
preoperatively. The current results are encouraging for
urologists and patients with ED before surgery. Addi-
tionally, we should confirm the efficacy of sildenafil
for those who have ED and hope for nerve-sparing
RRP in advance. A prospective large-scale trial with a
validated questionnaire is crucial to reach a definite
conclusion.

Conclusion

Sufficient erection without any aid was achicved only
with bilateral nerve-sparing RRP in the current study.
On the other hand. unilateral nerve-sparing did not lead
to sufficient erection without sildenafil. However,
sildenafil was effective for both nerve-sparing groups
regardless of the preoperative erectile function.
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Appendix
Questions for erectile function

1) Did you have sexual intercourse before surgery?
1) never
2y less than once a month
3) once or twice a month
4) once or twice a week
5) more than three times a week
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2)

4)

5)
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Did you notice erection regardless of sexual activity
before surgery?
1) never
2) less than once a month
3) once or twice a month
4) once or twice a week
3) more than three times a week
How firm was your erection? (except for the persons
who answered 1 in question 2)
1) Swollen but not firm at all
2) Insufficient to penetrate
3) Sufficient to penetrate but not satisfactory
4) Very sufficient to penctrate
When did you notice any degree of erection after
surgery?
months after surgery

When was your erection sufficient to penetrate after

surgery?
months after surgery
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The E-cadherin gene has been identified as having a physiological role in cellular attachment,
and is hypothesized to participate in carcinogenesis. A polymorphism (an A to C substitution)
in the 5'-untranslated region has a direct effect on E-cadherin gene transcriptional regulation. We
explored the association between E-cadherin gene polymorphism and the risk of prostate cancer
in a Japanese population. The subjects consisted of 236 patients with prostate cancer, 209 benign
prostatic hyperplasia (BPH) patients and 139 male controls. A marginally significant difference
was found between prostate cancer patients and male controls (P = 0.053). No significant
difference was observed between prostate cancer and BPH patients. When patients with prostate
cancer were divided into two groups, stage A+B and stage C+D, a significant difference was
observed between progressive cancer patients (stage C+D) and male controls (odds ratio=1.93,
P=0.016). It is possible that the presence of one A allele resulted in an increased risk of cancer

progression.

Key words: E-cadherin — prostate cancer — single nucleotide polymorphism

INTRODUCTION

Prostate cancer is the most common malignancy in North
American and European men, and represents a major public
health challenge. Traditionally considered a disease of elderly
men, a considerable proportion of ¢cases now occur in men in
their pre-retirement years. New means of identifying individu-
als at risk and strategies for early detection and preventive care
are urgently needed.

There are some risk factors that have thus far been clearly
established for prostate cancer, ¢.g. familial aggregation and
ethnic origin (1,2), Many epidemiological studies have been
conducted to evaluate the effects of environmental factors on
the risk of prostate cancer in an attempt to explain the large
ethnic variations in risk. However, no single environmental or
lifestyle factor has consistently been associated with the risk
of prostate cancer. Genetic polymorphisms of genes encoding
for the androgen receptor, vitamin D receptor and cytochrome

Fuor reprints and all correspondence: Osumu Ogawa. Department of Urology.
Kyoto University Graduate School of Medicine. Shogoin Kawahara-cho 54.
Sukyo-ku. Kyoto City. Kyoto 606-8507, Japun. E-mail: ogawao@kulip.
Kyoto-n.ac.jp
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P450c17alpha enzyme have been associated with different
degrees of risk for prostate cancer (3-5).

E-cadherin is a 120 000 MW glycoprotein that plays a crit-
ical role in many aspects of cell adhesion, epithelial develop-
ment and the establishment and maintenance of epithelial
polarity (6). Loss of E-cadherin expression and the subsequent
loss of homotypic cellular adhesiveness may be a critical step
allowing epithelial tumor cells to invade and metastasize.
E-cadherin expression is decreased or absent in poorly ditfer-
entiated carcinomas of the breast, prostate and many other
tumors (7,8). In prostate cancer, it is possible that the loss
of E-cadherin is related to tumor aggressiveness (8).

The association between E-cadherin abnormality and tumori-
genesis has been previously reported. Guilford et al. (9)
reported germline mutations in the E-cadherin gene in three
familial gastric cancer kindreds of New Zealand Maori. Gerim-
line mutation of the E-cadherin gene has also been implicated
in the pathogenesis of sporadic colorectal cancers (10,11).

There is a polymorphism (an A to C substitution) at — 160
trom the transcriptional start site of the E-cadherin gene pro-
moter that might influence transcriptional efficacy (12). The
present study was conducted to explore the association of this
polymorphism of the E-cadherin gene with prostate cancer risk

C. 2005 Foundation for Promotion of Cancer Research



in Japanese men. [n addition. we set up a group of men with
apparent benign prostatic hyperplasia (BPH), and another
group of older men without uny evidence of prostate cancer
or BPH.

SUBJECTS AND METHODS

SUBIECTS

All subjects included in the study were unrelated Japanese.
A total of 384 subjects with appropriate informed consent were
studied. The subjects consisted of 236 prostate cancer patients
who were diagnosed from 1995 to 2001, 209 BPH patients and
139 male controls who were recruited at Kyoto University
Hospital and Akita University Medical Center. All of the pro-
" state cancer patients were diagnosed histologically with spe-
cimens obtained from transrectal needle biopsy or transurethral
resection of the prostate for voiding symptoms. All of the BPH
patients had various degrees of lower urinary tract symptoms
and an apparent prostatic enlargement by digital rectal exam-
ination. Serum PSA levels were measured in all BPH patients,
as well as in men with elevated PSA levels (4.0 ng/ml by
the Tandem-R assay; Hybritech Inc., San Diego, CA) who
were shown not to have prostate cancer by transrectal sextant
biopsies. The male control group comprised 139 volunteers
over 65 vears old without any voiding symptoms. They were
mainly selected from patients admitted to several community
hospitals because of various non-urclogicul diseases. They all
had normal serum PSA levels (<4.0 ng/ml by the Tandem-R
assay), showed no signs of prostate cancer and had no pro-
static enlargement by digital rectal examination. Serum PSA
levels were measured using the Tandem-R assay in most cases.

When serum PSA levels were measured by kits other than the

Tandem-R, the measured PSA level was adjusted to that of the
Tandem-R assay using a formula published by Kuriyama et al.
(13). The mean ages (£SD) of prostate cancer patients, BPH
patients and male contrels were 72.2 + 7.9, 69.8 + 8.8 and
74.7 + 6.9 years, respectively. There was no statistically sig-
nificant difference in the mean age between these groups by
unpaired two-tailed ¢ test.

HISTOPATHOLOGICAL GRADING

Pathological grading of the prostate cancers was determined
according to the General Rule for Clinical and Pathological
Studies of Prostate Cancer by the Japanese Urological Asso-
ciation and the Japanese Society of Pathology, which is based
on the WHO criteria and the Gleason pattern (14). A patho-
logist (S.M.) reviewed prostate cancer specimens in order to
determine Gleason Grade and WHO criteria. The clinical stage
was determined by review of the medical records und was
classified using the Whitmore—Jewett system. In localized can-
cer (stages A and B). the allcle distributions of A/A. C/A and
C/C in cases from Akita University were |, 7 and 34 cases,
respectively. and those from Kyoto was 4, 12 and 31 cases,
respectively. In invasive cancer (stages C und D), the distri-
butions were 1, 16 and 40, and 4, 29 and 39 cases from Akita
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and Kyoto, respectively. There was not enough information
on 18 patients with prostate cancer who did not have their
clinical stage determined and thus they were excluded from
the analysis.

GENOTYPING OF E-CADHERIN GENE PROMOTER
POLYMORPHISMS

DNA was extracted from blood samples collected from each
subject using a QIAwmp Blood Kit (QIAGEN, Germany) or
by the standard method with proteinase K digestion followed
by phenol/chloroform extraction. There is a polymorphism
(an A to C substitution) at — 160 from the transcriptional start
site of the E-cadherin gene promoter. The A allele created an
AfMI site and the C allele created a Hphl site. The 452 bp
fragment encompassing either the Af/III or Hphl polymorphic
site in the promoter region of the E-cadherin gene was amp-
litied using the primers 3'-TTCTGATCCCAGGTCTTAGT-
GAGC-3 and 5-GGTACCTGCAGCAGCAGCAGCAG-3'.
The 30 pl PCR mixture contained 1 pl of genomic DNA as
a template, 10x PCR butfer (3 pl). 2.5 mM MgCl, (1.8 pl),
200 uM each dNTPs, 15 pmol of each primer and 0.2 U of
AmpliTaq polymerase (Roche Molecular Systems). Thirty-
three cycles of PCR were performed, with each cycle consist-
ing of 94°C for 50 s, 65°C for 40 s and 72°C for 40 s. The
452 bp fragment was divided into 334 and 118 bp with AfAII-
digestion, or into PCR products digested for at least 2 h with
either Hphl or AfIII. The digestion reactions were fractioned
on a 2% agarose gel. The genotypes were designated as "A°
when the AfIII restriction site was present and the Hphl site
was absent, and as ‘C” when the AfTIII site was absent and the
Hpht site was present (Fig. I).

STATISTICAL METHODS

Associations between disease and genotype were assessed
by calculating odds ratios (ORs) and 95% confidence intervals

PCR - RFLP
C/A

AlA C/C

«  452-hp
Y 3bp
¢ H18-bp

M U

D
Lzundigested PCR produce: D: digested with Af1 . Misize marker
A/A 1 334bp+118bp (/A  452bp+3340p+ E18bp C/C : 452bp

u np U D

Figure 1. Representative PCR-RFIP pattern digested with AfIIL U,
undigested PCR product; D. digested with 411 M. size marker.
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E-cadherin polymorphisnt and risk of prostate cancer

Table 1. Frequencies {n 191} of E-cacdherin gene polymorphisms in putients with prostate cancer. patients with BPH and male controls

E-cadherin gene genotype

Age-adjusted OR (95% CI

A/A A/C c/ic A allele Compared with BPH P value Compared with male control P value
Prostate cancer 17 7130 154 163.3) 34.7% 1.22(0.82-1.84) 0.329 1.61 {0.99-2.59) 0.033
Stage AB* 5(5.6) 19(21.4) 65 (73.01 27.0% 0.85 (0.49-1.30 0.581 1.10 (0.60-2.04) 0.755
Stage C.D* 539 45 (34.9) 79161.2) 8.8 1.47 10.92-2.34) 0.107 1.93 ¢1.13-3.29) 0.016
BPH 6(2.9) 56 126.8) 147 (70.3) 29.7%
Male control 5¢3.0) 29 ¢20.9) 105 (73.3) 24.5%

“Ejghteen patients were not informative ind were therefore excladed.
OR. odds ratio; CL confidence interval.

(Cls). E-cadherin genotype distribution in prostate cancer was
compared with BPH and male controls. Multivariate logistic
regression analysis was performed for each polvmorphism
alone in order to adjust for age. A probability ot <0.05 was
required for statistical significance.

RESULTS

Frequencies of the E-cadherin promoter genotype and allele
types in the three groups (prostate cancer, BPH and male
control) are shown in Table 1. The E-cadherin gene allelic
distribution in each group was found by the Hardy—Weinberg
equilibrium (P > 0.05).

The E-cadherin gene polymorphism was further analyzed
to clarity the influence of the A allele by dividing it into two
groups, i.e. the C/C genotype or the C/A+A/A genotypes.
Because there was an extremely small frequency of A/A, we
divided these groups according to the presence of the A allele.
To adjust for age, multivariate logistic regression analysis was
performed for each polymorphism alone. A marginally signi-
ficant difference was found in prostate cancetr-patients and
male controls (P = 0.033). No significant ditferences were
observed between the prostate cancer and BPH patients.
When we divided patients with prostate cancer into two
groups, stage A+B and stage C+D, a significant difference
was observed between progressive cancer (stage C+D) and
male controls (P = 0.016). It is possible that having one
A allele resulted in un increased risk of cancer progression
(Table 1). We examined the distribation of E-cadherin pro-
moter genotypes in prostate cancer patients by Gleason score
(GS). The frequency of the genotype C/C was 75% in those
with a GS <6, 56.6% with a GS =7 and 59.1% with a GS >7.
There was no statistically significant ditference among these
GS groupings. Indeed, in the prostate cancer patients, the fre-
quency of at least one A allele being present was higher in a
GS > 9 compared with & GS <6 (48.9% versus 25%: P =0.038).

DISCUSSION

The E-cadherin gene has been identitied as having a physio-
logical role in cellular artachiment, and several investigators
have hypothesized that this gene participates in carcino-
genesis (9,10,135). Abnormalitics in the expression and cellular
Jocalization of E-cadherin are frequently associated with high
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tumor grading, infiltrative growth, and lymph node metastasis
in a variety of human malignancies (7,8,16,17). For patients
with prostate cancer, it is now well documented that decreased
expression of E-cadherin is associated with a poor prognosis
(8). The biological functional relationship between the loss of
E-cadherin expression and the acquisition of invasive behavior
has been described in several reports. Moreover, the restoration
of an epithelial phenotype and a concomitant reduction in
invasiveness after DNA-mediated transfection of E-cadherin
has been reported by several investigators (18,19). These res-
ults suggest that E-cadherin gene abnormalities participate
in several human malignancies, including carcinoma of the
prostate. At present, it is not clear that the single nucleotide
polymorphism (SNP) of this gene determines susceptibility to

Recently, the association of genetic polymorphism ot the
E-cadherin gene with prostate cancer has been reported
(20-22). Verhage et al. (20) reported that the A-allele frequen-
cies among 82 low grade prostate cancer cases consisted of
32 sporadic cases, and 25 familial cases and 188 controls were
39.0% and 24.7%, respectively. Thus, in their study popula-
tion, A-allele carriers had an increased risk of prostate cancer,
which was statistically significant (OR = 3.6; 95% CI 2.0-6.4).
In our present study, the frequencies of the A allele were 34.7%
in prostate cancer, 29.7% in BPH and 24.5% in male controls.
Although our age-adjusted data did not support an association
of the A allele with prostate cancer, we cannot exclude the
possibility of a relationship between prostate cancer and this
polymorphisim.

On the other hand, however, we did find a significant asso-
ciation between the E-cadherin genotype and diseuase status
in prostate cancer patients. Considering the function of
E-cadherin intracellular attachment, it seems natural that the
SNP of the E-cadherin gene promoter correlates with tumor
invasiveness rather than tumorigenesis. In this study, there was
a statistically significant difference between high stage pro-
state cancer (stage C+D) and male controls. It is possible that
the presence of one A allele resulted in an increased risk of
prostate cancer progression. Tsukino et al. (22) have recently
reported that this E-cadherin polymorphism is not related
to the incidence and progression of prostate cancer in the
Japanese population. These previous results ditfer from our
study. One of the reasons for this discrepancy might be a



difference in the setting of the control group. Tsukino et al. set
the control as the age-matched general populution. This may
have included a number of people who had latent prostate
cancer. On the other hand, in our study we set up two control
groups. One group was a normal population without BPH with
a serum PSA value of <4 ng/ml, while the other was those with
BPH. In addition, the male volunteer controls were examined
by both PSA test and digital rectal examination to confirm the
absence of detectable prostate cancer.

Factors that affect susceptibility to prostate cancer include
genetic factors, diet and environmental factors. There are many
reports about the differences in prevalence of prostate cancer.
Because there is so much variance in the prevalence of prostate
cancer between races, especially Asians including Japanese and
Cuaucasians, further studies on different racial groups with
different prevalences of clinical prostate cancer are required
to estublish the association of E-cadherin gene polymorphism.

This genetic polymorphism seems to be correlated with a
risk of developing prostate cancer. The polymorphism of the
E-cadherin gene can then not only identify those at high risk
for prostate cancer, but may become a marker to determine the
clinical signiticance of the disease.
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ANDROGEN RECEPTOR, Ki67, AND p53 EXPRESSION
IN RADICAL PROSTATECTOMY SPECIMENS PREDICT
TREATMENT FAILURE IN JAPANESE POPULATION

TAKAHIRO INOUE, TAKEHIKO SEGAWA, TAIZOU SHIRAISHI, TORU YOSHIDA,
YOSHINOBU TODA, TOMOMI YAMADA, NAOKO KINUKAWA, HIDEFUMI KINOSHITA,
TOSHIYUKI KAMOTO, ano OSAMU OGAWA

ABSTRACT
Objectives. To evaluate multiple known prognostic markers in localized prostate cancer using tissue
microarrays in Japanese patients. Molecular studies have suggested that ethnicity influences prostate tumor
biology.
Methods. Specimens were studied from 52 patients who underwent radical surgery at our institution
between 1997 and 2001 without neoadjuvant hormonal therapy and with three or more available and
complete cancer spots. Ki67, p53, and androgen receptor antigen expression were examined. Immunohis-
tochemical scores were compared with outcomes of chemical relapse as monitored using prostate-specific
antigen.
Results. Pathologic tumor classification (P = 0.047), World Health Organization score (P = 0.026), World
Health Organization histologic grade (P = 0.026), and surgical margin status (P = 0.018) were significant
conventional clinicopathologic variables for predicting biochemical failure. The tissue microarray Gleason
sum (P = 0.038), tissue microarray primary Gleason grade (P = 0.013), Ki67 labeling index (P <0.0001),
p53 (P = 0.0097), and androgen receptor (P = 0.0113) antigen expression also were significant. Moreover,
surgical margin status and Ki67 labeling index were independently associated with treatment failure.
Conclusions. Especially together, the Ki67 labeling index and p53 and androgen receptor expression in
localized prostate cancer often predicted postoperative progression in Japanese patients. UROLOGY 66:
332-337, 2005. © 2005 Elsevier Inc.

S ubstantial differences exist in the incidence of  of latent carcinoma seems to be similar across pop-
clinical prostate cancer (PCa) among ethnic  ulations, suggesting that promotion of microscopic
groups, with black Americans havinga 10-foldand  carcinoma to clinically significant cancer differs
American whites a 5-fold greater incidence than  substantially among these ethnic groups. More-
Japanese men. ' Despite the striking racial varia-  over, PCa risk increases for Japanese migrants to
tion in the incidence of clinical PCa, the prevalence ~ Hawaii and Japanese migrants to Los Angeles.!*
This epidemiologic evidence emphasizes that
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prognostic markers such as Ki67,”" p53, and
androgen receptor (AR).*"

MATERIAL AND METHODS

SPECIMENS AND CLINICOPATHOLOGIC FEATURES

The entry criteria for this retrospective cohort study to con-
struct a PCa tissue array included clinically localized PCa re-
sected between June 1997 and August 2001, whole mount
tissue specimens processed by standard histologic methods
and available at our institution, and PCa of sufficient size
(greater than 5 mm) present in the specimens to be cored for
TMAs. A total of 80 patients with PCa fulfilled these criteria,
and their specimens were cored to produce TMAs. Among
these 80 patients, 52 were enrolled in this study and had met
the following criteria: no preoperative treaiment, and at least
three available cancer spots for evaluation of all molecular
markers. All prostate specimens were processed by standard
histologic methods. ! All the specimens were graded by two of
us (Taizou S. and Takahiro 1.} independently according to the
Gleason method and staged pathologically according to the
2002 American Joint Committee on Cancer TNM classifica-
tion and the Japanese General Rules for Clinical and Patholog-
ical Studies on Prostate cancer (third edition). All clinical and
pathologic data were obtained from the medical records. The
clinicopathologic data are summarized in Table 1. The date of
failure was considered the time of the initial postoperative
blood sampling yielding detectable prostate-specific antigen
(PSA; 0.1 mg/mL or greater). When the serum PSA level after
surgery did not decline to less than 0.1 ng/mL, the date of
failure was defined as the time of surgery. The most recent date
of follow-up was December 31, 2003. All the patients involved
in this study provided informed consent before participating
in this investigation.

TMA CONSTRUCTION

All samples were arrayed, as previously described, with
some modifications.!2-1* Tissue cylinders 1.0 mm in diameter
were punched from the selected areas of each block by a pre-
cision instrument (Beecher Instruments, Silver Spring, Md)
and were embedded into paraffin blocks in a systematic fash-
ion. For each case, three cores with the most undifferentiated
or the main tumor area were selected and arrayed.

IMMUNOHISTOCHEMISTRY

Standard indirect immunoperoxidase procedures using
monoclonal antibodies were applied to detect Ki67 (1:100,
MIB-1, DAKO, Kyoto, Japan), p53 (1:400, Do7, Novocastra,
New Castle, UK), and AR (1:100, 2F12 Novocastra). Tumors
with known positivity were used as positive controls for all
antibodies. As negative controls, the primary antibodies were
omitted. All slides were evaluated by two of us (Takehiko S.
and Takahiro 1.) independently. Nuclear staining was consid-
ered representative for Ki67 and p53, and both cytoplasmic
and nuclear staining of epithelium was considered positive for
AR. Therefore, we defined the Ki67 labeling index and p53
expression as the percentage of nuclear area stained with these
antibodies. One to three nonoverlapping measurements, in-
cluding the most intense staining area, were made at high
magnification (X 200) in each cancer spot. Each measurement
included at least 100 epithelial cell nuclei, which resulted in
counts including 300 to 1200 nuclei for each case. AR immu-
nopositivity was graded semiguantitatively as weak (no stain-
ing or light immunostaining involving less than 10% of the
epithelium), moderate (light-to-moderate immunostaining
involving 10% to 50%), and strong (moderate-to-strong im-
munostaining involving more than 50%). Thereafter, we de-
termined a score as follows: strong AR staining was scored as
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TABLE I. Demographic and clinicopathologic
features of 52 patients
Feature
Age (yr) 50-76 (68; 64, 72)
Preoperative PSA 3.8-1201(9.95;7.75, 17.15)
(ng/mL)

Follow-up {days)
Time to PSA failure

727-2343 (1274; 1039, 1759)
0-648 (157; 0, 415)

(mo)
Pathologic T stage (n)
pT2 14
pT3 38
Whole mount tissue
Gleason sum (n)
5 2
6 2
7 45
8 0
9 3
10 0
Primary Gleason score
3 40
4 11
5 1
WHO score
2 1
3 19
4 27
5 2
6 2
7 1
WHO histologic grade
0 1
1 19
2 27
3 3
4 2

Key: PSA = prostate-specific antigen; WHO = World Health Organization.
Datapresenied as ranges, with median and 25th and 75th percentiles in parenthescs,
unless otherwise noted.

3; moderate AR staining as 2; and weak AR staining as 1. To
evaluate the prognostic value of each marker subjected to im-
munostaining, the mean Ki67 labeling index (sum of the la-
beling index of each cancer spot in each case divided by the
total number of evaluated spots), maximal percentage of p53
expression (greatest percentage of expression among all can-
cer spots in each case), and mean AR staining score (sum of
the AR score of each cancer spot in each case divided by the
total number of evaluated spots) were determined and re-
corded for each case. ’

STATISTICAL ANALYSIS

The survival time from the date of prostatectomy to treat-
ment failure or last follow-up was estimated using the Kaplan-
Meier method. A log-rank test was used to examine the rela-
tionship between each molecular marker, histologic and
clinical data, and PSA relapse-free survival. In multivariate
analysis with a Cox proportional hazards model, a stepwise
method was used to determine the parameters with the great-
estinfluence on the risk of progression. Spearman’s rank order
correlation analysis was used to analyze the statistical signifi-
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TABLE ll. Univariate analysis of time to PSA-defined
treatment failure
No. of Cases

Factor Investigated {No. of PSA Failure Cases) P Value
Age (<70 vs. =270 yn) 34(12)vs. 18 (8) 0.665
Preoperative PSA (<10 vs. =10 ng/mL) 26 (8) vs. 26 {12) 0.286
pT stage (<T3 vs. =T3) 14 (2)vs. 38 (18) 0.047
Gleason sum {<7 vs. =7) 4(1)vs. 48 (19) 0.500
Primary Cleason score (<4 vs. =4) 40 (13)vs. 12(7) 0.061
WHO score (<4 vs. =4) 20 (4) vs. 32 (16) 0.026
WHO histologic grade (<2 vs. =2) 20 (4) vs. 32 (16) 0.026
Surgical margin (positive vs. negative) 36 (18)vs. 16 (2) 0.018
Perineural invasion (positive vs. negative) 29 (13) vs. 23 (7) 0.196
TMA Gleason sum (<7 vs. =7) 17 (3) vs. 35 (17) 0.038
TMA primary Gleason grade (<4 vs. =4) 25 (4)vs. 27 (16) 0.001
p53 expression (positive vs. negative) 3{13)vs.29(7) 0.0097
Ki67 LI (positive vs. negative) 24 (16) vs. 28 (4) <0.0001
AR (high vs. tow) 26 (14) vs. 26 (6) 0.0113
Key: PSA = prostate-specific antigen; WHO = World Health Organization; TMA = tissue microarray; L1 = labcling index;

AR = androgen receplor.

cance of the correlations among the Ki67 labeling index, AR
expression, and p33 expression in cancer spots. Statistical
analysis was performed using StatView, version 5.0 (SAS In-
stitute, Cary, NC). All P values were two-tailed, and P <0.05
was considered to indicate significance.

RESULTS

CLINICAL AND HISTOPATHOLOGIC PARAMETERS

The known clinical and pathologic variables of
whole mount prostatic tissues were dichotomized.
Table 1T summarizes the results of univariate anal-
ysis for disease-free survival.

HISTOPATHOLOGIC PARAMETERS AND MOLECULAR
MARKERS IN TMA

Both the TMA Gleason sum and TMA Gleason
grade significantly influenced PSA-free survival
(P = 0.038 and P = 0.0013, respectively).

In the 52 cases analyzed in this study, the range
of the Ki67 labeling index was 0 to 34.3 (median
4,475, 25th percentile 2.38, 75th percentile 7.77).
The percentage of p53 positive expression was 0%
to 90% (median 11%, 25th percentile 2.165%, 75th
percentile 23.67%). The range of the AR expres-
sion score was 1 to 3 (median 1.5, 25th percentile
1.0, 75th percentile 1.835). The labeling indexes
for Ki67 and p533 expression were dichotomized
according to a cutoff of 5 and 15, respectively, as
previously reported.”* AR immunostaining was
dichotomized as high (mean AR score 1.6 or
greater) vs. low (mean AR score less than 1.6). By
univariate dichotomized log-rank analysis, the
Ki67 labeling index (P <0.0001), p53 (P =
0.0097), and AR (P = 0.0113) were significantly
associated with PSA-defined disease-free survival
(Table T and Fig. 1).
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MULTIVARIATE ANALYSIS OF ALL VARIABLES

In stepwise multivariate analysis with a Cox pro-
portional hazards model, the surgical margin sta-
tus (P = 0.0263, hazards ratio 5.299) and Ki67
labeling index (P = 0.0004, hazards ratio 7.517)
were independent, significant determinants of
PSA-defined disease-free survival.

COMMENT

This report is of an initial study of the utility of
PCa TMAs in a Japanese population. Our study
included a small number of patients. Nevertheless,
according to the assumption that at a significance
level of less than 5% and a power of 80%, we can
detect a statistically significant difference between
a good prognostic group with a 3-year PSA-free
survival rate of 80% and a poor prognostic group
with a 3-year PSA-free survival rate of 40% using
54 patients (27 patients for each group), we had a
sufficient number of patients in our study at 52
patients. Hence, our sample number permitted ad-
equate discrimination of the statistical significance
between our subsets of analysis.

According to univariate analysis, the Gleason
sum was not related to PSA failure, inconsistent
with the findings of many other reports.!> ! This
might have been because the histologic results of
most of our patients were Gleason sum 7 or less,
resulting in an imbalance of numbers in each di-
chotomized category. Considering that the pri-
mary Gleason score was marginally related to PSA
failure, if more patients were analyzed in future
studies, the same results as in previous reports in
terms of the relationship between the Gleason sum
and PSA failure might be seen.
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FIGURE 1. Kaplan-Meier PSA-free survival curve ac-
cording to (A) Ki67 labeling index (LI) (P <0.0001}, (B]

p53 expression (P = 0.0097), and (C) AR expression
(P =0.0113).

On multivariate analysis, our data showed that
surgical margin status and Ki67 labeling index
were independent predictors of PSA failure after
radical prostatectomy. Several other reports have
also revealed that positive surgical margins are sig-
nificantly associated with the risk of biochemical
progression after radical prostatectomy.''" Re-
cently, Shuford et al.* reported that patients with
capsular incision after radical prostatectomy were
more likely to have biochemical recurrence than
patients with pT2 and pT3 and negative surgical
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margins, even after adjusting for the effect of Glea-
son score, preoperative PSA level, and tumor vol-
ume. This finding shows that residual cancer at the
prostatic bed is an adverse prognostic indicator.
Therefore, there is no doubt that among the vari-
ous conventional clinicopathologic factors, only
surgical margin status remains as an independent
factor after multivariate analysis. Positivity in-
cluded both incision into the capsule by the sur-
geon and tumors extending to the edge of the spec-
imen without adequate periprostatic tissue to
provide a histologic diagnosis of extraprostatic ex-
tension.

The usefulness of the Ki67 labeling index as an
independent prognostic marker has been con-
firmed in previous reports,”**! making this pro-
tein clinically applicable to PCa in Japanese, as well
as other populations.

Our results showed p53 to be an important prog-
nostic marker for patients with localized PCa
treated by radical prostatectomy, in agreement
with recent studies finding p53 protein immuno-
histochemical overexpression to have prognostic
significance in PCa.’-" We used spots with a max-
imal percentage of p33 staining as representative of
p33 staining for each case, because p53 overex-
pression is an aggressive feature of cancer.’ Con-
sidering the mean percentage of p53 as representa-
tive staining, a relationship was found between the
prognosis and the mean value, although this rela-
tionship was not statistically significant (P = 0.11,
data not shown). In the present study, p53 nuclear
staining was demonstrated in only 3 patients
(21.4%) with less than Stage pT3 disease (Stage
pT2 or less). Moreover, none of these 3 patients
had PSA failure. Conversely, 20 patients (52.6%)
demonstrated a positive p53 status with a tumor of
Stage pT3 or greater. Among them, 13 patients
(65%) had PSA failure. Therefore, p53 accumula-
tion is associated with locally high advanced stage
cancer. Moreover, considering that a reduction of
wild-type p53 expression in an androgen-depen-
dent cell line, LNCaP, induced androgen-indepen-
dent proliferation, some PCa cells with nuclear
p33 accumulation might pose androgen indepen-
dence.** Although conflicting data have been re-
ported regarding whether p53 status is prognostic
in PCa, especially in the United States,*’ and some
conflicts exist concerning analyzing p53 expres-
sion using TMAs,*! we demonstrated the prognos-
tic value of p53 staining in our TMAs of a Japanese
population,

High AR protein expression predicted shorter
disease-free survival in our investigation. More-
over, Ayala et al.-* recently reported high AR ex-
pression in PCa to be associated with aggressive
disease. Using the highest AR expression score as
the representative of each case, we considered the
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statistical analysis to be under-power for the imbal-
ance of numbers of each category dichotomized.
Therefore, in this study, we used the mean AR ex-
pression score as representative of each case, al-
though a significant correlation was also found be-
tween the highest AR score and the prognosis
(P = 0.0464, data not shown). Although the mech-
anisms underlying poor prognosis in AR overex-
pression are not fully understood, considering that
the androgen/AR complex may regulate cell prolif-
eration and survival of the prostate epithelium,* it
is conceivable that high AR expression correlates
with aggressive disease. Recently, Chen et al.** re-
ported that AR overexpression induced cell prolif-
eration at low androgen concentrations in andro-
gen-dependent cell lines, which suggests that PCa
cells with AR overexpression might be highly
adaptable to a low androgen environment due to
aging.”s Moreover, this aggressiveness was con-
firmed by a significant positive relationship be-
tween AR immunostaining and p53 expression or
the Ki67 labeling index in each of our TMA cancer
spots (data not shown).

In this study, 1 (10%) of 10 patients developed
recurrence with a negative Ki67 labeling index and
positive p53 expression. Moreover, no patient de-
veloped recurrence with a negative Ki67 labeling
index and positive AR expression. This might give
some explanation of why only the Ki67 labeling
index of the three molecular markers was an inde-
pendent factor on multivariate analysis. Our mul-
tivariate analysis showed that Ki67 labeling index
positivity was a consequence of earlier events in-
volving other protein expression abnormalities
such as p53 or AR overexpression. Nevertheless,
examination of the other molecular markers to-
gether with the Ki67 labeling index might be desir-
able to delineate an intermediate risk group with
longer follow-up.

CONCLUSIONS

We have demonstrated that our PCa TMA is use-
ful for evaluating survival-related tissue markers.
Furthermore, Ki67, p53, and AR expression in lo-
calized PCa is useful for predicting recurrence after
radical prostatectomy. Admittedly the present
study included fewer patients than many papers
from Western countries, indicating a need for ad-
ditional information with more markers in a large
Japanese study population.
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Prevention of Cancer Cachexia by a Novel Nuclear Factor kB
Inhibitor in Prostate Cancer

Kenii Kuroda," Yutaka Horiguchi,' Jun Nakashima," Eiji Kikuchi,' Kent Kanao," Akira Miyajima,’
Takashi Ohigashi,' Kazuo Umezawa,? and Masaru Murai'

Abstract

Purpose: To investigate the association between serum interleukin-6 (lL.-6) and cachexia in
patients with prostate cancer and the inhibitory effect of a new nuclear factor kB (NF-xB) inhibitor,
dehydroxymethylepoxyquinomicin (DHMEQ), on IL-6 production and cachexiain an animal model
of hormone-refractory prostate cancer.

Experimental Design: The association between serum IL- 6 levels and variables of cachexia was
evaluated in 98 patients with prostate cancer. The inhibitory effects of DHMEQ on IL.-6 secretion
and cachexia were investigated in /n vitro and in vivo studies using JCA-1 cells derived from human
prostate cancer.

Results: Serum IL-6 levels were significantly elevated and cachexia developed in JCA-1 tumor-
bearing mice as well asin prostate cancer patients with progressive disease. IL-6 secretion was
significantly inhibited in JCA-1 cells exposed to DHMEQ. Intraperitoneal administration of DHMEQ
(8 mg/kg) to tumor-bearing mice produced a significant amelioration of the reduction in body
weight, epididymal fat weight, gastrocnemius muscle weight, hematocrit, and serum levels of tri-
glyceride and albumin when compared with administration of DMSO or no treatment. DHMEQ
caused a significant decrease of serum IL-6 level in JCA-1 tumor-bearing mice (all P < 0.05).
Conclusions: These results suggested an association between serum IL-6 and cachexia in
patients with prostate cancer and in JCA-1 tumor-bearing mice and that a new NF-«B inhibitor,
DHMEQ, could prevent the development of cachexia in JCA-1 tumor-bearing mice presumably
through the inhibition of IL-6 secretion. DHMEQ seems to show promise as a novel and unique

anticachectic agent in hormone-refractory prostate cancer.

Cancer cachexia, which features the loss of muscle and fatty
tissue as well as anorexia, asthenia, and anemia (1, 2), makes
therapeutic intervention difficult (3) and is an important cause
of death in cancer patients (4). Although little is known about
the detailed mechanisms of cachexia, recent studies have
revealed that inappropriate production and release of cytokines
such as interleukin-6 (IL-6) is involved in the induction of
cachexia (5-8). Progressive prostate cancer is often associated
with anorexia, weight loss, and accelerated malnutrition that
lead to cachexia, even if metastases are confined to the bones. It
has been reported that human prostate cancer cells produce IL-6
and that the serum level of IL-6 is elevated in patients with
prostate cancer {9, 10). However, few studies have investigated
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the association between the serum IL-6 level and cachexia in
patients with prostate cancer. Production of IL-6 is regulated by
several transcription factors, among which nuclear factor xB
(NE-xB) is one of the pivotal regulators of cytokine-inducible
gene expression (11). Schwarz et al. (12) have suggested that
suppression of NF-xB may result in the amelioration of cachexia
ina mouse tumor model. It is also well known that NF-«B shows
often constitutive activation in hormone-refractory prostate
cancer cells (13, 14). As far as we know, no investigators have
explored a treatment strategy for cachexia based on the
regulation of NF-«xB by administration of a compound synthe-
sized from a natural product. Recently, we have investigated the
effectiveness of a new NF-«xB inhibitor, dehydroxymethylepox-
yquinomicin (DHMEQ), which is a 5-dehydroxymethyl deriva-
tive of epoxyquinomicin C that shows anti-NF-«B activity in
cultured human leukemia Jurkat cells and inhibits type Il
collagen - induced rheumatoid arthritis in mice (15). The present
study was undertaken to evaluate the association between IL-6
and cachexia in patients with prostate cancer, as well as the
inhibitory effect of DHMEQ on IL-6 production and cachexia in
an animal model of hormone-refractory prostate cancer.

Materials and Methods

Patients. The association between serum IL-6 and cachexia in
patients with prostate cancer was evaluated in this retrospective study.
Lthics approval was obtained from our institutional ethics committee.
Ninety-eight archival serum samples from patients with histologically
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confirmed prostate cancer were examined. There were 55 patients with
untreated disease, 23 patients in remission after endocrine therapy, and
20 patients with relapse. The definitions of remission and tumor
progression were previously reported (8). Remission induded any of
the following: () reduction or disappearance of tumor masses; (b) a
decrease in the number, size, or intensity of lesions on successive bone
scans; or (c) a significant decrease of serum prostate-specific antigen. In
addition, there had to be no new lesions and no deterioration of
symptoms or performance status. Any of the following events was
considered evidence of tumor progression: (a) the appearance of any
new metastasis; (b) an increase in the number, size, or intensity of
lesions on successive bone scans; or (c) significant cancer-related
deterioration of symptoms or performance status. Classification of the
patients with prostate cancer was done in accordance with Modified
Jewett Staging System (16). Serum levels of IL-6 were measured using
the Quantikine enzyme-linked immunoadsorbent assay kit (R&D
Systems, Minneapolis, MN) according to the instructions of the
manufacturer. Laboratory tests included analysis of serum albumin
and hematocrit. Performance status was assessed in accordance with the
Eastern Cooperative Oncology Group scale, in which 0 indicated that
the patient had no symptoms; 1, the patient had symptoms but was
ambulatory; 2, the patient was bedridden less than half the day; 3, the
patient was bedridden half the day or longer; and 4, the patient was
chronically bedridden and required assistance with activities of daily
living. Body mass index (BMI) was calculated by the following formula:
weight (kg) / height” (m?).

Cell line. JCA-1 cells derived from human prostate cancer (17) were
grown in RPMI 1640 supplemented with 10% heat-inactivated fetal
bovine serum, 100 pg/mL streptomycin (Life Technologies, Inc., Grand
Island, NY), and 100 IU/mL penicillin {Life Technologies).

Chemicals. DHMEQ was synthesized in our laboratory (15). We
also referred to the article by Suzuki et al. (18) in which the molecular
structure was shown. It was dissolved in DMSO to prepare a 10 mg/mL
solution and was subsequently diluted in culture medium to a final
DMSO concentration of <0.1%.

In vitro interlewhin-6 assay. JCA-1 cells (1 x 10”) were seeded in a
total volume of 1 mL of medium in each well of 24-well tissue culture
plates and allowed to grow overnight. Then cells were treated with 1.0 or
1.5 pg/mL of DHMEQ, whereas other cells treated with the same
concentrations of DMSO served as controls. After 48 hours of incubation,
the supernatant of each well was collected and stored at —80°C until
assay, and the number of viable cells was determined by trypan blue dye
exclusion. The IL-6 concentration was measured using an enzyme
immunoassay specific for human I1-6 (R&D Systems QuantiGlo Human
IL-6 Immunoassay kit) according to the instructions of the manufacturer.

Animal model. Al procedures involving animals and their care in
this study were approved by the animal care committee of our institution
in accordance with institutional and Japanese government guidelines for
animal experiments. Male Balb/C-nu/nu mice were obtained from
Sankyo Lab Service Corp. (Tokyo, Japan). The mice were housed at a
constant temperature and humidity and received a standard diet and
water. JCA-1 cells (1 x 107) were inoculated s.c. into the right flank of
each mouse. When the tumors reached ~ 10 mm in diameter, mice were
randomly assigned to three groups. DHMEQ (8 mg/kg) was adminis-
tered i.p. in a volume of 0.2 mL once daily for 25 days to group 2 (n = 12}.
This group was labeled Tumor (+}, DHMEQ. To clarify the effect of the
vehide, the same dose of DMSO given to group 2 was injected in another
group of mice (group 3, n = 16}, and this group was labeled Tumor (+),
DMSO, and another group of tumor-bearing mice was observed without
any treatment group 4, n = 11; this group was labeled Tumor (+), No
drug]. As a healthy control, age-matched mice were observed without any
treatment [group 1, n = 14; this group was labeled Tumor (-}, No drug].
During the treatment period, mice were carefully monitored and body
weight was measured every other day. At the time of sacrifice, the tumor,
gastrocnemius muscle, and epididymal fat were dissected and weighed.
Blood samples were collected into nonheparinized tubes, and serum was
separated within 1 hour of sacrifice. The serum samples were stored at
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—80°C and thawed just before testing. Serum IL-6 activity was
determined using an enzyme immunoassay specific for human IL-6
(R&D Systems QuantiGlo Human IL-6 Immunoassay kit) according to
the instructions of the manufacturer. At the same time, the hematocrit
and the serum levels of triglycerides and albumin were also measured in
each mouse.

Statistical analysis.  All values are expressed as the mean + SL.
Variables for different groups were compared using Student’s ¢ test or
ANOVA; P < 0.05 was considered statistically significant.

Results

The serum IL-6 level of 20 patients with relapse was
significantly higher than that of 55 untreated patients or that
of 23 patients in remission (Table 1). Serum levels of prostate-
specific antigen were significantly higher in patients with
relapse than in untreated patients or patients with remission.
Serum albumin levels, hematocrit, and BMI were significantly
lower in patients with relapse than in untreated patients or
patients in remission (Table 1). The performance status was
also significantly worse in patients with relapse when compared
with untreated patients or patients in remission (Table 1). The
serum albumin level and hematocrit were significantly lower
(all P < 0.05) in patients with serum IL-6 level > 7 pg/mLl than
in patients with serum IL-6 level < 7 pg/mL (data not shown).
BMI was significantly lower in patients with serum IL-6 level >
7 pg/mL (19.38 % 0.41 kg/m?) than in patients with serum IL-6
level < 7 pg/mL (22.94 + 0.28 kg/m?; P < 0.0001; Fig. 1).

The IL-6 level in the culture medium of JCA-1 cells treated
with DHMEQ at 1.0 or 1.5 pg/mL for 48 hours was 4.03 + 0.35
and 2.98 + 0.17 pg/mL/10° cells, respectively, being signifi-
cantly lower than when cells were treated with DMSO alone
(10.54 + 3.73 pg/mL/10° cells; P = 0.031 and P = 0.015,
respectively; Fig. 2).

When mice had developed tumors ~ 10 mm in diameter after
inoculation of JCA-1 cells, treatment was initiated and the day
when treatment was started was designated as day 0. At the end
of experiments, the mean weight of tumors of DHMEQ-treated
mice was 3.02 + 0.54 g, which was smaller than that of DMSO-
treated mice (4.16 = 0.81 g) and untreated mice (4.15 + 1.10 g),
but the differences were not statistically significant. The body
weight, epididymal fat weight, gastrocnemius muscle weight,
hematocrit, and serum levels of triglyceride and albumin were
significantly lower in untreated JCA-1 tumor-bearing mice
(group 4) than in healthy control mice without tumors (group 1),
and serum IL-6 levels were significantly elevated in group 4 mice
at the time of sacrifice (Figs. 3 and 4; Table 2). Although the
body weight of untreated tumor-bearing mice and tumor-
bearing mice treated with DMSO decreased in a time-dependent
manner, the weight of JCA-1 tumor-~bearing mice treated with
DHMEQ did not decline significantly (Fig. 3). On day 26, body
weight (28.24 + 1.44 g), epididymal fat weight (197.11 = 31.67
mg), and gastrocnemius muscle weight (499.27 + 30.26 mg)
were significantly greater in DHMEQ-treated mice (group 2)
than in mice treated with DMSO alone (group 3; 24.09 £ 1.30 g,
117.12 £ 19.10 mg, and 306.28 + 24.46 mg; P = 0.018, P =
0.044, and P < 0.001, respectively) or untreated mice (group 4;
21.46 + 1.08 g 43.48 £ 297 mg, and 261.13 + 1454 mg; P =
0.002, P = 0.001, and P < 0.001, respectively; Table 2).

In addition, the hematocrit (41.89 = 1.54%) and the serum
triglyceride level (60.63 x 7.36 mg/dL) were significantly higher
in group 2 mice than in group 3 mice {36.71 * 1.81% and
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Table 1. Disease status and variables
No. Serum levels of Rate of Prostate- Albumin  Hematocrit Bl Performance
patients IL-6 (pg/mL) serum IL-6 specific {g/dL) (%) (ka/m?) status
levels of antigen :
=7 pg/mL (%) (ng/mL)
Range WNean + SE Mean + SE Mean + SE Mean £ SE  Mean £ SE Mean + SE
Untreated patients
Total 55 0.69-111.06 5.21 +2.06 10.9(6/55) 171.09 £ 6873 358+ 0.06 36.26+ 070 2274+ 031 075+ 014
Stage A 3 0.86-1.6 1.20+ 0.22 0(0/3) 227+ 07N 3567 £0.27 4173 +3.35 2097 + 1.54 0
StageB 15 0.69-565 245+ 040 0 (0/15) 4252 +1918 357 +009 3827+ 126 2221+ 046 0.33+013
StageC 11 1.07-745 216+ 045 91 (1/11) 5094 +14.90 376 £+ 006 38.16 + 1.07 23.18% 0.65 0.09 £ 0.09
StageD 26 1.08-111.06 8.551+4.30 19.2 (5/26) 31557 + 118.37 352+ 011 33671+0.94 2305+ 050 1.35+0.22
Patients with remission as a result of endocrine therapy
23 0.26-477 245+ 0.26 0 (0/23) 7934 + 5348 378 £ 009 36.60+103 2312+ 059 0481016
Patients with relapsed bone metastatic disease after endocrine therapy
20 4.46-135.53 41.58 + 8.07 85.0 (17/20) 14.35+1210.34 2.78 + 0.08 31.00+1.37 1899+ 0.32 2.83+0.19
NOTE: The untreated patients were separated into subgroups of stage A to D in accordance with Modified Jewett Staging System. Performance status was assessed
in accordance with the Eastern Cooperative Oncology Group scale.

36.50 + 6.16 mg/dL; P = 0.018 and P = 0.020, respectively) or
group 4 mice (34.70 + 1.80% and 32.00 + 2.91 mg/dL; P =
0.005 and P = 0.007, respectively). The serum level of albumin
was significantly higher in group 2 (2.04 + 0.07 g/dL) than in
group 4 (1.77 + 0.08 g/dL; P = 0.019; Table 2). The serum I1-6
level of group 2 (238.83 + 72.59 pg/mL}) was significantly lower
than that of group 3 (1,009.51 + 316.35 pg/mL; P = 0.030) or
group 4 (1,312.09 + 368.66 pg/mL; P = 0.006; Fig. 4).

Discussion

It has been reported that elevation of the serum levels of IL-6
is strongly associated with cachexia in patients with various
types of advanced cancer. Serum cytokine levels are increased in
prostate cancer patients who have weight loss when compared
with those who show no weight loss (8, 19). In the present
study, prostate cancer patients with relapse showed more severe

24r

body mass index (kg/m?)

627

IL-6 <7

Fig.1. Relationship between IL-6 and BMI. BMI was significantly lower in
patients with serum IL-6 level > 7 pg/mL (19.38 + 0.41 kg/m?) than in patients
with serum IL-6 level < 7 pg/mL (22.94 + 0.28 kg/m? P € 0.0001). *, significantly
different from the mean value of patients with serum IL-6 level < 7 pg/mL.
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cachexia and had higher serum IL-6 levels than untreated
patients or patients in remission. In addition, the prostate
cancer patients with higher serum IL-6 levels were more
cachectic than those with lower IL-6 levels. Wallenius et al.
investigated the effect of IL-6 on the physique in mice lacking
the gene encoding IL-6 (11677~ mice) and found that they
developed mature-onset obesity that was partly reversed by IL-6
replacement. Taken together, these results suggest a strong
relationship between the serum level of IL-6 and weight loss
(20). In the present study, DHMEQ produced a significant
decrease in the IL-6 level and a significant improvement in the
body weight of tumor-bearing mice.

Alexandrakis et al. (21) showed that IL-6 was significantly
higher and hemoglobin was significantly lower in patients with
multiple myeloma than in the controls, and a significant
decrease in hemoglobin concentration and hematocrit was also
found in patients with higher serum IL-6 levels. Ishiko et al.

TRy
L ]
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EEd

IL-6 level (pg/mL/10° cells)

. — i ~
DHMEQ 1.0 ug/mL. DHMEQ 1.5 ug/mL

o N H o oo

Control

Fig. 2. Etfect of DHMEQ on IL-6 secretion by JCA-1 cells. At concentrations

of 1.0 and 1.5 pg/mL DHMEQ signiticantly inhibited IL-6 secretion by JCA-1 cells.
Columns, mean value of samples; bars, SE. *, significantly different from control
(DMSO alone; P = 0.031). **, significantly different from control (DMSO alone;
P = 0.015).
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body weight (g)

i 3 68 7 9 11 143 15 17 19 21 23 25
Days after administration of DHMEQ

Fig. 3. Effect of DHMEQ on body weight. JCA-1 cells (1 = 107) were
inoculated s.c. into the right flank of each mouse. When palpable tumors had
developed (largest diameter >10 mm), the mice were randomly assigned to three
groups. Then DHMEQ (8 mg/kg) was administered i.p. once daily for 25 days to
one group of mice [@, Tumor (+), DHMEQ; n = 12], DMSO (the vehicle for
DHMEQ) was given to another group [A, Tumor (+), DMSO; n = 16], and no
drug was given to another group [©, Tumor (+), No drug; n = 11]. The group Tumor
(-), No drug were healthy control mice with no tumors and no treatment

(0; n = 14). Points, mean body weight of mice per group; bars, SE. Body weight of
group Tumor (+), DMSO was statistically significantly lower at day 23 (P =0.032)
and day 25 (P = 0.018) than that of group Tumor (+), DHMEQ, and body weight
of group Tumor (+), No drug was statistically significantly lower at each day than
that of group Tumor (+), DHMEQ (all # <0.05).

(22) showed that there is severe amemia in cancer-bearing
rabbits, whereas the mean hemoglobin value of normal rabbits
was much higher. In our study, the serum IL-6 level was
significantly higher and hematocrit was significantly lower in
JCA-1 tumor - bearing mice than in healthy control mice, and
DHMEQ significantly prevented the development of anemia
and the increase of serum IL-6.

Soda et al. (23) transplanted mice with clone 20 (a subclone
of murine colon adenocarcinoma), causing profound weight
loss by 15 days after inoculation, and showed that body fat was
lost preferentially along with a decrease in the plasma
triglyceride level. Fat constitutes 90% of the fuel reserve in
adults and depletion of fat is commonly seen in cancer patients
with cachexia, whereas Strassmann and Kambayashi (24)
reported that IL-6 may decrease carcass lipids. Path et al
investigated the effects of IL-6 on adipocyte functions. They
found that chronic incubation of adipocytes with 1 nmol/L IL-6
during differentiation reduced glycero-3-phosphate dehydroge-

1800
1600
1400
1200¢
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IL-6 (pg/mil)

TUMOR (+),
No drug

0
TUMOR (-),
Neo drug

TUMOR (+),
DHMEQ

TUMOR (+),
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Fig. 4. Effect of DHMEQ on serum IL-6 level. Serum IL-6 levels were significantly
lower inTumor (+), DHMEQ mice than inTumor (+), DMSO mice orTumor (+), No
drug mice. Cofumns, mean IL-6 levels of samples; bars, SE. *, significantly different
fromTumor (+), DMSQ (P = 0.030) and Tumor (+), No drug (P = 0.006).

nase activity, a marker of adipocyte differentiation, and
triglyceride synthesis to 67 + 9% of the basal level (P < 0.05;
ref. 25). Naoe et al. (26) showed that a significant decrease in
the circulating levels of triglyceride was found in the saline-
treated tumor-bearing mice compared with the saline-treated
normal mice. In the present study, DHMEQ significantly
inhibited the decrease of epididymal fat weight and serum
triglycerides, presumably through the suppression of IL-6
production.

Oka et al. reported that serum albumin levels were
significantly lower in patients with esophageal squamous cell
carcinoma who had high serum levels of IL-6 when compared
with patients who had lower IL-6 levels. They suggested that
IL-6, which is produced by tumor cells, may be related to
various disease variables in patients with esophageal squamous
cell carcinoma, as well to the nutritional status (27). Tisdale
(28) also reported that IL-6 may play a role in muscle wasting
in certain animal tumors, possibly via both lysosomal
(cathepsin) and nonlysosomal (proteasome) pathways. We
showed that JCA-1 tumor-bearing mice showed a significant
decrease in gastrocnemius muscle weight and serum albumin,
and changes were significantly prevented by DHMEQ.

The regulation of many cytokine genes, including IL-6, is
relatively simple, and the transcriptional factor NF-kB has been
reported to up-regulate various cytokines (29-31). Several
approaches to inhibit the activation of NF-«xB have been
investigated (32). A recombinant adenovirus vector expressing

Table 2. Effects of DHMEQ on epididymal fat weight, gastrocnemius muscle weight, hematocrit, and serum levels of
triglyceride and albumin

Tumor (-), No drug Tumor (+), DHMEQ Tumor (+), DMSO Tumor (+), No drug
Epididymal fat weight (mg) 31440 + 40.23 197.11 £31.67* 117.12 £ 19.10 4348+ 2.97
Gastrocnemius muscle weight (mg) 558.66 + 19.62 49927 + 30.26* 306.28 + 2446 26113 £ 1454
Hematocrit (%) 4214 +1.07 41.89 + 1.54" 36.71 £1.81 3470 £ 1.80
Triglyceride (mg/dL) 80.82 + 13.77 60.63 + 7.36* 36.50 + 6.16 32.00 + 2.91
Albumin (g/dL) 2.45 + 0.09 2.04 £ 0.07' 1.95 + 0.08 177 £ 0.08
“Significantly different from the group of Tumor (+), DMSO and Tumor (+), No drug.
1 Significantly different from the group of Tumor (+), No drug (all £ < 0.08).
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the stable form (IxBa) induces apoptosis of cancer cells
showing constitutive NF-xB activity in vitro (33). Kawamura
et al. developed synthetic double-stranded oligodeoxynucleo-
tides for use as “decoy” cis elements that block the binding of
nuclear factors to the promoter regions of target genes. They
injected decoy oligodeoxynucleotide targeting NF-«B directly
into adenocarcinoma colon 26 tumors in mice to examine
whether or not cachexia was alleviated by inhibiting the action
of eytokines, and their results suggested that cytokines regulated
by NF-xB may play a pivotal role in the induction of cachexia in
the colon 26 model (34). However, the clinical feasibility of
gene therapy for inhibiting NF-«B is limited by the need for
intratumoral delivery of a vector that expresses the NF-xB
inhibitor, and few studies have assessed the usefulness of this
strategy with in vivo models. In contrast, we assessed a novel
agent for inhibiting the activity of NF-«B. There have been no
previous reports about the therapeutic effect of an agent
synthesized from a natural product on cachexia mediated
through the regulation of cytokines by NF-«<B.

We have previously reported that DHMEQ produces a
significant decrease in NF-kB activity in JCA-1 cells with

constitutive NF-xB activation (35). Because of these encourag-
ing in vitro findings, we investigated the effect of DHMEQ on
cachexia induced by JCA-1 tumor secreting IL-6. We found that
DHMEQ significantly inhibited IL-6 production and signifi-
cantly prevented the development of cachexia in a JCA-1 tumor
model.

In conclusion, we showed a significant association between
IL-6 and cachexia in patients with progressive prostate cancer,
as well as in JCA-1 tumor-bearing mice, and we showed
that DHMEQ inhibits NF-«B and thus prevents the develop-
ment of cachexia induced by prostate cancer in an animal
model. Prevention of the complex syndrome of cachexia will
improve the quality of life for cancer patients. The new NF-xB
inhibitor, DHMEQ, seems to be a promising novel anti-
cachectic agent for the treatment of hormone-resistant prostate
cancer.
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PROSTATE SPECIFIC ANTIGEN ADJUSTED FOR TRANSITION ZONE

EPITHELIAL VOLUME: THE POWERFUL PREDICTOR FOR THE
DETECTION OF PROSTATE CANCER ON REPEAT BIOPSY

TAKASHI OHIGASHI*, KENT KANAO, EIJI KIKUCHI, KEN NAKAGAWA, JUN NAKASHIMA,
KEN MARUMO ano MASARU MURAI

From the Department of Urology, School of Medicine, Keio University, Tokyo, Japan

ABSTRACT

Purpose: The indications for repeat prostate biopsy for persistently increased prostate specific
antigen (PSA) in men with prostate cancer never detected on previous biopsy are not clear. In this
study we determined that PSA adjusted for transition zone (TZ) epithelial volume is the most
powerful predictor for detecting prostate cancer on repeat biopsy.

Materials and Methods: Repeat prostate biopsies including additional TZ cores were performed
in 75 men with PSA between 4.0 and 10.0 ng/ml. TZ epithelial volume was calculated by
multiplying TZ volume by the percent of epithelium, which was measured by morphometric
analysis using image analysis computer software.

Results: Prostate cancer was detected on repeat biopsy in 19 of the 75 patients. Patients with
prostate cancer had a significant smaller percent area of epithelium or glandular lumen than
those without cancer. In patients without prostate cancer TZ epithelial volume significantly
correlated with total PSA. According to ROC analysis PSA adjusted for TZ epithelial volume had
the greatest AUC for cancer detection (0.879). This parameter was able to avoid more than 90%
of unnecessary repeat biopsies with 90% sensitivity. Multiple logistic regression analysis showed
that PSA complex adjusted for TZ epithelial volume was the significant independent predictor of

cancer.

Conclusions: PSA adjusted for TZ epithelial volume is the most powerful predictor of cancer in
men who have undergone previous negative prostate biopsies and in whom PSA remains between

4.0 and 10.0 ng/ml.

Ky WoRDS: prostate, prostatic neoplasms, biopsy, prostate-specific antigen

Controversy still persists regarding how men with previ-
s negative prostate biopsies and prolonged abnormal pros-
;e specific antigen (PSA) should be followed. There have
en several attempts to predict positive prostate cancer at
oeat biopsy, such as by calculating PSA velocity or PSA
justed for prostate volume (PSAD). Our previous study has
monstrated that PSA adjusted for transition zone (TZ)
lume (PSATZD) provides the most predictive information
prostate cancer in men who have previously undergone
gative prostate biopsies.! According to that study PSATZD
n avoid about 50% of unnecessary biopsies with 90% sen-
ivity in patients with PSA between 4.0 and 10.0 ng/ml.
\is observation means that patients with larger transition
lume are at lower risk for positive cancer detection at
peat biopsy, especially if total PSA increases moderately.
Prostatic tissue can be separated into 3 components,
mely the epithelium, fibromuscular stroma and glandular
men. Of them only epithelial cells can produce PSA. It was
ported that serum PSA closely correlates with TZ epithelial
lume.? Therefore, we speculated that PSA adjusted for TZ
ithelial volume (PSATZepiD) can predict cancer in repeat
opsy more accurately than other PSA based parameters. To
i knowledge no studies have compared PSA adjusted for
e volume of special histological component, volume, to
her parameters in the prediction of prostate cancer. The
arent study was designed to determine the usefulness of
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PSATZepiD for detecting prostate cancer in repeat biopsy in
patients with an initial negative biopsy and with PSA con-
sistently between 4.0 and 10.0 ng/ml.

MATERIALS AND METHODS

Between October 1997 and January 2000, 565 consecutive
patients underwent systemic biopsies under transrectal ul-
trasonography guidance. Of these patients 144 with initially
negative systematic biopsies underwent repeat biopsies. The
indications for repeat biopsy were serum PSA greater than
4.0 ng/ml or suspicious digital rectal examination findings. A
total of 75 patients with PSA between 4.0 and 10.0 ng/ml at
repeat biopsy were enrolled in the study. Patients with pros-
tatitis and those who underwent urethral catheterization
were excluded from study. Patient age was 49 to 83 years
(mean 67.6).

Determination of PSA based parameters. Serum specimens
for determining total and free PSA were obtained before
digital rectal examination or transrectal ultrasound when
repeat biopsy was scheduled. Total PSA was measured using
an AIA-PACK PA enzyme immunoassay (Tosoh, Foster City,
California). Serum-free PSA was determined using a
v-SM-MP kit (Mitsui Pharmaceutical Co., Tokyo, Japan). The
detection limits of total and free PSA were 0.1 and 0.06
ng/ml, respectively. Serum al-antichymotrypsin-PSA com-
plex (PSA-ACT) was measured using a PSA-ACT Kit (Chugai
Pharmaceutical Co., Tokyo, Japan).

Biopsy under transrectal ultrasonographic guidance. The
first systemic transrectal biopsies comprised 6 cores from the
peripheral zone (PZ) (bilateral base, middle and apex) using



