Table 1. Patient backgrounds; family history of prostate cancer, age at
diagnosis and PSA value at diagnosis
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Table 2. Tumor backgrounds; Gleason score, histological grade, TNM
classification, TNM clinical stage

2001 2002 2003 Towl % 2001 2002 2003 Total %
Family history Gleason score
No history 5959 6104 1771 13834 799 24 654 551 150 1355 7.8
Within 2nd degree of relationship 120 128 9 217 16 5 696 744 251 1691 9.8
Within 3rd degree of relationship 11 8 3 2 01 6 1029 1250 401 2680 15.5
Don’t know 1412 1453 314 3179 184 7 1595 1958 579 4132 239
Total 7502 7693 2117 17312 1000 8-10 1801 2337 590 4728 273
Age at diagnosis No description 1727 853 146 2726 15.7
<60 320 320 61 710 4.1 Total 7502 7693 2117 17312 1000
60-64 596 620 161 1377 8.0 Histological differentiation
65-69 1197 1265 331 2793  16.1 Well 1489 1554 453 3496 202
70-74 1935 2037 567 4539 262 Moderate 3360 3362 990 7712 445
75-19 1798 1889 562 4249 245 Foor 1995 1997 513 4505 260
>80 1647 1562 435 3644 210 Unknown 103 119 16 238 14
Total 7502 7693 2117 17312 1000 No description 555 661 145 1361 7.9
PSA at diagnosis Total 7502 7693 2117 17312 1000
<4 255 269 73 597 34 Tstage
4-<10 1630 1863 556 4099 237 T 1 3 0 4 00
10-<20 1470 1628 493 3501 207 Tl 1630 1813 518 3961 229
20-<50 1459 1514 387 3360 194 T 2566 2680 832 6078 351
250 2612 2401 606 5619 325 B 2597 2509 589 5695 329
No description % 18 2 46 03 T 673 657 157 1487 86
Total 2502 7693 2117 17312 1000 T 7B 2 e 04
No description 8 6 9 23 0.1
Total 7502 7693 2117 17312 1000
NUMBER OF REGISTERED PATIENTS N factor
As shown in Fig. 2, 17 872 patients were registered by October N 6000 €315 1767 14082 813
2003. This survey investigated patients who were first diag- Nl 1004 o7 20 2131 123
nosed with prostate cancer at the registered institutions during Nx 462 427 19 1008 538
this period. Respectively, 7952 and 8195 new patients were No description 36 34 21 91 0.5
reported in 2001 and 2002 by 246 and 216 institutions. Of Total 7502 7693 2117 17312 100.0
these new patients, 5969 and 6064 were newly administered  pqfacior
hormone therapy, and 5646 and 5651 were rcgisterf:d with J- MO 5380 5696 1634 12710 734
QaR In summary, it is §hown that 75% of new paftlcnts were M1 157 1o 2 288 17
given hormone therapy in some form and 70% registered with ’
J-CaP. Mila 83 77 11 171 1.0
Mib 1496 1428 327 3251 18.8
PATIENT BACKGROUND FACTORS Mlec 100 71 19 190 1.1
Of the 17 872 registered patients at the time of data compila- Mx 230 268 A 61 3.5
tion, data were collected from 17 312 patients. 529 cases with- No description 36 34 21 91 0.5
out any record of hormone therapy commencement date were Total 7502 7693 2117 17312 1000
excluded, as were 31 cases whose therapy was reported as Clinical stage
commencing in 2000. Family history, age at diagnosis and PSA o 3684 3987 1188 8859 512
value at diagnosis are given in Table 1. n 1273 1327 36 2926 169
TUMOR BACKGROUND FACTORS v 0821945 444 4471 258
No description 463 434 159 1056 6.1
A summary of Gleason score, histological grade, TNM classi- Total 7502 7693 2117 17312 1000

fication and clinical stage (TNM) is given in Table 2.
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Table 3. Purpose of hormone therapy

2001 2002 2003 Total %
Hormonal therapy
Main 5926 5914 1585 13425 775
Adjuvant 306 366 8t 753 43
Neoadjuvant 1270 1413 451 3134 181
Total 7502 7693 2117 17312 100.0
Hormonal therapy detail
Orchiectomy only 236 214 63 513 3.0
Orchiectomy + medication 605 427 96 1128 6.5
LH-RHa only 826 1065 319 2210 128
LH-RHa + anti-androgen 4431 4703 1249 10383 600
Anti-androgen only 392 584 251 1227 7.1
Other 1012 700 139 1851  10.7
Total 7502 7693 2117 17312 1000

HORMONE THERAPY

As to the reason for hormone therapy, primary application of
hormone therapy was the most prevalent, comprising 77.5% of
the total, followed by 18.1% neoadjuvant and 4.3% adjuvant
(Table 3).

Table 3 also indicates an overview of the types of hormone
therapy. The combined use of LH-RHa + anti-androgen drug is
the largest, comprising 60%. Anti-androgen monotherapy was
7.1% and LH-RHa monotherapy was 12.8%.

Table 4 shows the relations between the purpose of hormone
therapy and T category, clinical stage, Gleason score and age.
A notable feature is that in all categories, primary use of hor-
mone therapy was the most common.

Table 5 shows the relations between the type of hormone
therapy and T category, clinical stage, Gleason score and age.
In all categories and ages, combined androgen blockade (CAB)
was used in the main. In Table 6, details are given of the main
treatment methods when hormone therapy was administered as
neoadjuvant, as well as the details of main treatment methods
when used as adjuvant.

COMPLIANCE OF SURVEY DATA

Omission of data entry among registered data included 0.2% of
patients for whom PSA values were not recorded. Meanwhile,
omission of histological grade accounted for 7.8% and omis-
sion of clinical stage 6.1%. As for Gleason score, 23% of
registered cases in 2001 had no entry, but in 2002 this had
decreased to 11.9% and by 2003, to 6.5%. This is thought to be
because in the First Edition of the Japanese Urological Associ-
ation and Japan Society of Pathelogy’s General Rules for Clin-
ical and Pathological Studies on Prostate Cancer, Gleason
score entry was not compulsory. Only in the Second Edition
did Gleason score become required.

Table 4, Relations between the purpose of hormone therapy and T category,
TNM clinical stage, Gleason score and patient age

Main Adjuvant  Neoadjuvant Total %
T stage
TO 4(0.1%) 4 00
Tl 2689 (67.9%) 218 (5.5%) 1054 (26.6%) 3961 229
T2 4260 (70.1%) 333(5.5%) 1485(244%) 6078 35.1
T3 4965 (87.2%) 174 (3.1%) 556 (9.8%) 5695 329
T4 1425(95.8%) 26 (1.7%) 36(2.4%) 1487 8.6
Tx 60(93.8%) 2{3.1%) 2(3.1%) 64 04
No description 22{95.7%) 1(4.3%) 2301
Total 13425(77.5%) 753(4.3%) 3134(18.1%) 17312 1000
Clinical stage
I 5847 (66.0%) 537(6.1%) 2475(27.9%) 8859 51.2
m 2263(77.3%) 145(5.0%) 518(17.9%) 2926 169
v 4362(97.6%) 44(1.0%) 65 (1.5%) 471 258
No description 953(50.2%) 27(2.6%) 76(7.2%) 1056 6.1
Total 13425(77.5%) 753(4.3%) 3134(18.1%) 17312 1000
Gleason score
24 996 (73.5%) 69(5.1%) 290(214%) 1355 78
5 1214 (71.8%) 91(5.4%) 386(22.83%) 1691 9.8
& 1902 (71.0%) 120(4.5%) 658 (24.6‘%;) 2680 155
? 3179 (76.9%) 175(4.2%) 778(18.8%) 4132 239
8-10 3966 (83.9%) 185(3.9%) 5T7(122%) 4728 12713
Unknown 2168(79.5%) 113(4.1%) 445(16.3%) 2726 157
Totat 13425 (77.5%) 753 (4.3%) 3134 (18.1%) 17312 100.0
Age at diagnosis
<60 364 (513%) 48(6.8%) 298 (42.0%) 710 4.1
60-64 67 (55.7%) 95(69%) 515(374%) 1377 8.0
65-69 1613 (57.8%) 234 (84%) 946(339%) 2793 161
70-74 3305 (72.8%) 226(5.09%) 1008 (22.2%) 4539 262
75-719 3308 (89.6%) 116(2.7%) 325(7.6%) 4249 245
>80 3568 (97.9%) 34(09%) 42(1.2%) 3644 210
Total 13425 (77.5%) 753 (4.3%) 3134(18.1%) 17312 100.0

FoLLOW-UP DATA

For approximately 92% of the registered cases in 2001 and
75% of the registered cases in 2002, the input of follow-up data
was confirmed at least once. The pericd (median) from the start
of hormone therapy to the latest follow-up data entry was 406
days (between 0 and 964) for 200! -registered cases and 189
(between 0 and 615) for 2002-registered cases.

DISCUSSION

In Japan, the General Rules for Clinical and Pathological Stud-
ies on Prostate Cancer issued by the Japanese Urological Asso-
ciation and Japan Society of Pathology were first published in
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Table 5. Relations between the type of hormone therapy and T category, TNM clinical stage, Gleason score and patient age

Orchiectomy Orchiectomy + LH-RHa only LH-RHa + Anti-androgen Other Total %
only medication anti-androgen only
T stage
TO 1 (25.0%) 1(25.0%) 2 (50.0%) 4 0.0
Tt 112(2.8%) 169 (4.3%) 719 (18.2%) 2333 (58.9%) 427 (10.8%) 201 (5.1%) 3961 229
T2 158 (2.6%) 277(4.6%) 921{15.2%) 3737 (61.5%) 532 (8.8%) 453 (7.5%) 6078 35.1
T3 196 (3.4%) 466 (8.2%) 490 (8.6%) 3513 (61.7%) 215 (3.3%) 815 (14.3%) 5695 329
T4 44 (3.0%) 208 (14.0%) 69 (4.6%) 752 (50.6%) 46 (3.1%) 368 (24.7%) 1487 8.6
Tx 1 (1.6%) 5(7.8%) 8(12.5%) 36 (56.3%) 4 (6.3%) 10 (15.6%) 64 04
No description 2(8.7%) 3(13.0%) 3(13.0%) 11 (47.8%) 2 (8.7%) 2(8.7%) 23 0.1
Total 513 (3.0%) 1128 (6.5%) 2210(12.8%) 10 383 (60.0%) 1227 (7.1%) 1851 (10.7%) 17312 100.0
Clinical stage
i 262 (3.0%) 360 (4.1%) 1527 (17.2%) 5366 (60.6%) 841 (9.5%) 503 (5.7%) 8359 51.2
m 111 (3.8%) 157 (5.4%) 325(11.1%) 1959 (67.0%) 135 (4.6%) 239 (8.2%) 2926 16.9
v 115 (2.6%) 559 (12.5%) 246 (5.5%) 2449 (54.8%) 132 (3.0%) 970 (21.7%) 4471 258
No description 25 (2.4%) 52 (4.9%) 112 (10.6%) 609 (57.7%) 119 (11.3%) 139 (13.2%) 1056 6.1
Total 513 (3.0%) 1128 {6.5%) 2210 (12.8%) 10383 (60.0%) 1227 (7.1%) 1851(10.7%) 17 312 100.0
Gleason score
2-4 312.3%) 54 (4.0%) 187 (13.8%) 820 (60.5%) 157 (11.6%) 106 (7.8%) 1355 78
5 65 (3.8%) 91 (5.4%) 247 (14.6%) 1032 (61.0%) 152 {9.0%) 104 (6.2%) 1691 9.3
6 80 (3.0%) 146 (5.4%) 468 (17.5%) 1579 (58.9%) 241 (9.0%) 166 (6.2%) 2680 15.5
7 151(3.7%) 247 (6.0%) 557 (13.5%) 2515 (60.9%) 267 (6.5%) 395 (9.6%) 4132 239
8-10 119 (2.5%) 445 (9.4%) 373 (7.9%) 2796 (59.1%) 232 (4.9%) 763 (16.1%) 4728 273
Unknown 67 (2.5%) 145 (5.3%) 378 (13.9%) 1641 (60.2%) 178 (6.5%) 317 (11.6%) 2726 15.7
Total 513 (3.0%) 1128 (6.5%) 2210(12.8%) 10383 (60.0%) 1227 (7.1%) 1851 (10.7%) 17312 100.0
Age at diagnosis
<60 5(0.7%) 32 (4.5%) 76 (10.7%) 413 (58.2%) 65 (9.2%) 119 (16.83%) 710 4.1
60-64 11 (0.8%) 88 (6.4%) 176 (12.8%) 816 (59.3%) 120 (8.7%) 166 (12.1%) 1377 8.0
65-69 57 (2.0%) 175 (6.3%) 319(11.4%) 1674 (59.9%) 239 (8.6%) 329 (11.8%) 2793 i6.1
70-74 96 (2.1%} 248 (5.5%) 564 (12.4%) 2826 (62.3%) 300 (6.6%) 505 (11.1%) 4539 262
75-19 153 (3.6%) 302 (7.1%) 566 (13.3%) 2556 (60.2%) 259 (6.1%) 413 (9.7%) 4249 24.5
=80 191 (5.2%) 283 (7.8%) 509 (14.0%) 2098 (57.6%) 244 (6.7%) 319 (8.8%) 3644 210
Total 513 (3.0%) 1128 (6.5%) 2210 (12.8%) 10383 (60.0%) 1227 (7.1%) 1851 (10.7%) 17312 100.0

1985 (9) and this set of rules has been widely used ever since.
The document gives a guideline on diagnosis and a detailed
description of rules associated with making entries on patient
background, turmnor background and treatment method. Most of
the papers presented at such meetings, such as the academic
conference of the Urological Association, follow these rules
and their diffusion rate is extremely high. The J-CaP survey
basically followed the rules, and the accuracy of TNM diag-
noses and clinical stage diagnoses is considered to be high.
The Japanese Urological Association started a prostate cancer
registration system from 2001, in accordance with these rules.
However, this system is a registration of all prostate cancers.
Therefore, when, for example, focusing on hormone therapy,
we cannot necessarily expect satisfactory outcome data.

The morbidity of prostate cancer in Japan has been remarka-
bly lower than in Europe and North America (10). Further-
more, due to anxieties about radiotherapy and the slowness of
the introduction of technical expertise in radical prostatectomy,
in many cases surgical castration or estrogen administration
has been conducted across the board (11). However, in recent
years Japan has seen an overwhelming increase in morbidity
and mortality from prostate cancer (10). Compounding this,
the influx of information about prostate and surgical tech-
niques from Europe and North America has led to a rapidly
growing debate on the method of treatment. Naturally, the
trend towards newer treatment is beginning with reference to
European (12) and North American guidelines (13) and the
trend is set to continue.
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Table 6. Main treatment for adjuvant or neoadjuvant hormone therapy

Method 2001 2002 2003 Total
Operation
Hormonal therapy followed by surgery Retropubic 1609 18. 1627
Laparoscopic 23 23
Perineal 17 [7
Other 3 3
Total 1652 18 1670
Surgery-followed by hormonal therapy Retropubic 256 3 259
Laparoscopic 10 10
Perineal 2 2
Other 2 2
Total 270 3 273
Irradiation
Hormonal therapy followed by irradiation Extemnal beam 647 468 69 1184
External + brachytherapy 15 4 19
Brachytherapy 12 6 1 18
Other 11 6 1 I8
Total 685 434 71 1339
Irradiation followed by hormenal therapy External beam 46 62 10 118
External + brachytherapy 3 3
Brachytherapy 1 3 4
Other 1 1 2
Total 51 66 10 127

At present, with financial assistance from the Ministry of
Health, Labor and Welfare, the Japanese Urological Associa-
tion is working on the drafting of a prostate cancer treatment
guideline at the earliest possible date. What is of concern here
is that, in addition to the circumstances previously mentioned,
there have been very few clinical trials with strong evidence
carried out in this country. This causes a desperate lack in clin-
ical data specific to Japan, which is essential to establish such
a guideline. Hormone therapy in Japan, which has been admin-
istered only empirically, should be re-examined correctly to
determine what outcome it is actually providing for the
patients. Otherwise, it is likely that Japan’s treatment guideline
will become a reproduction of those of Europe and North
America. Ethnic and philosophical differences, religious back-
ground, differences in perceptions about sex, and economic
background—these diverse factors must be taken into account
in the drafting of the most appropriate guideline for a country.
The general attitude toward hormone therapy in Japan is simi-
lar to other East Asian countries (14). The recent treatment and
clinical trial findings on hormone therapy in Europe and North
America aimed at achieving long-term stable results indicate
that we should examine the outcome of hormone therapy not
only in Japan but throughout the world (4-6). The CaPSURE
data reported in 2003 (1) consists of the analyses of 3439 cases,
showing that the proportion of primary hormone treatment on
localized prostate cancer rose dramatically from 4.6% in 1989

to 14.2% in 2001 and pointed firmly to the need to review the
existing guidelines.

The institutions registered with J-CaP cover 60.2% of all
university hospitals. According to Japan Cancer Statistics
2003, the number of patients newly diagnosed with prostate
cancer in 1998 was 15 814 (15). In view of the proportion of J-
CaP registered patients obtained in the survey of new patient
numbers mentioned earlier, ~50% of new prostate cancer
patients were treated by hormone therapy and registered with
J-CaP. J-CaP had requested reports on the number of newly
diagnosed prostatc cancer patients in the registered institu-
tions. Out of 358 institutions, 246 had responded as of 2001.
Based on this report, 7952 patients were newly diagnosed with
prostate cancer in those 246 institutions. Of these, 5969
patients (75.1%) were treated by hormone therapy in some
form. Among those patients, 5646 (71%) were registered with
J-CaP. In other words, 94.6% of the patients who had initiated
a hormone therapy in 2001 were registered with J-CaP. This
figure is almost the same in 2002. This illustrates the breadth of
significance of this study. Patient background factors and PSA
values at diagnosis would not represent the general trend
because of the bias that patients registered for this study are
receiving hormone therapy for the first time. However, we
should make a special note of the low frequency of familial
prostate cancer.
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For the same reason, the background to the tumor in this
report would not represent the overall trend of prostate cancer
in Japan. Nevertheless, considering the finding that an
extremely large number of patients are receiving hormone ther-
apy, we can safely say that they express the overall background
factors of prostate cancer in Japan to a fairly high degree of
accuracy.

The analysis of the purpose and types of hormone therapy
shows that there is a distinctively different trend in Japan com-
pared to Europe or North America. These are the first findings
in Japan based on a large-scale organized survey. To summa-
rize: (i) many patients are receiving hormone therapy irrespec-
tive of age, TNM, stage of illness or histological background;
(ii) more than 70% of them are under primary hormone ther-
apy; and (iii) roughly 60% undergo combined androgen block-
ade (CAB). Since no clear outcome investigation has yet been
carried out, we should evaluate this present status of hormone
therapy in Japan either as: (i) it is merely a continuation of past
experience, and in the near future, it should be managed care-
fully by adopting European and American guidelines; or (ii) it
is still difficult to judge whether the effect of hormone therapy
for Japanese patients is different in the profile of effects and
side-effects from that for Westerners. What is more, in T2
treatment no accurate randomized study has been conducted so
far globally on whether surgical treatment and radiotherapy are
truly more effective than hormone therapy. Therefore, on this
point we must reserve any conclusions.

The NCI-PDQ (13) and EAU guidelines (12) attach virtuatly
no significance to hormene therapy on T2 prostate cancer. As
for T3, the emphasis is on its significance as neoadjuvant
before radiotherapy and little importance is assigned to the sole
application of hormone therapy. Even when there is metastasis,
there is debate on whether immediate hormone therapy is
appropriate and also on whether there is any peint in CAB;
however, no clear conclusions have been reached (16,17).

In such circumstances, there are two clinical trial results in
Japan reported recently that are extremely interesting. The first
(2} is the results of a randomized study on hormone therapy
given to localized or locally advanced prostate cancer. This
was a comparative trial of LH-RHa + chlormadinone acetate
(CMA) versus LH-RHa alone on patients in whom radical
prostectomy was not chosen as treatment for whatever reason.
The results are interim, with an observation period less than 5
years. So far, progression-free survival is good for CAB. Even
when both groups are put together, it has been determined that
the same survival rate as the one expected for the population of
that age group has been obtained. The other study (3) is a
comparative trial of LH-RHa + bicalutamide versus LH-RHa +
placebo administered for patients with locally advanced or
metastatic prostate cancer. The observational period is again
short, but in both PSA progression-free survival and time to
PSA response, the CAB group was significantly better. Mean-
while, in a successive survey of QOL using FACT-P that was
officially translated into Japanese (18), the CAB group showed
a significantly better result (19). This is indicative of the per-
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ception that the effects of hormone therapy on QOL are differ-
ent between Japanese and Western patients (20). Therefore, it
is important to examine whether or not recent clinical trial
results take into account ethnic differences in the broad sense,
including the lifestyle and philosophical backgrounds of Japa-
nese and Western people.

In future, in the treatment of prostate cancer in Japan, it is
evident that the importance of hormone therapy should be
investigated with specific focus on Japanese people. We await
the further analysis of the outcome findings, which is the aim
of the J-Cap Study.

APPENDIX

J-CaP HOME PAGE: RULES FOR USE

1. The J-CaP Home Page is to be created as an Internet server.

2. Use of the case database on the J-CaP Home Page is
restricted to doctors who are joint researchers and the use
of the database requires a user ID and password issued by
means of prior registration.

3. Communication between the case database server and users
is to be protected by encryption (SSL).

4. The names of institutions and patients (initials) displayed
in the case database are to be encoded so that individual
patients cannot be identified.

5. Information concerning joint researchers’ institutions and
patient names (initials) will only be accessible to database
administrators with a special ID and password and only at
the designated location (administrative secretariat).

6. The ID and password of the above-mentioned administra-
tors will be stored as strictly confidential and no record of
them will be kept.

7. The disposal of case data and information concerning joint
researcher institutions and patient names (initials) after the
completion of the J-CaP Study Group’s research period
will be determined at a later date by administrators.
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Summdry Isoflavones are reported to have an estrogenic activity to prevent prostate can-
cer. Therefore, it is necessary to analyze the factors influencing the absorption and metabo-
lism of isoflavones using detailed and precise dietary information. We evaluated the
relationship between the amount of intake of soybean isoflavones in the diet and its serum
levels in 88 hospitalized patients (22 with prostate cancer, 66 without cancer) with a mean
age of 67.0+9.3 v. The intake amount of genistein and daidzein was significantly lower in
the hospital diet than that in the ordinary daily diet. The serum levels of isoflavones were
related to the amount of intake consumed during the day before blood collection {(r=0.27
for genistein, r=0.33 for daidzein), but not to the last meal before blood collection. While lit-
tle relationship was observed between the amount of intake and serum levels of isoflavones
in the equo! producers, a marked relationship was noted in the non-producers (r=0.52 for
genistein, r=0,67 for daidzein). Blood isoflavone levels decreased when the duration of the
hospitalization was longer than 1 wk. These observations indicate that the serum isoflavone
levels are correlated with the amount of intake of isoflavones during the preceding 2 wk and
serve as an effective biomarker in individuals during the intake of the hospital diet. Further
investigations, including the mechanism of the metabolism on isoflavones, are necessary for

the evaluation of the preventive effect of isoflavones.

Key Words

Isoflavones are consumed in large quantities as soy-
beans by Asians. It has been reported that the intake of
soy foods, which contain much isoflavone, contributes
to the relatively low incidence of certain kinds of malig-
nancies, such as breast cancer and prostate cancer, in
China and Japan. The epidemiological research suggests
that soybean-based foods contain substances that can
inhibit carcinogenesis and the progression of hormone-
related cancers (1-3). It was reported that isoflavones
reduced the activity of 5-a reductase, which is indis-
pensable for the manifestation of androgen, and stimu-
lates the production of SHBG (sex hormone-binding
hormone) to regulate hormonal activity in in vitro and
in vivo experimental studies {4, 5). Isoflavones have
been reported to have several other functions: 1) inhibi-
tion of tyrosine kinase activity, 2) inhibition of angio-
genesis, 3} antioxidative effects and 4) an anti-promo-
tion function of transformed cells {6—8). These reports
suggest that isoflavones can work as anticancer agents.

We previously reported that blood isoflavone levels
are lower in hospitalized patients. We also found that
the patients younger than 70 showed lower levels of
blood isoflavone levels than those at aged 70 and older
{9). It is very important to ascertain these observations
to better understand the influence of dietary intake to

E-mail: naohei@sakura.cc.tsukuba.ac.jp

isoflavone, equol producer, genistein, daidzein, hospital diet

the onset of prostate cancer, which is reported to have
been increasing recently in Japan. It should also be
implicated that the content of the hospitalized dietary
intake should be considered as the cancer-preventive
aspect.

Isoflavones are contained in soybean foods mainly as
glycosides (genistin, daidzin), which are converted to
aglycones (genistein, daidzein) with the hydrolysis of
their carbohydrate chains in the intestinal bacterial
microflora for absorption (10). In addition, the estrogen
activity of isoflavones is very weak, below 0.1% of estra-
diol activity (11). These findings indicate that analysis
ol the metabolism of isoflavones is important to make
clear the biological effects of isoflavones. Many investi-
gations have reported a relationship between the
amount of intake of isoflavones and blood isoflavone
levels using perscnal dietary records and food-fre-
quency questionnaires (FFQ). but such records seem to
be rough and inaccurate estimations of isoflavone
intake (12). In addition, the individual nutrient balance
has possible biases on the absorption and metabolism of
isoflavones. Therefore, it is necessary to analyze the fac-
tors influencing the absorption and metabolism of
isoflavones using detailed and precise dietary informa-
tior.

In this study, we compared isoflavone levels between
hospital and ordinary diets, We also compared isofla-
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vone levels in terms of the examinees’ age, and finally
examined the relationship between the amount of
dietary intake of isoflavones during hospitalization and
serum isoflavone levels to analyze the metabolism of
individual isoffavones ingesting similar amounts of
isoflavones.

MATERIALS AND METHODS

The subjects were 88 hospital in-patients who were
admitted to the Tsukuba University Hospital from
December 2000 to June 2002, of which 22 patients suf-
fered from prostate cancer (eligible with clinical stage
and treatment), and 66 were ophthalmological cases.
The ophthalmological patients included 37 patients
with cataracts, 11 with retinal detachment, 5 with
pterygium, 4 with glaucoma and 9 with other diag-
noses. The ages of the patients were 44 to 92y, with
67.0%£9.3 vy on average {(urological patients, 65.1+8.2,
and ophthalmological patients, 67.6+9.6). The mean
value of the body mass index (BMI) was 23.0%3.1 (uro-
logical patients, 22.4*3.5, and ophthalmological
patients, 23.2%3.0). Eligible patients consumed the
hospital diet for 2d before the blood test. Fasting
patients were excluded, as were patients who were
receiving dietary control for diabetes mellitus, or who
ate anything other than the hospital diet. In the pros-
tate cancer patients, patients were excluded if their
dietary intake was reduced or if the ability of absorption
was compromised. The average hospitalization period
was 13.8 d. Informed consent was obtained with a form
letter from all patients with their signature.

Dietary survey. The content of the diet for 2 d prior
to blood collection was referred from the menu
obtained from the Department of Nutritional Adminis-
tration of the hospital. Dietary intake was calculated
from the intake recorded in the hospital dietary chart of
the individual patient. The dietary intake amount of
isoflavenes (genistein and daidzein) was calculated
using the “isoflavone-intake table in Japan” reported by
Kimira et al. {13). Personal information was obtained,
especially on the use of antibiotics, to make clear their
influence on the metabolism of isoflavones. Also. a food-
frequency questionnaire was used to assess each
patient’s ordinary daily dietary intake of nutrients and
soybean foods for 1 v before hospitalization. In addition,
in prostate cancer cases, information on ordinary daily
intake was obtained for 1 y prior to diagnosis. The mean
value of the daily intake of energy and nutrients was
calculated from these records using the “Standard Food
Compositionn Table” published from the Science and
Technology Agency of Japan in 2001.

Blood samples. Blood was collected from the individ-
uals after fasting for 12 h following dinner, and the
obtained sera were cryo-preserved at —20°C. We mea-
sured the unconjugated forms in serum after hydrolyz-
ing with 8 glucuronodase and sulfatase. The concentra-
tion of isoflavones (genistein, daidzein) and equol were
assayed using the high-performance liquid chromatog-
raphy—multiple reaction ion monitoring mass spec-
trometry (HPLC-MS} method. The lower limit of detec-

247

tion of this method is 0.5 ng/mL (14).

Statistical analysis. The relationship between the
amount of the dietary intake of isoflavones and blood
isoflavone levels was analyzed using Pearson’s correla-
tion coefficient. The dietary intake of isoflavones was
adjusted as the total energy intake. Wilcoxon's test and
the Kruskal-Wallis test (non-parametric) were used to
compare the duration of hospitalization and the pro-
duction of equol in two groups. Paired t-test was used to
compare the amount of dietary intake of isoflavones
between the hospital diet and the ordinary daily diet,
and p<<0.05 was determined to be the statistical signifi-
cance. The statistical software used was SAS JMP4.0.

RESULTS

Table 1 shows the mean values of intake of total
energy and the balance of nutrition from a hospital diet
for 2 d before blood collection, and the patients' ordi-
nary daily diet. A statistically significant difference was
observed in total amounts of energy, carbohydrates,
salt, dietary fiber, carotene and vitamins (A, By and C)
between the hospital diet and ordinary diet. Because
blood samples were collected from each patient on a dif-
ferent day. and not all the patients had the same diet for
the 2 d before blood collection, some variations in the
hospital dietary intake were found.

Table 2 indicates the types and amount of soybean
foods, and the proportion of isoffavones in the hospital
diet and the ordinary daily diet, The three main items
containing isoflavones in the hospital diet were tofu
(42.3%). half-fried tofu (23.5%) and boiled soybeans
(10.7%}, and were tofu (53.4%). natto (20.8%) and
miso (13.2%) in the ordinary diet. The intake amounts
of tofu, natto, miso, half-fried tofu and fried tofu were
significantly higher in the ordinary diet than in the hos-
pital diet.

In Table 3, the intake amounts of isoflavones in the
hospital diet, the ordinary diet and serum isoflavone
levels are shown. In this table, the data on equol were
obtained from equol-producing patients only (equol-
producers) (9). The intake amount of isoflavones is
shown at three points: the last meal before blood collec-
tion, 1d before collection and 2 d before collection.
There were some days when no soybean food was con-
sumed, and genistein varied from 0 to 46.8 mg/d for
the range. The ratio of the amount of intake of genistein
to daidzein was 3 to 2. The ordinary diet contained sig-
nificantly higher genistein and daidzein than the hospi-
tal diet. In the serum isoflavone levels, genistein was the
highest, and the median value was 3.7 times higher
than that of daidzein. Equol production was 46.6% (41
samples in total 88 samples).

Table 4 indicates the intake amount of isoflavones in
soy-foods during ordinary intake, The intake amount of
daidzein showed higher levels in the patients aged 70
and older than in those younger.

Table 5 shows a comparison of the average nutri-
tional intake for 2 d before blood collection, the amount
of intake of isoflavones and the serum concentration of
isoflavones between equol-producers and non-produc-
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Table 1. Nutrients in hospital diet and ordinary daily diet (n=88).
Hospital diet Ordinary diet
Nutrient P
Median Range Mean*SD Median Range Mean+SD
Energy (kcal/d) 1.976.8 1.,267.0-2,174.0 1,905.7+202.9 1,583.0 945.0-3,212.0 1,647.9*x462.6 <0.0001**
Protein (g/d) 79.2 52.1-86.6 77.1x7.4 75.3  33.7-161.8 78.1*x27.8 0.737
Fat {(g/d) 49.2 26.0-67.7 48.0+7.9 43.1  14.9-105.0 46,2*18.0 0.391
Carbohydrate {g/d) 295.7 113.4484.1 284.4+41.0 219.1 110.4-423.6 224.1*64.6 <0.0001**
NacCl (g/d) 11.0 7.0-13.9 11.1+1.0 6.6 1.9-10.7 6.8+1.7 <<0.0001**
Fiber (g/d) 5.0 3.0-6.7 5.1+0.9 12.6 5.4-27.3 13.6x4.9 <0.0001***
Carotene (pg/d)  5.285.1 2,735.0-7,311.0 5.322.8*972.1 3.072.0 658.0-8,108.0 3.463.2+1,535.5 <0.0001***
Vitamin A {(IU/d) 3.501.7 1,970.0-6,125.5 3,488.0+779.9 2,384.3 838.2-5.131.5 2,580.6x1,006.5 <0.0001***
Vitamin B;{mg/d) 1.35 0.6-1.8 1.3+0.24 0.93 0.49-1.97 0.96+(0.34 <0.0001***
Vitamin Bz {mg/d} 1.35 0.8-1.8 1.33x0.19 1.7 0.5-3.6 1.8+0.72 0.158
Vitamin € (mg/d) 150.7 90.5-198.2 148.5+26.7 181.0 31.0-191.4 191.4+87.2 <0.0001**
* p<0.05, * p<0.01, *** p<0.001.
4 Paired t-test.
Table 2. Soybean foods and their contribution to isoflavene intake in hospital diet and ordinary daily diet (n=88).
Hospital diet Ordinary diet
Soy food % of % of i
Median Range Mean*=SD isoflavone Median Range Mean=+SD isoflavone
intake intake
Tofu (g/d) 333 0.0-70.0 24.6x19.8 42.3% 50.0 0.0-300.0 72.9%61.2 53.44% <0.0001***
Half-fried tofu (g/d) 0.0 0.0-53.3 7.7x125 23.5% 23 0.0-20.0 3.3x38 4.3% 0.002*
Boiled soybeans (g/d) 3.3  (.0-21.7 3.5*+4.8 10.7% —_—
Natto (g/d) 00 00-16.7 3.0x6.5 7.5% 17.1 0.0-100.0 19.8+18.5 20.8% <0.0001**+
Miso (g/d} 12,7 0.0-27.0 12.8x5.4 6.8% 20.0 2.0-60.0 26.3*16.3  13.2% <0.0001***
Grilled tolu (g/d} 0.0 00-267 25+7.1 4.4% -—
Fried tofu (g/d) 0.0 00100 1.1x1.7 3.3% 1.4 0.0-7.1 1.7x1.8 2.2% 0.008**
Soy sause (g/d) 24.1  9.83-41.3 23.7%6.6 1.5% —
Soy milk {(g/d) — 0.0 0.0-200.0 9.9*38.2 6.1%
* p<0.05, ** p<0.01, ** p<0.001. -
A Paired (-test.
Table 3. Intake ol genistein and daidzein and their serum levels (n=88).
Hospital diet Ordinary diet
Isoflavone P
Median Range Mean=SD Median Range Mean=8D
Intake
Genistein in the last meal (mg) 0.0 0.0-279 4.2+8.7
Genistein on the previous day (mg/d) 4.3 0.0-46.8 13.4+14.8
Average of genistein for 2 d (mg/d) 146 1.03-36.2 14.2%84 17.5 1.4-849 22.9*159 <0.0001***
Daidzein in the last meal (mg) 0.0 0.0-219 3.0+6.2
Daidzein on the previous day (mg/d) 34 0.0-36.3 9.8+11.0
Average of daidzein for 2 d (mg/d} 10.2  0.8-29.1 10.4+6.4 12,5 0.97-58.1 15.9*%10.8 <0.001***
Serum
Genistein {ng/mL}) 71.2  7.2-570.2 108.5*112.6
Daidzein {ng/mL) 19.4 2.0-2754 394526
Equol (ng/mL}* 8.0 0.6-904.7 39.4*141.1

* p<0.05 ** p<0.01 *** p<0.001.
* Equol producers only n=41/88.
b Paired t-test.
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Table 4. Genistein and daidzein intake in patients <70 y of age and =70 y during the ordinary intake.
Isoflavone <70y old =70y old P
Genistein {mg/d) Median 16.53 23.39 0.062
Range 1.4-84.9 - 8.9-59.5
Daidzein (mg/d) Median 11.63 15.74 0.041*
Range 1.0-58.1 6.1-41.0
* p<0).05.
1 Wilcoxon's test.
Table 5. Serum isoflavone levels and intake in equol producers and in non-producers.
Equol producers Equol non-producers
. n=41 n=47 .
Various e
Median Range Median Range
Serum Genistein {ng/mL} 78.3 10.9-570.2 70.8 7.2-387.0 0.78
Daidzein (ng/mL) 12.8 2.0-2754 19.9 2.8-127.6 0.85
Intake Genistein in the last meal (mg) 0.0 0-27.9 0.0 0-27.8 0.53
Genistein on the previous day (mg/d) 5.2 0-46.8 4.3 0-46.8 0.81
Average of genistein for 2 d {mg/d) 15.2 1.3-30.0 12.3 1.0-36.2 0.19
Daidzein in the last meal (mg) 0.0 0-20.7 0.0 0-21.9 0.53
Daidzein on the previous day {(mg/d) 3.5 0-36.3 3.4 0-34.2 0.82
Average of daidzein for 2 d (mg/d}) 104 0.9-23.1 9.4 0.8-29.1 0.20
Energy (kcal/d) 1,969.5 1.267.0-2,174.0 1,998.0 1,298.6-2,149.5 (.32
Protein (g/d) 79.0 53.7-86.6 79.7 52.1-86.6 0.35
Fat {(g/d) 46.8 26.0-67.2 50.0 28.6-67.7 0.06
Carbohydrate (g/d) 296.4 113.4-484.1 295.7 201.9-316.7 0.73
" Dietary fiber {g/d) 5.3 3.3-6.7 4.3 3.0-6.7 0.02*
Vitamin A (IU/d) 3,570.1  1.970.0-5,766.6 3,365.5 1,998.0-6,125.5 0.09
Vitamin By (mg/d) 1.4 0.8-1.8 1.3 0.6-1.8 0.48
Vitamin B: (mg/d) 1.4 0.9-1.8 1.3 0.8-1.8 0.15
* p<<0.05.

* Wilcoxson's test,

Table 6. Pearson's correlation coefficients between isoflavone levels in equol producers and in non-producers.

All Equol producers Equol non-producers
Isoflavone Genistein Daldzein Equol Genistein Daidzein Genistein  Daidzein
n=88 n=41 n=41 n=47
Intake” Genistein at the last meal 0.16 0.16 -0.08 —-0.35 -0.13 0,52 0.69™
Genistein on the previous day 0.27* 0.32* —-0.06 0.12 0.30 0.31* 0.64**
Average ol genistein for 2 d 0.24* 0.23* ~0.04 ~0.18 -0.24 0.32% 0.30*
Daidzein at the last meal 0.18 0.16 —0.06 —0.35 -0.13 0.61**  0.67**
Daidzein on the previous day 0.27* 0.33* —0.06 0.11 0.31 0.30% 0.61%*
Average ol daidzein for 2d 0.23* 0.28* -0.09 —0.04 0.11 0.41* 0.52*

* p<<(0.05, ** p<0.01, ** p<0.001.
“ Energy adjusted values.

ers. There was no difference between the two groups in
the intake amount of isoflavones and the serum concen-
tration of isoflavones. However, equol producers tended
to consume significantly greater amounts of dietary
fiber (p=0.02) compared with the non-producers.
Table 6 shows the relationship between the inake
amount of isoflavones and serum isoflavone levels. The

serum levels of isoflavones (genistein, daidzein) signifi-
cantly increased when the intake amount for 1 d, and
for 2 d before blood collection was increased. However,
no correlation was observed between serum isoflavone
levels and the intake amount of isoflavones at the last
meal before blood collection. Equol non-producers
showed a significant correlation with the amount of
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Table 7. Isoffavone intake and serum isoflavone levels by duration of hospitalization.
=13d 4-7 d 8-15d zi6d
Isoftavone no 22 21 22 23 7
Intake Genistein Median 6.9 4.3 4.2 4.0 0.908
(previous day} Range 0.0-45.2 0.0-30.5 0.0-46.4 0.0-46.8
{mg/d) Mean*=SD 13.8*x14.1 12.7+13.3 124+14.0 14.7*x17.9
Daidzein Median 5.0 34 3.1 2.9 0.754
Range 0.0-36.3 0.0-23.1 0.0-33.9 0.0-34.2
Mean=*SD 104+11.1 9.4+10.0 8.7+x9.8 10.9*13.3
Serum Genistein Median 49.0 122.2 77.8 44.1 0.006**
(ng/mL) Range 10.9-570.2 24.0-323.6 7.2-548.3  16.1-387.0
Mean=*SD 106.6+143.6 136.5+78.6 116.5+124.2 76.9+90.7
Daidzein Median 13.4 32.0 17.8 10.2 0.141
Range 3.2-2754  3.1-152.0 3.0-248.1 2.0-120.3
Mean=*SD 52.0x73.9 46.4*40.3 37.4%55,7 22,7*x28.1
Equol-producers n 14/22(64%) 8/21(38%) 9/22(41%)  10/23(44%)
Equol Median 6.8 6.1 6.2 123 0.687
Range 2.2-85.3 1.4-904.7 0.6-137.0 0.7-53.6
Mean=*SD 17.7£26.0 120.1%x317.1 225*43.6 20.2*+18.4
* p<0.01.

# Kruskal-Wallis test.

Table 8. Pearson's correlation of coefficients between of genistein and daidzetn intake, and serum isoflavone levels by

duration of hospitalization.

Serum
isoflavone Genistein Daidzein Equol
=3d 4-7d 8-15d =16d =3d 4-7d 8-15d =16d =3d 4-7d 8-15d =164d
22 21 22 23 22 21 22 23 14 8 9 10

Intake® Genistein in the last meal 0.04 0.58*™ 0.17 -0.05 006 030 0.21 -0.03 037 -0.59 -0.14 0.12
Genistein on the previeusday 0.37 0.52* 0.68** -0.29 042 042 076" -029 041 -0.27 0.74* -0.46
Average of genisteinfor 24 (0.12 009 0.18 0.25 002 020 048" .30 0.11 -0.28 ~0.54 0.36
Daidzein at the last meal 0.06 0.56* 0.17 -0.06 0.07 028 0.22 -0.04 036 -0.60 -0.14 0.13
Daidzein on the previous day  0.40 0.48" 0.70*™* ~0.26 041 .39 077" -0.30 043 -0.26 0.77* -0.48
Average ol daidzein for 2 d 0.16 040 062" -011 017 017 0.63* -0.12 044 -0.28 087 -0.37

* p<0.05. ** p<0.01. *** p<0.001.

Y Energy adjusted values.

intake of isoflavones at the last meal before blood collec-
tion to serum isoflavone levels. In contrast, no such
relationship was observed in equol-producers. There
was no relationship between the intake amount of
isoflavones and blood equol levels.

Table 7 shows the comparison of the intake amount
of isoflavones and blood isoflavone levels for the four
divided periods during hospitalization. There was no
significant difference in the intake amount of isofla-
vones compared with the duration of hospitalization.
There was no significant correlation between the num-
ber of hospitalized days during a week and serum isofla-
vone levels. However, after 1wk of hospitalization.
blood iscflavone levels were slightly decreased. Blood
levels of genistein were significantly decreased after a
16-d stay in the hospital.

Table 8 shows the relationship between the intake
amount of isoflavones and blood isoflavone levels
depending on the number of hospitalization days, In the
group hospitalized for 3d or less, no correlation was
observed between the intake amount of isoflavones and
blood isoflavone levels. A relationship between the
intake amount of genistein and blood genistein levels
was noted in the group for 4-7 d hospitalization and in
the group for 8-15d hospitalization. A relationship
between the intake amount of daidzein and blood daid-
zein levels was observed only in the group for 8~154d
hospitalization, Although a significant relationship was
not observed between the intake amount of isoflavones
and blood equol levels in total, there was observed a sig-
nificant relationship in the 8-15d hospitalization
group.
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DISCUSSION

In this paper we estimated the intake amount of
isoflavones (genistein, datdzein) ingested during a com-
paratively quantitative hospital diet and an ordinary
diet, compared the levels between patients’ ages, and
analyzed the relationship between their intake amounts
and blood isoflavone levels. The median daily dietary
intake of isoflavones by Japanese was reported to
27.9 mg for genistein and 14.7 mg for daidzein (15).
Another study reported the intake amount of genistein
to be 31.4 mg and daidzein 18.3 mg in 122 males and
125 females, based on an FFQ (16). The total amount of
isoflavones ingested daily was reported to be 39.5 mg in
Japan (1 3). In the present study, the intake amount of
genistein and daidzein in hospitalized patients (Tsukuba
University Hospital) was 14.2 mg/d and 10.4 mg/d,
respectively for 2 d before blood collection, These data
were lower levels than what was previously reported,
and were also lower than that reported in the ordinary
diet.

Yamamoto et al. reported that the main item for the
intake of isoflavones in soybean foods in Japan was
natto, which accounted for 33% to 34% of the total
intake, and miso, tofu and natto accounted for up to
90% (16)}. Another report revealed that only four items
(tofu for miso soup, other tofu types, miso and natto)
contributed to more than 80% of the total intake of
isoflavones {17). Qur present report showed that tofu,
natto and miso accounted for 87.4% of the total intake
of isoflavones in the ordinary diet. However, in the hos-
pital diet, tofu and miso accounted for 49.1% of the
total amount of isoflavone intake, and natto accounted
for only 7.5%. It should be taken into consideration that
natto has an odor, and that 50% of the breakfasts
served in Tsukuba University Hospital are now western-
style ones.

Arai et al. reported a relationship between the intake
amount, blood levels and urinary excretion levels of
isoflavones, including equol! (15). Adlercreutz et al.
observed a positive relationship between the daily
intake of soybean foods and urinary isoflavone excre-
tion levels, including equol in 19 patients in Kyoto (18).
Xu et al. reported that dietary intake amounts and uri-
nary excretion levels showed a positive relationship
with an intervention trial using soymilk given to young
women (19). Our observations indicated that there is a
positive relationship between the amount of isoflavones
ingested 1 and 2 d before blood tests and blood isofla-
vone levels (genistein and daidzein). Regarding the hos-
pital diet, there was an interesting finding. At least 1 wk
after hospitalization was needed for blood isoflavone
levels to decrease. For the first 3 d of hospitalization, the
relationship was not observed because of the influence
of daily dietary intake on blood isoflavene levels. In the
group hospitalized for over 1 wk, blood isoflavone levels
were decreased. and a relationship between the amount
of intake of isoflavones and blood isoflavone levels was
observed. Watanabe et al. reported that. with an inter-
vention trial that was designed to reduce the subjects’
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blood isoflavone level to zero, 72 h is necessary for the
recovery to normal blood isoflavone levels (2(). The
influence of a daily dietary intake that is rich in soybean
foods disappeared after 1 wk of the hospital diet, We
also observed that in the group hospitalized for 16d or
longer, blood isoflavone levels were significantly de-
creased, and a relationship between dietary isoflavone
intake and blood isoflavone levels was not demon-
strated. Fukui et al. reported that blood isoflavone levels
were increased remarkably by day 4 during a high
isoflavone-loading test. However, blood isoflavone levels
came down after day 11 in spite of continuing the high
amount of loading (21). They speculated that a change
in the internal absorption influenced blood isoflavone
levels. Our observations on longer hospitalized groups
were probably also influenced by this mechanism, but
the disease-status should also be considered because 16
of 23 patients in this group were sufferring from pros-
tate cancer. In our study, it was revealed that the hospi-
tal diet, which should be ideal to support patient health,
was not the ideal one for the prevention of cancer from
the point of dietary intake of isoflavones. It is assumed
that a hospital diet should be planned to provide func-
tional foods for the prevention of cancer.

We observed a significant difference in the amount of
the intake of isoflavones during the ordinary intake
between the ages under 70 and above 70, Similar obser-
vations were obtained on the blood levels of isoflavones
in our previous study (9). These data indicate that the
intake of isoflavones is changing in Japan. Younger gen-
erations in Japan have been pointed out to consume less
soybean foods, and to remove most of the fat from meat
(22). It has been reported that the intake content in
younger ages may influence the onset of breast cancer
{23). In Japan, it has been also reported that cases of
prostate cancer have been increasing in number (24).
Therefore, it is very important to check the ordinary
intake during younger ages for the prevention of pros-
tate cancer.

Watanabe et al. reported that genistein and daidzein
showed maximum blood levels 6 h alter intake, and that
the hall-life of each was 8.95 h and 6.31 h, respectively,
using an intervention trial with kinako-loading in
seven males (20). Based on this observation, it was sup-
posed that the amount of the dietary intake of isofla-
vone at the last meal before blood collection and blood
isoflavone levels should be related significantly, but no
relationship was observed. However, the relationship
was observed in equol non-producers. King and Bursill
reported that, in an intervention trial, urinary excre-
tion of equol appeared 6 h after isoflavone intake and
continued for over 11 to 35h (25). This observation
indicates that the production of equol by the intestinal
bacterial microflora can influence blood daidzein levels
for over 10 h after the intake of daidzein, and also indi-
cates that the metabolism to dihydrogenistein by the
intestinal bacterial microflora shows a similar tendency
for daidzein and genistein, which are increased in the
blood with a similar time dependency (26). Therefore,
further investigation into the mechanisms and pharma-
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cokinetics of isoflavones. including equol production, is
necessary. It also seems very important to examine
cases more precisely to compare isoflavone levels and to
estimate the relationship on the disease-status as a
case-controlled study.
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Synergistic antitumor effect of combined use of
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Abstract
Our recent studies showed that antisense cligodeoxynu-
cleotide targeting antiapoptotic gene, clusterin, en-
hanced apoptosis induced by conventional therapeutic
modalities using several prostate cancer models. In this
study, to establish a more effective therapeutic strategy
against prostate cancer, we investigated the effect of
combined treatment with antisense clusterin oligodeoxy-
nucleotide and adenoviral-mediated p53 gene transfer
(AdSCMV-p53) in an androgen-independent human pros-
tate PC3 tumor model. Treatment of PC3 cells with 500
nmol/l antisense clusterin oligodeoxynucleotide de-
creased clusterin mRNA by >80% compared with that
with 500 nmol/L mismatch control oligodeoxynucleotide.
Clusterin mRNA expression in PC3 cells was highly up-
regulated by AdSCMV-p53 treatment; however, anti-
sense clusterin oligodeoxynucleotide treatment further
suppressed clusterin expression in PC3 cells after
AdSCMV-p53 treatment. Antisense clusterin oligodeoxy-
nucleotide treatment significantly enhanced the sensi-
tivity of AdSCMV-p53 in a dose-dependent manner,
reducing the ICsq of AASCMV-p53 by 75%. Apoptotic
cell death was detected after combined treatment but
not after treatment with either agent alone. In vivo
administration of antisense clusterin oligodeoxynucleo-
tide and AdSCMV-p53 resulted in a significant inhibition
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of s.c. PC3 tumor growth as well as lymph node
metastases from orthotopic PC3 tumors compared with
administration of either agent alone. Furthermore, com-
bined treatment with antisense clusterin oligodeoxynu-
cleotide, Ad5CMV-p53, and mitoxantrone completely
eradicated s.c. PC3 tumors and lymph node metastases
from orthotopic PC3 tumors in 60% and 100% of sice,
respectively. These findings suggest that combined
treatment with antisense clusterin oligodeoxynutleotide
and AdSCMV-p52 could be a novel strategy to inhibit
progression of hormone-refractory prostate cancer and
that further addition of chemotherapeutic agents may
help to enhance the efficacy of this combined regimen.
[Mol Cancer Ther 2005:4{2):187 - 95]

Introduction

Prostate cancer is the most commonly diagnosed malignant
disease and the second leading cause of cancer-related
death in men in Western industrialized countries. Andro-
gen ablation, however, remains the only effective therapy
for patients with advanced disease, Approximately 80% of
patients achieve symptomatic and/or objective response
after androgen withdrawal, but progression to androgen
independence ultimately occurs in almost all cases (1).
Although a number of nenhormonal agents have been
evaluated in patients with hormone-refractory disease,
these agents have limited antitumor activity with an
objective response rate of <20% and failed to show a
survival benefit (2). Accordingly, novel therapeutic strate-
gies targeting molecular mechanisms mediating resistance
to conventional treatments must be developed to achieve
a significant impact on the survival of patients with
advanced prostate cancer.

Gene transfer techniques may provide new therapeutic
approaches to a variety of malignancies (3), and among
them, replication-deficient adenoviral vectors have been
shown to be atiractive because they are capable of efficient
infection of target cells and are safe for clinical use (4). A
number of studies have shown that adenoviral-mediated
gene therapy of wild-type p53 in tumor cells, including
prostate cancer, suppressed tumor growth both in vifro and
in vivo through induction of the apoptotic pathway. Based
on the promising results of these preclinical studies,
several clinical trials of p53 gene therapy have been carried
out (5-10). Recent studies, however, showed that expression
of antiapoptotic genes markedly inhibits the therapeutic
efficacy of adenoviral-mediated p53 gene transfer (11, 12);
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therefore, these findings suggest that it would be necessary
to add another type of adequate therapy if adenovirus p53
vectors are used for cases expressing high levels of
antiapoptotic genes.

Clusterin, also known as testosterone-repressed prostate
message-2, sulfated glycoprotein-2, or apolipoprotein },
was first isolated from ram rete testes fluid (13) and has
various biological functions, including tissue remodeling,
reproduction, lipid transport, and apoptotic cell death (14).
Clusterin was initially regarded as a marker for cell death,
because its expression is highly up-regulated in various
normal and malignant tissues undergoing apoptosis (15—~
18). Recent studies, however, reported conflicting findings
on the association between enhanced clusterin expression
and apoptotic activity (19-21). Similarly, clusterin expres-
sion is increased in regressing normal and malignant
prostate tissues after androgen ablation (15), and its up-
regulation has been shown to be associated with anti-
apoptotic activity and disease progression in prostate
cancer (22-24). We have also reported that clusterin
expression in malignant prostatic tissue was significantly
greater in patients who underwent preoperative neo-
adjuvant hormonal therapy (25), and that clusterin expres-
sion in prostate cancer cells plays a protective role against
apoptosis induced by androgen ablation, ¢cytotoxic chemo-
therapy, and radiation; therefore, antisense oligodeoxynu-
cleotide therapy targeting the clusterin gene enhances the
efficacies of several kinds of therapy, resulting in a delay in
the progression to androgen independence (26~28). How-
ever, because numerous genes mediate tumor progression,
inhibition of a single target gene is likely insufficient to
completely suppress tumor progression. Although there
has been no report demonstrating complete responses of
established tumors in vivo using antisense oligodeoxynu-
cleotide technique alone, combined use of antisense
oligodeoxynuclectide with another oligodeoxynudleotide
targeting a different gene or other type of agents, such as a
chemotherapeutic agent, has been shown to induce more
potent antineoplastic effects in some tumor model systems
(29, 30).

The objectives of this study were to test whether
induction of apoptotic cell death by adenoviral-mediated
p53 gene transfer (AdSCMV-p53) is enthanced by antisense
clusterin oligodeoxynuclectide treatment, and to determine
whether combined use of Ad5CMV-p53 and antisense
clusterin oligedeoxynucleotide inhibits tumor growth and
metastasis in the androgen-independent human prostate
PC3 tumor model.

Materials and Methods

Tumor Cell Line

PC3, derived from human prostate cancer, was pur-
chased from the American Type Culture Collection (Rock-
ville, MD)}. Cells were maintained in DMEM (Life
Technologies, Inc., Gaithersburg, MD) supplemented with
5% heat-inactivated FCS.

Chemotherapeutic Agent

Mitoxantrone was purchased from Wyeth-Ayerst, Inc.
(Montreal, Quebec, Canada). Stock solutions of mitoxan-
trone (1 mg/mL} were prepared with DMSO and diluted
with PBS to the required concentrations before each in vitro
experiment.

Adenovirus Vectors

Two previously described replication-deficient recombi-
nant adenovirus vectors were used in this study (12).
AdSCMV-p53 expresses wild-type human p53 under the
control of the human cytomegalovirus promoter, and
AdBCMV-Luc encoding Luciferase gene was used as a
control vector. Adenoviruses were propagated in 293 cells,
a human embryonic kidney cell line, which contains
estrone and is thus highly permissive of the replication of
the estrone replication-deficient adenovirus. It was stored
as previously reported, and the viral infection titers were
determined by plaque assays (12).

Antisense Clusterin Oligodeoxynucleotides

Phosphorothioate oligodeoxynucleotides used in this
study were generously supplied by Dr. Brett P. Monia (Isis
Pharmaceuticals, Carlsbad, CA). The sequences of anti-
sense clusterin oligodeoxynucleotides corresponding to the
human clusterin translation initiation site were 5-CAG-
CAGCAGAGTCTTCAT-3. Two-base clusterin mismatch
oligodeoxynucleotide (5~-CAGCAGCAGAGTATTTAT-
CAT-3') was used as control. Oligodeoxynucleotides were
diluted in 10 mmel/L Tris (pH 7.4} and 1 mmol/L EDTA
and kept at —20°C.

Treatment of Cells with Oligodeoxynucleotides

PC3 cells were treated with various concentrations of
oligodeoxynucleotides after a preincubation for 20 minutes
with 4 pg/mL lipofectin (Life Technologies) in serum-free
OFTI-MEM (Life Technologies). Four hours later, the me-
divm containing oligodeoxynucleotides and lipofectin was
replaced with the standard culture medium described above.

Northern Blot Analysis

Total RNA was isolated from cultured PC3 cells using
the acid-guanidium thiocyanate-phencl-chloroform meth-
od. Electrophoresis, hybridization, and washing conditions
were carried out as previously reported (28). Human
clusterin and glyceraldehyde-3-phosphate dehydrogenase
{(GAPDH) c¢DNA probes were generated by reverse
transcription-PCR from total RNA of human kidney using
primers 5-AAGGAAATTCA-AAATGCTGTCAA-3
(sense) and 3-ACAGACAAGATCTCCCGGCACTT-3
(antisense} for clusterin and $-TGCTTTTAACTCTGG-
TAAAGT-3 (sense) and 5-ATATTTGGCAGGTTTTTIC-
TAGA-¥ (antisense) for GAPDH. The density of bands
for clusterin was normalized against that of GAPDH by
densitometric analysis.

Real-time ReverseTranscription-PCR

Total RNA was isolated as described above, and 1 pg of
each total RNA was reverse transcribed using an Oligo dT
and Superscript preampilification system (Life Technolo-
gies). To examine the expression levels of clusterin, real-
time quantitative PCR was done using a Sequence Detector
{ABI PRISM 7700, PE Applied Biosystems, Foster City, CA).
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Selected sequences of primers, and probes are as follows:
5-GAGCAGCTGAACGAGCAGTTT-3 (sense), 5-CTT-
CGCCTTGCGTGAGGT-3 (antisense) and 5-
ACTGGGTGTCC-CGGCT-3 (probe} for clusterin and
~GAAGGTGAAGGTCGGAGTC-3 (sense), GAPDH 5-
GAAGATGGTGATGGGATTTC-3 (antisense), 5-CA-
AGCTTCCCGTTCTCAGCC-3' (prove) for GAPDH. The
Tagman probes consisted of an oligodeoxynucleotide
with a ¥ FAM reporter dye and 3 TAMRA quencher
dye. Each ¢cDNA was analyzed by quantitative PCR in a
50-pL volume using Master Mix (PE Applied Biosys-
tems). The condition of thermal cycling was 50 cycles of
amplification consisting of 15 seconds at 95°C and
1 minute at 60°C. Real-time quantitation was done based
on Tagman assay according to the manufacturer’s
instruction. After the generation of a real-time amplifica-
tion plot based on the normalized fluorescence signal, the
threshold cycle was determined. Threshold cycle was
then used for kinetic analysis and was proportional to
the initial number of target copies in the sample. The
starting quantity of a sample was calculated after
comparison of the threshold cycles of a serial dilution
of a positive control. Transcripts of the GAPDH were
also quantified as an internal reference, and the quanti-
fication value of clusterin mRNA was described as each
value relative to that of GAPDH mRNA.

In vitro Cell Growth Assay

The in vitro growth-inhibitory effects of antisense
clusterin oligodeoxynucleotide and/or Ad5CMV-p53 on
PC3 cells were assessed using 3-(4,5-dimethylthiazol-2-
yl}-2,5-diphenyltetrazolium bromide (Sigma Chemical
Co., 5t. Louis, MO) as described previously (28). Briefly,
1 % 10* cells were seeded in each well of 96-well microtiter
plates and allowed to attach overnight. Cells were then
treated once daily with various concentrations of oligo-
deoxynucleotide for 2 days. Following oligodeoxynucleo-
tide treatment, cells were treated with various
concentrations of AASCMV-p53. After 48 hours of incuba-
tion, 20 pL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide in PBS was added to each
well followed by incubation for 4 hours at 37°C. The
formazan crystals were dissolved in DMSO. The absor-
bance was determined with a microculture plate reader
(Becton Dickinson Labware, Lincoln Park, NJ) at 540 nm.
Absorbance values were normalized to the values obtained
for the vehicle-treated cells to determine the percent of
survival. Each assay was done in triplicate.

Measurement of Apoptosis

The nuclecsomal DNA degradation was quantified by
the Cell Death Detection ELISA kit using antihistone
antibody (Roche, Mannheim, Germany)} as described
previously (31). Briefly, 1 x 10° PC3 cells were seeded in
5-cm culture dishes and allowed to adhere overnight, After
treatment with oligodeoxynucleotide and /or AdSCMV-p53
under the same schedule as described above, cells were
harvested and then assays were done in triplicate according
to the manufacture’s instruction.

Molecular Cancer Therspeutics 189

Assessment of In vive Tumor Growth

Athymic nude mice (BALB/c nu/nu females, 6—8 weeks
old) were purchased from CLEA Japan, Inc. {Tokyo, Japan),
and housed in a controlled environment at 22°C on a 12-
hour light, 12-hour dark cycle. Animals were maintained in
accordance with the NIH Guide for the Care and Use of
Laboratory Animals. Each experimental group consisted of
10 mice. PC3 cells were trypsinized, washed twice with
PBS, and 1 x 10° cells were injected s.c. with 0.1 mL of
Matrigel (Becton Dickinson Labware} in the flank, or
directly given 1 x 10° cells into the prostate, as previously
described (32). The schedules administrating oligodeox-
ynucleotide, viral vectors, and chemotherapeutic agents
were determined based on our previously reported studies
{8, 28, 33).

For the first experiment, 10 days after injection, mice
were randomly selected for treatment with antisense
clusterin oligodeoxynucleotide plus AdSCMV-Luc, mis-
match control oligedeoxynucleotide plus AJSCMV-Luc,
antisense clusterin oligodeoxynucleotide plus Ad5SCMV-
p53, or mismatch control oligodeoxynucleotide plus
AdSCMV-p53. After randomization, 10 mg/kg antisense
clusterin or mismatch control oligodeoxynucleotide were
injected i.p. once daily into each mouse for 28 days, and
200 uL of adenovirus vector [1 x 107 plaque-forming units
(pfu)/mL] were injected intratumorally or ip. info mice
bearing s.c. or orthotopic tumors, respectively, twice a
week for 2 weeks.

For the second experiment, 10 days after injection, mice
were randomly selected for treatment with antisense
clusterin oligodeoxynucleotide, AASCMV-Luc plus mitox-
antrone, mismatch control oligedeoxynucleotide,
AdSCMV-Luc plus mitoxantrone, antisense clusterin oligo-
deoxynucleotide, AdSCMV-p53 plus mitoxantrone, or
mismatch control eligodeoxynucleotide, AdSCMV-p53 plus
mitoxantrone. After randomization, 10 mg/kg antisense
clusterin or mismatch control cligodeoxynucleotide was
injected i.p. once daily into each mouse for 28 days, 200 pL
of adenovirus vector (1 x 107 pfu/mL) were injected
intratumorally or ip. inte mice bearing s.c. or orthotopic
tumors, respectively, twice a week for 2 weeks, and 50 ug of
mitoxantrone were injected i.v. twice a week for 2 weeks.

Tumor volume was measured every 5 days and
calculated by the formula length x width x depth x
0.5236 (28). Eight weeks after the injection of tumor cells in
the prostate, the mice were sacrificed and the presence of
metastasis was macroscopically examined in all abdominal
and thoracic internal organs. The organs with metastases
were removed, and the number of surface metastatic
nodules was counted.

Statistical Analysis

A repeated-measure ANOVA model was used to analyze
the both in witro and in vive cytotoxic effects of oligodeoxy-
nucleotide, AdSCMV-p53 and mitoxantrone. Changes in
clusterin mRNA levels were evaluated by one-factor
ANOVA, Synergy of oligodeoxynucleotide and Ad5CMV-
p53 was analyzed by calculating the fractional product
variable according to the fractional product method. Other
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data were analyzed by Student’s ¢ test. The levels of
statistical significance were set at P < 0.05, and all statistical
calculations were done using Statview 4.5 software (Abacus
Concepts, Inc., Berkeley, CA).

Results

Changes in Clusterin Expression in PC3 Cells after
Treatment with AdBCMV-p53 and/or Antisense Clus-
terin Oligodeoxynucleotides

We initially showed the marked inhibition of clusterin
mRNA expression in PC3 cells by treatment with antisense
clusterin oligodeoxynucleotide using Northern blot analy-
sis; that is, treatment of PC3 cells with 500 nmol/L
antisense clusterin oligodeoxynucleotide decreased clus-
terin mRNA by >80% compared with that with mismatch
control coligodeoxynucleotide (Fig. 1A).

Real-time reverse transcription-PCR assay was used to
determine the effects of AASCMV-p53 treatment on clus-
terin mRNA expression in PC3 cells. As shown in Fig. 1B,
clusterin mRNA induction increased in a dose-dependent
manner by Ad5CMV-p53 treatment at concentrations up to
50 pfu per cell (P < 0.05). Time course experiment showed
that AdSCMV-p53-induced clusterin mRNA up-regulation
peaked by 96 hours after treatment and began decreasing
by 120 hours after treatment (P < 0.05; Fig. 1C).

We then examined whether antisense clusterin oligo-
deoxynucleotide treatment further suppresses clusterin
expression in PC3 cells treated by Ad5CMV-p53, which
causes up-regulation of the clusterin gene as described
above. As shown in Fig. 1D, combined treatment with
500 nmol/L antisense clusterin oligodeoxynuclectide and
5 or 10 pfu per cell AASCMV-p53 decreased clusterin
mRNA levels by 84% or 87%, respectively, compared with
that by 500 nmol/L mismatch control oligodeoxynuclectide
treatment and 5 or 10 pfu per cell AdSCMV-Luc.

Figure 1. Effects of antisense [AS) clusterin oligodeoxynucleclide
(ODN) and/or AdSCMV-p53 treatment on clusterin expression in PC3
cells. A, PC3 cells wera treated daily with antisense elusterin oligedeo-
xynucieotide or a two-base clusterin MM ODN for 2 d. Tatal RNA was
extracted from cultured celfs and analyzed for clusterin and GAPDH lavels
by Northern blotting, No Tx, untreated cells, B, PC3 cells were traated
with various doses of AASCMV-p53 for 48 h; total RNA was then
extracied and analyzed for clusterin levels by real-time reverse Iranscrip-
tion-PCR. As describad in Materials and Methods, clustarin mRNA value
was corracted by corresponding GAPDH mRNA value. Columns, mean of
three independent experiments; bars, SD, Tha changes in clusterin mRNA
levels wara significant {P < 0.05 by one-factor ANOVA). C, PC3 cells
wera treated with AdSCMV-p53 at 10 pfu per cell for indicated intervals;
total RNA was then extracted and clusterin levels were analyzed by real-
time roverse transcription-PCR. As describad in Matarials and Methods,
clusterin mRNA valus was corected by corresponding GAPDH mRNA
valua, Columns, mean of three independent experiments; bars, SD. The
changes in clustarin mANA levels wera significant [P < 0.05 by one-factor
ANOVA), D, PC3 cells were treated daily with 500 nmoliL AS clusterin
ODN or a two-base clusterin mismatch [MM} contral ODN for 2 d.
Foltowing a 43-h exposure to AJSCMV-p53 at 5 or 10 pfu per ¢all, tatal
RNA was axtracted and clusterin levels were analyzed by real-time reverse
transceription-PCR. As described in Materials and Methads, clusterin mRNA
value was corrected by corresponding GAPDH mRNA value. Columns,
mean of three independent experiments; bars, SD. ¢, P < 0.01, differs
from cantrol (Student’s t test).
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Synergistic Induction of Apoptotic Cell Death by
AdBCMV-p53 and Antisense Clusterin Oligodeoxynu-
cleotides in PC3 Cells In vifro

To examine whether treatment with antisense clusterin
oligodeoxynucleotide enhances the Ad5CMV-p53-induced
cytotoxicity, PC3 cells were treated with various concen-
trations of antisense clusterin oligodeoxynucleotide once
daily for 2 days and then incubated with various
concentrations of AdSCMV-p53 for 2 days. As shown in
Fig. 2A, antisense clusterin oligodeoxynuclectide treatment
significantly enhanced sensitivity to AdSCMV-p53 in a
dose-dependent manner (P < 0.01), reducing the ICs of
Ad5CMV-p53 from 25 to 5 pfu per cell, whereas mismatch
control oligedeoxynuclectide had no effect. Dose-depen-
dent synergy between antisense clusterin oligodeoxynu-
cleotide and Ad3CMV-p53 was also observed by increasing
the antisense oligodeoxynucleotide concentration when
AdSCMV-p53 dose was fixed at 5 pfu per cell (P < 0.01;
Fig. 2B).

DNA fragmentation was measured using an ELISA kit to
evaluate the effects of combined antisense clusterin
oligodeoxynucleotide (500 nmol/L) and Ad5CMV-p53
(5 pfu per cell) treatment on apoptosis induction. After
the same treatment schedule described above, marked
DNA ladder formation was observed only after combined
treatment with antisense clusterin oligodeoxynucleotide
and AdSCMV-p53 (Fig. 2C).

Inhibition of PC3 Tumor Growth and Metastasis
In vivo by Combined Treatment with Ad5CMV-p53
and Antisensse Clusterin Qligodeoxynucleotides

The efficacy of a regimen combining Ad5CMV-p53 and
antisense clusterin oligodeoxynuclectide for inhibiting the
growth of s.c. PC3 tumors was evaluated. Athymic nude
mice bearing PC3 tumors ~1 cm in diameter were
randomly selected for treatment as described above. Mean
tumor volume was similar at the beginning of treatment in
each of these groups. Whereas changes in tumor volume in
mice treated with antisense clusterin cligodeoxynucleotide
plus AASCMV-Luc were similar to those with mismatch
control oligedeoxynucleotide plus AdS5CMV-Luc, PC3
tumor growth was inhibited slightly but definitively by
treatment with mismatch control oligodeoxynucleotide
plus AdSCMV-p53, and combined antisense clusterin
oligodeoxynucleotide and AdSCMV-p53 therapy showed
marked growth inhibitory effects. Fifty days after tumor
injection, the tumor volume in mice treated with antisense
clusterin oligodeoxynucleotide plus Ad5CMV-p53 was
65%, 66%, or 50% smaller than that in mice treated
with antisense clusterin oligodeoxynucleotide plus
AdSCMV-Luc, mismatch control oligodeoxynucleotide
plus AdSCMV-Luc, or mismatch control oligodeoxynucleo-
tide plus AdSCMV-p53, respectively (Fig. 3} however,
there were no significant differences in the body weight of
mice among these four groups {data not shown).

We then examined the effects of the combined regimen
using a recently reported orthotopic injection (ie. intra-
prostatic injection) model (32) according the same treat-
ment schedule described above. As shown in Table 1, the

Molscular Cancer Therapeutics 191

% of cell viability

—a— AJSCMV-p$3
20 & AS clusterio ODN + AdSCMV- p53
—9- MMosotrol ODN + AdSCMY- pS3

0
0.1 1 10 160
Adenovirus vector dose (PFU/cell)
B 100 <= $ 3 1

80
£ £
E 60
3 404 ~m~ AS clusterin ODN+ AASCMV- Lue
;2 -5— MM control ODN + ASCMV- Euc
-8 AS cluterin ODN + AdSCMV- p33
20+ -©— MM control ODN + ASSCMY- p53
¢ —r T T A ~m
0.1 1 10 100 1000
ODN concentration (oM)
c .
-g so_
i
St 30‘
E
g 20-
g' 101
2 o
a + - + +  AS clusterin ODN (500 oM)
+ . + MM ooofrol ODIN (500 nM)
+ - - + +  ADSCMV- p53 (5 PPU/celly

Figura 2. Effects of cambined treatment with antisense (45) ¢lustarin
oligodeoxynucieotide |ODN) and AdBCMV-p53 on PC3 cell growth and
apoptosis. A, PC3 cells were treated daily with 500 nmol/L AS clusterin
ODN or mismatch {MM} control ODN for 2 d. Foliowing ODN traaiment,
the medium was replaced with medium containing various doses of
AdSCMV-p53. After 48 h of incubation, numbaer of viable cells was
determined by the 3-(4,5-dimethyithiazol-2-yl)-2,5-diphenyltetrazofium
bromida assay. Point, mean of triplicate analyses; bars, SD. The cytotoxic
effect of ASCMV-pE3 on PC3 cells was significantly enhanced by AS
clusterin ODN treatment (P < 0.01, by repeated measura ANOVA), B,
PC3 colls wers trealed daily with various concentrations of AS clusterin
ODN or MM control ODN for 2 d, then incubsted for 43 h with medium
alone or medium containing ADSCMV-p53 or ADSCMV-Luc at B plu par
cell, and number of viable cells was datermined by the 3-(4,5-dimethylth-
iazol-2-yl}-2,5-diphenyltetrazelium bromide assay. Point, mean of three
independent experiments; bars, SD. Treatment of PC3 calls with AS
clusterin QDN significantly enhanced the sansitivily to AdSCMV-p§3 (P <
0.05, by repeated measura ANOVA), C, after the same treatment
schedule as described above, DNA fragmentation was quantitatively
measurad by Cell Death Detection ELISA kit using antihistone antibody.
Columns, mean of threa independent experiments; bars, SD. *, P < 0.01
ditfers from control {Studant’s t test}.
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Figure 3. Etfects of combined treatment with antisense {AS] clusterin

oligodesxynucleotide [ODN) plus ADSCMY-p52 on PC3 tumor growth,
Mice bearing PC3 tumor were randomly selectad for treatment with AS
clusterin ODN plus AdSCMV-Lue, mismatch {MM) contre! ODN plus
AdSCMV-Luc, AS clusterin ODN plus AdS5CMV-p53, or MM cantrol ODN
plus AJSCMV-p53. Ten days after tumor cell injection, 10 mg/kg AS
clustarin ODN or MM control ODN were injected daily i.p. for 28 d, and
200 uL of AdSCMV-p53 or AdSCMV-Luc (1 x 107 pfu/mL) ware injected
i.t. twice a week for 2 wks. Tumor volume was measuraed every 5 d and
calcutatad by the formula, length ¥ width X depth X 0.5236. Point, mean
tumor volume in each experimental group containing 10 mice; bars, SD.
Mean tumor valume in mice treated with AS clusterin QDN plus AJSCMV-
p53 was signiticantly diffarent from that in mice treated with other
regimens (P < 0.01 by repeated-measure ANOVA).

combined antisense clusterin oligodeoxynucleotide and
AdSCMV-p53 therapy substantially suppressed the pri-
mary tumor growth as well as the incidence of metastasis
after orthotopic injection of PC3 cells compared with the
other three treatment regimens. That is, both the weight of
primary PC3 tumor and the incidences of retroperitoneal
lymph node metastasis in mice treated with combined
antisense clusterin oligodeoxynuclectide and AdSCMV-
p53 were significantly lower than those in mice treated
with antisense clusterin oligodeoxynuclectide plus
AdSCMV-Luc, mismatch control oligodeoxynucleotide

Table 1.
oligodeoxynucleotide and AdSCMV-p53

plus Ad5CMV-Luc, or mismatch coniral oligodeoxynu-
cleotide plus AASCMV-p53. In addition, when sacrificed,
there were no significant differences in the body weight of
mice among these four groups {data not shown).

Complete Eradication of PC3 Tumor In vivo by Com-
bined Treatment with Ad5CMV-p53, Antisense Clus-
terin Oligodeoxynucleotide, and Mitoxantrone

To achieve more potent antiimor effect against PC3
tumor growth, we evaluated the efficacy of combined
regimen consisting of AdSCMV-p53, antisense clusterin
oligodeoxynucleotide, and mitoxantrone. Athymic nude
mice bearing s.c. PC3 tumors ~1 ¢m in diameter were
randomly selected for treatment as described above.
Mean tumor volume was similar at the beginning of
treatment in each of these groups. As shown in Fig. 4,
combined treatment with AdSCMV-p53, antisense clus-
terin oligodeoxynucleotide, and mitoxantrone significant-
ly inhibited PC3 tumor growth compared with the other
three regimen, and PC3 tumors in 6 of 10 mice were
completely eradicated by this combined therapy. Further-
more, combined treatment with AdSCMV-p53, antisense
clusterin oligodeoxynucleotide, and mitoxantrone
inhibited the development of lymph node metastasis in
all mice after PC3 cells were orthotopically injected
{Table 2). However, there were no significant differences
in the body weight of mice among these four groups in
s.c as well as orthotopic tumor cell injection models
(data not shown).

Discussion

Despite the original hypothesis that clusterin is a marker
for programmed cell death (15-18), several studies
showed conflicting findings suggesting the dissociation
of up-regulation of clusterin gene from apoptosis (19-21,
23-25}. We also previously showed that overexpression of
clusterin helps mediate malignant progression against
apoptosis induced by therapeutic stimuli using several
kinds of preclinical animal models, including prostate
cancer (26-28). Colleciively, these findings indicate that

Changes in maetastasis of PC3 cells injected into the prostate of nude mice after treatment with antisense clusterin

Regimen* Incidence of lymph node Incidence of hemorrhagic Weight of the primary
metastasis (%) ascites (%) tumeor (mg)

AS clusterin ODN + AdSCMV-Luc 10/10 (100) 4/10 {40} 24.2 + 858

MM control ODN + AdSCMV-Luc 10/10 (100) 1710 (40) 261 + 101

AS clusterin ODN + AdSCMV-p53 3/10 (3o 0/10 ()" 13.6 + 511

MM control ODN + Ad5CMV-p53 7/10 (10) 2710 (20) 196 £ 7.2

*Ten days after the implantation of tumor cells, 10 mg/kg antisense clusterin oligodeoxynucleotide (AS clusterin ODN) or mismatch contrel
oligodeoxynuclectide (MM control ODN) was injected i.p. for 28 days, and 200 pL of adenoviral vector (1 x 107 pfu/mL) were injected ip. twice a week

for 2 weeks.

t No. mice with tumor/no. injected mice.

t No. mice with hemorrhagic ascites/no. injected mice.
?IMean + 5D

The incidence of metastasis or hemorrhagic ascites was significantly different from that in mice treated with other regimens {P < 0.05, x? test).
¥The mean weight of the primary tumor was significantly different from that in mice treated with other regimens (P < 0.05, Student’s ¢ test).
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Figure 4. Effects of combined treatment with antisense (AS) clusterin
oligodeoxynucleotide {OON), AASCMV-pE3, and mitoxantrcne on PC3
tumaor growth. Mice bearing PC3 tumor were randomly selacted for
treatment with AS clustarin ODN, AdS5CMV-Lue plus mitoxantrone,
mismatch [MM) control ODN, ADSCMV-Luc plus mitoxantrona, AS
clustarin ODN, AdSCMV-p53 plus mitoxantrone, or MM centrsl ODN,
AdSCMV-p63 plus mitoxantrone. Ten days after tumor cell injoction,
10 mg/kg AS clusterin ODN or MM control ODN were injected daily i.p. for
28 d, 200 pL of AdSCMV-p5E3 ar AdSCMV-Lue {1 x 107 pfu/mL) ware
injected it. twice a week for 2 wke, and 50 pg of mitoxantrons were
injected b.v. twice a week for 2 wks. Tumor volume was measured every
5 d and calculated by the formula, tength X width X depth x 0.5236. Point,
mean tumor veluma in each experimental group containing 10 mice; bars,
SD. Meaan tumoer volume in mice treated with AS clusterin ODN, AdSCMV-
p53, plus mitoxantrone was significantly smaller than that in mice treated
with other regimens [P < 0.01 by repeated measure ANOVA).

clusterin expression plays a protective role against
apoptosis induced by wvarious kinds of stimuli, and
thereby may confer an aggressive phenotype during
cancer progression.

Advarces in the field of nucleic acid chemistry offers
one attractive strategy to design antisense oligodeoxynu-
cleotide-based therapeutic agents, that specifically hybrid-
ize with complementary mRNA regions of a target gene
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and thereby inhibit gene expression by forming RNA/
DNA duplexes (36). Rapid intracellular degradation of
oligodeoxynucleotide is a potential disadvantage of
antisense oligodeoxynucleotide therapy, but this problem
can be overcome by substituting a nonbridging phos-
phoryl oxygen of DNA with a sulfur to create a
phosphorothioate backbone, which stabilizes the oligo-
deoxynucleotide against nuclease digestion (37, 38).
Recently, several antisense oligodeoxynucleotides tar-
geted against specific genes involved in neoplastic
progression have been evaluated as potential therapeutic
agents (29-33, 35, 38-42). We also previously showed
that antisense clusterin oligodecxynucleotide used in this
study enhanced the therapeutic effects of androgen
ablation and cytotoxic chemotherapy in several kinds of
prostate cancer xenograft models (26-28), These findings
clarify the efficacy of antisense oligodeoxynucleotide as a
novel class of antineoplastic agents when designed
against appropriate molecular targets. However, because
numerous genes are involved in tumor progression,
inhibition of a single target gene may likely be
insufficient to completely inhibit tumor growth.
Recently, the usefulness of p53 tumor suppressor gene
therapy has been reported as a possible new therapeutic
approach against various kinds of malignant diseases,
including prostate cancer (5-10). Among several kinds of
vectors, a replication-deficient adenoviral vector encoding
human wild-type p53 under the control of a human
cytomegalovirus promoter (i.e, AdSCMV-p53) has been
most frequently used because of various useful properties
including a high-infectious ability, limited period of the
transgene expression, and very low probability of integra-
tion of the transgene into the host genome (4). However,
the molecular mechanism interfering with the effects of the
p53 gene therapy has been clarified; that is, if antiapoptotic
genes, such as bcl-2, were overexpressed in target malig-
nant lesions, the efficacy of adenoviral-mediated p53 gene
tfransfer would be significantly limited through the inhibi-
tion of apoptotic cell death (31, 32). In this study, therefore,

Table 2. Changes in metastasis of PC3 cells injected into the prostate of nude mice after treatment with antisense clusterin

oligodeoxynuclectide, AdSCMV-p53, and mitoxantrone

Regimen* Incidence of lymph node Incidence of hemorthagic  Weight of the primary
metastasis (%) ascites (%)* tumor (mg)

AS clusterin ODN + Ad5CMV-Luc + mitoxantrone 8/10 (80 2710 (20) 20.2 + 6.98

AS control ODN + AdSCMV-Luc + mitoxantrone 9/10 (90) 2/10 (20) 241 + 9.1

AS clusterin ODN + Ad5CMV-p53 + mitoxanirone 0/10 ()" 0/10 (0) 76 + 48"

MM control ODN + AASCMV-p53 + mitoxantrone 6/10 (60) 1/10 (1) 176 + 6.1

*Ten days after the implantation of tumor cells, 10 mg/kg antisense clusterin oligodeoxynucleotide (AS clusterin ODN) or mismatch control
oligodeoxynucleotide (MM control ODN) were injected Lp. for 28 days, 200 uL of adenoviral vector (1 X 10 pfu/mL) and 50 ng of mitoxantrone were

injected i.p. and Lv., vespectively, twice a week for 2 weeks.
+No. mice with tumor/no. injected mice.

tNo. mice with hemorrhagic ascites/no. injected mice.
§Mean + SD.

IIThe incidence of metastasis or hemorrhagic ascites was significantly different from that in mice treated with other regimens (P < 0.0, x ? test).
TThe mean weight of the primary tumor was significantly different from that in mice treated with other regimens (P < 0.05, Student’s f test).
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