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Original Article: Clinical Investigation

Naftopidil versus tamsulosin hydrochloride for lower urinary tract
symptoms associated with benign prostatic hyperplasia with
special reference to the storage symptom: A prospective
randomized controlled study

Osamu Ukimura, Motohiro Kanazawa, Atsuko Fujihara, Kazumi Kamoi, Koji Okihara, Tsuncharu Miki and Kyoto
Prefectural University of Medicine Benign Prostatic Hypertrophy Research Group

Department of Urology, Kyoto Pref ] Ui of Medi Kyoto, Japan

Objectives: In order to compare the clinical efficacy of naftopidil (Naf) and tamsulosin hydrochloride (Tam), which differ in their selectivity to
alpha receptor subtypes, we performed a multi-center prospective randomized controlled study.

Methods: Men complaining of lower urinary tract symptoms due to benign prostatic hypertrophy, were randomized Into two treatment
groups: one receiving 50 mg Naftopidil daily (Naf group, n = 31 pts), and one receiving 0.2 mg Tam once daily (Tam group, n = 28 pts). Baseline
symptom scores were compared to those at 2 weeks and at the end of the observation period (68 weeks).

Results: In the Naf group at 2 weeks, the score of the daytime frequency significantly improved from 3.5 to 2.2 (P = 0.03), and the score of
nocturia improved significantly from 3.5 to 2.2 [P = 0.0004), respectively. In the Tam group at 2 weeks, however, no significant improvement was
noted In the increased score of daytime frequency (P = 0.1) or nocturia (P = 0.2). At 2 weeks, the storage symptom score of the frequency to the
combined score of daytime frequencies and the score of nocturia was better in the Naf group {improved from 7.0 to 4.4, P = 0.0017) than in the
Tam group (from 6.810 4.9, P = 0.08) [P < 0.05). At 68 weeks, the effects of the two drugs on lower urinary tract symptoms were comparable.

Conclusions: Naf demonstrated a significant early response to improve storage symptoms at 2 weeks, including daytime frequency and

nocturia, compared with Tam.

Key words: alpha-receptor blocker, benign prostatic hypertrophy (BPH), International Prostatic Symptom Score (IPSS), lower urinary tract

symptom (LUTS), storage symptom.

Introduction

Alpha-1-adrenoceptor antagonists have been the most frequently used
initial treatment in elderly men with lower urinary tract symptoms
(LUTS) suggestive of benign prostatic hyperplasia (BPH). Three sub-
types of the alpha-1-adrenoceptor (alpha-1-A, alpha-1-B, alpha-1-D)
have been identified, and various types of alpha-1-adrenoceptor
antagonists have become available worldwide. However, the compara-
tive characteristics in both clinical efficacy and adverse effects of these
agents are still controversial.'* As reported, there are a greater number
of elderly men with LUTS/BPH suffering from storage symptoms than
those suffering from voiding symptoms. In particular, nocturia is the
most significant symptom out of all LUTS to bother patients. This was
revealed by self-reported questionnaires evaluating patients’ specific
experiences with each of the LUTS! Interestingly, some clinical
studies have emphasized the characteristics of naftopidil (Naf) to
improve nocturia in men with LUTS.*’ The potential mechanisms in
the release of storage symptoms by alplm |-adrenoceptor antagonists

involve (i) reducing bladd vity by their possible rel of
bladder outlet obs'lrucuon and/or (i) their dLrecl blockade of the
up-regulated alpha-1-D-adr plor subtype in the detrusor muscle

and/or spinal cord nervous system.*'! In order to clarify the possible

time course changes in the International P ic Symp Score
(IPSS), Quality of Life (QOL), and outcomes in uroflowmetry, with
special reference to the outcomes at the two time points of 2 weeks and
6-8 weeks in the patients who had a two times or greater score of

nocturia.

Methods

The present study was conducted as a prospective, randomized con-
trolled trial, and 13 urologists at 11 investigational sites participated in
this multicentre trial. The procedures were permitted by the Ethical
Commitiees for Clinical Research on Human Subjects at the relevant
institutions. Men aged over 50 years with clinical symptoms of BPH
were cligible for the study provided that they met the requirements
described below.

The subjects were patients aged 50 years or above who, primarily
due to LUTS, consulted the outpatient clinics of the Department of
Urology, Kyoto Prefectural University of Medicine and the facilities of
the Clinical Research Group on Urination Disorders at related hosp
between June 2004 and July 2007, who were diagnosed to have BPH
and fulfilled the following criteria: (1) number of nocturia =2; (2) IPSS
score =8; (3) QOL index =3; (4) residual urine volume <50 mL

different clinical efficacies between Naf and losin hydrochlorid
(Tam), we conducted a randomized comparative study and an.!.lyaadﬂte

luated by ultr d ); (5) maximum voiding flow rate
<15 mL/s (preferably with a unnmm: volume =150 mL); and (6)
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I <50 mL (i 1 by transrectal ultrasound). Exclu-
smm were made according to the following criteria: patients (1) who
had prostate cancer, acute prostatitis, or narrowing of the urinary tract;
(2) who received prostate surgery, balloon dilation, urinary tract stent-
ing, hyperthermia, or pelvic radiation before the beginning of the
study, (3) who were catheterized or were performing intermittent
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Table 1 Patient characteristics at baseline

variable Naftopidil n Tamsulasin n P
Mean (SD):
Age, years 69.6 16.8) £l 6838 (8.2 b P =066
Prostate volume, mL 244 6.9) £} 267 1.9 28 P=0.20*
TZ volume, mi 78 |45) 9.6 (4.2 P=050"
PSS
Daytime frequency 35 (1.8 3 35 (1.6 23 P=0.96*
Urgency 22 .8 Ell 24 1.9 8 P=073%
NoCTuna 35 (1.0) Ell 34 (1) 28 P=048*
Incomplete emptying 2.1 (1.8} 3 24 (20 8 P=0.627
Intermittency 15 (1.7) Ell 23 29) 28 P=0.19%
slow stream 28 (1.9 3 32 (1.8 28 P = 0.45%
Straining 15 (1.7) &) 1.9 1.8 2 P=0D414
Total IPSS 17.2 16.4) 3 18.9 (6.6} 28 P=0.28%
Frequency
Daytime frequency nocturia 7.0 20} 3 68 (2.4) 28 P=084%
Storage symptom

Daytime frequency nocturia
Urgency 9.3 (29) 3 93 3.2 28 P =095
Voiding symptom 58 {4.3) 3 7.3 (4.4) 28 P=0.18"
QoL 47 .0y ] 48 1.2 7 P=0.79%
Mean (SD):
Uroflowmetry
Qmax, mLis 9.9 (5.5) 24 9.6 (4.8) 16 P=0.80"
Qave, mUs 48 27) 24 3.6 (1.5 16 pP=012%
PVR, mL 19.3 (26.1) 5 19.6 {20.2) 17 P =096
*{unpaired Student's [-test. *2Mann-Whitney L-test. IPSS, I | Prostatic Sy Score; PVR, postvoid residual urine volume; Qave, average

urinary flow rate; Qmax, maximum urinary flow rate; QOL, quality of life; 5D, mrddmum TZ, transition 2one.

self~catheterization; (4) who had marked night-time polyunia; (5) who
had active urinary tract infection (urinary white blood cell count
=5/hpf); (6) who were suspected to have neurogenic bladder or other
neurological disorders; (7) who had severe ischemic heart d

At the beginning of administration, 2 weeks after the beginning of
administration, and at the end of observation, the total IPSS and QOL
muﬂtbemofh&ﬂdmll?&&nmﬂmpmmd

cerebrovascular disorders, liver dysfunction, or kidney dysfunction; (8)
who had hypotension (systolic pressure =100 mmHg and diastolic
pressure <60 mmHg), orthostatic hypotension, or severe hypertension;
(9) who had developed hyp itivity to Naf or Tam; (10) who had
been administered a hormonal drug for prostatic hyperplasia within
1 month prior to the beginning of this study; (11) who had been admin-
istered a drug that might affect urination other than hormonal drugs for
the treatment of prostatic hyperplasia within 2 weeks prior to the begin-
ning of this study; (12) who were judged by the attending physicians to
be inappropriate as subjects.

After consent had been obtained, the subjects were randomized into
two groups: one for patients whose birthday was an odd number, for
administration of 50 mg Naf; and the other for patients whose birthday
was an even number, for administration of 0.2 mg Tam. The drugs were
mmnmmﬂmmmtmtmufdmp
that affect the urination fi was

The therapeutic effect and safety were evaluated 2 wecks and
6—8 weeks after the beginning of the treatments and at the end of
observation. For statistical analyses, the data were expressed as the
mesn * standard deviation. The Wilcoxon signed test, the Mann-
Whitney U-test, the paired r-test, the unpaired f-test, one-way ANOVA,
and & multiple comparison procedure (Scheffe’s paired comparisan)
were used according to the nature of the data at a significance level
of 5%.

Frrbidd

ng symf were evaluated. Combined variables to represent
stomge or voiding symptoms were also evaluated as the combined
score of two or three items among storage or voiding symptoms,
Atthet g of administration and at the end of observation, the
urination volume, maximum flow rate (Qmax), average flow rate
(Qave), residual urine volume, and urination time were evaluated. In
this study, of urofl y was made in p who voided
100 mL or more,

Results

Out of the 81 registered patients, data for 59 patients (59/81, 73%)
consisting of 31 in the Naf group and 28 in the Tam group were
analyzed. The reasons preventing registered patients from being ana-
lyzed were having prostate volume >50 mL, administration of Naf
twice a day, or missing data.

Table | shows the characteristics of the subjects. No difference was
noted between the two groups with regard to age, severity of urination
disorders, prostate volume, and transition volume. Also, no difference
was noted between the two groups concerning signs and symptoms
such as the IPSS score and maximum voiding flow rate at the beginning
of the study.

The total IPSS score decreased significantly 2 weeks afier the begin-
ning of administration and at the end of observation in both groups
(Table 2). In the Naf group, total IPSS significantly decreased from

© 2008 The Japanese Urological Association
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Table 3 Changes in the various clinical variables {u y) at the baseline and after 6-8 weeks of treatment with naftopidil and tamsulosin
Variable Baseline Al 6-8 weeks

Naftopidil n Tamsulosin n Maftopidil n Tamsulosin n Intergroup P
Mean (SD):
Urofiowmetry
Qmax, mLis 10.7 (5.5) ] 1.8 [4.4) 14 12082 18 14.6 (4.5 13 P=0.46
Intragroup P - - P=013 P=0.32
Qave, ml/s 5127 25 417 n 6.8 [2.6) 18 6.8 (3.6) 13 P=0.64
Intragroup P - - P=0.0203 P=0.10
PVR, mL 193 (26.1) 30 19.6 (20.2) 25 3454 pi] 16.1 [24.9) 16 P=029
Intragroup P - - P=0.003 P=0.89
Voided volume 1973 197.7) - 220.7 (138.5) 15 2103 19 234.4 (138.5) 14 P=0.70
Intergroup P - = P=0.95 P=0.34
Rate of PVR/Capacity, % 9207 29 1.7 3.0 s 12.4 (13.5) n 6.2 [9.6) 16 P=0.98
intergroup P - - P=0.0021 P=0.28
Voiding time 446 (22.2) -3 53.6 (25.1) " 33.6 (15.1) 18 448337 13 P=036
Intergroup P - - P =0.0498 P=0.97
The inter-group comparison by the Mann-Whitney U-test (before baseline vs after t). The comparison of each group between before and after

treatment (intragroup) by the paired Student's t-test. PVR, postvoid residual urine volume, Qave, average urinary flow rate; Qmax, maximum urinary flow

rate, SD, standard deviation.

172 %+ 6.4 w0 9.5 after 2 weeks (P =0.0005) and 7.8 at the end of
administration (P < 0.0001). In the Tam group, total TPSS significantly
decreased from 18.9 to 11.5 after 2 weeks (P=0.011) and 9.2 at the
end of administration (P < 0,0001). The QOL index also improved in
both groups similarly to the total PSS score. However, no significant
difference was noted in these scores between the two groups either after
2 weeks or at the end of administration (Table 2).

At 2 weeks in the Naf group, the score of daytime frequency signifi-
cantly improved from 3.5 to 2.2 (P =0.03), and the score of nocturia
improved significantly from 3.5 to 2.2 (P= 0.0004). In the Tam group
at 2 weeks, however, no significant improvement was noted in the score
of daytime frequency (changed from 3.5 10 2.2, P = 0.1) or the scare of
nocturia (changed from 3.4 10 2.7, P= 0.1). At 2 weeks, the combined
storage symptom score of urinary frequency, representing both the
score of daytime frequency and the score of nocturia, was better in the
Naf group (improved from 7.0 to 4.4, P=0.0017) than in the Tam
group (changed from 6.8 to 4.9, P = 0.08) (P = 0.0489). At 2 weeks, in
analyzing the total storage symptom score to the sum of all the scores
of daytime frequency, urgency, and nocturia, it improved from 9.3 to
58 (P=0.0032) in the Naf group, while it was not statistically
improved in the Tam group (changed from 9.3 to 6.5, P =0.08). This
intergroup analysis at 2 weeks suggested that Naf had better effects to
improve storage symptoms in the acute phase (2 weeks) than Tam.

At the end of administration (6~8 weeks) in the Naf group, concern-
ing the storage symptoms, the score of daytime frequency significantly
improved from 3.5 1o 1,6 (P = 0,0001), and the score of nocturia sig-
nificantly improved from 3.5 to 1.6 (P<0.0001). Concerning the
voiding symptoms, the score of slow stream significantly improved
from 2.8 10 1 4, (P=0.015). Intbe'lhrnmdthcendufmm-
tration (6-8 weeks), g the ymy , the score of
dnylme&aqmcyn;niﬂnnﬂyunpmcdﬁmﬁ:olﬂ{?zﬂﬁj].
and the score of nocturia significantly improved from 3.4 to 1.7
(P < 0.0001). Concerning the voiding symptoms, the score of slow

When the data of uroflowmetry were analyzed in patients who
voided 100 mL or more in urine volume, 40 data (40/59, 68%) before
administration and 33 data (34/59, 58%) at the end of the administra-
tion were able to be analyzed. No significant difference was noted
between the Naf and Tam groups before administration (Table 3). Inthe
Naf group, the mean voiding flow rate (mL/s) significantly increased
from 5.1 to 6.8 (P = 0.02), and the residual urine volume (mL) signifi-
cantly decreased from 19.3 to 3.4 (P = 0.0023) at the end of adminis-
tration (68 weeks).

This study had fundamental limitations because of the small number of
patients (n = 59), the multi-institutional nature of the study, and the
modest percentage (73%) of the mhﬂ:nm]ynumﬂm.w
data successfully duplicated the previously reported comparative find-
mgsforMMlewbemﬂllyeﬂmhmofm
mg:mdvudm;wm&-swuhldmmmm,whchwu
described in the greater mumt domized lled study.” In
this study, especially, to compare the carly effects of Naf and Tam, the
effects at 2 weeks of administration demonstrated significant difference
in improvement of the storage symptom to be characterized by com-
bined scores of daytime frequency and nocturia. This finding might
allow us to discuss the possible different clinical efficacy between Naf
and Tam.

Recent studies on alpha-| receptors have shown the presence of three
subtypes: alpha-1A, alpha-1B, and alpha-1D."** There have been
reports that alpha-1A. and alpha-1D receplors are expressed at high
levels in hyperp human p '* and that their distribution
mmlmmm"nm:mmdedm
interesting cvidence on the difference in the receptors not only in the
prostate but also in the bladder or nervous system. Details of the
pathology of still i ial, but an

Tladd

stream significantly improved from 3.2 1o 1.4 (P = 0.003). Notably, in
the intergroup analysis at 6-8 weeks between Tam and Naf| the effects
of the two drugs on LUTS were comparable (Table 2).
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invol of uscular receptors present in the detrusor
muscles and bladder epithelium has been suggested.'” Interestingly,
alpha-1D receptors in the bladder, urinary tract, and central nervous
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system have been speculated to be involved in overactive bladder.!-
This speculation has been derived from reports that the alpha-1D
subtype is dominant in the detrusor muscles of the human bladder and
parasympathetic ganglia in the human sacral spinal cord** and the
recent reports that alpha-1D receptors are present in bladder epithelial
ccll:mdmmvolwdmmemuolofwnuuﬂmmdlﬂmonuf
h by rel ine tri-phosphate (ATP)
and transmitting excitation to lﬁ'ﬂ-mt nerve terminals. 2%

Naf and Tam are widely used as the first choices for the treatment of
LUTS associated with BPH.*** Although both Tam and Naf are cat-
egorized as alpha-1 A/alpha-1D antagonists, Tam seems to have a rela-
tively higher affinity and selectivity to the alpha-1A receptor subtype
while Naf seems to have a relatively higher affinity to the alpha-1D
receptor subtype. Although the difference in affinity to the alpha-1D
recepior between these two drugs seems not so much i vitro, thereu
still controversy over the possible differences in their therap

capacity and urine volume per unination were significantly higher in
alpha-1D knock-out mice than wild mice.™ Thus, this report suggests
that with relatively greater affinity to alpha-1D receptors, Naf can affect
the storage function. This does not contradict the clinical reports that
the improvements in storage symptoms by Naf administration are
caused by an improvement in bladder compliance.”

Conclusions

This study showed that with a relatively higher affinity to the alpha-1D
receplor sublype, Naf characteristically causes early improvements in
increased frequency of urination compared with Tam, with a relatively
higher affinity to alpha-1A. This information is considered to contrib-
ute to the selection of drugs for the of BPH pati with
storage symptoms who must void two or more times during the

effects. There have been some reports that the effectiveness of the two
drugs on voiding symptoms as a whole was comparable at 4 or more
weeks' ldmtﬂtﬂm“Othmmpurﬂhxthﬁhuwdbm:rdfaﬁ:m
ially on i d daytime frequency at
Swulmarnnnwhuultdmhndmmmum although Tam was
superior to Naf on intermittency.”* To our knowledge, there has been
no report on evaluation of the early effects such as at 2 weeks after the
beginning of administration. In the present study, Naf showed a greater
improvement in the score of the entire urinary frequency, representing
combined scores of daytime frequency and nocturia, than Tam at
2 weeks after the beginning of the treatments, although we found no
istical diffe t the two groups in individual score in the
items of daytime frequency and nocturia.
The report by Sugaya ef al.'' on the inhibitory effect on rhyth
C ion of the bladder in rats and the one by Yokoyama er al.®® on
the increase in bladder capacity associated with the inhibition of C
fibers in rals with cerebrovascular disorders suggest that the early
improvemenis in storage symploms due to Naf administration were due
to its action on the nervous systems involved in the bladder function.
That is, the improvements in storage symptoms observed early after the
beginning of Naf administration may have been caused primarily by
inhibition of stimulation of afferent fibers due to its action on alpha-1D
receptors. Moreover, our results suggest that overactive bladder, the
etiology of which remains difficult to determine, may be caused by
activities of the central nervous system in which alpha-1D receptors are
involved.
The reason for the early resp of Naf to improve scores at 2 weeks
mmbmingdnytuneﬁ-emmcyandmcmmintmm;uswd!y
vely i , the results might allow us to discuss
the speculation uut because of the distribution of alpha-1D receptors,
Naf may have a stronger action on the central nervous system and exert
a greater inhibitory effect on afferent stimulation in the bladder, with
more rapid action on storage symptoms because of its effect on nerves
with alpha-1D receptors. These characteristics explain the early
imp ts in storage symp of frequency at 2 weeks. However,
as Tam relieved functional obstruction of the lower urinary tract by
inducing relaxation of smooth muscle, it may have mitigated storage
symptoms, causing improvements in the number of urinations, and the
difference in the effects of the two drugs on woiding and storage
ymy are idered to have disappeared after 6 or more weeks. In
addition, after 6-8 weeks, Naf characteristically reduced the urgency
while Tam characteristically alleviated the feeling of incomplete emp-
tying, probably reflecting diffen in their actions. Also, alpha-1D
receptors have been found 1o be involved in the storage of urine in the
bladder as was suggested by the report by Chen ef al that the bladder

© 2008 The Japanese Urclogical Association
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Abstract

Allopurinol has been used for the treatment of gout
and conditions assoclated with hyperuricemia for
several decades. We explored the potential of allopurinol
on cancer treatment. Allopurinol did not expose
cytotoxicity as a single treatment in human hormone
refractory prostate cancer cell lines, PC-3 and DU145.
However, allopurinol drastically induced apoptosis of
PC-3 and DU145 in combination with tumor necrosis
factor—related apoptosis-inducing ligand (TRAIL),
which is a promising candidate for anticancer agent
but its efficacy Is limited by the existence of resistant
cancer cells. We examined the underlying mechanism
by which allopurinol overcomes the resistance of
prostate cancer cells to TRAIL. Allopurinol up-regulated
the expression of a proapoptotic TRAIL receptor,

death receptor 5 (DR5). Allopurinol increased DR5S
protein, mRNA, and promoter activity. Using

DRS5 small interfering RNA (siRNA), we showed that
allopurinol-mediated DR5 up-regulation contributed to
the enhancement of TRAIL effect by allopurinol.
Furthermore, we examined the mechanism of
allopurinol-medigted DRS up-regulation. DRS promoter
activity induced by allopurinol was diminished by a
mutation of a CAAT/enhancer binding protein
homologous protein (CHOP)-binding site. In addition,
allopurinol also increased CHOP expression, suggesting
that allopurinol induced DRS expression via CHOP.
Allopurinol possesses the activity of a xanthine
oxidase (XO) inhibitor. We used X0 siRNA instead of
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allopurinol. XO siRNA also up-regulated DRS and CHOP
expression and sensitized the prostate cancer cells

to TRAIL-induced apoptosis. Here, we show the novel
potential of allopurinol in cancer treatment and indicate
that the combination of allopurinol with TRAIL is
effective strategy to expand the TRAIL-mediated
cancer therapy. (Mol Cancer Res 2008;6(12):1852-60)

Introduction

Prostate cancer is the most common malignancy and the second
leading cause of male cancer death in the United States. The
American Cancer Society estimated that, during 2006, about
234,460 new cases of prostate cancer would be diagnosed in the
United States and 27,350 men would die of metastatic disease (1).
Although androgen ablation is effective in treating prostate cancer,
most patients become resistant to hormonal manipulation (2, 3);
therefore, new treatment strategies are needed for this disease.

Allopurinol has been a cornerstone of the clinical manage-
ment of gout and conditions associated with hyperuricemia and
has been used worldwide since 1966 (4). Allopurinol acts as a
xanthine oxidase (XO) inhibitor and recent data indicate that
XO also plays an important role in various forms of ischemic
and other types of tissue and vascular injuries, inflammatory
diseases, and chronic heart failure (5-7). Allopurinol has shown
a beneficial effect in the treatment of these conditions both in

animal models and in human clinical tnals (5-7).
Thus, allopurinol has many clinical benefits; however, it has not
been applied to cancer treatment.

Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL/Apo2L) induces apoptosis selectively in cancer cells
in vitro and in vivo and has litte or no toxicity to normal cells
(8-12). Recombinant TRAIL and agonistic TRAIL receptor
antibodies are promising for cancer treatment and going on phase
VI clinical studies (13, 14). TRAIL is a cytokine that is closely
related to TNF-a and Fas ligand, members of the TNF family
(15). Death receptor 5 (DRS; also called TRAIL-R2) is a receptor
for TRAIL. TRAIL induces apoptosis by binding to DRS, causing
the formation of a death-inducing signaling complex with binding
of caspase-8 (16-21). Autoactivated caspase-8 can directly evoke
the cleavage of downstream effector caspases (22, 23). However,
some tumor types exhibit resistance to TRAIL (24) and it is
important to overcome this resistance.
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In the present study, we searched a potential of allopurinol in
hormone-resistant prostate cancer treatment and found that
allopurinol dramatically causes apoptosis of prostate cancer
cells in combination with TRAIL.

Resuits

Allopurinol Exerts Cytotaxicity of Hormone-Resistant

Human Prostate Cancer Cells in Combination with TRAIL
First, we investigated the cytotoxic effect of allopurinol on

hormone-resistant human prostate cancer cells, PC-3 and

A

DUI145, as a single agent As shown in Fig. 1A, allopurinol
did not have cytotoxic effect in both PC-3 and DU145 cells.
Both cells were also resistant to TRAIL-induced apoptosis
(Fig. 1B). Interestingly, allopurinol markedly induced cytotoxic
effect on PC-3 and DU145 cells when combined with TRAIL.
To clucidate that the sub G; population caused by the
combination of allopurinol and TRAIL is caspase-dependent
apoptosis, we used caspase inhibitors. The pan-caspase
inhibitor zVAD-fimk efficiently blocked the sub G, induced
by combined treatment with allopurinol and TRAIL (Fig. 1C).
These results indicate that the cytotoxic effect mediated by
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allopurinol and TRAIL stands for caspase-dependent apoptosis.
Moreover, caspase-3-like, caspase-8-—like, caspase-9-like,
and caspase-10-like inhibitors (25) also interrupted the
apoptosis induced by combined treatment. To clucidate whether
apoptosis induced by allopurinol and TRAIL occurred via a
specific interaction between TRAIL and its receptors, we used a
recombinant human DRS5/Fc chimeric protein, which has a
dominant-negative effect by competing with endogenous

receptors. As shown in Fig. ID, the allopurinol-mediated

FL1H
DR4
- DMSO
— Allopurinol
FLIH FIGURE 2. Allopurinol
DR4 increases cell surface DRS
expression in both PC-3 and
DU145 cells. A. PC-3. B.
DU145. Celis were treated with
0.1% DMSO or 200 umoll
allopurinol for 24 h. Subss.
........... DMSO quently, cells were stainad
with isotype control IgG and
monoclonal antibodies weare
——— Allopurinol generaled agains! the exira-
cellular domain of TRAIL
receptors DRS, DR4, DcR1,
and DeR2. Data were analyzed
by flow cytometry. Dotted line
histogram, DMSO; solid line

tizes prostate cancer cells to TRAIL-induced apoptosis through
specific interactions of TRAIL with its receptors.

Allopurinol Increases a TRAIL Receptor, DR5, Expression
in Both PC-3 and DU145 Cells

To elucidate how allopurinol sensitizes prostate cancer cells
to TRAIL action, we examined cell surface TRAIL receptor
expression by flow cytometry. As shown in Fig. 2, allopurinol

enhancement of TRAIL-induced apoptosis was markedly
blocked by DR5/Fc chimera, indicating that allopurinol sensi-

ine d cell surface DRS expression in both PC-3 and DU145
cells. In contrast, DR4 and decoy receptor 1 (DcR1) remained
unchanged in both cells, although DcR2 was slightly increased
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in only PC-3 cells, These results indicate that allopurinol up-
regulates DRS among TRAIL receptors. We carmied out Western
blotting 1o investigate the induction of DRS by allopurinol at a
total protein level. Allopurinol increased DRS protein in both
PC-3 and DU14S5 cells (Fig. 3A). Moreover, DRS mRNA was
also increased by allopurinol treatment (Fig. 3B). To investigate
the further mechanism underlymg DRS up-regulation by
allopurinol, we next examined the effect of allopurinol on
DRS promoter activity. We carried out a luciferase assay using
reporter plasmids containing the DRS promoter. Allopurinol
significantly enhanced DRS promoter activity in both PC-3 and
DU 145 cells (Fig. 3C). These results indicate that allopurinol
regulates DRS expression through transcription.

Up-Reguilation of DR5 by Allopurinol Contributes to the
Enhancement of TRAIL-Induced Apoptosis

Next, we tested whether up-regulation of DRS expression
by allopurinol has an effect on TRAIL-induced apoptosis.
The expression of DRS protein was efficiently reduced by
transiently transfected DRS small interfering RNA (siRNA;
Fig. 4A). This reduction of DR5 expression significantly
attenuated the apoptotic response to combined treatment with
allopurinol and TRAIL (Fig. 4B). These results suggest that
the up-regulation of DRS expression accounts, at least in part,
for the synergistic enhancement of TRAIL-induced apoptosis
by allopurinol.

Identification of Allopurinol-Responsive Elements in the
DRS Promoter

As shown in Fig. 3C, allopurinol enhanced DRS5 promoter
activity in both PC-3 and DUI145 cells. Using a series of
5'-delction mutants, we investigated allopurinol-responsive
elements on the DRS promoter. As shown in Fig. 5A, luciferase

A

PC-3 Allop

activity from pDRS5/-347 as well as pDRSPF (—2.5 kbp) was
increased by allopurinol. On the other hand, pDRS/-252
showed a lack of response following allopurinol treatment.
These results indicate that the major allopurinol response
clements are located between —347 and —253 in the DRS
promoter, This region contains a potential CAAT/enhancer
binding protein homologous protein (CHOP)-binding site. To
determine whether the site is responsible for transactivation of
the DRS promoter by allopurinol, we carried out a luciferase
assay with pDRS/mtCHOP containing a point mutation in the
CHOP-binding site. The mutation abolished activation of the
DRS promoter by allopurinol (Fig. 5B). These results suggest
that CHOP is associated with DRS up-regulation by allopurinol.

Allopurinol Increases CHOP Protein, mRNA, and
Promoter Activity via Endoplasmic Reticulum Stress
Element-Independent Pathway

Allopurinol treatment induced CHOP protein in a dose-
dependent manner in both PC-3 and DU1435 cells (Fig. 6A).
Allopurinol also up-regulated CHOP mRNA (Fig. 6B). To
elucidate the mechanism of CHOP up-regulation by allopurinol,
we camried out a luciferase assay using reporter plasmids
containing the CHOP promoter. Allopurinol increased the
promoter activity of CHOP3K, a luciferase reporter plasmid
containing a ~3 kbp fragment of the CHOP promoter region
(Fig. 7A). Previous reports have shown that endoplasmic
reticulum stress element (ERSE) on the CHOP gene promoter is
activated by ER stress triggered by tunicamycin (26).
Therefore, to determine whether transactivation of CHOP
promoter by allopurinol is caused by ER stress, we camied
out a luciferase assay with pCHOP/mtERSE that was developed
and described previously (27). The mutation of ERSE abolished
the activation of the CHOP promoter by tunicamycin, although
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tunicamycin increased the activity of pCHOP/—150 in PC-3
and DU145 cells (Fig. 7B and C). However, both pCHOP/
=150 and pCHOP/mtERSE showed a lack of response
following allopurinol treatment in both cell lines (Fig. 7B
and C). These results indicate that ER stress is not associated
with CHOP up-regulation by allopurinol. Next, to identify the
allopurinol-responsive clement, we generated 5'-deletion
mutants between —3026 and —151 and did the luciferase
assay. As shown in Fig. 7D, the allopurinol-responsive element
is located in a 36-bp region between —256 and —220 in the
CHOP promoter. This allopurinol-responsive region contains an
activator protein-1 (AP-1)-binding site and a heat shock factor
(HSF)-binding site. Therefore, we introduced site-directed
mutations into the sites to generate pCHOP/mtAP-1 and
pCHOP/mtHSF from pCHOP/-256. Allopurinol at 200 pmol/L
enhanced the promoter activity from pCHOP/—256 to 2.8-fold.

The induction was reduced to 1.8- and 2.1-fold by the mutations at
AP-1 and HSF site, respectively. These results suggest that AP-1
and HSF sites may be partly responsible for the activation of
CHOP promoter by allopurinol, but other sites may also exist in
the 36-bp region.

Xanthine Oxidase-Specific siANA Up-Regulates DR5
Expression and Enhances TRAIL-Induced Apoptosis in
PC-3 Cells

To examine the involvement of XO inhibition in the
allopurinol effects, we investigated the effect of XO-specific
siRNA on DRS expression. As shown in Fig. 8A, transfection
of XO siRNA suppressed XO expression compared with cells
transfected with control siRNA. Figure 8A shows the effect of
silencing XO on DRS and CHOP protein expression. XO
siRNA up-regulated DR5 and CHOP expression in PC-3 cells.
Moreover, combined treatment with XO siRNA and TRAIL
markedly induced apoptosis (Fig. 8B). These results indicate
that inhibition of XO plays an essential role in the up-regulation
of DR5 through CHOP and in enhancing TRAIL-induced
apoptosis by allopurinol.

Discussion

To date, anticancer activity of allopurinol has not been
reported. In this report, we show for the first time that
allopurinol drastically induces apoptosis in human hormone-
refractory prostate cancer cells when combined with TRAIL.
Our present data indicate the novel potential of allopurinol as
an anticancer agent.

Moreover, as a novel molecular action of allopurinol, we
showed that allopurinol up-regulated DRS and CHOP expres-
sion through a transcription. The observation is very surprising
because allopurinol functions as a gene expression regulator.
Previously, we showed that tunicamycin, an ER stress inducer,
up-regulates DRS and CHOP expression; however, we revealed
here that allopurinol regulates the expression in a different
manner from ER stress.

Using XO siRNA instead of allopurinol, we showed for the
first time that XO knockdown enhances TRAIL-induced
apoptosis with increased CHOP and DRS expression. It has
been reported that XO activity is high in brain tumor, lung cancer,
colorectal cancer, and damaged tissue but not in normal tissues
(28-30); therefore, allopurinol plus TRAIL might specifically
induce apoptosis in cancer cells but not in normal cells.

Our study has important implications in cancer treatment. As
mentioned above, allopurinol enables to overcome resistance to
TRAIL and hormone in prostate cancer. Furthermore, more
than a half of all malignant tumors possess an inactivating
mutation in the p53 gene and p53 modulates the sensitivity
against conventional anticancer agents (31, 32). Because PC-3
and DU145 cells harbored inactivated p53, combined treatment
with allopurinol and TRAIL is also useful for p53-deficient
tumor cells.

In conclusion, we have shown that allopurinol cooperates
with TRAIL and induces apoptosis in prostate cancer cells via
DRS up-regulation caused by the inhibition of XO. These
results suggest that the combined treatment of allopurinol with
TRAIL may be promising for the treatment of hormone-
refraclory prostate cancer. At present, effects of anticancer
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agent in a single use are limited Our present data raise a
possibility that the combined use of agents that have clinical
benefits in other disease expands the ability of each agent and
becomes useful for cancer treatment.

Materials and Methods
Reagents

Allopurinol, tunicamycin, and soluble recombinant human
TRAIL/Apo2L were purchased from Sigma and PeproTech,
respectively. Recombinant human DRS (TRAIL-R2)/Fc chi-
mera and the caspase inhibitors zVAD-fmk, zDEVD-fmk,

2
RLU/ug protein

6 8

RLU/jig protein
DU145

3 4 2 4

(1% o

PC-3

ZIETD-fink, zLEHD-fmk, and zAEVD-fmk were purchased
from R&D Systems.

Cell Culture

Human prostate cancer cell lines, PC-3 and DU145, were
maintained in RPMI 1640 with 10% fetal bovine serum at 37°C
in a humidified atmosphere containing 5% CO,.

Western Blot Analysis

Western blot analysis was done as previously described (33)
using rabbit polyclonal anti-DRS antibody (1:250; Prosci);
DU145 Al
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UT CT 125 25 50 100 200 IJTC'I'I.Z.SB 50 100 200

FIGWEG. GlOPprmwmdMNAam
d by all A A

up-ng.uul:I-GDP Whm
WWTEM.MMWMM
rincl &t the indicated concentrations for 24 h.
Western blotting was done as described in

PC-3 Allopurinol (1M) -24 h DU145 ABopurinol (uM) -24 b

UT CT 125 25 50 100 200 UT CT 125 25 50 100 200

Mol Cancer Res 2008;6(12). December 2008

[« #88 v cn0ob@|or




1858 Yasuda et al.

anti-CHOP (1:200) and anti-XO (1:100) antibodies (Santa Cruz
Biotechnology) and mouse monoclonal anti-B-actin antibody
(1:1,000) were used for detection (Sigma).

Northern Blot Analysis
Northern blot analysis was done as previously described
using full-length DRS or CHOP cDNA as a probe (34),

Plasmid Preparation

pDRSPF and deletion mutant plasmids containing DRS
promoter were previously described (35). CHOP3K and
deletion mutant plasmids containing CHOP promoter were
previously described (27). pCHOP/—256, pCHOP/—220, and
pCHOP/—150 were generated by self-ligation following Sacl
and Sacll digestion and Klenow fragment treatment, pCHOP/
mtAP-1 and pCHOP/mtHSF were generated with a site-directed
mutagenesis kit (Stratagene).

Transfection and Luciferase Assay

A series of DRS and CHOP reporter plasmids and vacant
vector plasmid (1.0 pg) were transfected into PC-3 and DU145
cells (1.5 x 10%) using the DEAE-dextran method (CellPhect,
GE Healthcare). After 24 h, the cells were treated with or without
allopurinol for 24 h and then harvested. Levels of luciferase
activity were normalized with protein concentrations. Luciferase
assays were carried out in triplicate, and the experiments were
repeated several times. Data were analyzed using Student’s ¢ test,
and differences between DMSO and allopurinol treatment were
considered significant when P < 0.05.

Determination of Apo2l/TRAIL Receptor Expression

As previously described (36), cells were harvested by short
trypsinization, washed once with ice-cold PBS containing 1%
bovine serum albumin, and resuspended in 100 uL PBS with
1% bovine serum albumin. Then, 5 pug of phycoerythrin-labeled
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pCHOP/-150 ] enhanced CHOP promoter activity in
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anti-Apo2/TRAIL receptor antibody (DR4, DRS, DcRI, or
DcR2; eBioscience) were added. To assess nonspecific staining,
phycoerythnin-labeled control IgG isotypes (eBioscience) were
applied. After 30-min incubation on ice, cells were washed and
2 x 10* cells were analyzed by a FACSCalibur flow cytometer
(Becton Dickinson).

Detection of Apoptosis

DNA fragmentation was quantified by the percentage of
hypodiploid DNA (sub G,). PC-3 and DU145 cells were treated
with PBS containing 0.1% Triton X-100. Cells were then
treated with RNase A (Sigma) and the nuclei were stained with
propidium iodide (Sigma). Measurement and analyses were
carried out as previously described (37). The DNA content was
measured using a FACSCalibur flow cytometer and CellQuest
software (Becton Dickinson). For all assays, 10,000 cells were
counted.

siANAs
The DRS and LacZ siRNA sequences were previously
described (34, 35). The XO siRNA sequences were as follows
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FIGURE 7 Continved. D. Structures of CHOP promoter-uciferase
reporter plasmids. A circle and a square indicate AP-1 and HSF,
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24 h aher fection of a lucih phwrl i various CHOP
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experiments; bars, SD. *, P < 0.05.
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FIGURE 8. XO-specific siRNA up-regulates DRS expression and
enhances TRAIL-induced apoptosis in PC-3 cells. A. Westem biol
analysis showing the sffects of XO siRNA or control siRNA transfections
on X0 expression. XO siANA or control LacZ siRNA was transfected into
PC-3 cells. Forty-sight hours after transfection, cells were analyzed by
Western blotting. -actin was used to ensure equal gel loading, Asterisks
indicate nonspecific bands. The 48- and 43-kDa bands correspond to long
and short DRS isoforms, respectively, B. XO siRNA enhances TRAIL-
induced apoptosis, PC-3 cells were treated with XO siRNA or LacZ siRNA.
Twenty-four hours after transfection, cells were treated with or without
'I'H.All_(arqhnl.)lurmh Apoplosis was determined by FACS analysis of
DNA fragmentation of propidium iodide~ stained nuclel as described in
MNWMMUWW bars, SD.

(sense and antisense, respectively): 5-(GCCCUUUGCUAUG-
GUGGAAMTAT and 5-(UUCCACCAUAGCAAAGGGO)-
dTdT (synthesized by Sigma). LacZ siRNA was used as a
siRNA control. In brief, 1 d before transfection, PC-3 cells
were seeded without antibiotics at a density of 30% o 40%.
DRS, LacZ, and XO siRNA were transfected into cells using a
modified Oligofectamine protocol (Invitrogen), in which the
volume of Oligofectamine was reduced to one third of the
recommended volume to limit toxic effects. Twenty-four hours
after transfection, cells were treated with allopurinol and/or
TRAIL for 24 h and then harvested.
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Hypertension and Other Risk Factors for the
Development of Kidney Cancer (Renal Cell
Carcinoma) in a Japanese Population:
Findings from the JACC Study
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Tsuneharu Miki”, Masahiro Nakao?, Kazuya Mikami?,
Yoshinori Ito*”, Tatsuhiko Kubo®, Kenji Wakai”,

Akiko Tamakoshi® for the JACC Study Group

ABSTRACT

Background: Although the incidence of kidney cancer in Japan is lower than the rates in the other devel-
oped countries, there is no doubt that in Japan the incidence rate of kidney cancer has increased recently.

Methods: We evaluated the risk factors of kidney cancer using the database of the Japan Collaborative
Cohort (JACC) study in 62,869 subjects (25,348 men and 37,521 women). Cox-proportional hazards model
was used to determine age-and-sex adjusted relative risk.

Results: During the follow-up of 7.6 years, we identified 40 incident cases of kidney cancer (renal cell car-
cinoma). Hypertension and kidney disease were revealed as significant risk factors for kidney cancer. Both
systolic and diastolic blood pressure showed a positive relation to the development of kidney cancer risk.

Conclusion: The present study suggests that hypertension and kidney disease may be associated with an
increased risk for the development of kidney cancer.

KEY WORDS

renal cell carcinoma, hypertension, kidney disease, risk factor, Japan

INTRODUCTION

dence rates (persons per 100, 000) were 7.1 for men and
3.1 for women in 1997 while they were 8.2 for men and
3.6 for women in 2002*,

The incidence of kidney cancer (renal cell carcinoma) is
highest in Western Europe, Northern Europe and North
America, intermediate in Japan, and low elsewhere in
Asia'?_ Although the incidence of kidney cancer in Japan is
lower than the rates in other developed countries, there is
no doubt that the incidence has been increasing”. The inci-

Hypertension and obesity are risk factors for kidney
cancer in Western countries '**. Chow er al” reported that
elevated blood pressure and higher body mass index
increase the risk of kidney cancer.

The Japan Collaborative Cohort Study for Evaluation of
Cancer Risk (JACC Study) is a large prospective cohort
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Table 1. HR and 95% CI for kidney cancer according to medical history

Medical history Person-years No. of Age-and sex-adjusted
of disease cases HR (95% CI)
Hypertension (=) 348,164 17 1.00 (reference)
(+) 98,271 19 4.27(2.07,8.79)
Diabetes mellitus (=) 414,718 30 1.00 (reference)
(+) 22,019 El 1.72 (0.51, 5.79)
Kidney disease® (=) 414 815 29 1.00 (reference)
(+) 20,271 5 4.42(1.68, 11.63)

HR: hazard ratio, 95% Cl: 95% confidence interval, Kidney disease®: kidney diseases other than kidney cancer

study sponsored by the Ministry of Education, Culture,
Sports, Science and Technology of Japan®. Using data of
this cohort study, we have already investigated risk factors
for kidney cancer death in the Japanese population®'. In
these studies®'', medical history of hypertension was sug-
gested to be a risk factor for kidney cancer death but obesity
failed to show any meaningful relation to kidney cancer
death. In Japan, patients with kidney cancer may be diag-
nosed in the early stage with renal imaging techniques such
as ultrasonography and computer tomography”. Such inci-
dental kidney cancer tncreased from 1980s and now
accounts for 70-80% of all”. Most of the incidental kidney
cancer cases may not have died from kidney cancer because
most of the patients with incidental kidney cancer may have
been saved by operations. Therefore, in the present study,
we analyzed the incidence of kidney cancer to evaluate the
nisk factor for kidney cancer in the Japanese population.

SUBJECTS AND METHODS

The present study was part of the Japan Collaborative
Cohort Study for Evaluation of Cancer Risk (JACC Study),
a large prospective cohort study sponsored by the Ministry
of Education, Culture, Sports, Science and Technology of
Japan". Briefly, the original study population consisted of
46,465 men and 64,327 women aged 40 to 79 years in 45
areas of 19 prefectures in Japan. Enrolment began in 1988
and continued to 1990. Most subjects were recruited from
the general population when undergoing routine health
checks in the municipalities. The self-administered ques-
tionnaire addressed various health-related questions con-
cerning medical histories, height and weight, health condi-
tions and life-style habits such as smoking, drinking, diet,
and physical exercise.

Body mass index (BMI) was calculated as the reported
weight divided by the square of the reported height (kg/m’).
High BMI (BMI 2 25.0) was defined as obesity.

Informed consent for participants was obtained by sign-
ing the cover page of the questionnaire in 36 out of 45
areas while group consent was obtained from the communi-
ty leader by explaining the aim of study and confidentiality
of the data in 9 areas.

Follow-up surveys were conducted annually in order to
determine the vital status of the participants. All deceased
persons in the study areas and persons who moved out of
the study areas were identified using the population registry
with the permission of each municipality office. For logisti-
cal reasons, we discontinued the follow-up of subjects who

moved out of their study area. However, incident cancer
cases were ascertained only in 24 study areas (out of 45) in
which cancer registries were available, where the mortality-
incident rate deviated from 0.31 to 0.61 in men and from
0.15 to 0.53 in women'".

The cancer registry system comprised reports from
clinicians and death certificates; cancer cases with informa-
tion from death certificate only (DCO) were included in
incident cancer cases. The incidence including DCO from
kidney cancer was identified by code C64 (i.e., renal cell
carcinoma) in the ICD-10 (International Statistical
Classification of Diseases and Related Health Problems,
10th Revision). The end of the follow-up period for the
cancer incidence survey was December 31, 1997 except
one area (December 31, 1994). For analytical purposes, this
study included the subjects who lived in study areas where
cancer registries were available.

After excluding those with a medical history of kidney
cancer, we had a total of 62,869 subjects (25,348 men and
37.521 women) for analysis.

This investigation was approved by the Ethical Boards
of Nagoya University School of Medicine and Kyoto
Prefectural University of Medicine.

All statistical analyses were conducted using the
Statistical Analysis System (SAS) package. The hazard
ratios (HRs) of kidney cancer incidence and 95% confidence
intervals (95% Cls) were estimated with Cox's proportional
hazard model. Age was treated as a continuous variable
while indicator variables were used for other factors. The
dose-dependent trend was tested by evaluating the regression
coefficient when the three categories were treated as equally
spaced numerical variables in Cox's model. P values of less
than 0,05 were considered to be statistically significant.

RESULTS

During the follow-up of 7.6 (£ 1.9) years, we identified
40 incident cases of kidney cancer (25 in men and 15 in
women), Compared with women, men had a higher risk of
kidney cancer (age-adjusted HR = 4.52, 95% CI: 2.28,
8.96), and the risk increased with age (sex-adjusted HR =
1.08 per 10-year increment, 95% CI: 1.05, 1.11) (not shown
in the table).

Table | shows the age- and sex-adjusted relative risk of
kidney cancer in relation to medical history. Hypertension
(HR = 4.27, 95% CI: 2.07, 8.79) as well as kidney disease
(HR = 4.42, 95% CI: 1.68, 11,63) was revealed as a signifi-
cant risk factor for kidney cancer. Diabetes mellitus
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Table 2. HR and 95% CI for kidney cancer according to blood pressure level

Medical history Person-years No.of  Age-and sex-adjusted  p for trend
of disease cases HR (95% CI)

Systolic bloood pressure 139 mmHg or less 227,706 10 1.00 (reference)
140-149 mmHg 72,884 7 1.64 (0.57,.4.72)

150 mmHg or over 62,516 13 434 (1.75,10.74) <0.01
Diastolic bloood pressure 84 mmHg or less 254,463 11 1.00 (reference)
85-89 mmHg 34,860 4 2.00 (0.55,7.27)

90 mmHg or over 70,629 15 4.82 (2,13, 10.93) <0.01

HR: hazard ratio, 95% CI: 95% confidence interval

Table 3. HR and 95% CI for kidney cancer according to body mass index *

Medical history Person-years No.of  Age-and sex-adjusted
of disease cases HR (95% CI)
Body mass index* 249 or less 388,434 30 1.00 (reference)
at the base line survey 25.0 or over 96,426 i] 1.35 (0.66, 2.75)
Body mass index* 24.9 or less 416,416 32 1.00 (reference)
al the age of 20 years old 25.0 or over 64,531 8 1.66 (0.77, 3.61)

HR: hazard ratio, 95% CI: 95% confidence interval

Body mass index* : calculated as the weight divided by the square of height (Kg/m®).

Table 4. HR and 95% CI for kidney cancer according to smoking , drinking and leisure time physical activity

Medical history Person-years No. of Age-and sex-adjusted p for rend
of disease cases HR (95% CI)
Current smokers {—) 333,065 25 1.00 (reference)
(+) 112,042 12 0.94 (0.42,2.11)
Current drinkers (=) 251,516 16 1.00 (reference)
(+) 201,516 20 1.10 (0.49, 2.46)
Leisure time Seldom 318,537 30 1.00 (reference)
physical activity 1-2 hours/week 68,786 4 0.43 (0.13-1.43)
3-4 hours/week or more 49,796 4 0.66 (0.23-1.92) 0.24

HR: hazard ratio, 95% CI: 95% confidence interval

showed an HR greater than the unity (HR = 1.72, 95% CI:
0.51, 5.79), but it was not a significant risk factor.

Table 2 illustrates the age- and sex-adjusted HRs for the
development of kidney cancer in relation to blood pressure
level. Systolic blood pressure was positively associated
with the risk of kidney cancer. Compared with 139 mmHg
or less, HRs were 1.64 (95% CI: 0.57, 4.72) for 140-149
mmHg and 4.34 (95% CI: 1.75, 10.74) for 150'mmHg or
over. Like systolic blood pressure, diastolic blood pressure
also showed a positive relation to the kidney cancer risk (p
for trend < 0.01). Compared with 84 mmHg or less, HRs
were 2.00 (95% CI: 0.55, 7.27) for 85-89 mmHg and 4.82
(95% CI: 2.13, 10.93) for 90 mmHg or over.

Table 3 presents the age- and sex-adjusted HRs for the
development of kidney cancer in relation to body mass
index (BMI). Compared with low BMI (24.9 or less), obe-
sity with high BMI (25.0 or over) showed increased HRs
for the development of kidney cancer both at the baseline
survey (HR = 1.35, 95% CI: 0.66, 2.75) and at the age of
20 years old (HR = 1.66, 95% CI = 0.77, 3.61), but they
were not statistically significant.

Table 4 shows the age- and sex-adjusted HRs for the
development of kidney cancer in relation to life style fac-
tors such as smoking, drinking and leisure time physical
activity. There were no meaningful associations between
life-style factors and the risk of kidney cancer.

DISCUSSION

Hypertension "2 a5 wel] as anti-hypertensive med-
ication'**'*"*' has been reported to be a risk factor for kid-
ney cancer in Western countries. Although it is difficult to
distinguish the effects of hypertension from those of anti-
hypertensive medications on the risk of kidney cancer in epi-
demiological studies™, hypertension is an established risk
factor for kidney cancer in Western populations'**, In con-
trast with Western populations, there are few reports on the
association between hypertension and kidney cancer in
Asian populations™“"*'". Grove er al'" reported that blood

- pressure was positively associated with the incidence of kid-
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ney caner among Japanese American in Hawaii while Choi
et al' reported that hypertension was an independent risk
factor for kidney cancer death in Korean men. In our previ-
ous studies"'", hypertension was suggested to increase the
risk of kidney cancer death in the Japanese population
although the risk failed to reach a statistically significant
level in one study'. In the present study, medical history of
hypertension increased the risk of developing kidney cancer
in Japanese peoples in Japan, Furthermore, both systolic and
diastolic blood pressure levels were positively associated
with the incidence of kidney cancer. These findings are con-
sistent with the result of the study by Grove er al", where
there was a positive association between blood pressures and
risk of kidney cancer among Japanese immigrants and their
descendants in Hawaii. Since we had no information about
the antihypertensive treatment in the present study, we can
not deny the possibility that subjects with higher blood pres-
sures took more anti-hypertensive drugs. Among antihyper-
tensive drugs, diuretics are the most likely perpetrators to
increase the risk of kidney cancer'™. Additional studies will
be needed to distinguish the effects of hypertension from
those of anu-hypertensive medications on the risk of devel-
oping kidney cancer in the Japanese population,

The mechanisms of how hypertension increases the risk of
kidney cancer may be explained in the following way. Insulin
resistance is the metabolic manifestation of systemic inflam-
matory state with oxidative stress and contributes a risk factor
for numerous malignancies™. Insulin resistance and hyperin-
sulinemia are common in obesity and may play a role in obe-
sity-related hypertension®. However, insulin resistance is
also seen in non-obese hypertensives™. Thus, insulin resis-
tance, which increases the risk of cancer, 15 seen among
hypertensive subjects regardless of obesity. Insulin resistance
leads to elevated levels of insulin-like growth factor type 1,
which is associated with increased risk of cancer'’.

Kidney diseases such as kidney infections, kidney
stones, and kidney cysts are risk factors for kidney cancer in
western countries'”, Parkers er al*" reported a positive asso-
ciation of urinary tract infection with the development of
kidney cancer. In the present study, a medical history of
kidney diseases is associated with an increased risk of
developing kidney cancer although a medical history of kid-
ney diseases failed to show an increased risk of kidney can-
cer death in our previous study”. Inconsistent findings in
our two studies may be explained by the following possibili-
ty. The diagnosis of kidney cancer is often delayed after the
disease is advanced because small localized tumors rarely
produce symptoms such as hematuria, abdominal pain, and
a palpable mass in the flank or abdomen". In Japan, inciden-
tal kidney cancer may be found in the early stage among the
patients with kidney diseases because they are-examined by
renal imaging techniques for their kidney diseases while
those without kidney diseases had little chance to have an
examination of their kidney with renal imaging techniques.
Therefore, patients with kidney disease may be saved by an
operation in the early stage of kidney cancer while subjects
without kidney disease may die from kidney cancer because
their cancer is detected in the advance stage when most
patients have metastasis to other organs.

Obesity'*#72123 i5 reported as a risk factor for kidney
cancer in western countries, Insulin resistance, which is
common in obesity®, contributes a risk factor for numerous
cancers', However, like our previous studies*", obesity
(BMI 2 25.0) failed to show a significantly increased risk
of kidney cancer, which may be explained by the fact that
the number of kidney cancer cases in the present study was

very small. In addition, the low prevalence of obesity in the
participants could be another explanation why obesity was
not a risk factor for kidney cancer death in this study

Diabetes mellitus increases the risk of kidney cancer in
some studies’*'**, but it is controversial whether diabetes
mellitus increases the risk of kidney caner”. In our previous
studies""”, diabetes mellitus showed a non-statistically sig-
nificant excess risk of kidney cancer death in the former
study” while significantly increased risk due to diabetes
mellitus was found in the latter study'. In the present study,
diabetes mellitus showed an HR greater than the unity, but
it was not a significant risk factor for kidney cancer.

In Western countries, smoking'**"'" has been reported
to increase the risk of kidney cancer while alcohol
drinking'** and high physical activity'** have been sug-
gested to reduce the risk of kidney cancer. However, like
our previous studies®'”, we failed to show any meaningful
association between lifestyle factors and kidney cancer risk
in the present study.

Our study has some limitations. First, the number of
kidney cancer cases was very small in spite of a large scale
study. Second, we did not evaluate kidney cancer risk in
men and women separately after controlling other factors
because the number of kidney cancer cases was small.
Third, we had no information about the antihypertensive
treatment. Fourth, blood pressure in the present study was
self-reported blood pressure. However, most of subjects
were asked to answer the self-administered questionnaire at
routine health checks in the municipalities. Last, self-
reported weight and height in self-administered question-
naires were used to determine BML

In summary, the present study showed that medical his-
tory of hypertension, high systolic blood pressure level,
high diastolic blood pressure level, and medical history of
kidney disease may increase the risk of kidney cancer. To
our best knowledge, this is the first report to evaluate the
risk factor for developing kidney cancer in a large prospec-
tive cohort study in Japan. However, further studies will be
needed to evaluate the risk of kidney cancer in relation to
hypertension in Japanese peoples because the number of
incident kidney cancer cases was small in the present study.

Although cohort studies of risk are the best available
substitutes for a true experiment, cohort studies need a large
number of people under observation for a long time ™. In
addition, the incidence of kidney cancer is very low in Japan
(i.e., 7.1 persons per 100, 000 for men and 3.1 persons for
women in 1997%; 8.2 persons per 100, 000 for men and 3.6
persons for women in 2002) although it has been increas-
ing". Therefore, we identified only 40 incident cases of kid-
ney cancer in spite of a large scale cohort study. Since
investigators can identify cases unconstrained by the natural
frequency of disease in case-control studies™, additional
case-control studies provided other information such as anti-
hypertensive drugs may be useful to confirm the result of
the present study.
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