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Renal Cell Carcinoma in Japanese

TosmHaRo IKUYAMA, Takasai HAMASAKI, Hisato INATOMI, Takaxiko KATOH*,

TersuRo MURATANI anD TETSURO MATSUMOTO

Department of Urology, School of Medicine, University of Occupational and Environmental Health (UOEH), Kitakyushu,

Fukuoka 807-8555, Japan

* Department of Public Health, Miyazaki Medical College, Kiyotake-machi, Miyazaki-gun, Miyazaki 889-1692, Japan

Abstract. Molecular epidemiologic studies have reported a relationship between lo,25 dihydroxyvitamin D3
(1,25(OH),D;) and the development and progression of malignant tumors. (1,25(OH),Ds) exerts its biological activ-
ity by binding the vitamin D receptor (VDR), while recent studies have demonstrated that VDR gene polymorphisms
affect serum levels of (1,25(0H),D3). Serum levels of (1,25(OH),D;) are reported to be significantly lower in patients
with renal cell carcinoma (RCC) compared to non-cancer control patients. The purpose of this study was to inves-
tigate the Tagl VDR polymorphism in Japanese RCC patients and non-cancer controls in order to determine if an
association exists between VDR genotype and the risk of developing RCC as well as clinical risk factors. A total of
102 RCC patients and 204 controls were genotyped for a previously described Taql restriction fragment length poly-
morphism (RFLP) of the VDR gene. Products were digested into T allele or the t allele according to the absence or
presence of a Tagl restriction site. Individuals were classified as TT, Tt or tt. The genotype TT was statistically
more frequent among RCC patients (80.4%) compared to controls (61.8%) (OR =2.54; 95% CI, 1.44-4.46; p=
0.0006). In addition, the occurrence of the genotype TT was significantly higher in patients with rapid-growth-type
group (92.1%) compared to slow-growth-type group (73.4%) (OR=4.22; 95% CI, 1.15-15.53; p=0.0175). These
data demonstrate that VDR genotype plays an important role in determining the risk of developing more aggressive

RCC in Japanese.
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VITAMIN D is ingested in the diet and generated in
the form of vitamin D3 in the skin by UV irradiation.
Vitamin D3 subsequently undergoes sequential hydro-
xylation in the liver and kidney to form la,25-dihy-
droxyvitamin D3 (1,25(OH),D;) or 24,25-dihydroxy-
vitamin D3 (24,25(0OH).D») [1, 2]. 1,25(OH),D; is
called active vitamin D3 and exhibits the most promi-
nent biological activity in the regulation of calcium
homeostasis [1, 3].
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However, active vitamin D3 (1,25(0OH),D;) also
has other important roles including the regulation of
immunological function as well as modulating the
processes of cell differentiation and carcinogenesis
with documented effects upon oncogene expression
[4]. A recent study has demonstrated that serum
levels of active vitamin D3 were significantly lower in
patients with renal cell carcinoma (RCC) compared
to controls [4, 5]. Active vitamin D3 exerts its multi-
ple biological effects by binding the vitamin D recep-
tor (VDR), a nuclear hormone receptor [6]. The
VDR gene is known to have polymorphisms that may
result in variation in VDR expression as well as in the
circulating levels of active vitamin D3 [7, 8]. The
VDR alleles can be analyzed using restriction frag-
ment length polymorphisms (Taql, BsmI, Apal) that
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lie in the region from exon 8 to the 3’ untranslated
region (3’'UTR). The 2 most common VDR alleles
are BAt and baT. In the BAt allele, the restriction
sites for Bsml and Apal are absent but the restriction
site for Taql is present, whereas the opposite is true
for the baT allele (BsmI and Apal are present but
Taql is absent). These alleles are in linkage dis-
equilibrium and occur together in 97% of cases [7].
Therefore, we have developed an assay for one of the
candidate sequences viz. the Taql polymorphism. In
this study, we tested the hypothesis that the genotype
TT, which is associated with lower circulating levels
of active vitamin D3 [7, 8], would be associated with
an increased risk of RCC in Japanese compared to
the Tt and tt genotype. In addition, we examined
possible associations between the VDR polymor-
phisms and tumor growth type in RCC patients.

Materials and Methods
Subjects

In the present case-control study, a total of 102 pa-
tients (77 men, 25 women) with RCC and 204 con-
trols (162 men, 42 women) were enrolled from our
urology clinic. There was no statistical difference in
age at diagnosis between the two groups (59.1 £ 10.1
vs 60.6 + 14.3, RCC patients vs controls, p=0.210;
unpaired Student’s t test) (Table 1). All cases and
controls gave their informed consent to participate in
this study. The diagnosis of RCC was confirmed
histologically following nephrectomy while lymph
node or distant metastatic lesion was diagnosed by
histological or radiological findings. All the controls
consisted of urology clinic patients with benign retro-
peritoneal and genitourinary diseases. Physical,

Table 1. Characteristics of renal cell carcinoma patients and
control patients.

Parameter RCC? patients Control patients
No. of patients 102 204
Gender

Male 77 162
Female 25 42

Age (mean + SDY) 59.1+10.1¢ 60.6 + 14.3¢

2 RCC; renal cell carcinoma, ® SD; standard deviation
¢ p=0.210; unpaired student’s t test

serological and radiological examinations were per-
formed in all controls in order to exclude the pos-
sibility of RCC or other malignant disease. Blood
samples were obtained between March 1996 and Sep-
tember 2001 from both patient groups, and patient
data were obtained from the medical records.

Genotyping

Genomic DNA was isolated from peripheral leuko-
cytes by proteinase K digestion and phenol/chloro-
form extraction. The VDR Taql genotype was
determined by a polymerase chain reaction (PCR)
method described by Riggs ef al. [9]. A 740 base
pair (bp) fragment was generated by PCR with prim-
ers located within intron 8 and exon 9. The primer
sequences were 5'cag agc atg gac agg gag caa 3'(for-
ward) and 5'gca act cct cat ggc tga ggt ctc 3'(reverse).
The 35 cycles were performed using Taq polymerase
(Perkin Elmer Co., Ltd., NJ, USA) at the following
conditions: denaturation (94°C, 1 min), annealing
(57°C, 1 min) and extension (72°C, 1 min). Follow-
ing completion of the PCR, 10 pL of PCR products
were removed, subjected to restriction digestion with
Taql (Takara Shuzo Co., Ltd., Kyoto, Japan) at
65°C for 3h and run on 3% Nusieve agarose gels
[10]. The presence of a C>T change at the third
position of codon 352 in exon 9, which is the code for
isoleucine, is associated with the loss of a Taql re-
striction site. The resulting alleles are designated T
(Tagql site absent; 2 fragments of 495 bp and 245 bp)
or t (Taql site present; 3 fragments of 290 bp, 245 bp
and 205 bp). Individuals were therefore classified as
TT, Tt or tt (Fig. 1) [10].

Examination of tumor growth type, stage of disease
and pathological grade of tumor in RCC patients

The patients with RCC were determined using pro-
gnostic items; exacerbated erythrocyte sedimentation
rate (ESR), elevated C-reative protein (CRP), elevat-
ed serum o2-globulin, and pyrexia. Patients with
three or more positive items was classified as having a
rapid-growth-type tumor that were susceptible to ear-
ly recurrence or metastasis. The other patients were
classified as having a slow-growth-type tumor [5, 11].
Stage of disease and grade of tumor of patients with
RCC were evaluated at diagnosis using the General
Rules for Clinical and Pathological Studies on Renal
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Fig. 1. PCR fragment patterns obtained for the three pos-
sible genotypes after Taql digestion of the 740 bp
amplified region of the VDR gene. The 245 bp frag-
ment is constant in all genotypes, which is a control
cut created by a nonpolymorphic Taql site within
amplification. Lane 1: genotype TT (2 fragments of
495 bp and 245 bp), Lane 2: genotype Tt (4 frag-
ments of 495 bp, 290 bp, 245 bp and 205 bp), Lane 3:
genotype tt (3 fragments of 290 bp, 245 bp and 205

bp.).

Cell Carcinoma [12].
Statistical analysis

The relative associations between RCC patients
and controls were assessed by calculating odds ratios
(OR) from contingency tables. The OR and 95%
confidence intervals (CI) were calculated by multiple
regression analysis using the JMP program package
(Version 3, SAS Institute Inc., NC, USA). Statisti-
cal significance was defined as a p value of less than
0.05.

Results

Frequency of the VDR alleles in RCC patients and
controls

The first major finding of this study was that the
occurrence of the TT genotype, which is associated
with lower circulating levels of active vitamin D3
[7, 8], was significantly higher among RCC patients
(80.4%) than non-cancer controls (61.8%) (OR=
2.54; 95% CI, 1.44-4.46; p=0.0006) (Table 2).
These data suggest that the TT genotype is associated
with an increased risk of RCC in Japanese compared
to Tt and tt genotype.

Frequency of the VDR alleles of RCC patients
categorized by tumor growth type

We also examined the association between the
VDR genotypes and tumor growth type in RCC pa-
tients. The occurrence of the genotype TT was sig-
nificantly higher in patients with rapid-growth-type
group (92.1%) compared to slow-growth type group
(73.4%) (OR =4.22; 95% CI, 1.15-15.53; p=0.0175)
(Table2). All 38 patients of rapid-growth type
group were locally advanced or metastatic disease
(extrarenal disease: pT3a-c/pT4/N1-2/M1) and high
grade tumor (grade 3). In 64 patients with slow-
growth type group, locally advanced or metastatic
disease and high grade tumor were only 5 patients
and 2 patients, respectively. Therefore, the second
major finding of this study is that the genotype TT is
associated with a rapid-growth-type tumor in RCC
patients.

Table 2. Frequency of the vitamin D receptor alleles using the Taqgl restriction fragment length polymor-
phism in renal cell carcinoma patients and controls, and in patients categorized by tumor growth

type.

Genotype; n (%)

TT vs (Tt+tt)

OR® (95% CIY)

TT Tt tt p
Controls (n=204) 126 (61.8) 70 (34.3) 8 (3.9 1
‘RCC (n=102) 82 (80.4) 19 (18.7) 1(0.9) 2.54 (1.44-4.46) 0.0006
Between growth types of RCC
Slow growth type (n=64) 47 (73.4) 16 (25.0) 1(1.6) 1
Rapid growth type (n=38) 35(92.1) 3 (7.9 0 (0.0 4.22 (1.15-15.53) 0.0175

2 OR; Odds ratio, " 95% CI; 95% confidence interval, ¢ RCC; Renal cell carcinoma.
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Discussion

The incidence of breast cancer and colon cancer in
various geographic populations exhibits a negative
correlation with exposure to UV irradiation [13, 14].
Also, recent reports have demonstrated a significant
north-south trend of prostate cancer mortality rates
in the USA with higher mortality rates being found in
the northern USA, possibly implicating the lack of
active vitamin D3 [15, 16]. These epidemiological
studies suggested that exposure to UV irradiation
may partially protect against the development and
progression of cancer of the breast, colon and pro-
state. A possible mechanism for the proposed pro-
tective effect of UV irradiation has been suggested by
recent studies that have documented an association
between VDR polymorphisms and the development
of prostate cancer [17-19]. Recent study demon-
strated clinical and pathological significance of VDR
gene polymorphism for Japanese prostate cancer.
In that study, the genotype TT, which is associated
with lower circulating levels of active vitamin D3,
was significantly associated with a more advanced
clinical stage of disease and a higher pathological
grade of tumor in prostate cancer patients. VDR
polymorphisms do play an important role in deter-
mining the clinical and pathological risk factor of
prostate cancer in Japanese [10].

In this context it is interesting to note the recent
work by Fujioka et al. [5] which documented that the
serum levels of active vitamin D3 were significantly
lower in RCC patients compared to controls in Japa-
nese. Furthermore, they demonstrated that the se-
rum levels of active vitamin D3 were significantly
lower in RCC patients with T3 and T4 disease (fumor
invasive from outside the kidney) compared to those
with T1 and T2 disease (tumor located inside the kid-
ney). Lastly, they demonstrated that the serum lev-
els of active vitamin D3 were significantly lower in
RCC patients with rapid-growth tumor compared to
those with slow-growth tumor [5]. Currently, there
is a scarcity of data regarding the associations of
VDR genotype with RCC patients. In this study, the
genotype TT, which is associated with lower circulat-
ing levels of active vitamin D3, was significantly
higher among RCC patients compared to controls.
Moreover, the occurrence of the TT genotype was
significantly associated with a rapid-growth tumor in
RCC patients. Active vitamin D3 exerts its biologi-

cal effect by binding to the VDR within the nucleus
of the target cell [6]. Morrison et al. [7] demon-
strated that the BAt allele had 140% greater receptor
activity than the baT allele with this difference being
proposed to be secondary to either enhanced gene
transcription or increased mRNA stability thereby
resulting in individual variation in VDR expression
[7, 17].

In 1981, active vitamin D3 was noted to suppress
the growth of murine myelogenic leukemia (M1 cells)
and to induce their differentiation into macrophage-
like cells [20]. Since then, the effects of active vita-
min D3 action upon cell growth and differentiation
have attracted considerable attention. The VDR has
been found in both normal and malignant tissue [21,
22]. Recent reports demonstrated that active vita-
min D3 stimulated fibronectin synthesis in several
human cell lines and inhibited angiogenesis in chick
chorioallantoic membranes [1, 23, 24]. Since tumor
growth and metastasis necessitates both penetration
of extracellular matrix and new blood vessel forma-
tion it may be appreciated that these biological action
of active vitamin D3 may well play a role in retarda-
tion of cancer growth. Fujioka et al. [1] demon-
strated that active vitamin D3 exerted dose-depend-
ent antitumor activity against Renca tumor in mice in
vivo, inhibiting tumor growth and prolonging sur-
vival.

In the clinical setting of prostate cancer, active
vitamin D3 may retard the progression of indolent
prostate cancer to more active disease [15, 17]. In-
deed, oral administration of active vitamin D3 delays
the recurrence of prostate cancer following primary
therapy [25]. This evidence indicates that active
vitamin D3 can be effective in slowing the progres-
sion of prostate cancer in patients. It is therefore in-
triguing that a recent case report described a patient
with RCC with multiple bone metastases who devel-
oped almost complete resolution of the metastatic
bone lesions following treatment with active vitamin
D3 and interferon-a although it is unclear at this
stage which agent was predominantly responsible for
the impressive clinical response [26].

Many cancer cells have been associated with defec-
tive gap junctional intercellular communication
(GJIC), which can occur at the level of connexin (Cx)
expression and transport or gap junction formation
[27]. Furthermore, a number of tumor-promoting
agents inhibit GJIC during the transformation of
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normal cells while inhibition of GJIC and decreased
connexin expression is evident in malignant tissue
thereby indicating that modulation of GJIC is an im-

portant player in the process of carcinogenesis [5, 28, -

29]. Tumor cells transfected with Cx genes exhibit
normal cell characteristics and a delayed growth rate
indicating that Cx genes may act as tumor-suppressor
genes [5, 30]. Fujioka ef al. [5] studied the influence
of active vitamin D3 upon GJIC and Cx43 mRNA
expression in cultured human renal proximal tubular
epithelial cells (RPTEC) during carcinogenesis. The
expression of the gap junctional protein connexin
Cx43 was detected in human kidney [S, 31]. Active
vitamin D3 significantly enhanced GJIC function of
human RPTEC, whereas the tumor promoters N-
nitrosodimethylamine (NDMA) and N-ethyl-N-hydro-
xyethylnitrosamine (EHEN) were suppressive. Fur-
thermore, simultaneous treatment of RPTECs with
the tumor promoters NDMA and EHEN together

with active vitamin D3 resulted in the maintenance of
GJIC function and Cx43 mRNA expression at pre-
treatment levels [5]. These data suggest that a de-
crease in the serum level of active vitamin D3 is a risk
factor for the development and progression of RCC,
and that active vitamin D3 may act to prevent or
retard RCC by preserving GJIC and Cx43 expres-
sion.

In conclusion, this study indicates that the Taql
polymorphism exhibited a significant association
with the risk of developing RCC and is a risk factor
for clinical and pathological advanced disease in
Japanese.

Acknowledgment

We thank Hisami Aono for her technical assist-
ance.

References

1. Fujioka T, Hasegawa M, Ishikura K, Matsushita Y,
Sato M, Tanji S (1998) Inhibition of tumor growth
and angiogenesis by vitamin D3 agents in murine
renal cell carcinoma. J Urol 160: 247-251.

2. Haussler MR, McCain TA (1977) Basic and clinical
concepts related to vitamin D metabolism and action.

“ N Engl J Med 297: 974-983.

3. Norman AW, Roth J, Orci L (1982) The vitamin
endocrine system: steroid metabolism, hormone re-
ceptors, and biological response (calcium binding pro-
teins). Endocrine Rev 3: 331-366.

4. Okamoto T, Fujioka T, Horiuchi S (1991) A study of
the metabolism of vitamin D in patients with renal cell
carcinoma—with special reference to serum concen-
tration of 1a,25-(OH),D and its clinical significance.
Jpn J Urol 82: 890-899 (In Japanese).

5. Fujioka T, Suzuki Y, Okamoto T, Matsushita N,

. Hasegawa M, Omori S (2000) Prevention of renal cell
carcinoma by active vitamin D3. World J Surg 24:
1205-1210.

6. Reichel H, Koeffler HP, Norman AW (1989) The role
of the vitamin D endocrine system in health and dis-
ease. N Engl J Med 320: 980-991.

7. Morrison NA, Qi JC, Tokita A, Kelly PJ, Crofts L,
Nguyen TV, Sambrook PN, Eisman JA (1994) Predic-
tion of bone density from vitamin D receptor alleles.
Nature 367: 284-287.

8. Ma J, Stampfer MJ, Gann PH, Hough HL,
Giovannucci E, Kelsey KT, Hennekens CH, Hunter

DJ (1998) Vitamin D receptor polymorphism, cir-
culating Vitamin D metabolites, and risk of prostate
cancer in United States physicians. Cancer Epidemil
Biomark Prev 7: 385-390.

9. Riggs B, Nguyen TB, Melton LJ, Morrison NA, O’
Fallon WM, Kelly PJ, Egan KS, Sambrook PN, Muhs
JM, Eisman JA (1995) The contribution of vitamin D
receptor gene alleles to the determination of bone
mineral density in normal and osteoporotic women. J
Bone Miner Res 10: 991-996.

10. Hamasaki T, Inatomi H, Katoh K, Ikuyama T,
Matsumoto (2001) Clinical and pathological signifi-
cance of vitamin D receptor gene polymorphism for
prostate cancer which is associated with a higher mor-
tality in Japanese. Endocr J 48: 543-549.

11. Satomi Y (1973) A clinical study on the prognosis of
renal cell carcinoma: with reference to factors on the
part of host. Jpn J Urol 64: 195-216.

12. Japanese Urological Association, the Japanese Socie-
ty of Pathology and Japanese Radiological Society.
(1999) General Rules for Clinical and Pathological
Studies on Renal Cell Carcinoma. Kanehara Pub.
Co., Tokyo, 3rd ed (In Japanese).

13. Carland FC, Garland CF, Gorham ED, Young JF
(1990) Genographic variation in breast cancer mortali-
ty in the United States: a hypothesis involving expo-
sure to solar radiation. Prev Med 19: 614-622.

14. Lipkin M, Newmark H, Boone CW, Kellof GJ (1991)
Calcium, vitamin D and colon cancer. Cancer Res 51:



438

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

IKUYAMA et al.

3069-3070.

Schwartz GG, Hylka BS (1990) Is vitamin D deficien-
cy a risk factor for prostate cancer? (Hypothesis). Anti-
cancer Res 10: 1307-1310. )
Hanchette CL, Schwartz CG (1992) Geographic pat-
terns of prostate cancer mortality. Cancer 70: 2861~
2869.

Ingles SA, Ross RK, Yu MC, Irvine RA, Pera GL,
Haile RW, Goetzee GA (1997) Association of prostate
cancer risk with genetic polymorphisms in the vitamin
D receptor and androgen receptor. J Natl Cancer 89:
166-170.

Taylor AT, Hirvonen A, Watson M, Pittman G,
Mohler JL, Bell DA (1996) Association of prostate
cancer with vitamin D receptor gene polymorphism.
Cancer Res 56: 4108-4110.

Kibel AS, Isaacs SD, Isaacs WB, Bova GS (1998)
Vitamin D receptor polymorphisms and lethal pro-
state cancer. J Urol 160: 1405-1409.

Abe E, Miyahara C, Sakagami H, Takeda M, Konno
K, Yamazaki T, Yoshiki S, Suda T (1981) Differen-
tiation of mouse myeloid leukemia cells induced by
1a,25-dihydroxyvitamin D3. Proc Nat Acad Sci USA
78: 4990-4994.

Brumbaugh PF, Haussler MR (1974) la,25-dihy-
droxycholecalciferol receptors in intestine. J Biol
Chem 249: 1251-1250.

Mingehetti PP, Norman AW (1988) 10,25(0OH), vita-
min D3 receptor gene regulation and genetic circuity.
FASEB 2: 3043-3053.

Franceschi PP, Linson CJ, Peter CJ, Romano, PR
(1987) Regulation of cellular adhesion and fibronectin
synthesis by 1-a,25-dihydroxyvitamin D3. J Biol
Chem 262: 4165-4671.

Oikawa T, Hirotani K, Ogasawara H, Katayama T,
Nakamura O, Iwaguchi T, Hiragun A (1990) Inhibi-

25.

26.

27.

28.

29.

30.

31.

tion of angiogenesis by vitamin D3 analogues. Eur J
Pharmacol 178: 247-250.

Gross C, Stamey T, Hancock S, Feldman D (1998)
Treatment of early recurrent prostate cancer with 1,25-
dihydroxyvitamin D3 (calcitriol). J Urol 159: 2035~
2040. I

Fujioka T, Okamoto T, Suzuki Y, Aoki H, Numasato
S, Kubo T (1995) Resolution of metastatic bone le- -
sions following combination therapy with active vita-
min D3 analogue and interferon-o, in a patient with
renal cell carcinoma. J Urol 154: 1475-1476.
Yamasaki A, Krutovskikh V, Mesnil M, Columbano
A, Tsuda H, Ito N (1993) Gap junctional intercellular
communication and cell proliferation during rat liver
carcinogenesis. Environ Health Perspect 101: 191-
192.

Nomata K, Kank KS, Hayashi T, Matesic D,
Lockwood L, Chang CC, Trosko JE (1996) Inhibition
of gap junctional intercellular communication in
heptachlor- and heptachlor epoxide-treated normal
human breast epithelial cell. Cell Biol Toxicol 12:
69-78.

Neveu MJ, Babcock KL, Hertzberg EL, Paul DL,
Nicholson BJ, Pitot HC (1994) Colocalized altera-
tions in connexin 32 and cytochrome P 450 1/2 by
phenobarbital and related liver tumor promoters.
Cancer Res 54: 3145-3152.

Mehta PP, Hotz WA, Rose B, Shalloway D,
Loewenstein WR (1991) Incorporation of the gene for
the cell-cell channel protein into transformed cells
leads to normalization of growth. J Member Biol 129:
207-225.

Wilgenbus KK, Kirkpatrick CJ, Knuechel R, Willecke
K, Traub O (1992) Expression of Cx 26, Cx 32, and
Cx 43 gap junction proteins in normal and neoplastic
human tissues. Int J Cancer 51: 522-529.



