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Abstract

Operating through the vitamin D receptor (VDR), vitamin D inhibits
prostate cancer growth and increases insulin-like growth factor binding
protein (IGFBP) expression, suggesting that the vitamin D and insulin-like
growth factor (IGF) regulatory systems may operate together to affect
prostate cancer. Among 191 newly diagnosed prostate cancer cases and
304 randomly selected population controls in Shanghai, China, we found
no significant association between theBsmI or FokI VDR gene polymor-
phisms and prostate cancer risk. However, we found that among men with
the ff FokI genotype, those in the highest tertile of plasma IGFBP-3 had
a decreased riskversusthose in the lowest tertile (odds ratio, 0.14; 95%
confidence interval, 0.04–0.56;Ptrend < 0.01), whereas among men with
the FF and Ff genotypes, IGFBP-3 was not associated with risk. Similarly,
IGFBP-1 was inversely associated with prostate cancer risk only among
men with the ff Fok I genotype (odds ratio, 0.25; 95% confidence interval,
0.07–0.85;Ptrend 5 0.02). No suchFokI genotype-specific effects were
observed for IGF-I or IGF-II. Our findings in a low-risk population
suggest that the IGF and vitamin D regulatory systems may interact to
affect prostate cancer risk. Larger studies are needed to confirm these
findings and clarify the underlying mechanisms.

Introduction

Laboratory studies demonstrate a strong and consistent prodiffer-
entiative and growth-inhibitory effect of the steroid hormone
1,25(OH)2D3

2 and its analogues on prostate cancer bothin vitro and
in vivo (1). Because the effects of 1,25(OH)2D3 are mediated by the
VDR (2) and because both normal and malignant prostate cells
express active VDR (2), it has been suggested that polymorphic
markers within theVDR gene may be related to prostate cancer risk.
To date, a number of such markers have been identified, including the
39 BsmI and the 59 FokI markers; the latter have been shown to have
functional effects. However, epidemiological studies of these two
VDR polymorphisms have been inconsistent, with both positive (3)
and null (4–6) results. In recent laboratory studies, the inhibition of
prostate cancer cell growth by 1,25(OH)2D3 and its analogues has
been associated with increased expression of IGFBPs and decreased
expression of IGF-II (7–9). Because IGFBPs inhibit the mitogenic
actions of IGFs on cancer cells (10, 11) and because we and others
have found previously that systemic levels of IGFBP-3 and IGFBP-1
are inversely associated with prostate cancer risk (12, 13), it has been

suggested that the growth inhibition of prostate cancer cells induced
by vitamin D through the VDR occurs via a pathway involving the
IGF axis (9). To date, no epidemiological studies have addressed the
potential combined effects of the IGF axis and vitamin D regulatory
pathway. In the current population-based investigation, we examined
thea priori hypothesis thatVDRgene polymorphisms affect prostate
cancer risk, both independently and in conjunction with plasma levels
of IGFBP-1, IGFBP-3, IGF-I, and IGF-II, among newly diagnosed
prostate cancer cases and healthy controls randomly selected from the
population in Shanghai, China.

Materials and Methods

Study Population. Details of this study have been described previously
(14, 15). Briefly, histologically confirmed cases of primary prostate cancer
newly diagnosed in urban Shanghai between 1993 and 1995 were identified
through a rapid reporting system established by the Shanghai Cancer Registry.
On the basis of a regional registry of all persons.16 years in urban Shanghai,
male population controls were selected at random from the 6.5 million per-
manent residents and frequency-matched to the expected age distribution (by
5-year age category) of the cases. Using a structured questionnaire, trained
interviewers elicited information on epidemiological risk factors from cases
and controls within 30 days after selection. Anthropometric measures were
taken during the interview. Of the 268 cases who were permanent residents of
Shanghai (95% of cases diagnosed in Shanghai during the study period), 243
(91%) were interviewed. Of the 495 selected controls, 472 (95%) were inter-
viewed. This study was approved by the Office of Human Subjects Research,
NIH, and the Institutional Review Board, Shanghai Cancer Institute, Shanghai,
China.

Blood Collection and Laboratory Assays.Two hundred cases and 330
controls (82 and 70% of those interviewed, respectively) provided 20 ml of
fasting blood for the study. Samples were processed within 3 h ofcollection at
a central laboratory in Shanghai. DNA extracted from the buffy coat fractions
was used forVDR genotyping, whereas IGFs and IGFBPs were quantified
from the plasma samples. All laboratory personnel were masked to case-
control status, and samples from cases and controls were physically arranged
and assayed in an alternating fashion to minimize bias attributable to day-to-
day laboratory variation.

Plasma levels of IGF-I, IGF-II, IGFBP-1, and IGFBP-3 were determined
using ELISA kits from Diagnostic Systems Laboratories (Webster, TX). An-
alytical sensitivities of the assays are 0.03, 2.4, 0.04, and 0.04 ng/ml, respec-
tively. For all four analytes, each sample was assayed twice, and the mean of
the two determinations was used for data analysis.

We genotyped the study subjects for both the 59 FokI and the 39 BsmI VDR
markers; the latter were in linkage disequilibrium with other 39 markers,
includingTaqI, and poly(A) (2). For eachVDRgene marker, 50 ng of genomic
DNA were amplified by PCR in a total volume of 10ml using the primers
described by Morrisonet al. (16) for theBsmI marker and by Grosset al. (17)
for the FokI marker. After sequence-specific digestion with either 2 units of
BsmI or 0.8 unit of FokI restriction enzyme (New England Biolabs), the
samples were electrophoresed through a 2% agarose gel containing ethidium
bromide and scored for genotypes of theBsmI (bb, Bb, or BB) andFokI (FF,
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Ff, or ff) markers, where lowercase and uppercase letters indicate alleles in
which the restriction sites are present and absent, respectively.

Statistical Analysis. We performed Mantel-Haenszelx2 analyses to assess
the association of theFokI andBsmI markers with prostate cancer. To avoid a
potential treatment effect among cases, only cases whose blood samples were
collected at least 1 day prior to treatment were included in analyses involving
plasma levels of IGFs (n 5 120). Stratified analyses were used to identify
potential confounding factors of theBsmI and FokI markers and to assess
potential combined effects with IGFs and IGFBPs. Using pairwiset tests from
linear regression models, we compared the age-adjusted mean plasma levels of
IGFBP-1, IGFBP-3, IGF-I, and IGF-II acrossVDR FokI genotypes among
controls. Unconditional logistic regression was used to generate ORs and 95%
CIs estimating the combined effects of theVDR FokI marker with either IGFs
or IGFBPs on prostate cancer after adjustment for other potential risk factors,
including age, anthropometric factors, and dietary intake (18). Levels of IGF-I,
IGF-II, IGFBP-1, and IGFBP-3 among cases and controls were categorized
according to medians and tertiles defined by the distributions among controls.
All presentedPs are two-sided.

Results

One-hundred ninety-one prostate cancer cases and 304 controls
were assayed for theBsmI andFokI markers. Compared with controls,
cases were more likely to have an education level higher than middle
school, less likely to be married, and less likely to smoke or consume
alcohol.

The BsmI and FokI genotyping results are shown in Table 1.
Among the population controls, the prevalences of each of thebb, Bb,
and BB BsmI genotypes were 87.2, 10.4, and 2.4%, respectively,
yielding only 7 controls with theBB genotype. For theFokI marker,
the prevalences of theFF, Ff, andff FokI genotypes were 28.8, 50.7,
and 20.5%, respectively. Both markers were in Hardy-Weinberg equi-
librium. We found no significant association of either marker with
total prostate cancer risk or stage-specific cancer (clinical staging:
early versuslate). However, despite the fact that early-stage cancers
made up only one-third of the total case group, all four cases with the
BB BsmI genotype had early-stage disease.

To assess whether systemic levels of IGFBPs and IGFs are asso-

ciated with VDR genotype, we compared age-adjusted means of
IGFBP-1, IGFBP-3, IGF-I, and IGF-II in each genotype of theFokI
marker among the 304 population controls (Table 2). Because of the
rarity of theB allele of theBsmI marker in this study population, we
did not assess this marker in relation to IGF/IGFBP levels or to their
combined effects on prostate cancer risk. Those with theff genotype
of FokI had higher IGFBP-1 levels (P 5 0.07) and significantly lower
IGF-II levels (P 5 0.03) than those with theFF and Ff genotypes.
However, mean levels of IGFBP-3 and IGF-I did not differ signifi-
cantly acrossFokI genotypes.

Among those with theFF andFf FokI genotypes, IGFBP-1 was not
significantly associated with prostate cancer risk after adjusting for
age and IGF-I (Table 3). In contrast, among those with theff genotype,
those in the highest tertile of IGFBP-1 had a 75% decreased risk
compared with those in the lowest tertile, with a significant trend (OR,
0.25; 95% CI, 0.07–0.85;Ptrend 5 0.02). Similar results were ob-
served for the combined effects ofFokI with IGFBP-3 levels. There
was no significant association of IGFBP-3 with prostate cancer among
those with theFF andFf FokI genotypes, but among those with theff
genotype there was a significant 86% decreased risk in the highest
tertile of IGFBP-3, along with a significant trend (OR, 0.14; 95% CI,
0.04–0.56;Ptrend , 0.01). However, no differences were observed in
the association of either IGF-I or IGF-II with prostate cancer across
strata ofFokI genotypes.

In addition, the risk of disease associated with theff FokI genotype
relative to theFF and Ff genotypes differed by tertiles of systemic
IGFBP-1 and IGFBP-3. Among those in the lowest IGFBP-1 tertile,
the ff genotype was associated with increased risk relative to theFF
and Ff genotypes (OR, 2.08; 95% CI, 0.86–5.01), whereas among
those in the highest tertile of IGFBP-1, theff genotype was associated
with a reduced risk (OR, 0.39; 95% CI, 0.14–1.11). Similarly, among
those in the lowest tertile of IGFBP-3 levels, theff genotype was
associated with increased risk of prostate cancer relative to theFF and
Ff genotypes, whereas among those with the highest IGFBP-3 levels
(OR, 2.20; 95% CI, 0.94–5.11), theff genotype was associated with a

Table 1 ORs and 95% CIs for prostate cancer by genotypes of VDR FokI and BsmI markers

VDR marker

Total cancer Localized cancer Advanced cancer

N1/N2a OR (95% CI) N1/N2a OR (95% CI) N1/N2a OR (95% CI)

BsmI
bb 140/259 1.00 (ref) 48/259 1.00 (ref) 91/259 1.00 (ref)
Bb 17/31 1.01 (0.54–1.90) 3/31 0.52 (0.15–1.78) 14/31 1.29 (0.65–2.52)
BB 4/7 1.06 (0.30–3.67) 4/7 3.08 (0.87–10.94) 0/7
(BB 1 Bb) vs. bb 1.02 (0.58–1.81) 0.99 (0.42–2.35) 1.05 (0.54–2.02)
BB vs (Bb1 bb) 1.06 (0.30–3.66) 3.25 (0.92–11.50)

FokI
FF 51/87 1.00 (ref) 17/87 1.00 (ref) 34/87 1.00 (ref)
Ff 95/153 1.06 (0.69–1.63) 35/153 1.17 (0.62–2.21) 59/153 0.99 (0.60–1.62)
ff 41/62 1.13 (0.67–1.91) 17/62 1.40 (0.66–2.96) 24/62 0.99 (0.54–1.83)
(ff 1 Ff) vs. FF 1.08 (0.72–1.62) 1.24 (0.68–2.26) 0.99 (0.62–1.58)
ff vs. (FF1 Ff) 1.09 (0.70–1.70) 1.27 (0.68–2.34) 1.00 (0.59–1.69)

a N1, number of cases; N2, number of controls.

Table 2 Age-adjusted mean levels of plasma IGFs and IGFBPs by VDR FokI genotype among controls

IGF-I IGF-II IGFBP-1 IGFBP-3

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

(FF 1 Ff) 125.3 (120.0–130.6) 448.8 (432.9–464.7) 105.9 (97.7–114.2) 2805.2 (2699.7–2910.6)
FF 125.5 (116.2–134.8) 444.2 (419.6–468.9) 95.0 (81.1–108.9) 2918.1 (2709.8–3126.3)
Ff 125.2 (118.7–131.8) 451.3 (430.5–472.1) 112.1 (101.9–122.4) 2741.7 (2625.0–2858.4)
ff 117.2 (106.5–127.9) 408.9 (375.8–442.1) 122.9 (106.9–138.9) 2764.6 (2576.1–2953.0)
Pdiffdiff

a

FF vs. Ff 0.96 0.67 0.05 0.14
Ff vs. ff 0.20 0.03 0.27 0.84
(Ff 1 Ff) vs. ff 0.18 0.03 0.07 0.73

a Pairwiset testP for difference between means.

4334

VDR POLYMORPHISMS, IGFS, AND PROSTATE CANCER IN CHINA

eboskovi
Rectangle

eboskovi
Rectangle



reduced risk (OR, 0.39; 95% CI, 0.12–1.25). In contrast, the effect of
the ff genotype relative to theFF and Ff genotypes did not differ
markedly by tertiles of IGF-I or IGF-II.

Discussion

In this low-risk Chinese population, there was no evidence linking
either theBsmI or FokI polymorphisms of theVDRgene with prostate
cancer risk, although small to moderate effects ofBsmI marker cannot
be ruled out because of the low prevalence of itsB allele. We have
reported previously that systemic levels of IGFBP-1 and IGFBP-3 in
this population were inversely associated with prostate cancer risk,
whereas plasma levels of IGF-I showed a positive relation to risk (12).
In the current study, we found that the inverse associations of
IGFBP-1 and IGFBP-3 levels were mainly limited to subjects with the
ff genotype of theFokI marker, whereas the effects of IGF-I did not
differ across strata ofFokI genotypes.

Previous studies of theBsmI polymorphism among African-Amer-
icans (4) and Caucasian-Americans (5) have also shown no associa-
tion with prostate cancer risk, although a study among Japanese men
(also a low-risk population) found a significant reduction in risk
associated with theB allele (3). The higher prevalence of theB allele
in the Japanese study (3) relative to the current investigation (27%
versus8% among controls, respectively) is unlikely to explain the
difference in results, because both United States studies had even
higherB allele prevalences (32–41%; Refs. 4 and 5).

In contrast to theBsmI marker and other 39 polymorphisms of the
VDRgene [includingApaI, TaqI, and poly(A)], polymorphism of the
59 FokI site alters the VDR amino acid sequence; theF and f alleles
of theFokI marker encode VDR proteins of 424 and 427 amino acids,
respectively (19). Recent data suggest that the VDR coded by theF
allele of theFokI polymorphism is more responsive to vitamin D than
that coded by thef allele (19). However, we found no significant
association of theFokI polymorphism with prostate cancer risk,
despite high prevalence of thef allele (46%). Similarly, the only other
published study ofFokI and prostate cancer, conducted in a European
population with anf allele prevalence of 34%, also showed no
association (6).

In cross-sectional analyses, we found that controls with theff

genotype of theFokI marker had significantly higher mean IGFBP-1
levels and significantly lower mean IGF-II levels than those with the
FF or Ff genotypes. Indeed, systemic IGFBP-1 levels were elevated in
parallel with increasing copies of thef FokI allele. Given that we
previously found that IGFBP-1 levels were inversely related to pros-
tate cancer risk in this population (12), our results suggest that the
reduced risk associated with theff genotype might be mediated
through elevated levels of IGFBP-1. However, the overall null results
for FokI polymorphism genotypes on prostate cancer risk seem in-
consistent with this notion, calling for further studies to elucidate the
relationships observed. Furthermore, because systemic IGF-II levels
have not been found to be associated with prostate cancer risk in our
study and in others (11, 12), the implication of the significant differ-
ence in systemic IGF-II levels between theFF/Ff and theff genotypes
is unclear.

In the current study, we found that levels of IGFBP-1 and IGFBP-3
were associated with reduced prostate cancer risk only among men
with the ff genotype of theFokI polymorphism, but neither of the
IGFBPs was related to prostate cancer risk among those with theFF
andFf genotypes. Given that the shorter VDR encoded by theF allele
may be more effective at exerting vitamin D effects than that coded by
the f allele (19), our results suggest that systemic levels of IGFBP-3
and IGFBP-1 are associated with risk reduction only among men with
presumably lower VDR function. This issue should be investigated
further, particularly because increases in IGFBP levels after vitamin D
administration in laboratory studies occur at the local rather than
systemic level (7–9), and it is as yet unclear how systemic and local
levels of IGFBPs and IGFs are related.

The association of theff FokI genotype with prostate cancer relative
to the FF and Ff genotypes differed by systemic IGFBP-3 and
IGFBP-1 levels. Indeed, theff genotype was associated with increased
risk of prostate cancer in the lowest IGFBP-1 and IGFBP-3 tertiles
and decreased risk in the highest tertiles. Reasons for these findings
are unclear.

The biological mechanism underlying the differential effects of
IGFBP-3 and IGFBP-1 according toFokI genotype, if confirmed in
other studies of prostate cancer, is as yet unclear. One possible
mechanism is that, if the VDR coded by theF FokI allele (F-VDR) is

Table 3 Odds ratios of prostate cancer in relation to plasma levels of IGFs, IGFBPs, and VDR FokI genotype

IGFBP-1a IGFBP-3a IGF-Ic IGF-IIc

N1/N2b OR (95% CI) N1/N2b OR (95% CI) N1/N2b OR (95% CI) N1/N2b OR (95% CI)

Analyte (tertile) effects
by FokI genotyped

(FF 1 Ff)
Low 36/82 1.00 (ref) 30/80 1.00 (ref) 29/75 1.00 (ref) 29/73 1.00 (ref)
Med 27/81 0.81 (0.45–1.47) 24/78 0.63 (0.33–1.21) 26/80 0.85 (0.46–1.57) 34/79 1.08 (0.60–1.96)
High 33/72 1.31 (0.72–2.41) 43/81 0.80 (0.41–1.56) 42/84 1.33 (0.74–2.38) 34/87 0.98 (0.54–1.79)
Ptrend 0.42 0.57 0.32 0.94

ff
Low 12/14 1.00 (ref) 13/18 1.00 (ref) 8/23 1.00 (ref) 7/25 1.00 (ref)
Med 5/16 0.37 (0.10–1.34) 6/20 0.24 (0.07–0.82) 5/19 0.75 (0.21–2.67) 8/20 1.43 (0.44–4.61)
High 5/28 0.25 (0.07–0.85) 4/21 0.14 (0.04–0.56) 10/18 1.63 (0.53–4.99) 8/15 1.90 (0.57–6.35)
Ptrend 0.02 ,0.01 0.40 0.29

FokI genotype effects
by analyte tertiled,e

Low
ff vs. (FF1 Ff) 12/14vs.36/82 2.08 (0.86–5.01) 13/18vs.30/80 2.20 (0.94–5.11) 8/23vs.29/75 0.90 (0.36–2.25) 7/25vs.29/73 0.71 (0.28–1.81)

Med
ff vs. (FF1 Ff) 5/16vs.27/81 0.95 (0.31–2.88) 6/20vs.24/78 0.85 (0.30–2.40) 5/19vs.26/80 0.79 (0.27–2.35) 8/20vs.34/79 0.93 (0.37–2.32)

High
ff vs. (FF1 Ff) 5/28vs.33/72 0.39 (0.14–1.11) 4/21vs.43/81 0.39 (0.12–1.25) 10/18vs.42/84 1.11 (0.47–2.61) 8/15vs.34/87 1.37 (0.53–3.52)

a Adjusted for age (continuous) and IGF-I (continuous).
b N1, number of cases; N2, number of controls.
c Adjusted for age (continuous).
d Tertile ranges: IGFBP-1 (,70.48, 70.48–123.76,.123.76 ng/ml); IGFBP-3 (,2416.2, 2416.2–3043.8,.3043.8 ng/ml); IGF-I (,105.8, 105.8–138.86,.138.86 ng/ml); IGF-II

(,377, 377–484.5,.484.5 ng/ml).
e ORs presented forff FokI genotype, with (FF 1 Ff) genotype as the referent group, within each tertile of IGF and IGFBP levels.
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indeed more transcriptionally active than that coded by thef allele
(19), men with theF allele (either theFF or Ff genotypes) may more
easily activate the local, prostatic IGFBP expression that occurs in rats
and in cultured human cells in response to vitamin D administration
(7–9), thus inhibiting prostate cellular proliferation irrespective of
systemic IGFBP levels (Fig. 1A). In contrast, men without the VDR
coded by theF allele (those with theff genotype) would have a
lowered production of local IGFBPs so that inhibition of IGF-medi-
ated cellular proliferation would be more dependent on systemic
IGFBP levels (Fig. 1B). It should be noted, however, that it is as yet
unclear whether systemic IGFBPs can influence local IGFBP levels.
Other possible mechanisms exist as well; because IGFBP-3 can bind
to the retinoid X receptora (an obligatory cofactor of the VDR) to
induce apoptosis in prostate cancer cells (20), IGFBPs may also
interact directly with the VDR, or even replace it under certain
circumstances, to effect transcriptional change. Such mechanisms are
speculative at this point but may provide directions for further re-
search to explain the interactions observed in our study. It is also
noteworthy that although theFokI genotypes appeared to interact with
systemic levels of both IGFBP-1 and IGFBP-3, the correlation ofFokI
genotype with levels of IGFBP-1, but not IGFBP-3, suggest that
different mechanisms may be involved for each observed interaction.

Because the plasma samples from the cancer cases in this study
were collected after diagnosis, it is possible that the presence of
disease among cases affected the results of this study. However, this
potential disease effect, if present, is likely to be minimal, because the
age-adjusted mean levels of IGFBP-3, IGF-I, and IGF-II did not differ
appreciably between localized and advanced stage cancer cases. Lev-
els of IGFBP-1 were slightly higher among localized relative to
advanced stage cases (112.0versus101.0 ng/ml, respectively), but not
significantly so (P 5 0.35), and it is unclear whether this difference is
biologically meaningful. In addition, the associations with prostate
cancer of IGF-I and IGFBP-3 reported previously in this study pop-
ulation (12) are similar in direction and magnitude to those reported in
a prospective study (13), which is not subject to disease effects.
Finally, despite the fact that the combined effects of systemic IGFBP
levels andFokI genotypes were based on small numbers, it is note-
worthy that no such effects were seen for the IGFs, a very different
class of proteins.

In summary, the results of this study suggest that theBsmI VDR

gene polymorphism is not related to prostate cancer (though a small
effect cannot be ruled out), and that theff genotype of theFokI VDR
gene polymorphism may combine with systemic levels of IGFBP-3
and IGFBP-1 to modulate disease risk. Indeed, it appears that the
inverse association of both IGFBP-3 and IGFBP-1 with prostate
cancer we observed previously in this population (12) is confined to
men with theff FokI genotype. These results suggest that the vitamin
D regulatory system and the IGF axis may interact to influence
prostate cancer risk. These findings should be explored in large
prospective investigations of populations at varying risk of prostate
cancer that include measurements of circulating vitamin D metabo-
lites.
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Fig. 1. Hypothesized mechanism for observed interaction betweenVDR FokI poly-
morphism and IGFBP-1 and IGFBP-3 levels.A, men with at least one copy of the more
transcriptionally active VDR encoded by theF FokI allele (F-VDR) have increased VDR
functionality, yielding higher local vitamin D-dependent IGFBP expression and therefore
higher prognostic IGFBP levels, irrespective of systemic IGFBP levels. IGF-mediated
cellular proliferation is thus inhibited at the local level, and the risk of prostate cancer is
decreased.B, in contrast, in absence of theF-VDR, men have reduced vitamin D-
dependent prostatic expression of IGFBPs. In the presence of high systemic IGFBP levels,
levels of prostatic IGFBPs could still be high enough to inhibit cellular proliferation,
thereby reducing prostate cancer risk. However, in the presence of low systemic IGFBP
levels, prostatic levels remain exclusively low and IGF-mediated cellular proliferation is
not inhibited, resulting in elevated prostate cancer risk.
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