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Abstract

Circulating levels of insulin-like growth factor-I (IGF-I)

and insulin-like growth factor-binding protein 3 (IGFBP-

3) vary considerably between normal individuals. Recent
epidemiological studies have provided evidence that these
levels are predictive of risk of several common cancers.
To evaluate possible sources of variation of the levels of
circulating IGF-I and IGFBP-3 in females, we studied
specific candidate genetic and nongenetic factors in 311
nulliparous, premenopausal Caucasian women, 17—-35
years of age. Women who used oral contraceptives (OC)
had reduced levels of IGF-I (269versus301 ng/ml; P =
0.001 adjusted for age) and increased levels of IGFBP-3
(4213 versus4009 ng/ml; P = 0.002, adjusted for age)
compared with nonusers. The ratio of IGF-1:IGFBP-3

was associated with the dose of estrogen contained in the
OC (Pyeng = 0.006, adjusted for age). We identified a
novel single bp polymorphism in the promoter region of
the gene encoding IGFBP-3. This polymorphism was
related to the level of IGFBP-3 in the circulation. Mean
IGFBP-3 levels were 4390, 4130, and 3840 ng/ml for the
AA, AC, and CC genotypes, respectivelyR;..q = 0.006,
adjusted for age and OC use). We observed no effect of a
recently described polymorphism in the promoter region
of the gene encoding IGF-1 on the plasma IGF-I level,

but there was evidence for a modifying effect of this locus
on the influence of OC on the IGF-I level. Our results
support the view that circulating IGF-I levels and

:nt of
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IGFBP-3 levels are complex traits and are influenced by
a number of interacting genetic and nongenetic factors.

Introduction

The IGP system plays key roles in regulating cell proliferation
and apoptosis, both at whole-organism and cellular levels (1).
IGFs have characteristics of both classic endocrine hormones
and tissue growth factors. Circulating IGF-I and IGFBP-3 lev-
els are largely dependent on hepatic production and are tightly
regulated. In addition, autocrine and paracrine production of
IGF-1, IGFBP-3, and other molecules of the IGF system within
IGF-responsive tissues are of major physiological importance
1, 2).

There is considerable interindividual variability in circu-
lating levels of IGF-I and IGFBP-3 and possibly parallel inter-
individual variability in the tissue expression of the genes
encoding these proteins. Circulating concentrations of these
two proteins are highly correlated because IGFBP-3 carries at
least 90% of IGF-I present in the circulation (3-5). However,
there are complex equilibria in the circulation whereby IGF-1 as
well as IGF-Il may be present in complexes with IGFBP-3,
with other IGF-binding proteins, or in a free state.

Recent epidemiological studies suggest that circulating
IGF-I levels are positively correlated with risk of several com-
mon cancers and that this risk is attenuated by higher IGFBP-3
levels €.g.,Refs. 6-9). A hypothesis to explain this observa-
tion is that the circulating IGF-I:IGFBP-3 ratio represents a
surrogate for tissue IGF bioactivity, which is itself a surrogate
for (or even a determinant of) cell renewal rate in epithelial cell
populations (10). There is evidence that if factors such as
mutation rate and DNA repair are held constant, then accumu-
lation of somatic cell genetic damage leading to carcinogenesis
will be influenced by kinetics of cell renewal, including factors
such as cell turnover rate and probability of survival of partially
transformed cells (11, 12).

Twin studies (13, 14) have shown that about 50% of the
interindividual variability in circulating IGF-1 and IGFBP-3
levels is genetically determined, but specific loci involved have
not been described. We undertook studies to evaluate interin-
dividual variability in circulating IGF-1 and IGFBP-3 levels in
relation to specific genetic and nongenetic factors.

Materials and Methods
Study Subjects

Five hundred and seventeen women between 17 and 35 years of
age were recruited from the University of Toronto, from the

3 The abbreviations used are: IGF, insulin-like growth factor; IGFBP-3, insulin-

Montreal, Quebec, Canada H3T 1E2. Phone: (514) 340-8222, extension 5527; like growth factor-binding protein-3; BMI, body mass index; OC, oral contra-

Fax: (514) 340-8302; E-mail: md49@musica.mcgill.ca.
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Bay Center for Birth Control, and from the Toronto community 19% were current smokers, and 73% sometimes used alcoholic
through flyers and e-mail. The protocol was approved by the beverages. BMI was missing for 16 women who were included
Ethics Committee of the University of Toronto. The present in the study. The study protocol included a morning visit to the
study deals with the results on 311 white women. These women study center on a random day of the menstrual cycle. All of the
had never been pregnant, had no past diagnosis of cancer, andvomen completed a self-administered questionnaire, detailing
did not have diabetes. The remaining 206 women were ex- information on age, ethnic group, menstrual history, current
cluded for the following reasons; 172 were of other ethnic diet (vegetarian or not), exercise, and smoking. A brief medical
backgrounds (non-Caucasian), Asiamn € 77), Indian-Paki- history included the current use of OCs and other medications
stani fy = 28), black = 15), or other or mixed ethnicityn(= and a family history of cancer. Samples of various packages of
52). Four women had been pregnant, three women had diabetesQC brands were displayed at the center, and the women were
one woman had undergone hysterectomy, and one woman wasasked to identify their current brand. All of the contraceptive
currently using Norplant. Twenty-five women were excluded formulations contained kv ethinyl estradiol as estrogen, but
because of missing information, and six women had missing the type of progesterone varied. Each type of contraceptive was
IGF-1 and IGFBP-3 values. We were unable to reach one coded as to the amount of estrogen and the type of progesterone
woman who had left all of the OC questions blank and 18 it contained. The average daily ethinyl estradiol dose was
women who had not answered the diabetes question. calculated for women who used triphasic pills. Seven different
The mean age of the 311 women included in the study was types of progesterone were recorded. Women were asked to
25.4 years; 71% had graduated with a degree or diploma from indicate the date of the first menstrual flow of the previous
college, 87% were born in Canada, 14% kept a vegetarian diet, cycle and were required to report by telephone when the onset
15% were current smokers, and 90% sometimes used alcoholicof menses began for the next cycle. The date of blood draw was
beverages. The mean age of the 206 women excluded from thethen classified according to the calculated day of the menstrual
study was 25.4 years; 61% had graduated with a degree orcycle. Menstrual cycle phase was missing for 39 women, 12
diploma, 52% were born in Canada, 10% kept a vegetarian diet, women did not call back with the date of their next period, and
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27 women had irregular periods. Menstrual cycle phase was System (Molecular Dynamics, Sunnyvale, CA) to visualize and

categorized into seven categories relative to the onset of bleed-score the repeat alleles. The number of repeat elements was

ing and the onset of the next menstrual period. Blood samples determined by measuring the size of the PCR products com-

were taken for analysis of plasma levels of IGF-I and IGFBP-3 pared with that predicted from the controls.

and for DNA extraction. IGFBP-3 Polymorphism. We identified novel polymor-
phisms in the IGFBP-3 promoter regions by directed se-

IGF-I and IGFBP-3 Plasma Levels quencing of 40 genomic DNA samples from a multiethnic
Levels of IGF-I and IGFBP-3 in plasma were assayed using Montreal population. A single bp polymorphism at position
ELISA methodology as described previously (7). —202 relative to the CAP site was selected for further study

because of preliminary evidence that genotype at this locus
was related to circulating IGFBP-3 level. We designed an
RFLP assay for this polymorphism. A 50 to 250-ng aliquot
of genomic DNA was mixed with PCR buffer, supplemented

Genotyping

IGF1 Polymorphism. Genomic DNA was extracted from 20
ml of peripheral blood using Puregene DNA extraction Kkits. .
The previously described variable number tandem repeat poly- by 1.6 pm .Of Primers, 1w l\/(I)gCIz, 0.1 ma of eaph de-
morphism in thelGF1 gene (15) was evaluated using the oxynucleotide trlphqsphate, 2% DMSO’ and 2. units of Tagq
following PCR primers: sensé &CT AGC CAG CTG GTG Dl\_IA polymerase (Llfe_TechnoIogles, Inc., Burlington, ON).
TTA TT 3’ and antisense’ACC ACT CTG GGA GAA GGG Primer sense and antisense wefeC&ZA CGA GGT ACA

TA 3'. PCR reactions were performed using 25 ng of template CAC G,AA TG'3’_ and 3-AGC C_GC AGT GCT CGC ATC
DNA for each reaction, 0.4 mof each primer, 200 m of each TGG-3, respectively. The cycling parameters consisted of
deoxynuc|e0tide triphosphatel 1@AngCI2, 2% DMSO' 1.25 an initial incubation of 10 min at 94°C followed by 35 CyC|es
units of Taq polymerase (Life Technologies, Inc.), and the 0f30sat96°C,30sat64°C, and 1 minat72°C. The reaction
manufacturer’s standard buffers in a final reaction volume of 25 Was terminated after a final extension time of 5 min at 72°C.
ul. To evaluate the variable number tandem repeat inGel PCR product (20ul) was digested with 5 units ofAlw21l
gene, the amplified PCR products, labeled with a Cy5 fluores- (MBI Fermentas, Flamborough, ON) from 3 to 14 h at 37°C.
cent label, were subject to acrylamide gel electrophoresis. The Digestion products were visualized on a 2% agarose gel
gels were dried and scanned on a Storm 860 Phosphorimagingstained with ethidium bromide.
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Data Analysis P = 5 X 10 9, compared with nonusers. There were no

Spearman’s correlation coefficient was used to estimate the Significant differences between OC users and nonusers in terms
correlation between levels of IGF-I, IGFBP-3, and age. The of age, age at menarche, height, weight, or BMI. The strength
effects of other variables were measured using multivariate and statistical significance of the association between OC use
linear regression models, adjusting for age. Contraceptive prep-and IGF-I and IGFBP-3 levels remained essentially the same
arations were classified according to the dose of estrogen (con-after adjustment for age.

tinuous) and the type of progestin (categorical). The unstan- A clear dose-response relationship was present between
dardized regression coefficient was labeled 85 &nd pre- the average daily dose of ethinyl estradiol and the plasma IGF-I
sented when a multivariate model was used. level (B = —3.52; P = 0.02, adjusted for age; Fig. 2). In
contrast, IGFBP-3 levels were not significantly influenced by
Results the estrogen dose. The ethinyl estradiol content was also asso-

ciated with the IGF-I:IGFBP-3 ratiod = —8 X 1004 P =
0.006, adjusted for age). There was no association observed
between the IGF-I or IGFBP-3 levels and the type of proges-

Age. All of the women were between 17 and 35 years of age.
The mean plasma IGF-I level and the mean plasma IGFBP-3
level declined continuously with age (IGF#l, = —0.40,P =

10 % IGFBP-3,r, = —0.27,P = 10 © Fig. 1). The IGF-I: terone used.

IGFBP-3 ratio was also negatively associated with age=( Menstrual Cycle. We also evaluated the plasma hormone lev-

—0.30;P = 107 7). The correlation between the IGF-I level and  els in relation to the day of the menstrual cycle. Among those
the IGFBP-3 level was 0.56P(= 107 7). women who were not taking OCs and who experienced natural

OCs. OC use was an important determinant of the IGF-I level. menses, the IGF-LIGFBP-3 ratio was lowest in the early fol-
One hundred and fifty five women (50% of total) were current licular phase, then rose steadily during the follicular and luteal
users of OCs. Women who used OCs had significantly lower phase, peaking just before menses (Fig. 3). Among OC users, it
IGF-I levels (269 ng/mhersus301 ng/ml;B = —32.3;P = is common to take the OC for 21 days, followed by 7 days of
0.001), significantly higher IGFBP-3 levels (4209 ngheksus no pill (or placebo). The IGF-I level declined when the OC was
4013 ng/ml; B = 203; P = 0.006), and significantly lower  taken and then rose when the placebo was introduced (Fig. 3).
IGF-1:IGFBP-3 ratios (0.064ersus0.075;8 = —1.1 X 10 % The IGF-1:IGFBP-3 ratio showed a similar pattern. Statistical
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modeling indicated that the observed IGF-I data better fit a P = 0.035, adjusted for age and estrogen dose). In this sub-
parabolic pattern than a straight line € 0.002). Among OC group, BMI was negatively associated with the IGF-I plasma
users, IGFBP-3 levels were highest during the first 4 days of the level and with the IGF-I:IGFBP-3 ratig3(= 3.7;P = 0.04 and
menstrual cycle, when placebo pills are consumed. Among 8 = 9.1X 10 %4 P = 0.007, respectively, adjusted for age and
nonusers, IGFBP-3 levels showed no consistent pattern over theestrogen dose; Fig. 4).

menstrual cycle. Smoking, Physical Exercise, and DietNeither current nor
Age at Menarche. Age at menarche was not significantly past smoking, the number of h spent in intense physical exer-
associated with IGF-I levels, IGFBP-3 levels, or the IGF-I: cise/week, a vegetarian diet, nor the amount of coffee con-
IGFBP-3 ratio in the overall study group. However, among OC sumed were found to be significant predictors of the plasma
users, age at menarche was positively associated with the IGF-Ilevels of IGF-I or IGFBP-3 or of the IGF-1:IGFBP-3 ratio.
plasma levels § = 10.5; P = 0.02, adjusted for age and  Thirty-one percent of the women had not eaten breakfast at the
estrogen dose) and with the IGF-IGFBP-3 ratfp € 2 X time of the blood draw. No significant difference in IGF-I or
103, P = 0.02 adjusted for age and estrogen dose). There was IGFBP-3 plasma levels was seen between women who had
no significant association between age at menarche and theeaten breakfast and women who were fasting.

IGFBP-3 level. Alcohol. Women who consumed four or more alcoholic
Height, Weight, and BMI. In the overall study group, there  drinks/week had significantly lower IGFBP-3 plasma levels
was no significant association between birth weight, height, than women who drank less (3953 ng/warsus4173 ng/ml;
current weight, or BMI and the plasma level of IGF-1 or B = —208;P = 0.009, after adjustment for age and OC use).
IGFBP-3. However, in the subgroup of women on OCs, weight The suppressive effect of alcohol consumption on IGFBP-3
was negatively associated with the IGF-I:IGFBP-3 ratio, al- level was particularly evidentin OC users (Fig. 5). IGF-I levels
though the significance level was margingl € 2.4 X 10~ %, were lower among women who consumed four or more drinks/
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4400 Fig. 5. Mean plasma IGFBP-3 levels in relation to num-
ber of alcoholic drinks/week and OC use. OC users who
consumed four to nine drinks or 10 or more drinks/week

4000 had significantly lower IGFBP-3 levels than other OC

'E users (3_: —558;P = 0.015 and3 = —831;P = 0.008,
= respectively;8 = —271; test for trend® = 0.001, ad-
-] 3600 justed for age). IGFBP-3 levels were only increased in
woowe mom oo e w6 et . S e e o s 2
No OC use Current OC use mean IGFBP-3 plasma levels withSE.
o All women g O drinks g 0-3 drinks g 4-9 drinks g 10-20 driiiE]
4600 Sources of IGF-I and IGFBP-3 Variation. In our population,
4400 T the circulating level of IGF-I was influenced by age, alcohol
-g use, and OC use. In univariate models, 18% of the variability in
@ 4200 the IGF-I level was because of age, 4% was because of OC use,
4000 and 2% was because of alcohol consumption. In a multivariate
model, these three factors explained 21% of the total IGF-I
800 plasma variation. Overall, the plasma IGFBP-3 levels were
3600 significantly influenced by age, by th&FBP3 genotype, by
N= 74 147 9% alcohol use, and by current OC use. In univariate models, the

percentage of variability of IGFBP-3 levels was 9% because of

the IGFBP3 polymorphism, 8% because of age, 3% because of
Fig. 6. Mean plasma IGFBP-3 level in relation to the202 IGFBP3 genotype alcohol consumption, and 2% because of current OC use. In a

in all of the women. Results are shown as mean IGFBP-3 plasma levelstwith  multivariate model, 24% of the IGFBP-3 plasma variation was
SE (8 = —298; test for trend® = 6 X 101, adjusted for age and current OC explainable by these four factors.
use).

Discussion

Prior studies concerning circulating IGF-1 and IGFBP-3 levels
have emphasized issues related to the pathological extremes
provided by acromegaly and growth hormone deficiency. Rel-

week, compared with women who drank less (273 ngfensus
290 ng/ml), but this difference was not significagt £ —8.3;

P = 0.39). _ atively little is known about the determinants of or the clinical
Promoter Polymorphism of IGFBP3. The —202 polymor-  sjgnificance of the considerable interindividual variability in
phism was a statistically significant predictor of IGFBP-3 |GF-| and IGFBP-3 levels within normal populations. How-
plasma levels in young women (Fig. 6). Women with & ever, it is clear that these levels are complex traits determined
genotype had the highest levels of plasma IGFBP-3, women py interacting genetic and nongenetic factors.

with ACwere intermediate, and women witC had the lowest We observed a strong negative correlation between the
IGFBP-3 levels g = —298; test for trend® = 6 X 107*°, circulating IGF-I level and age. These results are consistent

adjusted for age and OC use). The odds ratio for falling below ith previous reports (3-5) and provide evidence that the
the median value for IGFBP-3 in the population of women with - collection, storage, and assay of our samples were appropriate.

no variant allele was 2.0 for carriers of oGellele ¢ = 0.02) Our findings concerning the influence of OCs confirm
and 5.4 for carriers of tw@ alleles = 6 X 10" °). Fig. 7 and and extend prior reports (16) and provide the first evidence
Fig. 8 show possible interactions between 1&&PB3 geno- for an effect of OCs on IGFBP-3 level. However, caution is

type, the consumption of alcohol, the use of OCs, and plasma required in interpreting the underlying physiology. In men-
hormone levels. Fig. 9 shows the percentage of the IGFBP-3 gpausal women, transdermal estrogen replacement raises
genotypes by BMI quartile. IGF-I levels whereas oral therapy suppresses them (17, 18).
Polymorphic Variation of IGF1. A recent report by Roseet Thus, it is possible that the suppressive effects of oral
al. (15) suggested that the number of copies of the common estrogens on serum IGF-I represent a pharmacological effect
19-repeat allele in the promoter region of th&F1 gene is resulting from hepatic exposure to superphysiological estro-
related to the serum IGF-I level. In our population, plasma gen levels delivered via the portal circulation. It is reason-
levels of IGF-I, IGFBP-3, and the IGF-I:IGFBP-3 ratio were able to hypothesize that, in general, autocrine and paracrine
similar among women with zero, one, or two copies of the IGF-I expression in extrahepatic tissues may be regulated in
19-repeat allele of théGF1 gene. However, among the sub- parallel with hepatic expression and circulating level. This
group of women who used OCs, women with at least one copy assumption may not be valid, however, in the setting of oral
of the 19-repeat allele had significantly lower IGF-I levels than estrogen therapy.

women without the 19-repeat allele (264 ng/wdrsus315 The observed variation of IGF-I and IGFBP-3 levels with
ng/ml; B = —46.3;P = 0.025, adjusted for age and estrogen the menstrual cycle was more marked in the subgroup of
dose; Fig. 10). The interaction between the presence of the women taking OCs. This is not unexpected, because these
19-repeat allele ofGF1 and OC use on the IGF-I level was women have less variability in hormone levels during the
statistically significant@ = —66.8;P = 0.04). Fig. 11 shows menstrual cycle. However, our study is cross-sectional, and it
IGF1 genotype by BMI quartile. will be necessary to obtain serial measurements in subjects
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Fig. 7. Mean plasma IGFBP-3 levels in relation to num-

ber of alcoholic drinks/week antiGFBP-3 genotype.
Women with aCC genotype at the—202 locus of
IGFBP3not only had the lowest baseline IGFBP-3 level "é
but also showed a trend toward the highest alcohol- &
induced suppression of levels. Test for trend for alcohol &=
consumption were as follows, adjusted for age and OC
use: among all of the womeg,= —165,P,q= 0.002; -
among women with thAA genotypeB = -118,P¢ng = N= 32191 74 14 10 43 17 4
0.26; among women with thAC genotype 8 = —147,
Pyena= 0.045; and among women with tlC genotype,
B = —181,Pyeng = 0.03.

T

| Bar

14 93 34 6 8 5523 4
All Genotypes AA AC CccC

pOdrinks g 0-3 drinks g 4-9drinks g 10-20 drinks

Fig. 8 Mean plasma IGFBP-3 levels in relation to OC
— use andiGFBP-3 genotype. Results are shown as mean
E IGFBP-3 plasma levels with: SE. None of the significant
E’ elevation in IGFBP-3 level associated with OC use seen in
population as a whole was related to an effect in women
with the AAgenotype, who had the highest baseline levels.
Current OC users with th&C genotype had significantly
higher IGFBP-3 levels compared with nonusers with the
= 156 155 31 43 7 T2 50 40 same genotypel( = 355; P = 0.0004, adjusted for age).
There was no significant difference between current OC
All Genotypes AA AC CC users and nonusers among women with @@genotype
after adjustment for age.
[] NoOCuse || Current OC use
60 350
45 ] OAA - o
15 _r L r mce & -
0 : — -
16.9-205 205220 220242 242463 i
N= 10 145 16 138
Fig. 9. Percentage of women with eatBFBP-3 genotype by BMI (km/rf) No OC use Current OC use
quartile.

"'D 19-repeat allele absent g 19-repeat allele preserﬂ

Fig. 10. Plasma IGF-I level in relation to OC use and the IGF-I polymorphism
) ) ) described by Roseet al. (15). Results are shown as mean IGF-I plasma levels
throughout the menstrual cycle to obtain precise estimates of with = SE. Overall, there was no effect of the absence or presence of the

the influence of the menstrual cycle on hormone levels. It also 19-repeat allele on plasma IGF-I level. There was a significant interaction

; ; ; between absence and presence of the 19-repeat allele and OC use on IGF-I plasma
will be c_>f interest to determine whether there are subsets of |0 ( = —66.8:P — 0.04, adjusted for age, OC use, d@F-| genotype).
women in whom IGF-I and IGFBP-3 levels vary more or less
than the general population with menstrual cycle, inasmuch as
prior studies (19, 20) did not detect IGF-I variation with the ) ) o ) )
menstrual cycle. This is an important issue because in clinical keeping with the clinical observations reported Hétewill be
practice and in most research studies there is no attempt toimportant to determine whether allele frequency at this locus
control for time of menstrual cycle or exogenous estrogens in Varies with race, because raC|a_I variations of IGFBP-3 levels
interpreting IGF-I levels. We recommend that future epidemi- have beenreported (21, 22). This may have relevance to cancer
ological studies control for these factors in interpreting IGF-1 1Sk, €ither iin a direct way or through a modifying effect
and IGFBP-3 levels. involving classic environmental or genetic risk factors. For

The —202 IGFBP3 polymorphism represents a novel ge- example, there has been speculation that the higher rate of

netic factor that has a significant influence on IGFBP-3 plasma
levels in young womenin vitro functional studies of promoter
activity undertaken with the polymorphic variants showed that +¢_peay, 3. Ma, F. Wilkin, J. Paquette, F. Rozen, T. Hudson, M. Stampfer, M.
the C allele had 52% of the promoter activity of tieallele, in Pollak.J. Clin. Endocrinol. and Metabolispin press, 2001.
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Fig. 11 Percentage of women with ead®F1 genotype by BMI (km/rf)
quartile.

prostate cancer in African-Americans is related at least in part
to their lower IGFBP-3 levels (21, 22). Our study also provides
preliminary evidence that genotype at this locus may modify
nongenetic factors related to IGFBP-3 level. For example,
although in general OC use tends to raise IGFBP-3 level,
individuals with anAA genotype already have levels higher
than the population as a whole, and these are not further raise
by OCs.
Our findings with respect to thE5F1 polymorphism re-

ported by Roseeet al. (15) require follow-up because they are

(IGF)-binding protein-3 (IGFBP-3) in healthy infants, children, and adolescents:
the relation to IGF-I, IGF-II, IGFBP-1, IGFBP-2, age, sex, body mass index, and
pubertal maturation. J. Clin. Endocrinol. MetaBQ: 2534-2542, 1995.

6. Hankinson, S. E., Willett, W. C., Colditz, G. A., Hunter, D. J., Michaud, D. S.,
Deroo, B., Rosner, B., Speizer, F. E., and Pollak, M. Circulating concentrations
of insulin-like growth factor-I and risk of breast cancer. Lang&t].: 1393-1396,
1998.

7. Chan, J. M., Stampfer, M. K., Giovannucci, E., Gann, P. H., Ma, J., Wilkinson,
P., Hennekens, C. H., and Pollak, M. Plasma insulin-like growth factor-I and
prostate cancer risk: a prospective study. Science (Washington23€)563—

566, 1998.

8. Ma, J., Pollak, M., Giovannucci, E., Chan, J. M., Tao, Y., Hennekens, C., and
Stampfer, M. J. Prospective study of plasma levels of insulin-like growth factor
I, insulin-like growth factor binding protein-3 and colorectal cancer risk among
men. J. Natl. Cancer Inst. (Bethesd8),; 620—625, 1999.

9. Bohlke, K., Cramer, D. W., Trichopoulos, D., and Mantzoros, C. S. Insulin-
like growth factor-I in relation to premenopausal ductal carcinamsitu of the
breast. Epidemiology9: 570-573, 1998.

10. Pollak, M. Insulin-like growth factor physiology and cancer risk. Eur. J.
Cancer,36: 1224-1228, 2000.

dll. Cohen, S. M., and Ellwein, L. B. Cell proliferation in carcinogenesis. Science

(Washington DC)249: 1007-1011, 1990.

12. Preston-Martin, S., Pike, M. C., Ross, R. K., Jones, P. A., and Henderson,
B. E. Increased cell division as a cause of human cancer. Cancer es.,
7415-7421, 1990.

based on small subsets. However, the data provide evidence13. Harrela, M., Koinstinen, H., Kaprio, J., Lehtovirta, M., Tuomilehto, J.,

that plasma IGF-I level is paradoxically increased with OC use
in the minority of women who lack a 19-repeat allele. If this

unusual response to OCs in a genetically defined subset of

women is confirmed, it will be important to determine whether
there are any clinical correlates. Although most population
studies €.g.,Ref. 23) do not demonstrate a substantial increase

Eriksson, J., Toivanen, L., Koskenvuo, M., Leinonen, P., Koistinene, R., and
Seppala, M. Genetic and environmental components of interindividual variation
in circulating levels of IGF-I, IGF-II, IGFBP-1, and IGFBP-3. J. Clin. Investig.,
98: 2612-2615, 1996.

14. Kao, P. C., Matheny, A. P. J., and Lang, C. A. Insulin-like growth factor-I
comparisons in healthy twin children. J. Clin. Endocrinol. Met&@B:,310-312,
1994.

in breast cancer risk associated with OC use, the possibility that 15. Rosen, C. J., Kurland, E. S., Vereault, D., Adler, R. A., Rackoff, P. J., Craig,

a genetically defined subgroup of women is at increased risk if
exposed to OC has not been ruled out.

We hope to extend the present study to identify additional
genetic and lifestyle factors that influence plasma levels of
IGF-I, IGFBP-3, and other related molecules. The extent to
which variability in IGF-I levels and IGFBP-3 levels within the
normal range will have clinical relevance, in terms of growth,
aging, and cancer risk, is a topic deserving of further study.
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