Prospective Study of
Colorectal Cancer Risk in
Men and Plasma Levels of
Insulin-Like Growth Factor
(IGF)-1 and IGF-Binding
Protein-3

Insulin-like growth factors (IGFS)-I at baseline if they had a history of myocardial in-
and -1l are mitogenic in normal and neo-farction, stroke, transient ischemic attack, cancer
plastic cells and act by binding to Ceii_(.exce[.)t nonmelanqma skin cancer), current renal or
surface IGF recepto(a—S).Several stud- liver disease, peptic ulcer, gout, or current use of a

. vitamin A or B-carotene supplement. Study partici-
ies suggest that IGF-1 and IGF-II alrepant:s completed two mailed questionnaires before

important i!’l the pathophysiology of colo-peing randomly assigned, additional questionnaires
rectal carcinoma. IGF receptors are found; 6 and 12 months, and questionnaires annually

in human colon cancer§5), and full- thereafter. Before participants were randomly as-
Iength messenger RNAs for IGFs haveigned, we sent kits to all participants with instruc-
been detected in human tumor cébs-8). tions to have their blood drawn into vacutainer tubes

Jing Ma, Michael N. Pollak, Edward Exogenous IGF-I and -1l stimulate prolif- containing EDTA. The participants fractionated the

Giovannucci, June M. Chan, Yuzheneration of human colorectal cancer cel
Tao, Charles H. Hennekens, Meir J.

Stampfer

Background: Insulin-like growth fac-
tor-1 (IGF-I) is a potent mitogen for
normal and neoplastic cells, whereas
IGF-binding protein-3 (IGFBP-3) in-
hibits cell growth in many experimen-

tal systems. Acromegalics, who have |ating access of IG

abnormally high levels of growth hor-
mone and IGF-I, have higher rates of

| lood by centrifugation and returned the samples

by overnight courier) in plastic cryopreservation
(9,10), whereas blockade of the IGF-1 re- ;2o " each kit included a cold pack to keep

C_eF_’tOV 'nh'b'ts tumor cell gro“_’tl(‘ll)- In- specimens cool until receipt at our laboratory the
dividuals with acromegaly, a disease of SOfliowing morning. At this time, specimens were
matic growth caused by increased growthivided into aliquots and stored at —82 °C. During

hormone and IGF-I, have an increased irstorage, precautions were taken so that no specimensy

thawed or warmed substantially. We received speci-
mens from 14 916 (68%) of the randomly assigned
hysicians.

. . When participants reported a diagnosis of cancer,
proliferation by modu-ye requested medical records (including pathology

cidence of colonic canc€i2—14).
IGF-binding protein-3 (IGFBP-3)

binds more than 95% of the IGF in serund’

and influences cell

(15-17)IGFBP-3 also apparently inhibits of the Study End Points Committee. By December
growth and induces apoptosis through995, we had confirmed 193 diagnoses of colorectal

Fs to the IGF receptorseports); these records were reviewed by physicians
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colorectal cancer. We therefore exam- IGF-independent mechanisn(48,19). canceramong those who provided adequate baseline®

ined associations of plasma levels of jost circulating IGF-1 and IGFBP-3 are

IGF-I and IGFBP-3 with the risk of co-

lorectal cancer in a prospective case—

control study nested in the Physicians’
Health Study. Methods: Plasma

to select two control subjects who had provided

syntheS|zed in the liver, where EXPressioy;5oq and had not reported a diagnosis of colorectal

plasma samples. For each case subject, we attempte

3.

124
o

of each is increased by growth hormonegancer at the time the diagnosis was reported by the S

There is considerable between-persogase subject. Control subjects were matched for age

variability in blood levels of IGF-1, IGF- (+1 year) and smoking status (never, past, or cur-

samples were collected at baseline from I, and IGFBP-3(1,20). Tissue IGF bio- rent). We, however, could identify a second control

14916 men without diagnosed cancer.

IGF-I, IGF-Il, and IGFBP-3 were as-

activity is influenced by Circulating IGF subject for only 125 case subjects, and so in total
: 318 fi d th trol .
levels and by local expression of IGFs>° Men formed e controt group

sayed among 193 men later diagnosed |GFBPs, and IGFBP proteastl). Some

with colorectal cancer during 14 years of
follow-up and among 318 age- and smok-
ing-matched control subjects. AllP val-
ues are two-sidedResults:IGFBP-3 lev-
els correlated with IGF-I levels ( = .64)
and with IGF-II levels (r = .90). After
controlling for IGFBP-3, age, smoking,
body mass index (weight in kg/[height in
m]?), and alcohol intake, men in the high-
est quintile for IGF-I had an increased
risk of colorectal cancer compared with
men in the lowest quintile (relative risk
[RR] = 2.51; 95% confidence interval
[Cl] = 1.15-5.46;P for trend = .02). After
controlling for IGF-I and other covari-
ates, men with higher IGFBP-3 had a
lower risk (RR = 0.28; 95% CI = 0.12—
0.66; P for trend = .005, comparing ex-
treme quintiles). The associations were
consistent during the first and the second
7-year follow-up intervals and among
younger and older men. IGF-Il was not
associated with risk. Conclusions: Our
findings suggest that circulating IGF-I
and IGFBP-3 are related to future risk of
colorectal cancer. [J Natl Cancer Inst
1999;91:620-5]
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factors that regulate determinants of local
IGF bioactivity may regulate circulating
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This is a prospective case—control study nested i I School. 18 d 02
the Physicians' Health Study, a randomized, doubleS® S¢hool, 181 Longwood Ave., Boston, MA 02115

blind, placebo-controlled trial of aspirin aidcaro- (e-é'nai‘!i\i\]ing."lvilcaﬁ@chanr‘i:;\giharvard.?du).
tene among 22071 healthy U.S. male physicians, ee Notes following “References.
40-84 years of age in 19828).Men were excluded © Oxford University Press

SUBJECTS AND METHODS

Subjects
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Assays of IGF-I, IGF-Il, and IGFBP-3 Table 1.Baseline characteristics in a prospective study of colorectal cancer among men

Plasma levels of IGF-I, IGF-Il, and IGFBP-3 Subjects
were assayed in the laboratory of M. N. Pollak at the
Lady Davis Research Institute of the Jewish Generdfharacteristic Case (n= 193) Control (n= 318) p*
Hos_pital and Mc_GiII University. Sample_s from casepaan age, y 59 59 o
subjects and their matched control subjects were as- )
sayed in the same batch to minimize interassay varM&an height, m 1.78 177 23
ability, and aliquots from a pool of quality control Mean weight, kg 80.5 78.2 .01
plasma were inserted randomly. Laboratory personyean body mass indext 253 24.8 06
nel were unable to distinguish among case, control, . .
and quality control samples. Plasma levels of IGF-|Cigarette smoking
Never, % 37 39
IGF-1l, and IGFBP-3 were assayed by enzyme- Past. % 55 53
linked immunosorbent assay with reagents from Di- Current, % 3 3 _
agnostic Systems Laboratory (Webster, TX). The »
mean intra-assay coefficients of variation for IGF-I,ASpIrIn use, % who use aspirin 51 53 -64
IGF-II, and IGFBP-3 from the blinded quality con- Alcohol intake
trol samples were 2.9%, 1.7%, and 3.2%, respec- <1 drink/wk, % 29 35
tively. 1-6 drlnks/\(vk, % 39 34
7 to =14 drinks/wk, % 32 31 .28
Statistical Analyses Exercise
. - <1 time/wk, % 25 27
We compared baseline characteristics between ;_, times/wk, % 58 58
case subjects and control subjects by pairégsts =5 times/wk, % 17 15 80
and x? tests. We used analysis of covarianceM ltivitami
(ANACOVA) to compare the age- and IGF-I- Llj\lé\ce?mo'/: use 62 64
adj_usted levels of IGFBP-3 and age- and IGFBP-3- Past, % 16 14
adjusted levels of IGF-I or IGF-I between case sub- cyrrent, % 22 22 76

jects and control subjects. Conditional logistic
regression was used to estimate the age- and smok-«a|| p values are two-sided.
ing-matched relative risks (RRs) and 95% confi-

dence intervals (Cls) for the association of IGFs and
IGFBP-3 with risk of developing colorectal cancer.

All models presented in the paper were also adjusted
for body mass index (BMI, weight in kg/[height in With @ wide range for case subjects andiGF-I. This result suggests that the oppo-

m]?) and alcohol intake. Physical activity, multivi- control subjects; among control subjectssite effects of IGF-1 and IGFBP-3 on can-
tamin use, and aspirin use were not included in thé¢he 5th and 95th percentiles were 111 ander risk were masked by each other, per-
models because they are not associated with IGF a2 ng/mL, respectively, for IGF-1 and haps because most of the circulating IGF
'GFtBP'BS levels ‘I’éggg P risk in thes? Ft’aé“c'_'t%OZS and 4148 ng/mL, respectively, foris carried by IGFBP-3 as an IGF—
Fg,@_f'(r icégjfand IGF'_”?V:e Slg"(vgraenzorr;z;ﬁav\g" GFBP-S._ Among control subj(_acts, IGF-I1 IGFBP_—3 (_:c_JmpIex. There was no statisti-
opposite effects on risk, it was necessary to simuVas positively correlated with IGF-II cally significant case—control difference
taneously adjust for these factors in the models t4Pearson correlation coefficient][ = in age- and IGFBP-3-controlled IGF-II
assess their independent effects. We also assess&) and IGFBP-3r( = .64) and inversely levels (case subjects, 623 ng/mL; control
the molar ratios of IGF-I to IGFBP-3, IGF-Il to correlated with ager (= —.30) and alcohol subjects, 622 ng/mLP = .82). The molar
IGFBP-3, and (IGF-I + IGF-II) o IGFBP-3 (for con- ntake ¢ = —.17). IGFBP-3 was inversely ratio between IGF-I and IGFBP-3 may re-
sty 1 ng/mL is 0.130M for IGF-1, 0.134 M~ 0 olated with ager(= —.35) and highly flect free biologically active IGF-K30).
or IGF-Il, and 0.036 M for IGFBP-3). We used . .. .
IGF-1, IGF-II, and IGFBP-3 as continuous Variablescorrelateq with IGF-Il ( = .QQ). IGF-II V\_/(_a obser.ved a smgll but stat|st|call.y sig-
in conditional logistic regression models to test forWas also inversely correlated with age<€  nificant difference in the molar ratio of
trend and to estimate the RRs associated with incre=.23). Besides age and alcohol intake, othéGF-1 to IGFBP-3 after controlling for
mental change of IGF-I and IGFBP-3. We furthervariables listed in Table 1 were not correage (mean for case subjects 0.23 ver-
stratified the multivariate-adjusted models by me{ated with IGF-I, IGF-II, and IGFBP-3.  sus mean for control subjects 0.22;P
g'raé‘ alieyfig)oir?ggl’ﬁf]‘(’)sr)éi‘;‘;"&"(‘)’l'grﬁ’g:t:zﬁj'éll)‘c\/e Mean plasma levels of IGF-I, IGF-Il, = .03). No statistically significant differ-
also assessed the adjusted RRs for the joint effect gfnd. IGFBP-3 were 5|m|I:_;1r among casences were observed for molar ratios of
IGF-1 and IGFBP-3 (categorized into tertiles basecPUbjects and control subjects. HowevelGF-Il to IGFBP-3 and (IGF-I + IGF-II)
on the distribution among control subjects) by usingvhen IGF-I levels were assessed relativeo IGFBP-3.
the lowest tertiles of both factors as the referencé0 IGFBP-3 levels, controlling for age, Table 2, A, shows associations of
group. All P values are two-sided, and all the analy-case subjects consistently had higher leMGF-I and IGFBP-3 with risk of colorectal
ses used the SAS program pack#g®). els of IGF-I than control subjects at eactcancer after adjustment for age, cigarette
RESULTS level of IGFBP-3 (Fig. 1). After control- smoking, BMI, and alcohol intake. Simi-
ling for age and IGFBP-3, the mean levelar but slightly weaker associations were
Baseline characteristics are shown imf IGF-1 was higher among case subjectsbserved in models controlling only for
Table 1. Case subjects were heavier and98.7 ng/mL) than among control sub-age and smoking status. In separate mod-
tended to have a higher BMI than controjects (186.8 ng/mL) R = .02). Con- els including only IGF-1 or IGFBP-3,
subjects, but no statistically significantversely, the mean level of IGFBP-3 wadGF-I was positively but not statistically
difference was observed for other postower among case subjects (2959 ng/mL3ignificantly associated with risk of colo-
sible risk factors. Levels of IGF-1, IGF-II, than among control subjects (3066 ngfectal cancer, with no obvious trend. Simi-
and IGFBP-3 were normally distributed,mL) (P = .02), controlling for age and larly, only men in the highest quintile of

tBody mass index= weight in kg/(height in mj.
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An increase in IGFBP-3 level of 1000 ng/

300 - m Case mL corresponded to a 46% decrease in
risk (RR = 0.54 per 1000 ng/mL; 95% ClI
250 | OControl = 0.34-0.84). Men with higher molar
= ratio of IGF-1 to IGFBP-3 also had
% 200 higher risk. The RRs for the highest four
£ 100l quintiles of the molar ratio compared with
n the lowest quintile were 0.93, 1.49, 1.38,
5 100 L and 1.67 P for trend = .02). Plasma
= IGF-II levels, with or without adjustment
50 f for IGFBP-3, were not associated with
risk.
0 L To assess the possibility of an effect of
<2000 2000- 2300- 2600- 2900~ 3200- 3500- 3800- 4100+ preclinical disease on |GF IeVelS, we
me I I am e I A stratified the analysis according to the fol-
IGFBP-3 (ng/ml) low-up interval, years 1-7 versus years

8-14 (Table 2, B). We found similar re-

Fig. 1. Plasma levels of insulin-like growth factor-1 (IGF-1) versus insulin-like growth factor-binding prOS—UItS in both pe”c,)ds_' Indeed, the dose—
tein-3 (IGFBP-3), controlling for age, in a prospective study of colorectal cancer among men. After d@SPonse associations of IGF-I and
trolling for age and IGFBP-3, the mean level of IGF-I was higher among case subjects (198.7 ng/mL) k@ BP-3 with cancer risk were more
among control subjects (186.8 ng/mL) (two-sided= .02 [analysis of covariance]). apparent among case subjects diagnoseds’
after 7 years of follow-up. Analyses of the =
associations among colon cancer and rec-g
IGFBP-3 had a statistically significantly IGFBP-3wasinverselyassociatedwithriskal cancer separately revealed no statisti-
lower risk (by 53%) than men in the low- of colorectal cancer, with statistically sig-cally significant differences. For colon
est quintile. When IGF-I and IGFBP-3nificant linear trends. An increase incancer, the RR for the fifth versus the first
were mutually adjusted in the same modéiGF-I level of 100 ng/mL corresponded toquintile of IGF-I was 2.06 (95% Cl=
to evaluate their independent effects, wa 69% increase in risk (RR= 1.69 per 0.85-5.00); for IGFBP-3, the RR was
found that IGF-I was positively and 100 ng/mL; 95% Cl= 1.07-2.67). 0.39 (95% Cl= 0.16-0.97). Because of

papeojumoq
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Table 2.Relative risk (RR) of colorectal cancer

A. RR of colorectal cancer according to quintiles of plasma levels of insulin-like growth factor-1 (IGF-1) and insulin-like growth factor-bindingtgin-3
(IGFBP-3) in a prospective study of men

¥20z 1Mdy 0| uo 1senb Aq //6€1G2/029/./16/011e/10ul/wod dnoolwepeoe//:s

Quintile o
Quintile 5, P for
1 (referent) 2 3 4 5 95% CI* trendt

IGF-I

Mean, ng/mL (range) 115 (62—135) 156 (136-171) 183 (171-195) 212 (195-230) 273 (230-370)

No. of case subjects 33 50 36 40 34

No. of control subjects 63 64 64 64 63

RR¥ 1.00 1.68 1.30 1.51 1.36 0.72-2.55 51
IGFBP-3

Mean, ng/mL (range) 2161 (1398-2473) 2660 (2499-2809) 2996 (2817-3164) 3395 (3179-3596) 3984 (3598-5062)

No. of case subjects 44 49 41 41 18

No. of control subjects 63 64 64 64 63

RR¥ 1.00 1.26 1.03 1.04 0.47 0.23-0.95 .07
IGF-I and IGFBP-3

RR for IGF-18 1.00 1.89 1.66 2.14 2.51 1.15-5.46 .02

RR for IGFBP-38 1.00 1.08 0.77 0.69 0.28 0.12-0.66 .005

B. RRS§ of colorectal cancer according to quintiles (as in A) of IGF-I and IGFBP-3 stratified by follow-up years in a prospective study of men
Quintile
Quintile 5, P for

Follow-up 1 (referent) 2 3 4 5 95% CI* trendt
<7y (88 case subjects)

IGF-I 1.00 2.15 2.01 2.44 1.96 0.59-6.46 .16

IGFBP-3 1.00 0.64 0.89 0.82 0.26 0.07-0.99 A1
>7 y (105 case subjects)

IGF-I 1.00 1.63 1.36 1.81 2.71 0.93-7.94 .06

IGFBP-3 1.00 1.58 0.74 0.61 0.31 0.10-0.98 .02

*95% Cl = 95% confidence interval.

TAIll P values are two-sided.

tAdjusted for age, cigarette smoking, body mass index (weight in kg/[height3)) arjd alcohol intake.
8Adjusted for age, cigarette smoking, body mass index, alcohol intake, and IGF-I or IGFBP-3.
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the small number of case subjects, we Table 3.Relative risk (RR)* of colorectal cancer according to tertiles of insulin-like growth factor-I
analyzed rectal cancer by tertiles: the RR  (IGF-I) and insulin-like growth factor-binding protein-3 (IGFBP-3) in a prospective study of men

for the highest versus the lowest tertile

IGFBP-3
was 2.33 for IGF-I (95% Cl= 0.47—
11.44) and 0.11 for IGFBP-3 (95% G# IGF-I Tertile 1 Tertile 2 Tertile 3
0.02-0.78). Tertile 1

Men under the age of 60 years had RR 1.00 2.24 0.87
statistically significantly higher levels of 95% CIt _ ' (referent) (1.10-4.56) (0.21-3.57)
IGF-I and IGFBP-3 than older men. In the No. of case subjects/No. of control subjects 43/72 28/25 4/9
control group, younger men had higherertie 2 Los L3 050
levels of IGF-I than older men (196 + 53 g5y, ¢ (0.78-3.07) (0.67-2.53) (0.21-1.19)
ng/mL [mean * standard deviation] No. of case subjects/No. of control subjects 21/30 27/44 9/32
versus 171 + 59 ng/mLHA<.001]), and Tertile 3
younger men had higher levels of RR 4.15 1.61 0.94
IGFBP-3 than older men (3173 + 627 ng/ 95% CIt (1.13-15.19) (0.81-3.17) (0.49-1.80)

No. of case subjects/No. of control subjects 8/4 25/37 28/65

mL [mean * standard deviation] versus
2768 + 624 ng/mL |E<'_0001D' However, *Adjusted for age, cigarette smoking, body mass index (weight in kg/[height #) anjd alcohol intake.
the positive association between IGF-1 +g950, ¢ = 95% confidence interval.

and risk was similar among men in both

age groups. An increase in IGF-I of 100

ng/mL corresponded to an 82%—-92% in- . . . .
crease in risk (for younger men, RR associations with colorectal cancer thawus physiologic parameters (age, sex,

1.92 per 100 ng/mL [95% Ck 1.02— most factors yet described. Although faadolescent rate of growth [h.eight], and
3.62]; for older men, RR= 1.82 per 100 milial c'olon. cancer syndromes are associage at puberty), thus supporting the use-
ng/mi_ [95% CI = 6.91—3.67]). The in- a_ted with higher risk of colorectal neo_pla-fulness of the meqsu(60,33,34)We ob-
verse association between IGEBP-3 ang they are relev_ant_ to only a relativelyserved a correlation of .65 for repeated
risk was also similar in the two agegmall number of |nQ|V|duaIs. Thg rela—megsurements of IC_;F—I over an 8-week
groups. An increase in IGFBP-3 of 1000tlyely Iarge study size, prospective deperiod(26),a correlation similar to that of
ng/mL corresponded to a 49%-—51% geSian, unblased selection of control s_ubthe measurements of' blood pressure and
crease in risk (for younger men, RR 0.51 jects, high follow-up rate, and c_oIIectlon pla_sma choles@erol. Smce any _ml_sclassm-
per 1000 ng/mL [95% Ck 0.27’_0.94]_ for pf blood samples _be_fore d_|agn05|s are maeation of true C|rculat|_ng levels is likely to
older men, RR= 0.49 per 1000 ngi/mL jor strengths of th.|s investigation. Fgrther-be independent of _dlsease status, our re-g’
[95% Cl _ 0.24-1.00])). Among partici- "€ the consistency of associationsults may underestimate the true associa-5
pants in the overall Physicians’ Healt Fhrqughout the duration pf the follow-uptions of'long-term IGF-I and' IGFBP-3
Study or in this nested case—control stud )}ndlcates that they are likely to preceddevels with colorecta_l cancer risk. _
treatment with aspirin gB-carotene had no rather than be a consequence of the can- Ql_Jr result§ are blologu_:ally _pl_au5|ble.
effect on the incidence of colorectal cancefe"™ We also caref_ully control]ed for agg,lndmdual; with high IGF ploac_t|V|ty may
(28,31). The apparent association betwee strong cpnfoundlng factor, in assessingave an mcre@sed proliferation rate of
IGF’-I and IGEBP-3 and colorectal cancerﬁ“.e association of IGF-.I and IGFBP-3normal or partially transformed eplthe!|al
was similar in different treatment groups. with colorectal cancer risk. O_ur resul_tscells, which may favor _the accumulatlo_n
Assessment of the combined effect ofMONY men are str_lklngly consistent withof the molecul_ar alterations that occur in
IGE-1 and IGEBP-3 in association with indings in women in the Nurses’ Healthcolorectal carcmogenesqs5,36).At Igter
colorectal cancer risk showed a fourfol tudy .(G|ovannuc0| E, Pollak MN, Platz stages of colorectal carcinogenesis, IGF g
increase in risk among men in the highes A, Willett W_C, Stampfer MJ, Majeed N, physiology also may be' important, be-
tertile of IGE-1 and lowest tertile of et al.: unpublished results). . cause IGFs are potent stlmulators'of pro-
IGFBP-3 compared with men in the low- We had only a 5|_ngle baseline plasméiferation of cultured colorectal carcinoma
est tertiles of both IGE-I and IGI:BP_Bsf'imple_to characterize long-term _Ievels og&ell_s_and blockade of the IGF-I receptor
(Table 3). Elevated IGF-I levels were ascireulating IGF-I and IGFBP-3. Circulat- inhibits growth of human colorectal can-
sociated with increased risk only when"9. IGF-I, IGF_-II, and IGI_:BP—S are cer cells(9,11). In agivanced colprectal
IGFBP-3 levels were low. which Suggestsmamly synthesized by the liver and arecancer, local production of IGF—[I is com-
a possible interactior®, R 09) secreted as soon as the_y are_synthe&zetbn(?) and may render systemic sources
teraction — *==/* - (2,20). The half-life for circulating IGFs of IGF-Iirrelevant. IGF-1 may also induce
DISCUSSION carried by IGFBPs (mainly by IGFBP-3) the expression of vascular endothelial
is between 12 and 15 hours, but it is onlygrowth factor, which can promote the pro-
Our prospective data support the hy410 and 12 minutes for the free peptidegression of cancer by regulating the de-
pothesis that high prediagnostic IGF-1 and32). However, plasma levels of IGF-I velopment of new blood vessg(37).
low IGFBP-3 levels are independently asand IGFBP-3 determined by the enzyme- IGFBP-3 was originally considered,
sociated with increased risk of colorectalinked immunosorbent assay are generallgnainly in its role as a binding protein, to
cancer. Men with high levels of IGF-1 andreliable and not affected by the methodgrotect circulating IGFs and deliver them
low levels of IGFBP-3 had the highestof blood sample collectior(26). Single to specific target tissues. At the tissue
risk. Our findings suggest that circulatingmeasures of IGF-1 and IGFBP-3 havdevel, IGFBP-3 may regulate the interac-

IGF-I and IGFBP-3 levels have strongershown reasonable correlation with numertion of IGF-I with its receptor by inhibit-
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ing or augmenting the interactio(0). and IGFBP-3 levels decrease with age, Ceyhan A, Givel JC, et al. Growth regulation
Recently, IGFBP-3 was also identified adGF-I levels are higher among case sub-  and co-stimulation of human colorectal cancer
an apoptosis-inducing agent, acting ajects than among control subjects at each @'l lines by insulin-like growth factor |, Il and

least in part through IGF-independenievel of IGFBP-3, independent of age. tlrgnggggzg_ggowm factor alpha. Br J Cancer
pathways.In vitro, IGF-I can partially The inverse association of IGFBP-3 with ol '

; | S . (10) Remacle-Bonnet M, Garrouste F, el Atiq F,
prevent this effect by binding to IGFBP-3cancer risk is also independent of age and * roccabianca M, Marvaldi J, Pommier G. des-

(18,38). IGF-I. Furthermore, the associations of  (1-3)-IGF-I, an insulin-like growth factor ana-

Patients with acromegaly have in-IGF-l1 and IGFBP-3 with risk were con- log used to mimic a potential IGF-Il autocrine
creased colonic epithelial cell prolifera-sistent among younger and older men. loop, promotes the differentiation of human co-
tion (39) and are at increased risk of Co-Since older men had Statistica”y Slgnlfl- Igoln(;C?rC|noma cells. Int J Cancer 1992;52:

lorectal cance(12—14).In this condition, cantly lower levels of IGF-I than younger 1) Lahm H, Amstad P, Wyniger J, Yilmaz A
serum levels of both IGF-I and IGFBP-3men, older men might be at even highef* L2"™ Vet ’

! _ “risk if their IGE-I levels were increased to Fischer JR, Schreyer M, et al. Blockade of the
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