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Plasma Insulin-Li ke Growth Factor-l and 
Prostate Cancer Risk: A Prospective Study 
June M. Chan," Meir J. Stampfer, Edward Giovannucci, 

Peter H. Gann, Jing Ma, Peter Wilkinson, 
Charles H. Hennekens, Michael Pollak 

Insulin-like growth factor-l (IGF-I) is a mitogen for prostate epithelial cells. To investigate 
associations between plasma IGF levels and prostate cancer risk, a nested case-control 
study within the Physicians' Health Study was conducted on prospectively collected 
plasma from 152 cases and 152 controls. A strong positive association was observed 
between IGF-I levels and prostate cancer risk. Men in the highest quartile of IGF-I levels 
had a relative risk of 4.3 (95 percent confidence interval 1.8 to 10.6) compared with men 
in the lowest quartile. This association was independent of baseline prostate-specific 
antigen levels. Identification of plasma IGF-I as a predictor of prostate cancer risk may 
have implications for risk reduction and treatment. 

T h e  cell proliferation rate is positively cor- 
related wit11 the risk of transformation of 
certain epithelial cells (1) .  Insulin-like 
growth factors have rnitogenlc and anti- 
apoptotic effects o n  normal and trans- 
formed prostate epithelial cells (2-4). Most 
circulating IGF-I originates in  the  liver, but 
IGF bioactivity in tissues is related not  only 
to circulating IGF and IGF binding protein 
(IGFBP) levels, hut also to local production 
of IGFs, IGFBPs, and IGFBP proteases (5 ) .  
Person-to-person variability in levels of 
plasma IGF-I and IGFBP-3 [the major cir- 
culating IGFBP (5)]  is considerable (6 ,  7 ) ,  
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and plasma IGF-I levels appear to reflect 
heterogeneity in tissue IGF-I bioactivity 
(8-1 1 ). 

T o  examine the potential relation be- 
tween plasma IGF-I, IGF-11, and IGFBP-3 
levels and prostate cancer risk, we conduct- 
ed a prospective case-control study of Inen 
participating in the Physicians' Health 
Study (1 2) .  A t  the start of the  study (1982),  
the  rnen (aged 40 to 82)  provided medical 
information via mailed-in questionnaires, 
and 14,916 (68%) also provided plasma 
(12).  Through 1992 follow-up was over 
99% complete. Reports of prostate cancer 
were verified by medical records (13) .  

Cases and controls were selected from 
the  14,916 physicians nrho provided plasma. 
By March 1992, we confirmed 520 cases, of 
whorn 152 had adequate volume for IGF 
assays in 1997. Levels of plasma steroid 
horrnones (14) ,  prostate-specific antigen 
(PSA)  ( l 5 ) ,  and carotenoids, and C A G  
polymorphis~ns of the  androgen receptor 
gene (1 6 )  had previously been measured in 
the same samples (1 7) .  On average, 7 years 
(minimum = 6 months, maximum = 9.5 
years) elapsed between plasma collection 
and diagnosis. 

W e  selected controls at random from 
Inen who provided blood and had not  re- 

monoclonal antbody to HA ( I  2CA5) (Babco), mono- 
clonal antbody to Myc (9E1 O), or polyclonal antbody 
to JNKl (Santa Cruz B~otechnology) for 1 hour and 
then wlth horseradsh peroxdase-conjugated goat 
antbody to mouse ~mmunoglobul~n G [IgG) or goat 
antbody to rabbt IgG (Cappel) The mmunoreactve 
bands were v~suazed with the enhanced chemilu- 
mnescence detecton systeln (Dupont-NEN). 
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ported a diagnosis of prostate cancer up to 
the  diagnosis date of the  case. W e  excluded 
Inen with inadequate sample volume and 
who had total or partial prostatecto~nies by 
the  time of the  case diagnosis. W e  matched 
one control to each case o n  the  basis of 
srnoking (never, past, or current),  duration 
of follow-up, and age within 1 year. 

IGF-I, IGF-11, and IGFBP-3 were as- 
sayed by enzyme-llnked ~mmunoahsorhent 
assay (ELISA) with reagents from Diagnos- 
tic Systems Laboratory (Webster, Texas) 
(18, 19).  A single IGF-I lneasurernent is 
generally representative of levels over time 
(20, 21) .  W e  used paired t tests to cornpare 
the  means of IGF-I, IGF-11, and IGFBP-3 
levels between cases and controls. W e  ex- 
amined age-standardized (using five groups: 
40 to 50, 51 to 55, 56 to 60, 61 to 65, and 
66 to  80)  mean values of various predictors 
for prostate cancer within quartiles of IGF-I 
among the  controls. Conditional logistic 
regression was used to analyze the  associa- 
tions between IGF and prostate cancer, af- 
ter adjust~nent for other possible risk fac- 
tors-PSA, height, weight, body mass in- 
dex, C A G  polymorphisms of the  androgen 
receptor gene, and plasma levels of lyco- 
pene, estrogen, testosterone ( T ) ,  dihy- 
drotestosterone ( D H T ) ,  sex hormone bind- 
ing globulin (SHBG),  prolactin, and 3 a -  
androstanediol glucuronide ( A A G )  (1 4-1 6, 
22-24). In  view of the  growth-inhibitory 
properties of IGFBP-3 and its potential to 
reduce the  hioactivity of IGF (25),  we hy- 
pothesized that high levels of IGFBP-3 
would be inversely related to risk. Because 
levels of IGF-I and IGFBP-3 were highly 
correlated, it was necessary to  simultaneous- 
ly adjust for these factors in regression mod- 
els to observe their independent effects. 

W e  estimated relative risks (RRs) from 
the  odds ratios and computed 95% confi- 
dence intervals (CIS) (24).  In  stratified 
analyses, we used unconditional logistic re- 
gression models and adjusted for age (eight 
5-year categories) and smoking (never, past, 
and current) in the models to  make full use 
of the  data without restriction to the 
matched pairs (24).  W e  also separately ex- 
amined high grade/stage cases, low grade/ 
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stage cases, and cases occurring after the 
first 5 years of follow-up. 

Because PSA acts as an IGFBP protease 
in prostatic tissue (26), we investigated pos
sible interactions involving PSA. We clas
sified men by quartile of IGF-I and low (<4 
ng/ml) versus high (>4 ng/ml) PSA level, 
creating eight categories of IGF-I and PSA. 
Similar methods were used to examine po
tential interactions between IGF-I and plas
ma androgens (with the controls' medians 
as cutpoints for low and high androgen 
levels). 

All exposures of interest and covariates, 
with the exceptions of CAG repeats (di
chotomized), age, and smoking, were ana
lyzed in quartile groups (based on controls' 
distributions) with the lowest quartile as 
the reference category. We tested linear 
trends for statistical significance by assign

ing the medians of each quartile as scores 
(24). 

The mean level of IGF-I among the 
cases (269A ng/ml) was significantly higher 
than among controls (248.9 ng/ml) (P = 
0.03). Means of IGF-II and IGFBP-3 were 
similar among cases and controls (P = 0.85 
and 0.95, respectively). Table 1 presents 
age-standardized means of IGF-II, IGFBP-3, 
lycopene, estrogen, T, DHT, SHBG, 
weight, height, body mass index, and medi
ans of PSA among 152 control men, within 
quartiles of IGF-I. PSA and estrogen had 
weak positive associations with IGF-I lev
els, and lycopene levels were slightly lower 
among men in the highest quartile of IGF-I. 
There was no significant correlation be
tween IGF-I and any of these factors except 
IGF-II (r = 0.5) and IGFBP-3 (r = 0.6). 

IGF-I was significantly associated with 

prostate cancer risk in a univariate analysis; 
men in the highest quartile had an RR of 
2.4 (95% CI 1.2 to 4.7) as compared with 
men in the lowest quartile (Table 2). With 
further adjustment for IGFBP-3, these men 
had more than four times the risk of pros
tate cancer compared with men in the ref
erence group (RR - 4.3, 95% CI 1.8 to 
10.6). IGF-II and IGFBP-3 were not asso
ciated with prostate cancer risk when ex
amined individually, but IGFBP-3 was in
versely associated with risk after controlling 
for IGF-I (RR for fourth versus first quartile 
0.4, 95% CI 0.2 to 1.0). This suggests that 
the inverse association with IGFBP-3 in the 
univariate analysis was masked because of 
its high correlation with IGF-I; the multi
variate model shows the independent ef
fects of each of these factors. There was a 
significant linear trend between IGF-I and 
prostate cancer risk, especially after adjust
ment for IGFBP-3; a 100 ng/ml increase in 
IGF-I corresponded to an approximate dou
bling of risk (RR = 2.1 per 100 ng/ml 
increase, 95% CI 1.3 to 3.2). 

IGF-I remained a significant indepen
dent predictor of prostate cancer risk even 
after inclusion of quartiles of weight, 
height, body mass index, lycopene, andro
gen receptor CAG repeats, and plasma hor
mone levels (estrogen, T, DHT, SHBG, 
prolactin, and AAG) in the multivariate 
models. Adding quartiles of PSA to the 
model attenuated the association for IGF-I 
slightly, although the results remained sig
nificant (RR = 3.3, 95% CI 1.1 to 10.1 for 
the fourth versus first quartile, after adjust
ment for IGFBP-3). This underestimates 
the effect of IGF-I because controlling for 
PSA levels partly controls for the presence 
of undiagnosed prostate cancer. 

To investigate whether the associations 
between IGF-I and prostate cancer could be 
due to increased IGF-I levels among pre
clinical undiagnosed cases in 1982, we re
peated the basic analyses including only 
those men who were diagnosed 5 years or 
more after the start of follow-up. With the 
remaining 125 cases and 152 controls, we 
observed similar results to those from pre
vious analyses with all cases and controls. 
The effect of IGF-I adjusted for PSA was 
also unchanged. 

Comparison of the association between 
IGF-I and prostate cancer risk among men 
with high grade/stage versus low grade/stage 
cancer at diagnosis revealed no significant 
difference [RR for the fourth versus first 
quartile of IGF-I = 3.4 (95% CI 1.1 to 
10.1) for high grade/stage and 5.5 (95% CI 
1.9 to 15.5) for low grade/stage cancers]. 

When we stratified subjects by the me
dian case baseline age of 60, the increased 
risk associated with IGF-I was stronger 
among the older men. Men over age 60 and 

Table 1. Age-standardized characteristics among 152 control men within quartiles of IGF-I. Abbrevia
tions: PSA, prostate-specific antigen; DHT, dihydrotestosterone; SHBG, sex hormone binding globulin; 
BMI, body mass index. 

Characteristic*! 

Age (years) 
IGF-II (ng/ml) 
IGFBP-3 (ng/ml) 
PSA (ng/ml) 
Lycopene (ng/ml) 
Estrogen (ng/ml) 
Testosterone 

(ng/ml) 
DHT (ng/ml) 
SHBG (nmol/liter) 
Weight (kg) 
Height (m) 
BMI (kg/m2) 

1 
(99.4 to 184.8) 

n = 38 

63.9 
418 

2234 
2.19 
445 
35.9 
5.27 

0.41 
27.9 
77.1 
1.77 
24.7 

Quartile IGF-I (range, ng/ml) 

2 
(184.9 to 236.95) 

n = 38 

58.9 
536 

2841 
2.27 
430 
37.2 
4.74 

0.41 
20.9 
78.6 
1.76 
25.4 

3 
(236.96 to 293.75) 

n = 38 

59.0 
509 

2829 
2.81 
438 
38.6 
5.28 

0.44 
24.8 
78.7 
1.77 
25.0 

4 
(293.76 to 499.6) 

n = 38 

59.3 
583 

3473 
2.49 
388 
39.4 
5.60 

0.43 
21.7 
77.4 
1.76 
24.9 

*AII measurements are means, except for PSA, which is presented as median. 
age (40 to 50, 51 to 55, 56 to 60, 61 to 65, and 66 to 80). 

tStandardized by five categories of 

Table 2. Relative risk (RR) of prostate cancer according to quartiles of IGF-I, IGF-II, and IGFBP-3. 

Charac
teristic 

IGF-lt 

IGF-II 

IGFBP-3 

IGF-lt 

IGFBP-3 

1 

1.00 

1.00 

1.00 

2 

RR associated with quartiles 

3 

Univariate analysis 
1.32 

(0.62 to 2.80)$ 
1.00 

(0.54 to 1.84) 
0.92 

(0.48 to 1.79) 

1.81 
(0.92 to 3.56) 

0.67 
(0.33 to 1.37) 

0.69 
(0.33 to 1.44) 

4 

2.41 
(1.23 to 4.74) 

0.97 
(0.48 to 1.95) 

1.07 
(0.54 to 2.11) 

Multivariate analysis (simultaneous adjustment for IGF-I or IGFBP-3) 
1.00 

1.00 

1.94 
(0.83 to 4.56) 

0.50 
(0.23 to 1.10) 

2.83 
(1.27 to 6.28) 

0.33 
(0.14 to 0.82) 

4.32 
(1.76 to 10.6) 

0.41 
(0.17 to 1.03) 

Trend* 
P-value 

0.006 

0.74 

0.96 

0.001 

0.09 

*Test for linear trend calculated by assigning the medians of the quartiles as scores. tn = 151 for cases, one case 
missing measure of IGF-I. $Ninety-five percent confidence intervals. 
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in the highest quartile of IGF-I had an RR 
of 7.9 (95% CI 2.1 to 30.7) with adjustment 
for IGFBP-3, compared with Inen of similar 
age and in the lowest quartile; the compa- 
rable RR among men age 60 or less was 1.6 
(95% CI 0.4 to 6.1). There was a significant 
linear trend, however, among both older 
(P = 0.006) and younger (P = 0.047) men, 
and a formal test for interaction between 
age and IGF-I was not significant (P = 

0.43). We also examined IGF-I within stra- 
ta of s~noking and within strata of six plas- 
lna hor~nones but observed no evidence of 
interaction. 

As previously reported (15), men w ~ t h  
elevated baselme PSA levels were more 
likely to be subsequently diagnosed with 
prostate cancer than those with PSA levels 
less than or equal to 4 ng/ml (Table 3). 
However, plasma IGF-I level was strongly 
related to risk of developing prostate cancer 
even among men with a baseline PSA level 
less than or equal to 4 ng/ml (the multivar- 
iate RR of clinical diagnosis during follow- 
up increased from 1.0 to 4.6 across quartiles 
of IGF-I, adjusted for IGFBP-3, age, and 
smoking). Given that Inen with PSA levels 
greater than 4 ng/ml have a high likelihood 
of harboring occult prostate cancer (15), 
these data suggest a possible effect of IGF-I 
on the natural historv of clinicallv occult 
prostate cancer (the 'multivariate 'RR in- 
creased from 3.9 to 17.5 across quartiles of 
IGF-I). Men in the highest quartile of IGF-I 
had -4.5 times greater risk than men in the 

u 

lowest quartile regardless of their PSA lev- 
els: hence, a combined assessment of IGF-I 
and PSA levels may better predict prostate 
cancer than a PSA measure alone. These 
results were unchanged when we excluded 
cases occurring during the first 5 years of 
follow-up. 

Our data support the hypothesis that 
higher plasma IGF-I levels are associated 
with higher rates of malignancy in the pros- 
tate gland. It is possible that other measures 
of IGF-I physiology (for example, adolescent 
or early adulthood mean IGF-I assessed over 
time, tissue IGF bioactivity, or rate of cell 
turnover in the prostate gland) u~ould better 
capture the true etiologically relevant vari- 
able. To the extent that our single measure- 

Table 3. GF-I and multivarate relative rsk (RR) of 

ment is a proxy for such a variable and that 
the measurement errors are nonsvstematic 
and proportionately equal among Cases and 
controls, we have reduced the observable 
variation between our cases and controls, 
and our results lnav underestimate the true 
association betwee; IGF-I and prostate can- 
cer risk (24). Measurement error in assessing 
prostate cancer outcome is minimal given 
the physician study base and the histologic 
confir~nation of all cases, and any underas- 
certain~nent of existing cases ~vould not bias 
the relative risks in our study (24). 

A small case-control study (n = 52 cas- 
es), in which blood samples were drawn 
from men already diagnosed with prostate 
cancer and healthy controls, observed a 
multivariate relative risk of prostate cancer 
of 1.9 per 60 ng/ml increase in IGF-I (95% 
CI 1.0 to 3.7) (27). However, the retrospec- 
tive design used in that study could not rule 
out an effect of the cancer on IGF-I levels. 

The association between circulating 
IGF-I level and risk of prostate cancer is 
stronger than that of any previously reported 
risk factor, including steroid hormone levels 
(14) or anthropomorphic variables (22, 23, 
28-30). Previous reports showing a weak 
relation between prostate cancer risk and 
height (22, 28, 29) are of particular interest 
in the context of our results, as IGF-I levels 
have been reported to be loosely correlated 
with height (6) ,  and height may act as a 
weak surrogate for IGF-I. Plasma IGF-I level, 
in turn, may be related to risk because it 
represents a determinant of or a surrogate for 
prostate tissue IGF bioactivity, which affects 
cellular proliferation rate. In this study pop- 
ulation, height was moderately associated 
with prostate cancer risk, independent of 
weight, age, smoking, IGF-I, and IGFBP-3 
(RR = 1.1 per centimeter increase in height, 
P = 0.05). However, we did not observe an 
association between IGF-I or IGFBP-3 and 
height in this study, possibly as a result of 
small sample size or older age of the subjects. 
A small study (n = 21 cases) that found high 
birth weight to be associated with a higher 
incidence of prostate cancer may also be 
consistent with the observed effect of IGF 
(30), as birth weight may be positively cor- 
related with IGF-I level (31 ). 

prostate cancer by prediagnost~c PSA levels 

RH" associated w~th GF-I quartile 
PSA level 

1 2 3 4 

54 ng/ml 1 OO'i 1.66 2.07 4 57 
- (0.70 to 3.92)i: (0.84 to 5.09) (1.79 to 11.6) 

24 ng/ml 3.92 1 1  0 16.0 17.5 
(1 .O1 to 15.3) (1.84 to 65.4) (4.08 to 62 6) (3.83 to 80.1) 

"Mutvarate RR adjusted for age (40 to 44, 45 to 49. 50 to 54, 55 to 59. 60 to 64, 65 to 69, 70 to 74. and 75 to 801, 
smokng (never, past, and current), and IGFBP-3 (quartles). ;-Reference group, men In f~rst quarte of GF-I and 
w~th PSA 5 4 nglm tNnety-fve percent conf~dence nten/as. 

Reductlon of androgen action has been 
the principal strategy under investigation 
for prostate cancer prevention. If our results 
are confirmed, pharlnacological approaches 
to decreasing IGF-I bioactivity may warrant 
investigat~on as risk-reduction strategies 

c, - 
specifically targeted at men at high risk due 
to increased IGF-I levels. Partial suppres- 
sion of the growth horlnone (GH)-IGF-I 
axis bv somatostatin analogs 132) or GH- " .  
releasing hormone antagonists (33) are two 
possibilities. Finally, our results raise con- 
cern that administration of GH or IGF-I 
over long periods, as proposed for elderly 
men to delay the effects of aging (34), may 
increase risk of prostate cancer. 
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The Role of Visual Experience in the 
Development of Columns in Cat Visual Cortex 

Michael C. Crair,* Deda C. Gillespie, Michael P. Stryker? 

The role of experience in the development of the cerebral cortex has long been con- 
troversial. Patterned visual experience in the cat begins when the eyes open about a week 
after birth. Cortical maps for orientation and ocular dominance in the primary visual 
cortex of cats were found to be present by 2 weeks. Early pattern vision appeared 
unimportant because these cortical maps developed identically until nearly 3 weeks of 
age, whether or not the eyes were open. The na'ive maps were powerfully dominated by 
the contralateral eye, and experience was needed for responses to the other eye to 
become strong, a process unlikely to be strictly Hebbian. With continued visual depri- 
vation, responses to both eyes deteriorated, with a time course parallel to the well-known 
critical period of cortical plasticity. The basic structure of cortical maps is therefore 
innate, but experience is essential for specific features of these maps, as well as for 
maintaining the responsiveness and selectivity of cortical neurons. 

M a n y  investigations of the role of experi- 
ence in the develo~ment of the brain's reD- 
resentation of the external world have fo- 
cused on the visual cortex, where there is 
abundant evidence that neural activity 
plays a role in organizing the connections 
among neurons during norlnal develop- 
ment, and where rapid plasticity can easily 
be induced during a critical period in early 
life (1  ). In the adult visual cortex, single 

u 

cells are selective for the orientation of the 
edges of objects in the world, and they 
commonly respond to stimulation of one 
eye better than to stimulation of the other 
(2 ) .  These cells are organized into colulnns 
aligned perpendicular to the surface of the 
cortex, and the columns are arranged into 
maps. Within a column, cells have similar 
optimal stimuli, and the preferred stim- 

ulus for neighboring colu~nns typically 
changes gradually and progressively across 
the cortex. 

We studled the develo~lnent of maDs for 
orientation and ocular dominance (eye 
preference) using imaging of intrinsic opti- 
cal signals (3) and single-unit microelec- 
trode recordings in the ~rimary visual cor- 
tex of norlnaT and binocula;ly deprived 
(BD) cats. BD cats were de~rived of Dat- 
terned visual experience by bilateral lid su- 
ture from before the time of eye opening. In 
both norlnal and BD cats, maps of stimulus 
orientation (Flg. 1) formed before the end 
of the second postnatal week (4). Nine 
lnicroelectrode penetrations in four cats at 
postnatal day 15 (P15) or younger con- 
firmed that single neurons were selective for 
the orientation depicted in the optical 
maps, even at these early ages. Independent , - 
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(Fig. 1B). Thus, consistent with conclusions 
drawn from earlier studies (S), the visual 
cortex contains a single orientation map 
coinlnon to the two eyes even when pattern 
vision is prevented during development. 

A measure of the similarity between the 
orientation maps resulting froin stimulation 
of the two eyes (6) is plotted as a function 
of age for both normal and BD cats in Fig. 
1C. During the first 3 weeks of life, findings 
in normal and BD cats are indistinguishable " 

from one another, and the two eyes' maps 
become increasinelv similar (similarity - ,  
greater than randomized in both normals 
and BDs. P < 0. 001). At about P21. visual 
experience begins to make a difference 
(similarity greater in normals than in BDs, 
P < 0.0001). At this time, maps through 
the two eves in norrnal cats become and 
remain nearly identical to one another, 
whereas in the BD cats, maps begin to 
deteriorate and the two eyes' maps become 
less similar (Fig. ID). 

A striking feature of the responses in all 
the young cats, which persists in the BD 
cats, is that responses to stimulation of the 
eye contralateral to the hemisphere under 
study are markedly stronger and more selec- 
tive than are responses to stimulation of the 
ipsilateral eye. Thls difference between the 
two eyes is apparent in Fig. 1A and Fig. 2A 
shows it 1s also true for the other hemi- 
sphere of the same cat. The ipsilateral eye 
responses increase and become nearly iden- 
tical to those through the other eye in 
norlnal cats at about 3 weeks of age (Fig. 
ZB), and they continue to become stronger 
thereafter (Fig. 2C). The asymmetry be- 
tween responses to the two eyes is also 
present in young BD cats (Fig. ZD), and its 
persistence is apparent in the BD cases 
shown In Figs. 1B and 2E. " 

In norrnal cats, the bias toward the con- 
tralateral eve measured from the ontical 
maps (7) was greatest during the first 3 
weeks (Fig. 3D) and became much smaller 

~ " 
thereafter. In the BD cats, however, the blas 
persisted. Microelectrode recordings con- 
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