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of peptide growth factors. Among the growth factors, insulin-5
Background: Insulin-like growth factors (IGFs), in particu-  like growth factors (IGFs) play a crucial role in regulating cell §
lar IGF-1 and IGF-II, strongly stimulate the proliferation of proliferation and differentiation. IGFs including IGF-I and IGF- =
a variety of cancer cells, including those from lung cancer. Il are peptide hormones with strong mitogenic effects on both
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To examine the possible causal role of IGFs in lung cancer normal and cancerous cells, including lung cancer ¢&|). In 2
development, we compared plasma levels of IGF-I, IGF-1I, addition to stimulating cell proliferation, IGFs also suppress cel—%
and an IGF-binding protein (IGFBP-3) in patients with lular apoptotic pathways to facilitate cell growtB,4). The ac- =
newly diagnosed lung cancer and in control subjectsMeth- tions of IGFs on cell proliferation and apoptosis are mediated vias

ods: From an ongoing hospital-based, case—control study, we a specific cell-membrane receptor, insulin-like growth factor-l%
selected 204 consecutive patients with histologically con-receptor (IGF-IR), which has been shown to be involved in cellg
firmed, primary lung cancer and 218 control subjects who transformation(5) and which contains tyrosine kinase activity. &
were matched to the case patients by age, sex, race, anddinding of IGFs to this receptor activates the tyrosine kinase and?
smoking status. IGF-I, IGF-II, and IGFBP-3 plasma levels initiates ras- and PI3 kinase-related signal transduction pathways
were measured by enzyme-linked immunosorbent assay and (6)- (
then divided into quartiles, based on their distribution inthe ~_ The interaction between IGFs and IGF-IR is regulated by theg
control subjects. Associations between the IGF variables and |GF-binding proteins (IGFBPs). Six IGFBPs (IGFBP-1 to
lung cancer risk were estimated by use of odds ratios (ORs). |GFBP-6) with high affinity for IGFs have been identified and
Reported P values are two-sidedResults:IGF and IGFBP-3 qharactenzedZ). The .blndlng proteins normally |nh|p|t the ac-
levels were positively correlated (all>.27; all P<.001). High fion of IGFs by blocking the binding of IGFs to their receptor;
plasma levels of IGF-I were associated with an increased risk hOWever, under certain circumstances, they can enhance I1G
of lung cancer (OR = 2.06; 95% confidence interval [CI] = action by protecting IGFs from degradati¢i-9). The dual

1.19-3.56;P = .01), and this association was dose dependent€gulatory effects of the IGFBPs are further modulated by many;
in both univariate and multivariate analyses. Plasma factors including the IGFBP proteases, which include prostateZ

IGFBP-3 showed no association with lung cancer risk unless SPECific antigen (PSA) and cathepsin(210,11).Cell culture >
adjusted for IGF-I level; when both of these variables were studies indicate that the antiproliferative effects of retinoic acid

analyzed together, high plasma levels of IGFBP-3 were as- (& metabolite of vitamin A) and of wild-type pS3 protein are g
sociated with reduced risk of lung cancer (OR = 0.48: 95% mediated through increased expression of IGFBP-3, which inz
Cl =0.25-0.92;P = .03). IGF-1l was not associated with lung
Cagce;r risk. Fonflusflgéépgagma Ilevels .Of IGtF-ItaI’e .mgllher Affiliations of authors:H. Yu, Section of Cancer Prevention and Control,

and plasma _eve SO T are lower I,n pg ients with lung Feist-Weiller Cancer Center, Louisiana State University Medical Center, Shreve-
qancer_than in control sub;ects. If the;e findings can be con- port: M. R. Spitz, J. Gu, X. Wu (Department of Epidemiology), W. K. Hong

firmed in prospective studies, measuring levels of IGF-l and (Department of Thoracic/Head and Neck Medical Oncology), The University of
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turn inhibits the mitogenic effect of IGFs on cell proliferatiorbetween 4.5%-8.6% and 3.3%-6.8% of the coefficient of variation, respectively,
(12-15). for the IGF-I assay; between 3.4%-6.7% and 5.9%-7.9% for the IGF-Il assay;
Cell culture experiment§16—19) have demonstrated thatand between 7.3%—-9.6% and 8.2%-11.4% for the IGFBP-3 assay.

most luna cancer cell line mall-cell and non-small-cell) a The assays were performed following the instructions of the manufacturer
st lung ines (s ) S -cell) BSL) and without knowledge of case—control status. To separate IGFs from

able to express IGFs and their binding proteins. Although IGHksir binding proteins, we mixed plasma specimens with acid—ethanol extraction
are known to be potent mitogens for lung cancer cells and &ji@fer before measurement. The extraction procedure has been evaluated, and
present in lung tissue, evidence that IGFs can influence tihe efficiency of the extraction was identical to that for acid-column chroma-
development of lung cancer remains unknown. To examine tigaraphy. For IGFBP-3, the specimens were diluted 100-fold in an assay buffer
hypothesis that IGEs and their major binding protein in p|asnl?5fore the test. To assess the impact of freeze-thaw cycles on the values of

lay a causal role in lung cancer, we compared plasma Ievel§ -1, IGF-1l, and IGFBP-3 in heparinized plasma, we measured each of 10
play . . : . asma specimens once per freeze—thaw cycle for five cycles. Levels of IGF-I,
IGF-I, IGF-II, and lGFBP'3 in patients with newly d'.agnose GF-Il, and IGFBP-3 in plasma remained constant over these freeze—thaw
lung cancers and in age-, sex-, race-, and smoking statiigqes.
matched control subjects.

Statistical Analysis

papeojuMoQ

MATERIALS AND METHODS

The correlations among the three growth factors were examined by use of thg’
Spearman correlation coefficient. The distributions of the studied variables be3

) . . tween the case patients and control subjects were compared by usedtéise
The patients and control subjects were selected consecutively from an Ong%nrgcategorical data and the two-sample Studentisst for numerical data. Al

case-—control study of lung cancer conducted in the Department of Epldemlolqg alues were two-sided. Associations were considered statistically significant a’g

at The University of Texas M. D. Anderson Cancer Center. The study subje IS . S 3 e ° Q
were described in detail elsewhdg9). Briefly, the case subjects were consecu-‘;Jt -05. Since the distributions of IGF-I and IGFBP-3 in the population were &

) : . . : ; ositively skewed, the levels of IGFs and IGFBP-3 were analyzed categorically®
tive patients with lung cancer registered in the Departments of Thoracic Surggmhe basis of their quartile distribution in the control group (Table 1). To assess>’

and Thoracic Medical Onc.ology at The Umvgrsny of Tex'as M D. A'nderso&e strength of the association between lung cancer risk and the growth factor&
Cancer Center. These patients were newly diagnosed with histologically con- . . ) . . o
- . ) ) S we calculated the odds ratio (OR) and its 95% confidence interval (CI) with the
firmed primary lung cancer. However, histologic rereview is not completed, . o . e ; 8
. ; L . se of unconditional logistic regression analyg®). The logistic regression 3
They had been referred for diagnosis or definitive treatment and had received no S N =2
. . . . madel was developed as both univariate and multivariate models. In the multis
previous radiotherapy or chemotherapy. After the patients were informed abou

the studv and aareed to sian an informed consent form for participation variate analysis, the following variables were included in the model: sex, age%
. y. Agreec g . or p P ' %trpmicity (white, black, or Hispanic), cigarette smoking status (never, former, =
in-person interview with the use of a structured questionnaire was scheduleor. current), body mass index (BME kg of body weight/rd of height), and

The control subjects were identified from a control-pool database establisqed ' y y g,

. . h . . amily history of any cancer (yes or no in their first-degree relatives). The ©

from registrants of a large, private, multispecialty health care provider, Kelsex- . =

- S . - i Ejeractlons between IGF-1 and IGF-1l and between IGFs and IGFBP-3 were alsay

Seybold Clinic, which involves a health maintenance organization, managee : ) . ) ST

. . . . xamined in the logistic regression model by use of the product of the two givenx

care, and fee-for-service patients in the Houston metropolitan area. Therevarrelables =

more than 40 000 individuals enrolled in our potential control database. Contrgl '
subjects were frequency matched to the case patients by sex, age (within 5

years), and ethnicity (white, black, or Hispanic), with a 1 : 1 ratio. Each randomly

selected control subject was contacted by telephone to confirm his or her will-Table 1.Levels of IGF-I, IGF-II, and IGFBP-3 in case patients with lung

Study Population
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ingness to participate, and an appointment was scheduled at a Kelsey-Seybold cancer and in control subjects* c
Clinic site convenient to the participant. If the person refused to participate »
was deemed ineligible, another potential control subject was selected. Since the Case patients Control subjects -
study is ongoing and control subject selection is not conducted concurrently witariable (n = 204)t (n=218)F kS
case patient accrual, perfect 1:1 matching has not yet been achieved. Furtlggﬁ-_l ng/mL %‘
more, some subjects did not have st_Jff|C|ent pl_asma specimens aval_lable fqr Erean (95% CI) 166.3 (156.1-176.5) 143.4 (135.5-151.3) g
study. Therefore, there are some discrepancies among the matching variablgsimum value 40.9 277 o
between case patients and control subjects. We adjusted these differences in ol quartile 113.4 98.4 <
data analysis. There are no differences in consent rates between case patients 2@ quartile 151.4 136.1 @
control subjects. The study was approved by the Institutional Review Boards a8rd quartile 204.9 177.5 8
The University of Texas M. D. Anderson Cancer Center and the Kelsey-SeyboldMaximum value 420.0 376.8 S
Foundation. IGF-II, ng/mL g
. . Mean (95% ClI) 595.9 (575.0-616.8) 588.7 (567.6-609.8) =
Specimen Collection Minimum value 713 37.9 3
1st quartile 308.7 250.2 >
After the interview, 10-mL blood specimens were drawn from each participant2nd quartile 587.1 593.6 (;é
through venipuncture. The blood was collected in a heparinized tube and trans3rd quartile 695.4 683.7 @
ported immediately to the laboratory, where the specimens were separated aldaximum value 1072.8 1042.5 »
processed. The plasma was collected after centrifugation of the blood at 158@pp-3, .g/mL N
rpm for 10 minutes at room temperature and was stored at —80 °C. To assess thgean (95% CI) 37.0 (35.7-38.3) 37.6 (36.3-38.9)
degradation of IGF-1 and IGFBP-3 in stored plasma, a previous study compare®inimum value 15.6 14.4
levels of IGF-I and IGFBP-3 in stored heparinized plasma and in fresh speci-lst quartile 30.0 313
mens. No difference was found between the two types of spec{aiin 2nd quartile 37.4 374
3rd quartile 43.3 44.4
Measurements of IGFs and IGFBP-3 Maximum value 69.7 60.7
Three commercially available immunoassay kits (DSL, Webster, TX) were *IGF-I = insulin-like growth factor-I; IGF-1I= insulin-like growth factor-II;

used in the study to determine the plasma levels of IGF-I, IGF-II, and IGFBP}3FBP-3 = insulin-like growth factor-binding protein-3; 95% G+ 95% con-
through enzyme-linked immunosorbent assay. Cross-reaction of the antibodigsnce interval.

with other members of the IGF family is not detected at physiologic concentra-tSince the study is ongoing, we have not yet achieved perfect 1:1 matching.
tions, according to the manufacturer. The intra-assay and inter-assay precisidfuishermore, plasma samples were not available for all study subjects.
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REsuULTS In our logistic regression analysis, the risk of lung cancer was
sitively associated with the level of IGF-I in plasma, and the

As expected, plasma IGF-I and IGF-Il levels were correlat nd was statistically significanP(= .01) (Table 3). The OR

(r = .27,P<.001), and both IGFs were even more closely cofz,q 5 0 (950 CI= 1.19-3.56) for the highest quartile of IGF-I

related with IGFBP-31( = 0.51 andP<.001 for IGF-I;r = .63 ; _ :
andP<.001 for IGF-1l). The mean and quartile values of IGF_lcompared with the lowest( = .01) (Table 3). This pattern

. . . _persisted when other variables including age, sex, race, cigarette
IGF-11, and IGFBP-3 in the 204 patients and 218 control S“bjecgﬁnoking status, BMI, and family history of any cancer were
are shown in Table 1. The mean and median levels of IGF-I wi ' '

; . . . . ee{ajusted in the regression model (Table 4). Because IGFBP-3
16% and 11% higher, respectively, in case patients than in CPB3ulates the action of IGF-I and because plasma levels of

trol subjects; however, for IGF-Il and IGFBP-3, there was litlle~ o5 2 and IGE-I are correlated. we also evaluated the asso-
difference in the means or medians between the case patients @06\ etween IGE-1 and the dise:alse risk while we adjusted for

control subjects. IGFBP-3 levels. With inclusion of IGFBP-3 in the logistic

Table 2 summarizes the categorical distributions of the thrﬁ%d o - :
- . ! . el, we observed a more substantial increase in the risk
IGF variables together with other variables measured in the t 4

study populations. Because the control subjects were selected.t 37-5.53) for the fourth quartile and 1.96 (95% €11.02—
match the patients on sex, age, race, and cigarette smoking §t§0' i : X

tus, no statistically significant differences were observed b, e, and both ORs were statistically significaft & .004 ancP

tween the two groups for these variables. The BMI was slightly ; ; ; =
higher in the control subjects than in the patients, and the dfélg34énr§ S,%ef,g\é,eg )\'Ngsovr\,,g;/ izér::}iei;;meifctﬂcemlotgirsmﬂcbr?;vgeeln::
ference was statistically significanP (= .03). Patients in the data not shown)

highest fourth quartile of IGF-1 level made up 36.3% ofthetotas, Adjusting IGFEP—3 in the model not only enhanced the &
compared with 24.8% of control_ subjecs ¢ .04). For IG.F'” strength of the association between IGF-I and lung cancer bugl_?_
and IGFBP.'S’ th_ere Were no dn‘_fergncgs between patients Ao demonstrated a potential protective effect of this bindings
control subjects in the quartile distributions. protein. IGFBP-3 levels in plasma did not appear to be associ.é
ated with risk of lung cancer when this variable was analyzeds
either in the contingency table (Table 2) or in the logistic re-=
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Table 2.Associations of lung cancer with IGF-1, IGF-II, IGFBP-3, and
other variables*

19

gression with the univariate model (Table 3) or the multivariates
Case patients Control subjects model without including IGF-I (Table 4). When IGF-I was in- &
Variable (n = 204)t (n = 218)t P+ cluded in the logistic model, the results suggested that the risk of
Age, y, mean (95% Cl) 62 (60.6-63.4) 63 (61.8-64.2) _zmng cancer coulo_l be reducec_i by more than 50% for those indi§
BMI, mean (95% Cl) 26.1 (25.5-26.8) 27.2 (26.5-27.9) _oé/|fjuals with the highest quartile of IGFBP-3 levels as compared@
with those with the lowest quartile (OR= 0.48; 95% Cl = N
Sex, No. (%) o
Male 108 (52.9) 116 (53.2) 0.25-0.92;P = .03). However, there was no clear dose- 3
Female 96 (47.1) 102 (46.8) .96 response relationship for IGFBP-3. ‘5
Cigarette smoking status, The distribution of the case patients and control subjectsg
No. (%) c
Never smoker 20 (9.8) 20 (9.2 (7]
Former smoker 92 (45.1) 120 (55.0) Table 3.0dds ratios of risk of lung cancer for IGF-I, IGF-Il, and IGFBP-3 in g
Current smoker 92 (45.1) 78 (35.8) A1 univariate analysis*,T B
Q
Race, No. (%) ) 3
White 151 (74.0) 181 (83.0) Variable OR 95% ClI Pt 3
Hispanic 27 (13.2) 20 (9.2 v =
Black 26 (12.8) 7 @8 08 1st quartile 1.00 Referent ;Lh
IGF-I, No. (%) 2nd quatrtile 1.15 0.64-2.05 65 &
1st quartll_e 36 (17.6) 54 (24.8) 3rd quartile 1.42 0.80-2.50 23 8
2nd quartile 42 (20.6) 55 (25.2) 4th quartile 2.06 1.19-3.56 01 ¢
3rd quartile 52 (25.5) 55 (25.2) Test for trend:P = .01 o
4th quartile 74 (36.3) 54 (24.8) .04 o
IGF-II 5
IGF-II, No. (%) 1st quartile 1.00 Referent 3
1st quartile 50 (24.5) 54 (24.8) 2nd quartile 1.12 0.66-1.91 68 >
2nd quart_lle 57 (27.9) 55 (25.2) 3rd quartile 0.74 0.43-1.27 27 &
3rd quartile 42 (20.6) 54 (24.8) 4th quartile 1.33 0.77-2.31 31 &
4th quartile 55 (27.0) 55 (25.2) .75 Test for trendP = .97 N
IGFBP-3, No. (%) IGFBP-3 N
1st quartilﬂe 59 (28.9) 55 (25.2) 1st quartile 1.00 Referent
2nd quartile 42 (20.6) 54 (24.8) 2nd quartile 0.73 0.42-1.25 .25
3rd quartile 59 (28.9) 53 (24.3) 3rd quartile 1.04 0.62-1.75 .89
4th quartile 44  (21.6) 56 (25.7) 40 4th quartile 0.73 0.43-1.26 .26
Test for trend:P = .50
*IGF-I = insulin-like growth factor-1; IGF-11= insulin-like growth factor-II;

IGFBP-3 = insulin-like growth factor-binding protein-3; 95% Gt 95% con- *|GF-l = insulin-like growth factor-1; IGF-1I= insulin-like growth factor-II;
fidence interval; BMI= body mass index (body weight in kg/height irfm IGFBP-3 = insulin-like growth factor-binding protein-3; OR odds ratio; 95%
TSince the study is ongoing, we have not yet achieved perfect 1:1 matchi@d.= 95% confidence interval.

Furthermore, plasma samples were not available for all study subjects. TIn univariate analysis, only one variable was included in the model.
TAIll P values are two-sided, and associations are considered statistically sigtAll P values are two-sided, and associations are considered statistically sig-
nificant atP<.05. nificant atP<.05.
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Table 4.0dds ratios of risk of lung cancer for IGF-I and IGFBP-3in with a reduced risk of the disease, but this effect was seen only
multivariate analysis*, t when we adjusted for IGF-I in the analysis. In the univariate
analysis, IGFBP-3 did not show any statistically significant as-

Variable OR 95% ClI Pt 0 i . .
sociation with the risk of lung cancer. Despite its close correla-
IGF-I without IGFBP-3 tion with IGF-I and IGFBP-3 in plasma, IGF-Il was not associ-
1st quartile 1.00 Referent . . ST .
2nd quartile 1.15 0.62-2.11 66 ated with risk when analyzed individually or after adjustment
3rd quartile 1.56 0.85-2.87 .15 was made for IGF-I, IGFBP-3, or other variables.
4th quartile 2.00 1.10-3.65 .02

Recently, two prospective studies reported higher plasma lev-
els of IGF-I in association with increased risks of prostate cancer
in men(21) and of breast cancer in premenopausal wo2a).

Test for trendP = .01

IGF-I including IGFBP-3
1st quartile 1.00 Referent

2nd quartile 1.34 0.71-2.53 .37 We were impressed with the striking similarities between these
3rd quartile 1.96 1.02-3.80 04 studies and our own, although three different types of cancers
4th quartile 2.75 1.37-5.53 Q

04 were investigated and our study was a retrospective analysis;

Test for trendP = .002 . o =
There was a substantial association between IGF-I levels i

IGFBP-3 without IGF-I

1st quartile 1.00 Referent plasma and risks of all three cancers. All three stpdies consisg
2nd quartile 0.65 0.37-1.15 .14 tently showed a strong, dose-response relationship between ig
3rd quartile 0.98 0.57-1.68 94 creased risks of these cancers and elevated levels of IGF-I. The
4th quartile 0.76 0.44-1.34 .34

effect of IGF-I tended to be more significant when adjustmenttg,

Test for trendP = .63 .
was made for levels of IGFBP-3 in the analyses. For prostate ané.

IGFBP-3 including IGF-I .

1st quartile 9 1.00 Referent lung cancers, IGFBP-3 also_showed some protective effect%
2nd quartile 0.56 0.31-1.02 .06 however, by itself, IGFBP-3 did not demonstrate such an effect:go
3rd quartile 0.68 0.37-1.24 21 Also, for both prostate and lung cancers, no association was
4th quartile 0.48 0.25-0.92 03 f P
Test for trendP = .058§ ound for IG'_:'”' o 5
The consistency of the findings for IGF-I prompts us to 3

*IGF-1 = insulin-like growth factor-I; IGFBP-3= insulin-like growth factor- speculate that IGF-I either may have a carcinogenic effect og.

10U

binding protein-3; OR= odds ratio; 95% Cl= 95% confidence interval. may be a powerful growth promoter and that circulating IGF-
TIn multivariate analysis, adjustment was made for age, sex, race, cigar%{gds may serve as a biomarker for assessing |ung cancer ris

we/

smoking status, body mass index (body weight in kg/height 3y end family It may also be possible that an increased plasma IGF-I level ig
history of any cancer. . L2
FAIl P values are two-sided, and associations are considered statistically Qg—rt of the phe_notyp_e Of_ certain types _Of ca_mcer that requ”ég
IGF-1 to maintain their high rate of proliferation and growth. X

nificant atP<.05. c | !
§ExactP = .049. Results from cell culture studies and animal experiments havél

suggested that IGF-I is a potent mitogen for a variety of cance§

- . . . cells, including breast, prostate, lung, colon, and liver cellss
within the four categories of IGF-Il did not diffe( = .75, (1 54 56 |GF-| increases DNA synthesis and up-regulates thes
Table 2). In the logistic regression an.aly5|s, the nsk of lu ression of cyclin D1, thereby accelerating the cell cycle from<
cancer was modestly elevated in the highest quartile compaged;, g hhasg27). While stimulating cell proliferation, IGF-1 &,
with the lowest quartile of IGF-II, but the difference was nof s, shts down the apoptotic pathw@y4).Because the actions o
statistically significant (OR= .1'33; 95% Cl= 0.77-2.31P = ¢ \GF-| are mediated through the IGF-IR, removing the recep—§
31, Table 3). When we adjusted for IGF-I and IGFBP-3 anl, (o the cell membrane could abolish its mitogenic and=
thelr interactions in the quel, We_found no significant assoc'ﬁpoptotic effects2,28,29).In addition, IGF-IR is involved in
tion between IGF-Il and disease risk (data not shown). cell transformation, and interruption of IGF-IR expression on theg,

Theref was no association beﬁ/veen c(ljgzi\rettle sn;ollérllzg S'Hfi membrane blocks cell transformation induced by a tumors
(never, former, or current smoker) and levels o s anffs or an oncogene produtas) %

IGFBP-3 among the control su_bjects (d"’.‘ta not shovx_/n). We alSOthg jnteraction between IGF-1 and IGF-IR is regulated by theg
examined pack—){ears of smoking, QUrathn of smoking, and tr@FBPs. In the univariate analysis, of two of the studies cited®
total number of cigarettes smoked in relation to p]asma levels ove, this protein failed to show any association with the risk of
IGF-1, IGF-II, and IGFBP-3. None of the correlations analyzef,ostate or lung cancer. However, when analyzed together with:
were shown to be significant (data not shown), suggesting thale | ' |cFBP-3 appeared to be associated with a reduced risk

levels of IGFs and IGFBP-3 in plasma were not influenced Ry ., prostate and lung cancers, but the binding protein alsé

cigarette smoking. appeared to enhance the associations between risk of these can-
DISCUSSION cers and plasma IGF-I level. These observations in epidemior
logic studies are compatible with the results fronvitro andin

In this case—control study, we found that higher plasma levelso studies, demonstrating that IGFBP-3 suppresses the mito-
of IGF-1 were associated with an increased risk of lung cancgenic and apoptotic effects of IGF-1 on cancer cells. This sup-
and that the association remained statistically significant whpression is explained by the fact that IGFBP-3 prevents the
we adjusted for the variables of age, sex, race, cigarette smokimigraction between IGF-I and IGF-IR because of IGF-I's higher
status, BMI, and family history of any cancer in the analysis. lbinding affinity for the binding protein than for the receptor.
addition, the study demonstrated a dose-response relationgtggent experiment80) also suggest that IGFBP-3 may inhibit
between the risk of lung cancer and levels of IGF-I. The asseell growth independently of IGF-I.
ciation became stronger when we adjusted for IGFBP-3 in the The relationship between IGF-1 and IGFBP-3 in lung cancer
analysis. The study also indicated that IGFBP-3 was associatedy shed light on the action of two antiproliferative molecules
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whose effects have been studied in lung cancer, retinoic acid and tumorigenesis in vivo by human insulin-like growth factor | receptor mu-
p53. Mutation of the p53 tumor suppressor gene (also known as tant. Proc Natl Acad Sci U S A 1994,91:2181-5.

TP53) has been linked to the development of many Cancer@ LeRoith D, Werner H, Beitner-Johnson D, Roberts CT Jr. Molecular and
including Iung Cance(el) One of the main functions of the p53 " cellular aspects of insulin-like growth factor | receptor. Endocr Rev 1995;

tein is to slow d Il division—which all IS to -, o yro 0%
protein Is 1o slow down ce vision—which aflows cells 0,(7) De Mellow JS, Baxter RC. Growth hormone-dependent insulin-like growth

repair DNA damage or to initiate apoptosis if the damage is " tactor (IGF) binding protein both inhibits and potentiates IGF-I-stimulated
irreversible. The suppression of cell division by p53 is specu- DNA synthesis in human skin fibroblasts. Biochem Biophys Res Commun
lated to be mediated through IGFBP-3, because wild-type p53 1988;156:199-204.

protein is shown to increase IGFBP-3 expression. IGFBP-3 sulB) Pratt SE, Pollak MN. Insulin-like growth factor-binding protein 3 (IGF-
sequently suppresses the mitogenic effect of IGF-I, which results BP3) inhibits estrogen-stimulated breast cancer cell proliferation. Biochem
in the inhibition of cell proliferation(13). The possible Biophys Res Commun 1994;198:292-7. _

link between IGF-1 and p53 is further supported by an observa{9) Chen JC, Shao ZM, Sheikh MS, Hussain A, LeRoith D, Roberts CT Jr, et

. . L. al. Insulin-like growth factor-binding protein enhancement of insulin- &
tion that the function of ps3 prot_eln 1S supp_ressed by IGF-1. As like growth factor-I (IGF-l)-mediated DNA synthesis and IGF-I binding %
a transcription factor, p53 protein must be intranuclear to exert i, 5 human breast carcinoma cell line. J Cell Physiol 1994;158: 3
its action. When cells undergo division induced by IGF-I, g9-78. o
p53 protein is expelled from the nucle@82). In addition, (10) Cohen P, Graves HC, Peehl DM, Kamarei M, Guidice LC, Rosenfeld RG. =
p53 protein down-regulates the expression of IGHAR). The Prostate-specific antigen (PSA) is an insulin-like growth factor binding g
growth of bladder tumors induced bp-cresidine in p53- protein-3 protease found in seminal plasma. J Clin Endocrinol Metab 1992;=

deficient transgenic mice was suppressed by decreasing serum?>:1046-53. o o
levels of IGE-I through diet restriction. and restoring IGF-1 Iev(ll) Conover CA, De Leon DD. Acid-activated insulin-like like growth factor-

els in serum resulted in resumption of tumor arowth and pro- binding protein-3 proteolysis in normal and transformed cells. Role of
! u ulted | umpt umor g Pro- athepsin D. J Biol Chem 1994;269:7076-80.

greSS|0n(33). This StUdy also mdlcat?d tha_t tumor grpvvth Con(lz) Gucev ZS, Oh Y, Kelley KM, Rosenfeld RG. Insulin-like growth factor
trol by IGF-I was related to IGF-I's mitogenic and anti-apoptotiC  pinding protein 3 mediates retinoic acid- and transforming growth factor 2
effects. beta2-induced growth inhibition in human breast cancer cells. Cancer Re§
Cell culture studieg12,14,34)have found that retinoic acid 1996;56:1545-50.
stimulated the production of IGFBP-3, which in turn inhibited13) Buckbinder L, Talbott R, Velasco-Miguel S, Takenaka |, Faha B, Seizinger=:
the action of IGF-I. Findings from our study support such a BR, etal Induction of the growth inhibitor IGF-binding protein 3 by p53.
relationship between IGF-I and IGFBP-3 and, furthermore, in- _Nature 1995:377:646-9.
dicate that monitoring changes in IGFBP-3 and IGF-I levels |(r%4) Adamo ML, Shao ZM, Lanau F, Chen .JC, Clemmons DR, Roberts CT Jr,
. . . et al. Insulin-like growth factor-I (IGF-I) and retinoic acid modulation of
the blood may help to evaluate the effectiveness of vitamin |gr.pinding proteins (IGFBPs): IGFBP-2, -3, and -4 gene expression and
supplements as chemopreventive agents. protein secretion in a breast cancer cell line. Endocrinology 1992;131:c
In our study, the BMI was lower in the case subjects than in 1858-66.
the control subjects, and the difference was statistically signifi-5) Werner H, Karnieli E, Rauscher FJ, LeRoith D. Wild-type and mutant p53
cant P — _03)_ However, this difference should not have differentially regulate transcrlptl(_)n of the insulin-like growth factor | re-
any impact on the association between IGF-I and lung cancer I‘::eptor.ge”e' Proc Nafl Acad Sci U S A 1996,93:8318-23.

. . . avoni RE, de Cupis A, Ravera F, Cantoni C, Pirani P, Ardizzoni A, et al.
risk, becaus_e the ORs dlc_l not show SUbStantlal change Expression and function of the insulin-like growth factor | system in human :
when we adjusted for BMI in the analysis. Furthermore, N0 non-small-cell lung cancer and normal lung cell lines. Int J Cancer 1994;"
correlation between IGF-I1 and BMI has been observed in pre- 56:858-66.
vious studieq(19,35,36).Because this is a case—control study17) Quinn KA, Treston AM, Unsworth EJ, Miller MJ, Vos M, Grimley C, et al.
findings from our study need to be further confirmed by pro- Insulin-like growth factor expression in human cancer cell lines. J Biol
spective cohort studies. Nevertheless, similarities between our Chem 1996,271:11477-83. .
study and two cohort studies on different cancer sites lend sif? oI K. Wegmann BR, Havemann K, Jaques G. Insulin-lie growth factors

. . . B stimulate the release of insulin-like growth factor-binding protein-3
port to our SpeCUIauon that IGF-I may be involved in the dis- (IGFBP-3) and degradation of IGFBP-4 in nonsmall cell lung cancer cell
ease’s development. If our observations can be confirmed in jines. J Clin Endocrinol Metab 1996:81:2653—62.
prospective studies, the measurement of plasma levels of IG9) Jaques G, Noll K, Wegmann B, Witten S, Kogan E, Radulescu RT, et al.
and IGFBP-3 will have potential utility in assessing Iung cancer Nuclear localization of insulin-like growth factor binding protein 3 in a

risk and/or in monitoring the effectiveness of chemoprevention !ung cancer cell line. Endocrinology 1997;138:1767-70.
interventions. (20) Strom SS, Wu S, Sigurdson AJ, Hsu TC, Fueger JJ, Lopez J, et al. Lun
cancer, smoking patterns, and mutagen sensitivity in Mexican-Americans
J Natl Cancer Inst Monogr 1995;18:29-33.
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