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Abstract

Objective. Epithelial ovarian cancer is the deadliest gynecologic malignancy, yet its molecular etiology remains poorly understood.

Evidence is accumulating to support a role for the insulin-like growth factor family in human carcinogenesis, and recently using microarray

expression analysis, we demonstrated over-expression of the insulin-like growth factor-2 (IGF-2) gene in advanced stage epithelial ovarian

cancers. The purpose of the current study is to further elucidate the role of the IGF-2 gene in ovarian cancer development and progression.

Methods. Relative expression of IGF-2 was measured in 109 epithelial ovarian cancers and eight normal ovarian surface epithelial

(NOSE) samples, using quantitative real-time polymerase chain reaction. Associations with clinicopathological parameters were examined.

Results. Expression of the IGF-2 gene was more than 300-fold higher in ovarian cancers compared with normal ovarian surface

epithelium samples (P b 0.001). High IGF-2 expression was associated with advanced stage disease at diagnosis (P b 0.001), high-grade

cancers (P b 0.05) and sub-optimal surgical cytoreduction (P = 0.08). In multivariate analysis, relative IGF-2 expression was an independent

predictor of poor survival.

Conclusions. Expression of the IGF-2 gene is significantly higher in ovarian cancers relative to normal ovarian surface epithelium.

Further, high IGF-2 gene expression is associated with high grade, advanced stage disease, and is an independent predictor of poor survival in

patients with epithelial ovarian cancer. As such, IGF-2 is a molecular marker and potential therapeutic target for the most aggressive epithelial

ovarian cancers.

D 2004 Elsevier Inc. All rights reserved.
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Introduction

Epithelial ovarian cancer is the most lethal gynecologic

malignancy. Currently, no effective screening or early

detection techniques exist and approximately 80% of ovarian

cancers have metastasized extensively throughout the

peritoneal cavity at the time of diagnosis. Despite surgical
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cytoreduction and platinum-based chemotherapy, median

survival is approximately 3–5 years; however, a minority of

women survive much longer [1]. To date, efforts to fully

elucidate the molecular etiology of such survival differences

have been unsuccessful [2,3]. It is likely that the marked

clinical differences in ovarian cancer stage at presentation,

response to therapy, and ultimately survival are manifes-

tations of a complex underlying molecular heterogeneity,

such that traditional single-gene analysis techniques have

proven inadequate. The recent development of microarray
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expression analysis technology has transformed the study of

carcinogenesis by enabling the simultaneous study of

thousands of genes in a single sample. Study of genome-

wide expression is beginning to provide a more global

understanding of the complex genetic changes that lead to

malignant transformation in a variety of cancers.

Our laboratory recently applied microarray technology to

identify patterns of gene expression associated with out-

come in women with advanced stage epithelial ovarian

cancers. A series of 31 advanced stage serous ovarian

cancers from patients who survived less than 2 years and

more than 7 years were compared with normal ovarian

epithelium. Approximately 7070 genes were evaluated

using Affymetrix HumanGeneFL arrays. Hierarchical

clustering identified patterns of gene expression that

distinguished cancer from normal ovarian epithelium, and

several members of the insulin-like growth factor family

exhibited differential expression between ovarian cancers

and normal ovarian surface epithelium samples. Notably, the

IGF-2 gene was 13-fold (P b 0.01) more highly expressed in

31 advanced ovarian cancers compared to three normal

ovarian surface epithelium samples [4].

Previously, expression of the IGF-2 gene has been

associated with development of cancers of the breast, colon,

and prostate [5–7]. Additionally, IGF-2 expression has been

shown to be elevated in ovarian cancers versus normal

ovarian tissue. Sawiris et al. [8] recently analyzed a large

series of microarray data in order to develop a gene chip

specific to the study of ovarian cancer. The analysis

identified 516 up-regulated genes with the IGF-2 gene

being the most highly over-expressed of this group.

In light of this, and our recent array findings in advanced

serous ovarian cancers, we sought to more fully elucidate

the role of IGF-2 in ovarian carcinogenesis by applying

quantitative real time polymerase chain reaction to measure

the expression of the IGF-2 gene in a more comprehensive

panel of epithelial ovarian cancers.
Materials and methods

Study population

One hundred and nine fresh frozen epithelial ovarian

cancers and eight primary cultures of normal human ovarian

surface epithelium samples were obtained with IRB-

approved informed consent from patients treated by the

Division of Gynecologic Oncology at Duke University

Medical Center. Histopathologic subtypes included 83

serous, three endometrioid, seven mucinous, six clear cell,

one undifferentiated, and nine mixed type. Ten of the

cancers were early stage (I/II), and 99 advanced stage (III/

IV). All patients with advanced stage disease were treated

with primary surgical cytoreduction (49 optimal, 48

suboptimal, 2 unknown) followed by platinum-based

chemotherapy.
Tissue preparation and primer design

Primary cultures of normal human ovarian surface

epithelium were obtained by gently scraping ovarian surface

epithelium from fresh ovaries. Primary cell cultures were

grown in medium 199/MCDB 105 supplemented with 10%

bovine serum albumin [9]. Samples were processed using

microdissection in order to exclude ovarian stroma. Ovarian

tumor tissue was harvested at the time of initial surgery,

snap frozen in liquid nitrogen, and stored at �808C until

RNA extraction. Hematoxylin and eosin staining of

representative sections of each tumor was performed to

determine the percentage of tumor in each specimen. Only

samples consisting of more than 70% tumor were used for

these studies. Total RNA was extracted using the RNAeasy

RNA extraction kit (Qiagen Inc., Valencia, CA), and an

aliquot of 1 Ag was subjected to a reverse transcriptase

reaction with the Roche First Strand cDNA kit (Roche,

Basel, Switzerland). Complementary DNA (cDNA) was

quantified by fluorometry. Based on the published genomic

sequence of IGF-2, two gene-specific intron-spanning

primers were designed (F5V-CTGTGCTACCCCCGC-

CAAGT-3Vand R5V-ACGTTTGGCCTCCCTGAACG-3V).

Quantitative RT-PCR

Quantitative RT-PCR was performed on the Roche

LightCycler system (Roche) using SYBR Green I dye. For

each sample, 5 ng of cDNA was subjected to 40 cycles of

QRT-PCR in a total volume of 20 AL containing 10 mM of

each primer, 10 units of AdvanTaq Plus DNA Polymerase

with PCR reaction buffer (Clontech, Palo Alto, CA), dNTP,

and SYBR Green I dye according to manufacturer’s

instructions in the presence of intron-spanning cDNA

primers to the house-keeping gene, beta-microglobulin, to

confirm adequate cDNA normalization. Serial dilutions of

the sample demonstrating highest IGF-2 expression were

used to create a concentration curve and relative expression

levels calculated for each sample from this curve. The

standard curves were included in each run. Sample

concentrations fell within the range of the serial dilution

curve thus ensuring adequate assay sensitivity (Fig. 1). All

samples were run in triplicate and mean values were

calculated.

Statistical analysis

Statistical analyses were performed using the R statistical

programming environment software [10]. Associations

between clinicopathological parameters such as stage, grade,

histology (serous and nonserous), and debulking status, and

relative IGF-2 expression were analyzed by the chi square

test or the Fisher’s exact test, when appropriate. Only

patients for whom the status of all variables was known

were included in the multivariate regression models, there-

fore, a subset of 98 samples (81 serous and 17 nonserous)



Fig. 1. Epithelial ovarian cancers and normal ovarian surface epithelial samples were subject to quantitative real-time polymerase chain reaction to determine

relative expression of the IGF-2 gene. Serial dilutions of the most highly expressed cancer were used to create a concentration curve (bottom panel) and relative

expression levels were calculated for each case from the real time increase in fluorescence demonstrated in the top panel.
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was analyzed in this way. Information on progression-free

interval was not available for all 98 patients, despite review

of all available medical records. Progression-free interval

was not, therefore, included in the analysis. Multivariate

survival analyses were performed by constructing Kaplan–

Meier survival curves and differences between curves were

evaluated by the log-rank test. Cox proportional hazards

models were used to estimate relative risk to determine

whether the prognostic value of relative IGF-2 expression

disappeared when other prognostic factors were considered.

For further analysis, patients were divided into two groups,

high IGF-2 expression and low IGF-2 expression, using the

mean value of relative IGF-2 expression for all samples as a

cut-off. The differences between the survival curves between

IGF-2 expression groups were tested for statistical signifi-

cance by the log-rank test.
Results

Quantitative real-time polymerase chain reaction (QRT-

PCR) was used to determine relative expression of the

IGF-2 gene in 109 epithelial ovarian cancers and 8 normal

ovarian surface epithelial samples. Table 1 depicts the

distribution of relative IGF-2 expression in the ovarian

tissue samples in relation to the various clinicopathological

variables of the study population.

Mean relative IGF-2 gene expression in 109 ovarian

cancers was approximately 330-fold higher than in 8 normal

ovarian surface epithelial samples (0.43 vs. 0.001, P b
0.001). Advanced stage cancers demonstrated higher relative

IGF-2 gene expression than early stage cancers. Relative

IGF-2 gene expression from 99 patients with advanced

(stage III/IV) disease was 5-fold higher than 10 cancers from

patients with early (stages I/II) disease (0.47 vs. 0.09, P b

0.001). In light of the distinction in clinical behavior that has

previously been demonstrated between well-differentiated

and moderate/poorly differentiated ovarian cancers, relative

IGF-2 expression was compared between these two histo-

pathologic groups [11,12]. Overall, relative expression of the

IGF-2 gene in 97 moderately and poorly differentiated (grade

II/III) cancers was 6-fold higher than in six well-differ-

entiated (grade I) cancers (0.48 vs. 0.08, P b 0.001). Within

the group of patients with advanced (stages III/IV) disease,

relative expression of the IGF-2 gene in 96 moderately and

poorly differentiated (grades II/III) cancers was 3.6-fold

higher than in 3 well-differentiated (grade I) cancers (0.5 vs.

0.14, P = 0.03). Ovarian cancers that expressed high levels of

IGF-2 were more likely to be incompletely resected at the

time of initial surgery, that is, high relative expression of the

IGF-2 gene was associated with suboptimal tumor debulking

(residual tumor N1 cm at conclusion of surgery). Debulking

status was available for 97/99 (98%) patients with advanced

stage disease. Relative IGF-2 gene expression was 1.8-fold

higher in 48 patients with residual tumor N1 cm at conclusion

of surgery (suboptimally debulked), compared to 49 patients

with residual tumor b1 cm (optimally debulked) at con-

clusion of surgery (0.62 vs. 0.33, P = 0.08). Additionally, a

survival detriment was associated with high IGF-2 gene

expression in patients who were subject to optimal and



Fig. 2. Kaplan–Meier log-rank survival analysis of survival for patients

with advanced (stages III/IV) epithelial ovarian cancer. The cut-off value

used to determine high versus low IGF-2 gene expression was selected as

the overall mean IGF-2 gene expression value calculated for all 109 ovarian

cancer samples. Chi-square = 3.3, df = 1, P = 0.07.

Table 1

Relationship between relative IGF-2 gene expression and other

clinicopathologic variables in 109 ovarian cancers

Variable n Mean IGF-2

expression

Difference

(fold)

P

value

Ovarian cancers 109 0.43 330 b0.001

Normal ovarian

epithelium

8 0.001

Advanced stage

Survival b45 months 47 0.7 7 b0.001

Survival N45 months 40 0.1

Survival b24 months 27 0.7 7 b0.01

Survival N60 months 29 0.1

Stage

Advanced stage (III/IV) 99 0.47 5 b0.001

Early stage (I/II) 10 0.09

Grade

Grade II/III 97 0.48 6 b0.001

Grade I 6 0.08

Debulking status

Suboptimal 48 0.62 1.8 0.08

Optimal 49 0.33

Suboptimally debulked

Survival b45 months 26 0.89 6.6 0.001

Survival N45 months 17 0.13

Optimally debulked

Survival b45 months 18 0.5 4 0.07

Survival N45 months 26 0.12

Parameters including stage, grade, histology (serous and nonserous), and

debulking status, and relative IGF-2 expression were analyzed by the chi

square test or the Fisher’s exact test, when appropriate. For further analysis,

patients were divided into two groups using the median survival of 45

months as a cut-off.
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suboptimal debulking at time of initial surgery. In the sub-

optimally debulked category, 28 cancers from patients who

died within 45 months (median survival for all patients in

this study) of diagnosis exhibited approximately 6.6-fold

higher relative IGF-2 gene expression than cancers from 17

patients who survived more than 45 months (0.89 vs. 0.13,

P = 0.001, 4 samples censored). Similarly, in patients who

underwent optimal debulking, cancers from 18 patients who

died within 45 months of diagnosis exhibited approximately

4-fold higher relative IGF-2 gene expression than cancers

from 26 patients who survived more than 45 months (0.5 vs.

0.12, P = 0.07, 5 samples censored).

Multivariate analyses were performed to assess predictors

of survival. Covariates considered included age, grade,

stage, histology, and relative IGF-2 expression. A subset of

98 cancers were included in the analysis (10 samples

missing complete covariate data were excluded). Consider-

ing all cancers, high relative IGF-2 gene expression was

associated with poor outcome. Using the median survival as

a cut-off, across all cancers the survival curves were

significantly different (P b 0.001) between those patients

with a mean relative IGF-2 gene expression above or below

the median (Fig. 2). Using multivariate Cox proportional

hazards models with relative IGF-2 gene expression as the

only predictor of overall survival, IGF-2 gene expression

was highly significant across all cancers (P b 0.001) and
also in serous cancers alone (P b 0.001); IGF-2 gene

expression was not significant among the nonserous cancers

(P = 0.48) (Fig. 3). Only IGF-2 expression (P b 0.001) and

stage at diagnosis (P b 0.001) were found to be significant

independent predictors of outcome overall and also among

serous cancers alone.
Discussion

The insulin-like growth factor pathway is a complex

system comprised of two growth factors (IGF-1 and IGF-

2), two cell surface receptors (IGF-1 R and IGF-2 R), six

specific high-affinity binding proteins (IGFBP-1 to

IGFBP-6), IGFBP proteases as well as several other

IGFBP-interacting molecules, which regulate and potentiate

IGF actions.

The IGF ligands, IGF-1 and IGF-2, are single chain

molecules of 70 and 67 amino acids, respectively. Both

ligands interact with high affinity membrane bound

receptors and are thought to work in an autocrine, paracrine,

and endocrine manner to mediate cell growth, differ-

entiation, apoptosis, and transformation. Circulating levels

are under complex physiological regulation. The majority of

circulating IGFs are bound to high-affinity IGF binding

proteins (IGFBPs), with N90% bound to a high molecular

weight complex comprised of IGF binding protein 3

(IGFBP-3) and a separate protein known as the acid-labile

subunit. IGFBPs appear to be responsible for protecting

circulating IGFs and delivering them to their specific target

sites. IGFBPs can also interact with IGFs in both an

inhibitory and enhancing manner [13–15]. Disruption of the

delicate balance of these complex processes may result in

uncontrolled cell proliferation leading to malignant trans-

formation, and evidence is accumulating that IGFs are

important mitogens involved in the development of many

types of malignancy [16].

To date, the role of IGFs in ovarian carcinogenesis and

progression remains unclear. The most comprehensive study



Fig. 3. Logistic regression models were applied to histological subgroups of

patients using the median survival of 45 months as a cut-off. IGF-2

expression was found to be a significant predictor of survival in the

subgroup of patients with serous cancers ( P = 0.000638), but not among

nonserous cancers ( P = 0.484).
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of the IGF pathway in ovarian cancer was presented by

Conover et al. [17]. They found that primary ovarian

epithelial cell lines derived from previously untreated

ovarian cancers expressed all major components of the

IGF system and were able to demonstrate functional

responses to exogenous IGFs.

Using microarray analysis, we recently demonstrated

that the IGF-2 gene exhibits higher expression in

advanced stage ovarian cancers compared to normal

ovarian epithelium [4]. We now report a quantitative

analysis of insulin-like growth factor-2 gene expression

levels in a set of 109 epithelial ovarian cancers, using

quantitative real-time polymerase chain reaction. In this

study that includes both early and advanced stage cancers

as well as serous and nonserous histopathologic subtypes,

we have demonstrated more than 300-fold higher IGF-2

gene expression in ovarian cancers compared to normal

ovarian surface epithelium. Such findings are consistent

with other studies that have demonstrated increased IGF-

2 gene expression in cancers compared to normal tissue

[5–7].

Several mechanisms have been proposed to explain

increased levels of IGF-2 including: loss of imprinting

(LOI), loss of heterozygosity (LOH) with paternal dupli-

cation, excessive transcriptional activation, loss of tran-

scriptional suppression, or alteration in IGF-binding

proteins [18]. The basis of genomic imprinting involves

a complex multistep process that results in parent-of-

origin-specific inactivation of alleles of some genes. The

IGF-2 gene is one of the few known imprinted genes that

has a major role in fetal development. In most tissues, the

paternally derived copy of IGF-2 is expressed, whereas the

maternal copy is silent. Disruption of IGF-2 imprinting is
a common event in a number of malignancies, including

Wilm’s tumors, gastric adenocarcinomas, lung cancers, and

colorectal cancers [19–22]. When loss of imprinting

occurs, biallelic expression of IGF-2 results, ultimately

leading to overexpression of this potent growth factor. The

precise role of loss of IGF-2 imprinting in carcinogenesis

and tumor growth is currently unknown.

Loss of IGF-2 imprinting has previously been implicated

in the development of ovarian carcinomas. Chen et al. [23]

determined the imprinting status of the IGF-2 gene in 43

ovarian cancers, seven low malignant potential ovarian

tumors, and their matched normal tissues. Loss of imprint-

ing (LOI) was found in 5 of 20 (25%) cancers. Over-

expression of the IGF-2 gene was demonstrated in all five

LOI samples. These results suggested that LOI may underlie

overexpression of the IGF-2 gene resulting in development

of some ovarian cancers.

Our analysis suggests that high IGF-2 expression is

associated with a more aggressive ovarian cancer pheno-

type. High IGF-2 gene expression was associated with

higher stage at diagnosis, tumor grade, and in multivariate

analysis, shorter overall survival. Additionally, cancers

exhibiting high IGF-2 gene expression demonstrated a

trend towards being more likely to be incompletely

resected at the time of primary surgery (P = 0.08), and

within this group of sub-optimally debulked patients, a

high IGF-2 gene expression was associated with shorter

survival (P b 0.01). These findings are consistent with

studies in other cancer types, which have demonstrated a

correlation between increased IGF-2 expression and

decreased survival. In colorectal carcinomas, IGF-2

expression was associated with advanced Duke’s stage

and poor clinical outcome [24]. In our analysis, advanced

stage ovarian cancers have 5-fold higher relative IGF-2

gene expression than early stage cancers, and moderately

and poorly differentiated (grade II/III) cancers have 6-fold

higher expression than well-differentiated (grade I) can-

cers. In a similar fashion, a correlation between high IGF-

2 expression and poor prognostic clinical factors has been

demonstrated in other cancers. IGF-2 expression was

recently shown to be correlated with pathologic stage,

lymph node metastasis, histologic differentiation, and

serum prostate-specific antigen (PSA) levels in 24

prostate carcinomas [25]. Previous studies have shown

that IGF-2 acts as a potent mitogen for a variety of

cancer cell lines. Based on work in breast, lung, and

colon cancers, a general pattern emerges that IGF-2

expression increases as the malignant potential of the

tumor increases [26,27].

While mRNA levels do not account for regulatory events

at the translational and post-translational level, several

studies have demonstrated corresponding increases in

bioactive IGF-2 protein levels in cancer cell lines. Nielsen

et al. [28] have used radioimmunoassay to demonstrate a

correlation of increased levels of IGF-2 mRNA expression

and secretion of bioactive IGF-2 in human rhabdomyosar-
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coma. Additionally, IGF-2 protein levels have been shown

to be differentially expressed in gastric cancer cell lines

when compared with normal gastric cell cultures [29]. IGF-

2 protein levels, and the interactions of IGF-2 with its

receptors and binding proteins, have yet to be described in

ovarian cancers.

Preliminary studies in breast, prostate, hepatocellular,

pancreatic, and ovarian cancer cell lines suggest that agents

that block the action of IGF-2 may have potential

therapeutic utility [30–33], such that the ability to down-

regulated IGF-2 expression could have significant clinical

application in the management of patients with ovarian

cancer in the future.

Our results support the hypothesis that insulin-like

growth factor-2 plays an important role in ovarian

carcinogenesis. Additionally, we have demonstrated that

IGF-2 is a potential molecular marker of the most

aggressive forms of epithelial ovarian cancer. Further

elucidation of the role of the IGF pathway in ovarian

cancer development and progression will increase our

understanding of the biology of ovarian carcinogenesis,

and may yield novel opportunities for cancer prevention and

therapy.
References

[1] Tiwari RC, Ghosh K, Jemal A, Hachey M, Ward E, Thun MJ, et al.

2004 Cancer facts and figures. CA Cancer J Clin 2004;54:30–40.

[2] Kmet LM, Cook LS, Magliocco AM. A review of p53 expression and

mutation in human benign, low malignant potential, and invasive

epithelial ovarian tumors. Cancer 2003;97:389–404.

[3] Hogdall EV, Christensen L, Kjaer SK, Blaakaer J, Bock JE, Glud E,

et al. Distribution of HER-2 overexpression in ovarian carcinoma

tissue and its prognostic value in patients with ovarian carcinoma:

from the Danish MALOVA Ovarian Cancer Study. Cancer 2003;

98:66–73.

[4] Lancaster JM, Dressman HK, Whitaker RS, Havrilesky L, Gray J,

Marks JR, et al. Gene expression patterns that characterize advanced

stage serous ovarian cancers. J Soc Gynecol Investig 2004;11:51–9.

[5] Osborne CK, Coronado EB, Kitten LJ, Arteaga CI, Fuqua SA,

Ramasharma K, et al. Insulin-like growth factor-2: a potential

autocrine/paracrine growth factor for human breast cancer acting via

the IGF-1 receptor. Mol Endocrinol 1989;3:1701–9.

[6] Tricoli JV, Rall LB, Karakousis CP, Herrera L, Petrelli NJ, Bell GI,

et al. Enhanced levels of insulin-like growth factor messenger RNA

in human colon carcinomas and liposarcomas. Cancer Res 1986;

46:6169–73.

[7] Tennant MK, Thrasher JB, Twomey PA, Drivdahl RH, Birnbaum RS,

Plymate SR. Protein and messenger RNA for the type 1 insulin-like

growth factor (IGF) receptor is decreased and IGF-2 mRNA is

increased in human prostate carcinoma compared to benign prostate

epithelium. J Clin Endocrinol Metab 1996;81:3774–82.

[8] Sawiris GP, Sherman-Baust CA, Becker KG, Cheadle C, Teichberg D,

Morin PJ. Development of a highly specialized cDNA array for the

study and diagnosis of epithelial ovarian cancer. Cancer Res 2002;

62:2923–8.

[9] Kruk PA, Maines-Bandiera SL, Auersperg N. A simplified method to

culture human ovarian surface epithelium. Lab Invest 1990;63:132–6.

[10] Ihaka R, Gentleman R. A language for data analysis and graphics.

J Comput Graph Stat 1996;5:299–314.
[11] Ishioka S, Sagae S, Terasawa K, Sugimura M, Nishioka Y, Tsukada K,

et al. Comparison of the usefulness between a new universal grading

system for epithelial ovarian cancer and the FIGO grading system.

Gynecol Oncol 2003;89:447–52.

[12] Malpica A, Deavers MT, Lu K, Bodurka DC, Atkinson EN,

Gershenson DM, et al. Grading ovarian serous carcinoma using a

two-tier system. Am J Surg Pathol 2004;28:496–504.

[13] LeRoith D. Insulin-like growth factors. N Engl J Med 1997;

336:633–40.

[14] Ranke MB, Elmlinger M. Functional role of the insulin-like growth

factor binding proteins. Horm Res 1997;48S:9–15.

[15] Khandwala HM, McCutcheon IE, Flyvbjerg A, Friend KE. The effects

of insulin-like growth factors on tumorigenesis and neoplastic growth.

Endocr Rev 2000;21:215–44.

[16] LeRoith D, Roberts Jr CT. The insulin-like growth factor system and

cancer. Cancer Lett 2003;195:127–37.

[17] Conover CA, Hartmann LC, Bradley S, Stalboerger P, Klee GG, Kalli

KR, et al. Biological characterization of human epithelial ovarian

cancer cells in primary culture: the insulin-like growth factor system.

Exp Cell Res 1998;238:439–49.

[18] Toretsky JA, Helman LJ. Involvement of IGF-II in human cancer.

J Endocrinol 1996;149:367–72.

[19] Ogawa O, Eccles MR, Szeto J, McNoe LA, Yun K, Maw MA, et al.

Relaxation of insulin-like growth factor II gene imprinting implicated

in Wilms’ tumor. Nature 1993;362:749–51.

[20] Wu MS, Wang HP, Lin CC, Sheu JC, Shun CT, Lee WJ, et al. Loss of

imprinting and overexpression of IGF2 gene in gastric adenocarci-

noma. Cancer Lett 1997;120:9–14.

[21] Kohda M, Hoshiya H, Katoh M, Tanaka I, Masuda R, Takemura T,

et al. Frequent loss of imprinting of IGF2 and MEST in lung

adenocarcinoma. Mol Carcinog 2001;31:184–91.

[22] Takano Y, Shiota G, Kawasaki H. Analysis of genomic imprinting of

insulin-like growth factor 2 in colorectal cancer. Oncology 2000;

59:210–6.

[23] Chen CL, Ip S, Cheng D, Wong LC, Ngan HYS. Loss of imprinting of

the IGF-II and H-19 genes in epithelial ovarian cancer. Clin Cancer

Res 2000;6:474–9.

[24] Peters G, Gongoll S, Langner C, Mengel M, Piso P, Klempnauer J,

et al. IGF-1 R, IGF-1 and IGF-2 expression as potential prognostic

and predictive markers in colorectal cancer. Virchows Arch

2003;443:139–45.

[25] Mita K, Nakahara M, Usui T. Expression of the insulin-like growth

factor system and cancer progression in hormone-treated prostate

cancer patients. Int J Urol 2000;7:321–9.

[26] Lee AV, Hilsenbeck SG, Yee D. IGF system components as

prognostic markers in breast cancer. Breast Cancer Res Treat 1998;

47:295–302.

[27] Kawamoto K, Onodera H, Kondo S, Kan S, Ikeuchi D, Maetani S,

et al. Expression of insulin-like growth factor-II can predict the

prognosis of human colorectal cancer patients: correlation with

tumor progression, proliferative activity and survival. Oncology

1998;55:242–8.

[28] Nielsen FC, Haselbacher G, Christiansen J, Lake M, Gronborg M,

Gammeltoft S. Biosynthesis of 10 kDa insulin-like growth factor II in

a human rhabdomyosarcoma cell line. Mol Cell Endocrinol

1993;93:87–95.

[29] Pavelic K, Kolak T, Kapitanovic S, Radosevic S, Spaventi S, Kruslin

B, et al. Gastric cancer: the role of insulin-like growth factor 2 (IGF 2)

and its receptors (IGF 1R and M6-P/IGF 2R). J Pathol 2003;201:

430–8.

[30] Csernus V, Schally AV, Kiaris H, Armatis P. Inhibition of growth,

insulin-like growth factor II (IGF-II) production and expression of

IGF-II mRNA of human cancer cell lines by antagonistic analogs of

growth hormone-releasing hormone (GHRH) in vitro. Proc Natl Acad

Sci 1999;96:692–7.

[31] Yao X, Hu JF, Daniels M, Shiran H, Zhou X, Yan H, et al. A

methylated oligonucleotide inhibits IGF2 expression and enhances



R.A. Sayer et al. / Gynecologic Oncology 96 (2005) 355–361 361
survival in a model of hepatocellular carcinoma. J Clin Invest 2003;

111:265–73.

[32] Chatzistamou I, Schally AV, Varga JL, Groot K, Armatis P, Busto R,

et al. Antagonists of growth hormone-releasing hormone and

somatostatin analog RC-160 inhibit the growth of the OV-1063
human epithelial ovarian cancer cell line xenografted into nude mice.

J Clin Endocrinol Metab 2001;86:2144–52.

[33] Yin DL, Pu L, Pei G. Antisense oligonucleotide to insulin-like growth

factor II induces apoptosis in human ovarian cancer AO cell line. Cell

Res 1998;8:159–65.


	High insulin-like growth factor-2 (IGF-2) gene expression is an independent predictor of poor survival for patients with advanced stage serous epithelial ovarian cancer
	Introduction
	Materials and methods
	Study population
	Tissue preparation and primer design
	Quantitative RT-PCR
	Statistical analysis

	Results
	Discussion
	References


