
Abstract. High expression of insulin-like growth factor-II
(IGF-II) in epithelial ovarian cancer is associated with aggres-
sive disease and poor prognosis. IGF-II transcription is
initiated from multiple promoters. Promoter-specific expres-
sion is regulated by DNA methylation, which is often dys-
regulated in cancer. Here, the effects of promoter-specific
methylation on IGF-II expression are investigated in ovarian
cancer. Fresh tumor samples were collected from 211 patients
for analyses of IGF-II promoter methylation using methylation-
specific PCR, and of promoter-specific expression of IGF-II
mRNA with qRT-PCR, as well as tissue levels of IGF-II
peptide with an ELISA. Cox regression analysis was per-
formed to assess IGF-II methylation and expression in
association with progression-free and overall survival. DNA
methylation was high in IGF-II promoters 2 (P2, 64.2%)
and 3 (P3, 52.1%) and low in promoter 4 (P4, 9.8%). High
methylation was associated with low mRNA expression in a
promoter-specific manner. P3 methylation and expression
appeared to be critical in ovarian cancer compared to other
promoters. While methylation in an individual promoter was
not associated with the disease, a methylation pattern
involving P2 and P3 was significantly different among patients
with distinct tumor grade, debulking results, residual tumor
size and treatment response. The methylation pattern was
also associated with disease progression. The study suggests
that DNA methylation regulates IGF-II promoter-specific
expression in ovarian cancer and the regulation may play a

role in disease progression. Assessing methylation patterns in
IGF-II promoters may have clinical implications.

Introduction

Epithelial ovarian cancer is one of the most lethal malig-
nancies. Less than half of the patients attracting the disease
survive over 5 years. Due to the lack of symptoms and clinical
signs, most patients are diagnosed at a late stage of the disease
to which few effective therapies are available. Early detection
and effective treatment remain to be a challenge. Further
molecular characterization of ovarian cancer will help not
only to improve our understanding, but also provide new
alternatives for early detection and better management of the
disease.

Insulin-like growth factors (IGFs), including IGF-I and
IGF-II, are important peptides which regulate essential
cellular activities (1). Dysregulation of IGF actions is linked
to a number of human diseases including cancer (2). Although
IGF-I and IGF-II share similar molecular structures and
biologic functions, their actions are regulated by distinct
mechanisms (3). IGF-I is the dominant IGF signal in postnatal
growth and maintenance, while IGF-II exerts actions mainly
in prenatal development and fetal growth. Growth hormone
regulates the activity of IGF-I, but has little effect on IGF-II.
IGF-II is regulated primarily through paracrine and autocrine
mechanisms. The IGF-II gene has four promoters, and each
initiates a promoter-specific transcript which is expressed in
a temporal and spatial-dependent manner (4-6). Three of the
four IGF-II promoters, promoters 2, 3 and 4 (P2, P3 and P4),
are located in a CpG island, and DNA methylation regulates
their transcription (7). Given the presence of genomic
imprinting and promoter specific transcription, epigenetic
regulation plays an important role in control of IGF-II
activities (8).

Studies have shown that IGF-II expression is elevated
in ovarian cancer and high expression is associated with
aggressive tumors (9,10). The possible involvement of IGF-II
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in ovarian cancer has also been observed in our study in
which we found high IGF-II expression associated with poor
outcomes of the disease (11). Our investigation also indicates
that the association between IGF-II expression and ovarian
cancer survival was driven by two specific promoters, P3 and
P4; the expression of P1 and P2 had little impact on the
disease outcomes (12). Promoter-specific expression is known
to be regulated through DNA methylation. Aberrant methy-
lation, such as hypomethylation of oncogenes and hyper-
methylation of tumor suppressor genes, is seen often in
cancer. These epigenetic alterations are believed to play an
important role in tumor progression (13). In a parallel study,
we developed seven methylation-specific polymerase chain
reaction (MSP) assays to analyze methylation patterns in
three of the four IGF-II promoters, using 3 assays to cover P2
and 2 assays each for P3 and P4, and we found that DNA
methylation varied from region to region and promoter to
promoter, and that distinct methylation patterns among
patients were associated with different tumor features and
survival outcomes (14). Here we combined the methylation
and expression data to further determine which methylation
marker, i.e., regional methylation, promoter-specific methy-
lation or methylation patterns in multiple promoters, was more
relevant to IGF-II expression and ovarian cancer progression.

Materials and methods

Study subjects. A clinical study of epithelial ovarian cancer
was conducted in the Gynecologic Oncology Unit at Univer-
sity of Turin between October 1991 and February 2000. The
study was approved by the university's ethics review com-
mittee. During the study, fresh tumor samples were collected
from 211 patients who underwent surgery for primary epi-
thelial ovarian cancer. The average age of patients at surgery
was 57.6 years, and the range was between 26 and 82 years.
Of the patients, 203 were followed after surgery through June
2001. The median follow-up time was 31.1 months, ranging
from 0.6 to 114 months. Disease stage was determined based
on the FIGO criteria (the International Federation of Gyneco-
logists and Obstetricians); stage I through IV diseases were
found in 52 (24.8%), 12 (5.7%), 132 (62.9%) and 14 (6.7%)
patients, respectively. Serous tumors were present in 40.3%
of the patients. The remaining were endometrioid (19.4%),
undifferentiated (17.1%), mucinous (8.5%), clear cell (7.6%),
mullerian (6.6%) and other (0.5%). Tumor grades (WHO
criteria) from 1 (well differentiated) to 3 (poorly differentiated)
were seen in 16.2, 19.0 and 64.8% of the patients, respectively.
Of the patients who underwent a cytoreduction procedure,
107 (51.7%) achieved optimal debulking, while 100 (48.3%)
had suboptimal results (≥1 cm of detectable residual lesions
remained after surgery). Patient responses to post-surgical
treatment were classified into four categories, including i)
complete response if there was resolution of all evidence of
disease for at least one month, ii) partial response if there
was a decrease of ≥50% in the product of the maximal and
minimal diameters of all measurable lesions without the
development of new lesions for at least one month, iii) stable
disease if there was a decrease of <50% or an increase of
<25% in the product of the diameters of all measurable lesions
and iv) progressive disease if there was an increase of ≥25%
in the product of the diameters of all measurable lesions or

the presence of new lesions. When analyzed, patients with
partial response, no response or disease progression were
grouped together as others (n=56) which were compared to
patients who had complete response (n=142).

Isolation and analysis of tissue DNA and RNA. Fresh tumor
samples were collected during surgery. The specimens were
snap-frozen in liquid nitrogen immediately after resection
and stored at -80˚C until analysis. The tissue samples were
examined independently by two pathologists to confirm
tumor content. The majority of samples contained 80-90%
tumor cells. Tumor tissues were pulverized manually in liquid
nitrogen, and 100 mg tissue powder each was processed to
extract DNA and total RNA following standard phenol-
chloroform protocols. One microgram of total RNA was
converted to cDNA using the Cloned AMV First-Strand
cDNA Synthesis kit (Invitrogen, Carlsbad, CA). To measure
cytosine methylation, DNA samples were treated with sodium
bisulfite to convert unmethylated cytosine to thymine, while
keeping methylated cytosine unchanged. Modified DNA
samples were then purified and analyzed with methylation
specific PCR (MSP). Seven MSP assays were developed to
analyze CpG site methylation in three IGF-II promoters,
including 3 assays for promoter 2, and 2 assays each for
promoters 3 and 4. Detailed information on these assays was
provided elsewhere (14).

Five IGF-II transcripts, including one from each of the
IGF-II promoters (P1, P2, P3 and P4) and a common region
shared by all the transcripts, were analyzed in tumor samples
using the SYBR green-based quantitative PCR. The real-time
PCR was performed using the Chromo4 continuous fluore-
scence detector system (MJ Research, Inc., Waltham, MA).
The PCR primers for IGF-II transcripts were designed using
the Primer Expression software (Applied Biosystems, Foster
City, CA). The primer sequences and PCR conditions were
published elsewhere (11,12,15). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as reference. Each sample
was analyzed in triplicates, and the measurements with co-
efficient variation (CV) >10% were discarded, using only two
close measurements. A melting curve was generated after
each PCR run to determine the size of PCR product.

Extraction of tissue proteins and analysis of IGF-II peptide.
Tissue protein extract was prepared for analysis of IGF-II
peptide in tumor samples. Pulverized tissue powder (10-
230 mg) were mixed with 1 ml BD Talon X Tractor buffer
(Clontech, Palo Alto, CA), and were centrifuged at 14000 rpm
for 30 min at 4˚C. After centrifugation, the supernatant was
collected for measuring levels of total proteins and IGF-II
peptide. Concentrations of total proteins were measured using
the bicinchoninic acid method (Pierce Inc., Rockford, IL).
Levels of IGF-II peptide were determined with a commercial
kit which is an enzyme-linked immunosorbent assay
(ELISA) (Diagnostic Laboratories Systems, Webster, TX).
The tumor samples were tested in duplicate, and the test
results with CV >10% were repeated. IGF-II concentrations
in tumor samples were adjusted for total proteins.

Statistical analysis. Methylation status was analyzed both
individually based on each MSP assay as well as jointly for
each promoter. In the assessment of promoter methylation,
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methylation status was determined by the positive results of
any MSP assays designed for the promoter. For example, if
one of the three MSP assays for P2 was positive, P2 was consi-
dered methylated. Promoter methylation was also analyzed in

combination. Given that little methylation was found in P4,
combined analysis was performed only for P2 and P3. Three
categories of P2 and P3 combination were created, including
i) methylated P2 and unmethylated P3 (P2M/P3U), ii)
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Figure 1. The structure and methylation of the IGF-II gene (Panel A), median expression of IGF-II promoter-specific mRNA in methylated and unmethylated
samples (Panel B), median expression of IGF-II mRNA in the common region shared by all IGF-II transcripts in methylated and unmethylated samples (Panel C),
and median IGF-II peptide concentrations in methylated and unmethylated samples (Panel D). Note: E1-E10 in Panel A represent 10 IGF-II exons. P1-P4 in
Panel A represent 4 IGF-II promoters. P2A-P4B in Panel A represent 7 MSP assays. EI, expression index. P2A-U and P2A-M represent unmethylated and
methylated samples measured by P2A MSP assay. P2B-U and P2B-M represent unmethylated and methylated samples measured by P2B MSP assay. P2C-U
and P2C-M represent unmethylated and methylated samples measured by P2C MSP assay. P3A-U and P3A-M represent unmethylated and methylated
samples measured by P3A MSP assay. P3B-U and P3B-M represent unmethylated and methylated samples measured by P3B MSP assay. P4A-U and P4A-M
represent unmethylated and methylated samples measured by P4A MSP assay. P4B-U and P4B-M represent unmethylated and methylated samples measured
by P4B MSP assay.
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unmethylated P2 and methylated P3 (P2U/P3M) and iii) a
mixed group which included those who did not fit to the first
two groups. For mRNA expression, an expression index (EI)
was computed using the formula: 1000 x 2(-ΔCt), where ΔCt =
CtIGF-II - CtGAPDH. ¯2 tests were used to analyze IGF-II methy-
lation and expression in association with clinical and patho-
logical features of ovarian cancer. Kaplan-Meier survival
curves were constructed to show survival differences by IGF-II
methylation patterns and expression levels. Univariate and
multivariate survival analyses were also performed using the
Cox proportional hazards regression model to examine the
risk of disease progression and death in association with IGF-II
expression and methylation. In the association analyses, IGF-II
levels, either RNA expression or peptide concentration, were
classified into low, medium and high groups based on tertile
distributions. All analyses were done using SAS version 9.1
(SAS Institute, Cary, NC).

Results

IGF-II expression by each methylation specific PCR assay.
Fig. 1 shows from top to bottom: the IGF-II gene structure,
regions analyzed by the seven MSP assays, numbers of CpG
sites covered by the MSP primers, percentages of methy-
lation in each assay (Panel A); levels of promoter-specific
expression of IGF-II mRNA from P2 to P4 in methylated and
unmethylated samples (Panel B); expression levels of the
common region of IGF-II mRNA in methylated and unmethy-
lated samples (Panel C); and peptide concentrations of IGF-II
in methylated and unmethylated samples (Panel D). We found
that methylation status in the analyzed regions of IGF-II
varied from low to high (19.3% in P2A, 45.6% in P2B and
50.9% in P2C) and then high to low (48.4% in P3A, 13.1% in
P3B, 6.1% in P4B and 5.1% in P4A) from P2 to P4 (Panel A).
Methylation status in 5 of the 7 assays appeared to be related
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Figure 2. The structure and methylation of the IGF-II gene (Panel A), median expression of IGF-II promoter-specific mRNA in methylated and unmethylated
samples (Panel B), median expression of IGF-II mRNA in the common region shared by all IGF-II transcripts in methylated and unmethylated samples (Panel C),
and median IGF-II peptide concentrations in methylated and unmethylated samples (Panel D). Note: E1-E10 in Panel A represent 10 IGF-II exons. P1-P4 in
Panel A represent 4 IGF-II promoters. EI, expression index. P2-U and P2-M represent unmethylated and methylated P2. P3-U and P3-M represent unmethy-
lated and methylated P3. P4-U and P4-M represent unmethylated and methylated P4.
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to promoter-specific transcripts (Panel B), i.e., unmethylated
promoters having higher expression than methylated pro-
moters. Two regions that were not matched well between
methylation and expression were the beginning and end of
the CpG islands covered by P2A and P4B assays. Overall,
promoter methylation did seem to affect promoter-specific
expression. However, when we further examined the effect
of each methylation assay status on overall IGF-II transcripts,
we did not observe a trend correlation between promoter-
specific methylation and IGF-II expression (Panel C). IGF-II
peptide concentrations appeared to be affected only by
methylation in P3 as levels of IGF-II peptide were higher in
unmethylated than in methylated P3 (Panel D). Assessing
IGF-II expression from Panels B-D together, P3A seemed to
be the only assay in which the methylation status was relevant
to expression.

IGF-II expression by promoter methylation and methylation
pattern. Methylation status was also determined based on the
results of MSP in each promoter as described earlier. Promoter
methylation was found in 64.2% of P2, 52.1% of P3 and 9.8%
of P4 (Fig. 2, Panel A). IGF-II mRNA expression was higher
in unmethylated than in methylated tumor samples in a
promoter-specific fashion (Panel B). IGF-II expression in
unmethylated and methylated P2, P3 and P4 were 1.59 EI vs.
0.19 EI, 242.60 EI vs. 156.61 EI and 40.41 EI vs. 9.75 EI,
respectively. The expression of the common mRNA region
was related to methylation only in P3, not in P2 or P4
(Panel C). Levels of IGF-II peptide were also higher in
unmethylated than in methylated P3 (Panel D).

Methylation patterns in P2 and P3 were also analyzed for
their effect on IGF-II expression. The analysis showed that the
methylation pattern of P2 and P3 was substantially associated
with IGF-II expression (Fig. 3). The expression of P3
(Panel B), common mRNA region (Panel C) and IGF-II
peptide (Panel D) were all substantially lower in the samples
with unmethylated P2 and methylated P3 (P2U/P3M) than in
those with methylated P2 and unmethylated P3 (P2M/P3U),
80.12 EI vs. 299.03 EI, 2.30 EI vs. 12.25 EI and 67.53 ng/mg
vs. 107.30 ng/mg, respectively. For P2 expression, the
relationship was opposite, high expression in P2U/P3M and
low in P2M/P3U (Panel A). The effect of methylation on
IGF-II expression seemed to be more evident when using the
methylation pattern as compared to methylation status of
individual assay or promoter.

Associations of IGF-II methylation and expression with clinical
and pathological features. Given the strong connection between
methylation pattern and expression, we analyzed the associ-
ations of methylation pattern with clinical and pathological
features of ovarian cancer, and compared the results with
IGF-II mRNA expression and peptide concentrations (Table I).
Of the three IGF-II markers (methylation pattern, mRNA and
peptide), mRNA expression appeared to be the most significant
one, which had significant associations with five of the six
disease features, including disease stage (Stage I/II vs. III/
IV), tumor grade (Grade 1/2 vs. 3), tumor histology (non-serous
vs. serous), debulking result (optimal vs. suboptimal) and
residual tumor size (0 vs. >0). High IGF-II mRNA expression
was seen more often in patients with advanced stages (39.9
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Figure 3. Median expression of IGF-II promoter-specific mRNA (Panels A and B), median expression of common IGF-II mRNA region (Panel C) and
median peptide concentrations (Panel D) by different methylation patterns in P2 and P3. EI, expression index. P2U/P3M represents unmethylated P2 and
methylated P3. P2M/P3U represents methylated P2 and unmethylated P3. Mix includes methylation patterns other than P2U/P3M or P2M/P3U.
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vs. 19.0%, p=0.002), high grade tumors (39.9 vs. 22.1%,
p=0.020), serous histology (45.7 vs. 25.6%, p=0.007), sub-
optimal debulking (43.4 vs. 24.2%, p=0.013) or larger
residual tumor (41.6 vs. 22.6%, p=0.007). Methylation pattern
was associated with four of the six disease features, including
tumor grade, debulking result, residual tumor size and response
to treatment. Compared to tumors with P2U/P3M, those with
P2M/P3U (associated with high IGF-II expression) were
more likely to have high grade (29.8 vs. 15.1%, p=0.023), sub-
optimal debulking (29.6 vs. 20.8%, p=0.024), large residual
tumor (29.0 vs. 19.1%, p=0.048) and no complete response
to treatment (35.2 vs. 21.0%, p=0.043). IGF-II peptide con-
centration was associated with fewer disease features than
mRNA expression or methylation pattern; only 2 of the 6
disease features were related to IGF-II peptide levels, including
disease stage (33.8 vs. 31.8%, p=0.018) and tumor grade
(38.1 vs. 24.3%, p=0.031).

Associations of IGF-II methylation and expression with
survival outcomes. Associations of patient survival with IGF-II

methylation and expression are shown in Table II. Similar to
the findings of disease features, IGF-II mRNA expression
was the most significant marker in relation to patient survival.
High IGF-II expression was associated with both progression-
free and overall survival of ovarian cancer patients. Patients
with high levels of IGF-II mRNA expression had increased
risks for disease progression (HR=1.71, 95% CI: 1.03-2.84)
and death (HR=2.19, 95% CI: 1.30-3.68) compared to those
with low expression. Promoter methylation pattern was also
significantly associated with progression-free survival. Patients
with P2M/P3U (high IGF-II expression) had over 2-fold
increases in risk of disease progression compared to those
with P2U/P3M (HR=2.59, 95% CI: 1.13-5.94). However,
unlike mRNA expression, an association between methy-
lation pattern and overall survival was not observed. No
associations were statistically significant after adjusting for
patient age at surgery, disease stage, tumor grade and
histology, suggesting that these markers may have limited
value to serve as independent prognostic indicators. IGF-II
peptide concentration was not associated with either
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Table I. Associations of IGF-II expression and methylation pattern with clinical features of ovarian cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

IGF-II methylation pattern IGF-II mRNA expression IGF-II peptide concentration
––––––––––––––––––––––––– –––––––––––––––––––––––––––– ––––––––––––––––––––––––––––

Variables P2UP3M Mix P2MP3U Low Medium High Low Medium High
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Disease stage

I-II 9 (14.1) 43 (67.2) 12 (18.7) 29 (50.00) 18 (31.03) 11 (18.97) 29 (46.03) 14 (22.22) 20 (31.75)

III-IV 16 (11.2) 88 (61.5) 39 (27.3) 38 (26.57) 48 (33.57) 57 (39.86) 40 (27.59) 56 (38.62) 49 (33.79)

P-value 0.401 0.002a 0.018a

Grade

1 and 2 13 (17.8) 49 (67.1) 11 (15.1) 30 (44.12) 23 (33.82) 15 (22.06) 23 (31.08) 33 (44.59) 18 (24.32)

3 12 (9.0) 82 (61.2) 40 (29.8) 37 (27.82) 43 (32.33) 53 (39.85) 46 (34.33) 37 (27.61) 51 (38.06)

P-value 0.023a 0.020a 0.031a

Histological type

Non-serous 16 (12.8) 81 (64.8) 28 (22.4) 48 (39.67) 42 (34.71) 31 (25.62) 46 (36.22) 38 (29.92) 43 (33.86)

Serous 9 (10.8) 51 (61.5) 23 (27.7) 19 (23.46) 25 (30.86) 37 (45.68) 23 (28.05) 32 (39.02) 27 (32.93)

P-value 0.663 0.007a 0.324

Debulk results

Optimal 19 (17.9) 65 (61.3) 22 (20.8) 40 (40.40) 35 (35.35) 24 (24.24) 41 (38.68) 35 (33.02) 30 (28.30)

Suboptimal 6 (6.1) 63 (64.3) 29 (29.6) 26 (26.26) 30 (30.30) 43 (43.43) 26 (26.26) 35 (35.35) 38 (38.38)

P-value 0.024a 0.013a 0.131

Residual tumor size

0 16 (18.0) 56 (62.9) 17 (19.1) 37 (44.05) 28 (33.33) 19 (22.62) 36 (40.45) 25 (28.09) 28 (31.46)

>0 9 (7.9) 72 (63.1) 33 (29.0) 29 (25.66) 37 (32.74) 47 (41.59) 31 (26.96) 45 (39.13) 39 (33.91)

P-value 0.048a 0.007a 0.098

Treatment response

Complete 22 (15.4) 91 (63.6) 30 (21.0) 48 (35.29) 49 (36.03) 39 (28.68) 52 (36.62) 49 (34.51) 41 (28.87)

Partial or

progression 3 (5.6) 32 (59.3) 19 (35.2) 15 (27.27) 16 (29.09) 24 (43.64) 12 (21.43) 19 (33.93) 25 (44.64)

P-value 0.043a 0.137 0.053
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ap<0.05.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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progression-free or overall survival in the analysis. Similar
results were also demonstrated in the Kaplan-Meier survival
curves (Figs. 4 and 5). Progression-free survival curves were
significantly different by methylation patterns (p=0.025) and
mRNA expression levels (p=0.036); no differences were
observed by IGF-II peptide concentrations (p=0.179) (Fig. 4).
For overall survival, significant differences were only seen in
patients with different levels of mRNA expression (p=0.003);
survival curves were not significantly different by methylation
patterns (p=0.225) or peptide concentrations (p=0.087) (Fig. 5).

Discussion

The study showed different levels of methylation in ovarian
cancer across a large CpG island in the IGF-II gene. Methy-
lation levels also varied among three IGF-II promoters in
ovarian cancer with high methylation in P2 and P3 and low
in P4. As expected, methylation in most of the analyzed
region (5 of the 7 MSP assays) was related to the expression
of IGF-II mRNA, i.e., low expression in methylated samples
and high in unmethylated ones. Considering the assay results
together based on each promoter, we found a similar trend
of lower expression in methylated than in unmethylated
promoters. While promoter-specific methylation matched
well to mRNA expression at the corresponding promoter, the

expression of the common region of IGF-II mRNA was
correlated only to P3 methylation. P2 and P4 methylation did
not match to the common region expression. Similar results
were also observed for IGF-II peptide. These observations
suggest that methylation regulation of P3 activity may be
important for IGF-II action in ovarian cancer. Our study
showed that P3 transcripts also had the highest level of
expression in ovarian tumors, indicating that P3 expression
may dominate the effect of IGF-II on the disease. P3 and P4
are known as fetal promoters which are highly active during
embryonic growth. Under normal circumstances, P3 and P4
activities are suppressed after birth and are kept silent
throughout life (5,16). These promoters, however, are found
to be reactivated in cancer. Studies have shown elevated P3
expression in several malignancies (17-20), and P3 demethy-
lation plays a critical role in reactivation of P3 expression
(21,22).

Our study showed that levels of IGF-II mRNA and peptide
were substantially different among patients with distinct
methylation patterns in P2 and P3. Patients with methylated
P2 and unmethylated P3 (P2M/P3U) had 5 times higher
mRNA expression and nearly 2 times higher peptide levels
compared to those with unmethylated P2 and methylated P3
(P2U/P3M). These differences in mRNA expression and
peptide concentrations would be much smaller if we only

ONCOLOGY REPORTS  25:  203-213,  2011 209

Table II. Associations of IGF-II expression and methylation pattern with ovarian cancer survival.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

IGF-II methylation IGF-II mRNA IGF-II peptide
patterna expression concentration

Survival outcome Level HRb (95% CIc) HR (95% CI) HR (95% CI)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Disease progression

Unadjusted model Low 1 1 1
Medium 2.04 (0.93-4.46) 1.42 (0.86-2.36) 1.14 (0.68-1.90)
High 2.59 (1.13-5.94) 1.71 (1.03-2.84) 1.41 (0.85-2.35)
P-value for trend 0.026 0.036 0.180

Adjusted modeld Low 1 1 1
Medium 1.90 (0.85-4.24) 1.41 (0.84-2.35) 1.01 (0.60-1.71)
High 2.20 (0.93-5.22) 1.32 (0.79-2.20) 1.42 (0.85-2.37)
P-value for trend 0.104 0.286 0.171

Death
Unadjusted model Low 1 1 1

Medium 1.61 (0.77-3.37) 1.63 (0.97-2.76) 1.02 (0.60-1.75)
High 1.74 (0.78-3.88) 2.19 (1.30-3.68) 1.53 (0.92-2.56)
P-value for trend 0.225 0.003 0.086

Adjusted modeld Low 1 1 1
Medium 1.46 (0.68-3.10) 1.56 (0.91-2.66) 0.94 (0.54-1.65)
High 1.54 (0.66-3.62) 1.63 (0.96-2.76) 1.49 (0.89-2.50)
P-value for trend 0.392 0.070 0.103

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMethylation pattern, P2UP3M is labeled as low (reference), mixed is medium and P2MP3U is high. bHR, hazards ratio. cCI, confidence interval.
dAdjusted for age, stage, grade and histotype.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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assessed the methylation status of P2 or P3 individually.
Furthermore, the methylation pattern was related to treatment
response, whereas mRNA expression was not, suggesting
that these molecular markers may have different implications
for the disease. When assessing the associations of methylation

markers with clinical and pathological features of ovarian
cancer, we found that the methylation pattern between P2
and P3 was associated with several disease characteristics.
Methylation at each individual assay or by each promoter was
not as strongly associated with the disease as the methylation
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Figure 4. Kaplan-Meier disease progression-free survival curves by IGF-II promoter methylation patterns (Panel A), IGF-II mRNA levels (Panel B) and IGF-II
peptide concentrations (Panel C).
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pattern. Compared to IGF-II mRNA expression and peptide
concentrations in the tumors, methylation patterns in P2 and
P3 seemed to behave similarly to mRNA expression in their
associations with tumor grade, debulking results and residual

tumor size. These findings suggest that a methylation pattern
in IGF-II promoters is clinically relevant and may have
potential implication in disease management. Other studies
have shown that many methylation markers in tumor tissues
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Figure 5. Kaplan-Meier overall survival curves by IGF-II promoter methylation patterns (Panel A), IGF-II mRNA levels (Panel B) and IGF-II peptide
concentrations (Panel C).
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are detectable in serum cell-free DNA (23,24). This unique
aspect of serum DNA analysis provides a potential oppor-
tunity of using blood samples, instead of tissue specimens, to
analyze molecular features of cancer for disease management.

The IGF axis is known to play an important role in cancer.
The effects of IGF-I on cancer development and tumor
progression have been investigated extensively. Compared to
IGF-I, the role of IGF-II in cancer has been less studied. IGF-II
is considered to be less important than IGF-I because of their
differences in mitogenic potency and interaction with
environmental and lifestyle factors. However, IGF-II is quite
distinct from IGF-I with regard to the regulation of their
activities. IGF-II is subject to extensive epigenetic regu-
lation involving DNA methylation, which controls genomic
imprinting and alternative use of different promoters for
transcription (8). Aberrant methylation has been identified as
an important molecular feature involved in tumorigenesis and
disease progression. Previous studies have shown changes in
the IGF-II promoter activities in liver cancer, and the change
is related to the methylation in each promoter (21). Our study
found similar evidence that supports the role of aberrant
methylation in ovarian cancer. The agreement indicates that
this epigenetic change may occur frequently in cancer and a
common event may be important in the disease process.
Further analysis of this growth factor with other members of
the IGF family may help to improve our understanding of
IGF's role in cancer. In this study, we also observed a corre-
lation between IGFBP-3 expression and IGF-II methylation
(data not shown). This relationship indicates that epigenetic
regulation of IGF-II may affect not only the expression of
IGF-II, but also possibly other members of the IGF family,
either directly or indirectly.

In addition to fetal promoter activation, loss of imprinting
(LOI) may also cause increases in IGF-II expression (25,26).
LOI in IGF-II has been found in a number of cancers,
including Wilms' tumor, renal cell carcinoma, cervical cancer,
gastric cancer, colon cancer, lung cancer, and head and neck
cancer (27-34). Existing evidence, however, does not seem to
support the involvement of LOI in ovarian cancer. One study
evaluated 27 ovarian tumor samples, and of the 11 tumors
which were informative, none showed biallelic expression of
IGF-II (35), suggesting that LOI may not be responsible for
increased IGF-II expression in ovarian cancer. Other studies
reported that LOI was not common in epithelial ovarian cancer
(36) and only 5 of 20 informative samples had LOI in IGF-II
(37). A recent study also showed that LOI in IGF-II was not
common in ovarian cancer (38). Thus, based on these reports,
high IGF-II expression in ovarian cancer may be more
relevant to the activation of IGF-II fetal promoters than loss
of imprinting.

In summary, we analyzed IGF-II activity in ovarian
cancer by examining promoter methylation, promoter specific
expression, as well as overall expression at both mRNA and
peptide levels. The results showed that the expression of
IGF-II from three promoters located in a CpG island was
affected by methylation. Methylation suppressed promoter-
specific expression. Promoter 3 methylation and expression
appeared to have a dominant role in ovarian cancer. The study
also showed that a methylation pattern between promoters 2
and 3 was more relevant to the features of ovarian cancer

than methylation determined by a single assay or based on
individual promoter. The methylation pattern of IGF-II may
have potential clinical implication in ovarian cancer disease
management.
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