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IGF2BP3 (IMP3) expression is a marker of
unfavorable prognosis in ovarian carcinoma of
clear cell subtype
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Clear cell carcinoma is an uncommon subtype of ovarian carcinoma, accounting for 10% of cases. Clear cell
carcinoma typically presents with stage | or Il disease, and in this setting prognostic markers could aid in
management decisions, in particular the decision to treat with adjuvant chemotherapy. We tested whether
expression of insulin-like growth factor 2 mRNA-binding protein 3 (IGF2BP3, also known as IMP3) can serve as
a new biomarker to predict outcome for patients with clear cell carcinoma and other subtypes of ovarian
carcinoma. The expression of IGF2BP3 was evaluated by immunohistochemistry in 475 ovarian carcinomas of
different subtypes and correlated with disease-specific survival. IGF2BP3 antibody specificity was validated by
correlation of IGF2BP3 protein with mRNA expression level in a series of 35 ovarian carcinomas (r=0.849,
P<0.0001). IGF2BP3 protein expression was an independent marker of reduced disease-specific survival (risk
ratio 2.9, 95% confidence interval 1.4-5.8) in the clear cell subtype (N=128), but not in high-grade serous
(N=198) or endometrioid (N=121) carcinomas. The prognostic significance of IGF2BP3 expression for reduced
disease-specific survival (risk ratio 2.6, 95% confidence interval 1.3-5.0) was confirmed in an independent
series of cases (N=150) from three different centers in North America. We conclude that IGF2BP3 is the first
biomarker of prognostic significance in ovarian clear cell carcinoma that has been validated in an independent
case series.
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The insulin-like growth factor mRNA-binding pro-
tein family comprises three proteins (IGF2BP1-3),
which regulate mRNA transport, translation, and
turnover by binding the coding regions of target
mRNAs such as IGF2 (insulin-like growth factor 2),
MYC, and ACTB (f-actin).” IGF2BP expression is
almost exclusively restricted to embryogenesis, with
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little or no detectable protein in normal adult
tissues.” We have recently shown that IGF2BP1
(alias IMP1) is overexpressed in high-grade ovarian
carcinomas of serous and clear cell subtypes.®
Another family member, IGF2BP3, was cloned from
a pancreatic tumor cDNA screen and was originally
designated as KOC (KH-domain-containing protein
overexpressed in cancer).” IGF2BP3 expression has
been associated with an unfavorable outcome in
renal clear cell carcinoma.?® On the basis of this
finding, we postulated that IGF2BP3 expression
could also be a prognostic indicator for ovarian
clear cell carcinoma, a tumor type with morphologic
similarities to renal clear cell carcinoma.
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Together with endometrioid carcinomas, clear cell
carcinomas are the second most common subtype of
ovarian carcinomas after high-grade serous subtype.
They account for 10% of all cases, and are mostly
(80%) diagnosed at stage I or IL'®'"" Women
diagnosed with ovarian clear cell carcinomas have
a 5-year overall survival ranging from 88% in stage I
to 33% in stage III.»* Except for stage, there are no
validated prognostic factors for clear cell carcinoma
and their behavior is unpredictable and in some cases
follow an aggressive clinical course. Histopathological
grading, for example, is not used as it has consistently
been shown to be of no prognostic significance;"
as such all clear cell carcinomas are considered to be
grade IIL."™ In the absence of validated prognostic
factors for clear cell carcinoma, we sought to deter-
mine whether expression of IGF2BP3 correlates with
prognosis for this distinct subtype.

Materials and methods
Patients and Tumor Specimens

IGF2BP3 expression was assessed for 475 ovarian
carcinomas from a population-based cohort from
British Columbia and a validation set of 150 ovarian
clear cell carcinomas from three other institutions of
North America: these cohorts were described ear-
lier."* Briefly, the cohort from British Columbia was
obtained from a population of approximately four
million people in British Columbia. For the period
1984-2000, 2555 patients with ovarian carcinoma
were registered in the Cheryl Brown Ovarian Cancer
Outcomes Unit, which records a large majority of
cases of ovarian carcinomas in the region. A total of
834 patients without macroscopic residual disease
after surgery were selected for further study. Ninety-
one patients with excellent prognosis (grade 1, stage
1a or 1b) were excluded from the study; only 3% of
women in this group died of disease during the
follow-up period. As clear cell carcinomas are by
definition grade III, no clear cell carcinomas were
excluded. After a full gynecopathological review™*
according to WHO criteria,"® 541 tissue blocks were
available and used for tissue microarray construc-
tion. A representative area of each tumor was
selected and duplicate 0.6-mm tissue cores were

punched to construct a tissue microarray (Beecher
Instruments, Silver Springs, MD, USA). A review
after tissue microarray construction revealed that an
additional 23 cases were not sampled adequately.
Also excluded were 18 cases of rare histological type
(including seven undifferentiated, six transitional,
and one squamous carcinoma) and five histologi-
cally unclassified cases. The serous subtype was
further subdivided into low and high grade,'® and all
11 low-grade serous carcinomas were excluded
because of insufficient numbers for subtype analysis.
This selection resulted in a study population of 489
cases belonging to one of the four major cell types
(high-grade serous, clear cell, endometrioid, and
mucinous). Table 1 shows the clinicopathological
data from 475 patients for whom IGF2BP3 expression
data were assessable.

The validation set was composed of 150 cases in
which pure clear cell carcinomas were selected after
a file search in the period from 1980 to 2006. These
cases were obtained from three institutions (Johns
Hopkins University, Baltimore, MD, USA, N=69,
University of Alberta, Edmonton, Canada, N=42,
Memorial Sloan-Kettering Cancer Center, New York,
NY, USA, N=39).

To validate immunohistochemistry by analysis of
mRNA expression, fresh frozen as well as paraffin-
embedded tissue was obtained for 35 ovarian tumors
from the Vancouver General Hospital tumor bank
from patients who were undergoing surgery during
2004-2005."° These cases include the following
subtypes: high-grade serous (N=27), clear cell
(N=3), endometrioid (N=4), and one serous bor-
derline tumor. Approval for the study was obtained
from the Research Ethics Board (H04-60102).

Treatment and Outcome

Minimal staging with inspection and palpation of all
peritoneal surfaces and the retroperitoneal area,
biopsies of any suspect lesions for metastases,
peritoneal washing, and infracolic omentectomy
was the standard of care in all the four institutions.
The majority of patients were treated during a time
period when current comprehensive surgical staging
was not the standard of care, and information
regarding extent of surgical staging is missing in a

Table 1 Clinicopathological characteristics and IGF2BP3 expression of patients with ovarian carcinomas

Cohort by subtype N Age (meants.d.) Stage III/IV (%) IBP2BP3 expression (%)
British Columbia cohort 475 57.9+12.8 16.8 46.8
High-grade serous 196 60.8+11.5 33.2 50.0
Clear cell 128 56.4+13.3 7.0 51.6
Endometrioid 121 55.5+13.2 4.1 27.3
Mucinous 30 55.6+13.7 3.3 86.7
Validation set
Clear cell 150 51.5+10.8 23.7 54.0

s.d., standard deviation.
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significant number of cases. Hence, these cohorts
must be considered as incompletely staged, with an
approximately 25% risk that residual tumor was left
behind after primary surgery.'” Patients with ovarian
carcinoma from the British Columbia cohort re-
ceived adjuvant therapy according to the provincial
treatment guidelines of the British Columbia Cancer
Agency that changed over the years'™ and are
available at http://www.bccancer.bc.ca/PPl/Typesof
Cancer/Ovary/default.htm. Similarly, the treatment
regimens for ovarian clear cell carcinomas of the
other centers were revised over time and are shown
in Supplementary Table 1; adjuvant therapy for
ovarian clear cell carcinoma was consequently quite
heterogeneous. The study endpoint was defined as
disease-specific survival. Disease-specific survival
was defined as ovarian carcinoma-specific death, in
which ovarian cancer was the primary or underlying
cause of death. Death from concurrent disease (ie
second malignancy) was coded as ‘died of other
cause’; death resulting from toxicities relating to
treatments for ovarian carcinoma was coded as ‘died
of toxicities’ and these patients were censored for
disease-specific survival. This information was
available for all (100%) patients of the British
Columbia cohort (Cheryl Brown Ovarian Cancer
Outcomes Unit) and 91.3% of patients from the
validation set. Mean follow-up time was 5.9 years
(British Columbia cohort) and 4.6 years (validation
set).

Immunohistochemistry and Scoring

Serial 4-ym sections were cut for immunohisto-
chemical analysis. After heat-antigen-induced re-
trieval, staining was carried out on an automated
system as per the manufacturer’s protocol (DAKO,
Carpenteria, CA, USA). The expression of IGF2BP3
in ovarian carcinomas was analyzed by immunohis-
tochemistry using a mouse monoclonal antibody
against IGF2BP3 (clone 69.1, dilution 1:100, DAKO,
Carpenteria, CA, USA)." Normal fallopian tube,
ovarian surface epithelium, ovarian stroma, and
endometrium were non-immunoreactive and were
used as negative controls. A malignant melanoma
sample with known IGF2BP3 expression served as a
positive control. IGF2BP3 staining on tissue micro-
arrays was scored by a pathologist (MK) blinded to
clinical outcome. The cut-off point for positive cases
was any convincing cytoplasmic expression in more
than 5% of tumor cells. Comparison between the
results of tissue microarray assessment of IGF2BP3
staining and full-section immunohistochemical
assessment was done in 22 cases (20 that were
negative on tissue microarray assessment and
two that were positive). Results of assessment of
full sections were concordant in 21/22 cases;
a single case that was negative on tissue microarray
assessment showed focal positivity on full section
staining.
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Antibody Confirmation

The Human Exonic Evidence Based Oligonucleotide
microarray (HEEBO) (Stanford, CA, USA) was used
to examine the mRNA expression profiles of 35
ovarian carcinomas. After confirmation of the pre-
sence of viable tumor by frozen section, total RNA
from the tumor samples was extracted using mirVa-
na™ RNA isolation kit (Ambion, Austin, TX, USA).
The total RNA was reverse transcribed into cDNA
using a mixture of oligo dT (Operon, HPLC purified)
and random hexamer (Amersham, Cat 27-2166-01)
primers with incorporation of amino allyl-dUTP
(Ambion 8439). Cy3 and Cy5 dyes (Amersham RPN
5661) were used for indirect labeling of the cDNA
from reference RNA (Stratagen, Universal Human
Reference RNA, Cat 740000) and cDNA from tumor
specimens, respectively. Microarray hybridization
and washing were carried out using standard
procedures.?>*' Microarrays were scanned on a
GenePix 4000 microarray scanner and fluorescence
ratios (tumor/reference) were calculated using Gen-
ePix software. Only spots with a ratio of signal over
background of at least 1.5 in the Cy5 and 1.5 in the
Cy3 channel were included. Gene centering was
applied to the expression values for this series of
tumors. Our current analysis was restricted to the
expression level of IGF2BP3 (IMP3) mRNA and was
correlated to the status of protein expression by
immunohistochemistry.

Statistical Analysis

Univariate disease-specific survival analysis was
carried out by generating Kaplan—-Meier curves and
differences were assessed with the log-rank statistic.
Multivariable disease-specific survival analysis was
assessed with the Cox proportional hazards regres-
sion model. Differential expression of IGF2BP3
across the four histopathological subtypes was
assessed with contingency analysis and statistical
differences were quantified using the Pearson’s chi-
square statistic. For all analyses, a P-value <0.05
was considered statistically significant. Statistical
analyses were carried out using SPSS software
(version 15.0; SPSS, Chicago, IL, USA).

Results

IGF2BP3 expression by immunohistochemistry cor-
related strongly with mRNA levels in a set of 35
ovarian carcinomas (Figure 1, r=0.849, P<0.001).
IGF2BP3 staining was not observed in sections of
normal tissue, including ovarian stroma and surface
epithelium, fallopian tube, and endometrium (data
not shown).

Forty-seven percent of ovarian carcinomas of the
British Columbia cohort showed IGF2BP3 expres-
sion (Figure 2, all slides are available online at
http://bliss.gpec.ubc.ca/ (under OOU)). IGF2BP3
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Figure 1 Relative amount of IGF2BP3 mRNA for immunohisto-
chemically IGF2BP3-negative and -positive ovarian carcinomas.
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Figure 2 Immunohistochemical stains for IGF2BP3 showing a
tissue microarray consisting of ovarian clear cell carcinomas of
the validation set. Lower left—a clear cell carcinoma negative for
IGF2BP3, lower right—a clear cell carcinoma positive for
IGF2BP3.

expression differed between subtypes (P<0.001,
Pearson’s chi-square, Table 1). The highest rate of
expression was seen in the mucinous subtypes
(86%, N=230), followed by clear cell carcinomas
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(52%, N=128) and high-grade serous carcinomas
(50%, N=198), with the lowest expression rate in
endometrioid subtype (27%, N=121). Disease-spe-
cific survival was found to be significantly shorter in
patients with IGF2BP3 expressing clear cell carci-
nomas (P=0.001, Figure 3a). There was no signifi-
cant difference in disease-specific survival between
patients whose tumors did and those whose tumors
did not express IGF2BP3 for high-grade serous
(Figure 3b) or endometrioid subtypes (Figure 3c).
In clear cell carcinoma only stage was a significant
clinical risk factor in univariate analysis (data not
shown) and therefore was introduced into a multi-
variable Cox proportional hazards regression model,
together with IGF2BP3 status. For IGF2BP3 expres-
sion, a risk ratio of 2.9 (95% confidence interval 1.4—
5.8, Table 2) independent from stage was calculated.

To validate this finding, an independent cohort of
150 ovarian clear cell carcinomas from three other
centers (N=69 from Johns Hopkins University,
Baltimore, MD, USA, N=42 from University of
Alberta, Edmonton, Canada, and N=39 from Mem-
orial Sloan Cancer Center, New York, NY, USA) was
assessed for IGF2BP3 expression. The IGF2BP3
expression rate was similar to the BC cohort, with
54.0 and 51.6% of clear cell carcinomas showing
IGF2BP3 expression, respectively. Univariate and
multivariate analyses confirmed the independent
prognostic significance of IGF2BP3 expression for
ovarian clear cell carcinoma in this series (Figure 3d
and Table 2).

On the basis of these findings, we combined both
series and calculated the risk ratio for ovarian clear
cell carcinomas in stage I or II based on IGF2BP3
expression. Patients with IGF2BP3-expressing tu-
mors exhibited a risk ratio of 2.8 (95% confidence
interval, 1.6-5.1) for disease-specific survival. The
5-year disease-specific survival rate for women with
IGF2BP3-negative ovarian clear cell carcinoma in
stage I or II was 88% (standard error 3.5%) and for
IGF2BP3-positive tumors was 67% (standard error
4.9%).

Discussion

As there are no validated prognostic biomarkers for
ovarian clear cell carcinoma, stage at diagnosis is the
only information that clinicians can use to prog-
nosticate at present. In this study we validated
IGF2BP3 as a biomarker of prognostic significance
for ovarian carcinomas of clear cell subtype, in-
dependent of stage.

Although IGF2BP3 is expressed in a variety of
malignant neoplasms, including pulmonary small
cell,’ endometrial,?® and cervical carcinomas,?!
prognostic value has been shown only in renal clear
cell carcinomas,® other types of renal carcinomas,*
and low-stage urothelial carcinomas of the blad-
der.?® Validation of the association with prognosis in
an independent case series has been exclusively
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Figure 3 Kaplan—Meier analysis of disease-specific survival in ovarian carcinomas: (a) ovarian clear carcinomas from British Columbia
(N=128), (b) ovarian high-grade serous carcinomas (N=198), (c) ovarian endometrioid carcinomas (N=121), and (d) ovarian clear cell
carcinomas from the validation set (N=150). P-values were calculated using the log-rank test.

Table 2 Multivariable analysis for disease-specific survival of the ovarian clear cell carcinomas

Variable British Columbia cohort Validation set

RR (95% CI) P-value RR (95% CI) P-value
Stage (III/1IV vs I/1I) 3.7 (1.5-8.8) 0.004 7.4 (4.0-13.6) <0.001
IGF2BP3 Expression (+ vs —) 2.9 (1.4-5.8) 0.003 2.6 (1.3-5.0) 0.006

CI, confidence interval; RR, risk ratio.

reported for renal clear cell carcinoma.” The same  increase expression levels of several oncogenes
prognostic significance is shown and validated here ~ (IGF2, MYC) by stabilizing their mRNA.?

for ovarian clear cell carcinomas, but not other An attractive feature of IGF2BP3 as a biomarker is
subtypes of ovarian carcinoma, suggesting a unique  that its expression is found only in tumor tissue
role of IGF2BP3 in these morphologically similar  and is absent in normal adult tissue. This on/off
tumors. In contrast to renal clear cell carcinomas, in =~ phenomenon of expression makes staining interpre-
which abnormalities of the VHL/HIF1-o pathway  tation straightforward in practice. The only normal
have been identified in a majority of cases,”* the  tissue in which we observed IGF2BP3 expression
oncogenesis of ovarian clear cell carcinoma remains  is the placental intermediate trophoblast, which
an enigma.”® IGF2BP3 has been postulated to is the most invasive cell type during placental

Modern Pathology (2009) 22, 469-475
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implantation; IGF2BP3 has been functionally im-
plicated in cell migration.?® The lack of IGF2BP3
expression, which is normally expressed during
embryogenesis,® in normal adult tissue suggests that
IGF2BP3 is epigenetically silenced in adult tissues.
In ovarian carcinomas, there might be re-expression
as a result of promoter hypomethylation, a common
feature of ovarian carcinomas.?” The IGF2BP3 gene
is located on chromosome 7p (at location
23316 354-23476520), a region not subject to
frequent perturbation in ovarian carcinomas,?® mak-
ing it unlikely that gene amplification is responsible
for the observed IGF2BP3 expression in ovarian
carcinoma. Therefore, we are currently testing the
hypothesis that the IGF2BP3 promoter is hypo-
methylated in some ovarian clear cell carcinoma,
and that this correlates with its expression levels. If
so, IGF2BP3 could be regarded as a target for re-
methylating enzymes.

This is a retrospective study and a great majority
of patients (90%) received adjuvant therapy; hence,
prognostic associations, strictly defined as tumor
behavior after primary surgery, uninfluenced by
different regimens of adjuvant therapy, cannot be
assessed. Patients with ovarian clear cell carcinomas
in this study were heterogeneously treated, with the
large majority receiving chemotherapy with or
without radiotherapy (eight different regimens that
were given to at least five patients, and rare
therapeutic regimens that were given to a few single
patients, Supplementary Table 1). IGF2BP3 expres-
sion, however, showed the same trend for unfavor-
able prognosis in each treatment subgroup (data not
shown). As only 10% of patients with ovarian clear
cell carcinomas in this study were not treated with
adjuvant therapy and this group consisted of
patients in whom adjuvant therapy was either not
advised or refused by the patient, we are not able
retrospectively to compare adjuvant-treated patients
with those receiving no adjuvant treatment.

A strength of this study is the large sample size
(combined N=278) of ovarian clear cell carcinoma.
The validation in an independent case series
indicates that the prognostic value of IGF2BP3
stands up against potential patient selection biases,
including different diagnostic and treatment stan-
dards. As stage III vs I/II is the strongest prognostic
indicator in ovarian clear cell carcinoma, we
examined the prognostic value of IGF2BP3 in stage
I and II. Here we calculated a risk ratio of 2.8 for
IGF2BP3-positive vs -negative ovarian clear cell
carcinoma for disease-specific death combining
both cohorts. IGF2BP3 expression might be used to
stratify patients to adjuvant therapy. There is a
subgroup of patients with clear cell carcinomas,
namely stage I/II and IGF2BP3-negative, which has a
good prognosis (5-year disease-specific survival
rate of 88%). Assuming the reported chemotherapy
response rate for clear cell carcinomas (15-32%)"**°
as an actual cure rate of one-third of the patients
(which is undoubtedly an overestimate), we can
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estimate that from 100 patients 12 died despite
treatment with adjuvant therapy and six patients
were cured by chemotherapy; hence, 82 patients
were treated without benefit. Considering the rate of
severe side effects of chemotherapy, for example
long-lasting grade III/IV peripheral sensory neuro-
toxicity reported in 7% of patients treated with
carboplatin/paclitaxel,*® we would argue that as-
sessment of IGF2BP3 expression in stage I or II
ovarian clear cell carcinoma identifies patients in
whom the risk/benefit ratio of current adjuvant
therapy is so poor that consideration should be
given to recommend against adjuvant therapy for
some patients, a finding that now needs prospective
validation.
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