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E\%\;v.ords: Summary Insulin-like growth factor-II messenger RNA—binding protein 3 (IGF2BP3 or IMP3) is a
’ . biomarker whose expression has been found to be a negative prognostic factor in several neoplasms
Clear cell carcinoma; . . . . .
Endometrium including ovarian clear cell carcinoma (CCC). In this study, we analyzed the frequency and
um;

clinicopathologic significance of IMP3 expression, as assessed by immunohistochemistry and as scored
using a modified H-score system, in a cohort of 50 endometrial CCCs. Cases with scores of 0 to 100,
101 to 200, and 201 to 300 were classified as negative/mildly positive (n = 17), moderately positive (n =
20), and strongly positive (n = 13), respectively. A distinctive pattern of increased staining at the
myoinvasive front (relative to the main tumor) was evident in 46% of the cases with evaluable foci of
myometrial invasion. Moderate/strong IMP3 staining was associated with a tumor architectural pattern
that has been reported to be of poor prognostic significance: at least 10% of the tumor composed of solid
architecture or individual infiltrating tumor cells (P = .01). Increasing levels of IMP3 expression showed
a trend toward decreasing relapse-free survival (RFS; median survival, 75.6, 81.3, and 48.4 months for
the negative/mildly, moderately, and strongly positive groups, respectively [P = .09]). However, IMP3
expression was not significantly associated with reduced overall survival or RFS in a multivariate
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analytic model. The finding in a subset of our cases of increased IMP3 expression at the tumoral
myoinvasive front is consistent with a role for IMP3 in invasiveness, as is the trend toward reduced RFS
in cases expressing IMP3 at high levels. These preliminary findings suggest that IMP3 expression may
be involved in the pathogenesis of CCC and is worthy of further exploration.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

The insulin-like growth factor-II messenger RNA
(mRNA)-binding proteins IMP1 (IGF2BP1), IMP2
(IGF2BP2), and IMP3 (IGF2BP3) are an evolutionarily
conserved family of mRNA-binding proteins that comprise 2
RNA recognition motifs and 4 K homology (KH) domains
[1]. IGF2BPs are involved in the subcytoplasmic localization
of mRNAs and hence translational control during embryo-
genesis [2,3]. Accordingly, they are primarily produced
during the early stages of embryogenesis but may be
expressed in some organs (such as the ovaries and testes)
later in development [1,2]. The /GF2BP3 gene is located on
chromosome 7pl1.5, was previously designated as K
homology domain-containing protein overexpressed in
cancer, and was cloned after a screen for differentially
expressed genes in pancreatic cancer relative to the normal
pancreas [4]. The resultant protein, a 580-amino-acid
oncofetal RNA-binding protein (IMP3), has emerged during
the last decade as a robust diagnostic marker whose
immunohistochemical assessment can be used to reliably
distinguish some malignancies from their benign histologic
or cytologic mimics and to distinguish between histotypes of
selected neoplasms [5]. Furthermore, preliminary lines of
evidence indicate that IMP3 expression is a negative
prognostic factor and/or a predictor of tumor progression in
a remarkably high proportion of neoplasms in which this
expression has been evaluated, including colorectal, gastric,
renal, mammary, bladder, thyroid, and oral cavity carcino-
mas; cutaneous melanomas; osteosarcomas; meningiomas;
neuroblastomas; and cervical intraepithelial neoplasias [5].
It was recently reported that IMP3 expression is an
independent marker of reduced survival in patients with
ovarian clear cell carcinomas (CCCs) [6]. Endometrial CCC
is a significantly rarer neoplasm, and a comparable analysis
of IMP3 expression in CCC has not heretofore been
reported. The purpose of this study is to assess the
frequency and prognostic significance of IMP3 expression
in endometrial CCCs.

2. Materials and methods
2.1. Case selection and review

The 50 cases that comprised the final data set were
retrieved from the archived files of multiple institutions. The

cases were selected at these institutions by gynecologic
pathologists, who all searched for tumors signed out as CCC
at their respective institutions, subjected them to secondary
review, and selected those cases that they considered to be
unequivocally diagnostic of CCC. All cases were subse-
quently reviewed centrally by a panel of 3 gynecologic
pathologists (J.H., V.P., and O.F.). Each panelist reviewed
all cases independently. A case was included in the final
data set only if at least 2 of the 3 central panelists agreed
with a diagnosis of CCC. Nineteen percent of the cases that
were in the prereview data set were excluded as non-CCC
after central review. The 50 cases that comprised the final
data set thus included cases that had been subjected to at
least 3 layers of review. These cases included 5 biopsies and
45 hysterectomy specimens. The cases had been used,
entirely or in subsets, in previously published studies from
this group. Clinical data were extracted from the medical
record. This study was approved by the institutional review
board at Vanderbilt University (institutional review board
no. 12606).

2.2. Immunohistochemistry

IMP3 immunohistochemical analyses were performed on
a single section from all 50 cases in a Leica Bond Max
immunohistochemical autostainer (Leica Microsystems,
Buffalo Grove, IL). The proprietary Leica Epitope Retrieval
2 solution was used to facilitate heat-induced antigen
retrieval. Slides were then incubated with the primary
antibody, a monoclonal mouse antihuman IMP3, Clone
69.1 (dilution 1:750; Dako, Carpinteria, CA); the Bond
Polymer Refine detection system was used for visualization.
IMP3 is known to exhibit a predominantly cytoplasmic
reactive pattern, although nuclear expression may also be
uncommonly seen. Any immunoreactivity (nuclear and/or
cytoplasmic) was interpreted as representing positivity. A
case of endometrial serous carcinoma with known IMP3
immunoreactivity served as a positive control, whereas a
section of normal endometrium in the proliferative phase
served as a negative control. Immunohistochemical staining
for IMP3 was jointly scored on all cases by 2 authors (O.F.
and M.M.D.) using a semiquantitative system that is based
on the H index [7]: 3 xpercentage of strongly staining cells
+2 xpercentage of moderately staining cells +percentage of
weakly staining cells, giving “composite scores” that ranged
from 0 to 300 (Fig. 1). Given the high frequency of
immunoreactivity as outlined later, the cases were classified
into 3 groups based on their composite scores. Cases with a
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