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KEYWORDS Abstract  Background: Endometrial carcinoma comprises a group of tumours with distinct
Endometrial cancer; histologic and molecular features and clinical behaviour. Here, we sought to define the biolog-
Gene expression; ical processes that govern the clinical behaviour of endometrial cancers.

Biological process; Methods: Sixteen prototype genes representative of different biological processes that would
Outcome likely play a role in endometrial and other hormone-driven cancers were defined. RNA-

sequencing gene expression data from 323 endometrial cancers from The Cancer Genome
Atlas (TCGA) were used to determine the transcription module of each prototype gene.
The expression of prototype genes and modules and their association with outcome was as-
sessed in univariate and multivariate survival analyses. The association of MSH6 expression
with outcome was validated in an independent cohort of 243 primary endometrial cancers us-
ing immunohistochemistry.
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Results: We observed that the clinical behaviour of endometrial cancers as a group was associ-
ated with hormone receptor signalling, PI3K pathway signalling and DN A mismatch repair pro-
cesses. When analysed separately, in endometrioid carcinomas, hormone receptor, PI3K and
DNA mismatch repair modules were significantly associated with outcome in univariate anal-
ysis, whereas the clinical behaviour of serous cancers was likely governed by apoptosis and
Whnt signalling. Multivariate survival analysis revealed that MSH6 gene expression was associ-
ated with outcome of endometrial cancer patients independently from traditional prognostic
clinicopathologic parameters, which was confirmed in an independent cohort at the protein level.
Conclusion: Endometrioid and serous endometrial cancers are underpinned by distinct molecu-
lar pathways. MSHG6 expression levels may be associated with outcome in endometrial cancers as

a group.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Endometrial cancer (EC), the most common gynaeco-
logic malignancy in the USA, comprises a heteroge-
neous group of tumours with distinct histologic features,
biological behaviour and treatment response. Endome-
trioid and serous carcinomas account for the majority of
ECs. Treatment decisions for patients with EC are pri-
marily determined by surgical stage at presentation,
histologic type and grade [1].

There is evidence to suggest that some molecular al-
terations are preferentially found in endometrioid
endometrial carcinomas (EECs), including mutations in
PTEN and CTNNBI, whereas others are more prevalent
in serous endometrial carcinomas (SECs), such as TP53
mutations [2,3]. These observations have been corrob-
orated and expanded by the transcriptomic and genomic
analyses of a large set of EECs and SECs carried out by
The Cancer Genome Atlas (TCGA) [4]. The analyses
performed by TCGA have led to an integrated genomic
classification of EECs and SECs and the identification
of the POLE (ultramutated), microsatellite instability
(MSI) (hypermutated), copy-number low (endome-
trioid) and copy-number high (serous-like) subtypes,
which have been shown to be underpinned by distinct
combinations of genomic and epigenetic alterations [4].

Based on the molecular heterogeneity observed in
ECs, we posited that the biological processes and
pathways associated with outcome may be distinct be-
tween ECs of different histologic types, grades or inte-
grated genomic subtypes and that additional markers
predictive of clinical behaviour may be present in
different subsets of the disease.

The aims of this study were 1) to determine genes or
gene expression modules representative of biological
processes known to play a role in EC or in other hormone-
driven cancers, and ii) to define the association of these
genes and/or gene expression modules with outcome in
ECs as a group, and in subgroups stratified according to
histologic type, grade or integrated genomic types using
RNA-sequencing data from the TCGA study [4].

2. Methods
2.1. Transcription modules and univariate analysis

RNA-sequencing gene expression and clinicopathologic
data including outcome from 323 ECs were retrieved from
the TCGA data portal (https://tcga-data.nci.nih.gov/docs/
publications/ucec_2013/, files ‘RNASeq’ and ‘Key Clinical
Data’; accessed December 2015) [4] (Supplementary Table
1). The RSEM normalised gene-level expression data were
obtained. As described by TCGA [4], genes lacking
HGNC annotation or with small expression values in at
least one-fourth of the samples were removed. The
expression values of the final set of 20,502 genes were log,
transformed. We selected 16 ‘prototype’ genes represen-
tative of biological processes that have been shown to play
arole in EC or other hormone-driven cancers. The details
of the gene selection are described in the Supplementary
Methods [3—5]. The transcription modules of each pro-
totype gene, which comprise the genes specifically co-
expressed with each prototype gene (Supplementary
Tables 2 and 3), were defined essentially as described by
Desmedt et al. [5] and are described in the Supplementary
Methods. The R script for the univariate models, tran-
scription module development and module score calcula-
tions is available in the Supplementary Methods.

2.2. Gene ontology enrichment analysis

Gene ontology enrichment analyses of the 16 transcrip-
tion modules were performed using Cytoscape (v.2.8.3)
with the BinGO plugin (v.2.44) [6], and a hypergeometric
test, with the false discovery rate controlled using the
Benjamini and Hochberg procedure. Biological processes
with a corrected P < 0.05 were deemed significant.

2.3. Tissue microarrays (TMAs) and
immunohistochemistry

Tissue microarrays from the University Hospital Basel,
Basel, Switzerland, and University Hospital Virgen del
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