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Abstract

Background: Endometrial cancer is the most common gynecologic malignancy in developed countries and little is known
about the underlying mechanism of stage and disease outcomes. The goal of this study was to identify differentially
expressed genes (DEG) between late vs. early stage endometrioid adenocarcinoma (EAC) and uterine serous carcinoma
(USQ), as well as between disease outcomes in each of the two histological subtypes.

Methodology/Principal Finding: Gene expression profiles of 20 cancer samples were analyzed (EAC=10, USC=10) using
the human genome wide illumina bead microarrays. There was little overlap in the DEG sets between late vs. early stages in
EAC and USC, and there was an insignificant overlap in DEG sets between good and poor prognosis in EAC and USC.
Remarkably, there was no overlap between the stage-derived DEGs and the prognosis-derived DEGs for each of the two
histological subtypes. Further functional annotation of differentially expressed genes showed that the composition of
enriched function terms were different among different DEG sets. Gene expression differences for selected genes of various
stages and outcomes were confirmed by gRT-PCR with a high validation rate.

Conclusion: This data, although preliminary, suggests that there might be involvement of distinct groups of genes in tumor
progression (late vs. early stage) in each of the EAC and USC. It also suggests that these genes are different from those
involved in tumor outcome (good vs. poor prognosis). These involved genes, once clinically verified, may be important for
predicting tumor progression and tumor outcome.
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Introduction

Endometrial cancer is the most common gynecologic malig-
nancy in developed countries, including an estimated 42,160 new
cases in the United States in 2009 and claiming almost 7,780 lives
[1]. Based on clinico-pathologic and molecular data, endometrial
adenocarcinomas are dichotomized into two types: type I,
endometrioid adenocarcinoma (EAC) and mucinous adenocarci-
noma; type II, uterine serous carcinoma (USC) and clear cell
carcinoma (CCC) [2]. EACs are the most frequent subtype and
account for more than 80% of all endometrial adenocarcinomas.
They are associated with obesity, exogenous hormonal therapy
and they tend to present as low grade, early stage tumors with
good outcomes, often cured with surgery alone. However,
approximately 11% to 16% of women with EAC will present
with FIGO (International Federation of Gynecology and Obstet-
rics) stage II, III and stage IV disease with 5-year survival rate of
70%, 40-50% and 15-20% respectively. USCs account for 3—
10% of endometrial carcinomas. While USCs represent a minority
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of total endometrial cancer cases they are responsible for a
disproportionate number of deaths [3,4]. They are high grade
tumors with deep myometrial invasion and lymphovascular
mvolvement [5]. The 5-year survival rates are estimated to be
50% for stage II, 20% for stage III and 5-10% for stage IV disease
[6].

Molecular genetic data supports the idea that endometrial
carcinomas are likely to develop through a multi-step process of
oncogene activation and tumor suppressor gene inactivation. In
addition, studies have demonstrated that molecular alterations are
specific for type I and type II endometrial carcinoma. Type I
cancer is characterized by mutation of PTEN, and defects in DNA
mismatch repair (as evidenced by the microsatellite instability
phenotype) [7,8]. Type II cancers are characterized by p53 and
Her-2/neu mutations [9,10]. However, these gene alterations
alone do not explain the different behavior and outcomes in type I
and type II cancers. Most of the studies using cDNA microarray
analysis have only focused on defining differential gene expression
among different histologic types of endometrial cancer [11-17].
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The aims of this study were focused on stages and outcomes in two
histologic types: EAC and USC. The purpose was to identify the
difference in gene expression patterns in late stages (stage III and
IV) versus early stages (stage I and II) in each of the two types and
in patients with good prognosis versus poor prognosis in EAC and
USC, respectively.

Results

Comparison of Stages and Outcomes

Under the framework of linear model, we inferred the
differential expression based on the following collected patients’
characteristics: EAC stage (late n=15 vs. early n=5), USC stage
(late n=5 ws. early n=5), EAC prognosis (good n=6 uvs. poor
n=4), and USC prognosis (good n = 6 vs. poor n = 4). The number
of identified DEGs and the subgroup restricted by desired fold
change for each comparison are illustrated in Table S1. A direct
comparison of their total gene expression patterns was performed
to evaluate the differences among each category.

Hierarchical clustering of patients samples based on DEGs
(p<<0.01) obtained from comparing late vs. early stage in USC
group and EAC group, respectively, is illustrated in Figure 1. We
identified 274 DEGs at significance level (p<<0.01) in patients with
USC, with 165 genes up-regulated and 109 genes down-regulated
in late stage disease. The 274 DEGs separate the 5 USC late stage
patients from the 5 USC early stage patients. For stage comparison
(late vs. early) in patients with EAC, we identified 111 significant
DEGs (p<<0.01), with 92 genes up-regulated and 19 genes were
down-regulated in late stages. The 111 DEGs accurately separate
the 5 EAC late stage patients from the 5 EAC early stage patients.

For prognosis comparison (good vs. poor), we identified 135 and
112 DEGs at a significance level (p<<0.01), for USC and EAC
respectively (Figure 2). The 112 DEGs derived from good vs. poor
prognosis comparison in EAC subtype accurately separate the 6
EAC good prognosis patients from the 4 EAC poor prognosis
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patients. Although less perfect, the 135 DEGs derived from good
vs. poor prognosis comparison in USC subtype can separate 5 of
the 6 USC good prognosis patients from the 4 USC poor
prognosis patients.

The complete list of DEGs with at least 2-fold change from the
four separate comparisons described above is listed in Table S2-S5.

To compare the tumor progression mechanism level between
different endometrial adenocarcinoma subtypes (USC vs. EAC) at
the transcriptome level, we first examined the overlap between
stage-derived DEGs in USC and stage-derived DEGs in EAC. As
shown in Figure 3, we found that there is minimal overlap between
the two DEG sets. Only 4 DEGs are shared by the 274 stage-
derived DEGs in USC and the 111 stage-derived DEGs in EAC.
There is no overlap when two-fold change is included as the
restriction.

We then evaluated the overlap between prognosis-derived
DEGs in USC and prognosis-derived DEGs in EAC. As shown in
Figure 3 we found that there is minimal overlap between the two
DEG sets. Only 1 DEG 1is shared by the 135 prognosis-derived
DEGs in USC and the 112 prognosis-derived DEGs in EAC.

Figure 4 illustrates the overlap between stage-derived DEGs and
prognosis-derived DEGs in both USC and EAC subtypes.
Remarkably, we found no overlap between stage-derived DEGs
and prognosis-derived DEGs in both subtypes. For USC, the 274
stage-derived DEGs are distinct from the 135 prognosis-derived
DEGs, and for EAC, the 111 stage-derived DEGs are distinct from
the 112 prognosis-derived DEGs.

The lack of overlap between stage-related (late vs. early) and
prognosis-related (good vs. poor) DEG sets in each subtype is of
particular interest. This suggests that it might be necessary to
identify and develop separate diagnosis biomarkers for endome-
trial adenocarcinoma stage diagnosis and patient outcome
prediction.

Further functional annotation of DEGs showed that the
composition of enriched function terms were different between

Figure 1. Hierarchical clustering of patient samples based on differentially expressed genes (P<0.01) obtained from comparing
late stage versus early stage in the USC group and EAC group, respectively. A) USC group. B) EAC group. In clustering dendrogram, blue
stands for early stage samples while yellow stands for late stage samples. Red means up-regulated while green means down regulated.

doi:10.1371/journal.pone.0015415.5001.g001
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Figure 2. Hierarchical clustering of patient samples based on differentially expressed genes (P<0.01) obtained from comparing
good prognosis versus poor prognosis in the USC group and EAC group, respectively. A) USC group. B) EAC group. In clustering
dendrogram, blue stands for good prognosis samples while yellow stands for poor prognosis samples. Red means up-regulated while green means
down regulated.

doi:10.1371/journal.pone.0015415.s001.g002

A (P<0.01)

A (P<0.01)

CD

0
B (P<0.01 & >1.5 FC) B (P<0.01 & >1.5 FC)
0
C (P<0.01 & >2 FC) C (P<0.01 & >2 FC)
67 23 36 39
0 0

Figure 3. Venn diagrams show little overlap for DEGs derived from the USC and EAC groups, respectively. Left) DEGs from comparing
late stage versus early stage in the USC group and EAC group, respectively. Right) DEGs from comparing good prognosis versus poor prognosis in the
USC group and EAC group, respectively. A) DEGs as defined by P-value<<0.01. B) DEGs with at least 1.5-fold change. C) DEGs with at least 2-fold
change.

doi:10.1371/journal.pone.0015415.s001.g003

@ PLoS ONE | www.plosone.org 3 November 2010 | Volume 5 | Issue 11 | e15415



EAC EvsL EAC GvsB

O

Figure 4. Venn diagrams show no overlap between stage-
related DEGs (late versus early) and outcome-related DEGs
(good versus poor) in both USC and EAC groups. EvL means
DEGs from comparing late stage versus early stage patients. GvB means
DEGs from comparing good prognosis versus poor prognosis patients.
A) DEGs as defined by P-value<0.01 in USC group. B) DEGs as defined
by P-value<<0.01 in EAC group.
doi:10.1371/journal.pone.0015415.s001.g004

0

the four DEG sets (Figure 5). For stage-related DEGs, the most
enriched function terms in USC group are nucleic metabolism,
protein traffic and cell cycle, while the most enriched function
terms in EAC group are cell structure and mobility, amino acid
metabolism and fatty acid metabolism. For outcome-related
DEGs, the most enriched function terms in USC group are
nucleic metabolism and mRNA transcription, while the most
enriched function terms in EAC group are developmental process.
Remarkably, the only overlapped function term 1is nucleic
metabolism which is enriched in both stage-related and out-
come-related DEGs of USC group. This suggests that different
tumor histology, stage and disease outcomes in endometrial
adenocarcinoma might involve either different pathways or
different components of common pathways. However, these
results should be interpreted with caution given the relatively
small sample size, and a larger group in future study will be needed
for validations.

gRT-PCR Validation of Microarray Data

We randomly selected 18 differentially expressed genes with at
least 2-fold change identified by microarray for validation by
quantitative Real Time PCR (qRT-PCR). Selected genes include
those up-regulated in late vs. early USC (LPAR2 and EPHAI), as
well as in EAC (CNTNI1, ELF5, KIF14 and TFF3) and those they
were down-regulated in late vs. early USC (RPRM, NMES3,
NR2FI), as well as in EAC (HOXDI10). The selected genes also
include those up-regulated in good vs. poor diagnosis in USC
(RHOBTB3, CEBPA) as well as in EAC (FBLNI, APLNR), and
those down-regulated in good vs. poor diagnosis in USC (FOSB,
RASSF7) as well as in EAC (FST, LMO4). qRT-PCR data of 15
genes indicated at least 2-fold change in expression levels and were
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concordant with the microarray data, yielding a validation rate of
15/18. Three genes, FST, LMO4 and RPRM, have less than 2-fold
change in expression level based on qRT-PCR. However, their
directions of expression change estimated by qRT-PCR are
consistent with those estimated from microarray (Figure 6).

Discussion

The main focus of the study is to identify and evaluate gene
expression patterns in late vs. early stage and good vs. poor
prognosis in each of endometrioid and serous types. Using the
Mumina HumanHT-12 v3 microarray, we found 274 and 111
stage-related DEG in each of USC and EAC respectively.
However, we were not able to find any overlap for DEGs with
at least 2 fold changes in late stages EAC and USC versus early
stages EAC and USC, indicating that tumor progression of
different endometrial adenocarcinoma subtypes might be charac-
terized by distinct gene expression signatures. In addition, we
found 112 DEGs that are differently expressed for good vs. poor
prognosis in EAC and 135 DEGs in USC. Only 1 DEGs is shared
by the 135 prognosis-derived DEGs in USC and the 112
prognosis-derived DEGs in EAC. These findings indicate that
tumor outcome of different endometrial adenocarcinoma subtypes
might also characterized by distinct gene expression signatures. In
other words, DEGs derived from USC might exclusively contain
USC-specific prognosis biomarkers, while the DEGs derived from
EAC might exclusively contain EAC-specific prognosis biomark-
ers. This confirms the existence of a distinct gene expression
signature between endometrioid and serous carcinoma as
previously seen [11,15,16], and that there is a distinct gene
expression signature driving late vs. early stages in each of these
two types. Additionally, the lack of overlap between stage-related
and prognosis-related DEG sets in each subtype is of particular
interest suggesting genes that drive and control stages might be
distinct from the genes that drive and control outcomes. As a
result, it would be of paramount interest to identify tailored
biomarkers for outcome prediction and treatment modalities in
patients with endometrial adenocarcinoma. Clearly, given the
relatively small sample size, these findings should be interpreted
with caution and a larger cohort is needed to validate these
findings.

Reviewing the microarray data on endometrial adenocarcino-
mas, there were a few DEGs that have previously been described
in literatures and confirmed in this study [11-17]. For example,
Ephrin receptor A1 (FEphAl), located at 7q32-q36, is a novel receptor
tyrosine kinase gene. The EphAlreceptor/ephrin ligand system
has been implicated in tumor progression in a number of
malignancies where they are strongly involved in tumorigenesis
including metastatsis, angiogenesis and invasion [11,18-20]. Trefoul
Jactor 3 (TFF3), located at 21q22.3, belongs to a family of small
mucin-associated polypeptides that can regulate cancer progres-
sion by increasing tumor metastasis [16,17,21,22]. E74-like factor 5
(ELF5) or epithelium —specific ETS factor 2 (ESEZ2), located at 11p15-
pl3, is a member of the E'TS family of transcription factors and
has been implicated to play a key role in cell proliferation,
differentiation, apoptosis and tumorigenesis [17,23].

However, a number of the DEGs identified in our study
represent novel ones, not captured by previous studies. For
example, lysophosphatidic acid receptor 2 (LPARZ2), mapped at 19p12
locus, is an important extracellular signaling molecule that
mediates a wide range of actions such as cell proliferation, cell
survival, migration, adhesion, and angiogenesis. Recently, LAPR2
was found to be overexpressed in ovarian tumors and authors have
speculated that this gene may contribute to the initiation,

November 2010 | Volume 5 | Issue 11 | e15415



USC Late vs Early

DNA replication
Cell cycle

DNA repair Nucleoside,
. - nucleotide
Chromatin packaglng and nucleic
and remodeling acid metabolism
DNA recombination? 61
4
DNA metabolism
11
traffic
pci
USC Good vs Poor
mRNA transcription
mRNA transcription regulation
17,
and nucleic
acid metabolism
7

Gene Expression in Endometrial Carcinoma

EAC Late vs Early

Fatty acid
biosynthesis

Fatty acid
biosynthesis

Amino acid
metabolism
Cell structure
and motility
10

metabolism

EAC Good vs Poor

Figure 5. Enriched function annotation of differentially expressed genes (P<0.01) identified by microarray. Enriched functional
annotations are reported by NCBI DAVID API server with default setting. The number following each enriched functional term is the number of
annotated DEGs. A) Enriched functional annotation for stage-related DEGs (late versus early) in USC group. B) Enriched functional annotation for
stage-related DEGs in EAC group. C) Enriched functional annotation for outcome-related DEGs (good versus poor) in USC group. D) Enriched

functional annotation for outcome-related DEGs in EAC group.
doi:10.1371/journal.pone.0015415.s001.g005

progression and even aggressive tumor behavior [24,25]. Based on
our data, LAPR2 could be possibly be an indicator of late stage
USC and thus causing aggressive tumor behavior. Other novel
DEGs that were found to be over-expressed in late vs. early EAC
are Contactin 1 (GNTNI) at 12q11-q12 and kinesin _family member 14
(K1F14) or KIAA0042 mapped at 1g31 locus. Contactin- 1 is a
metastasis promoter gene that plays an essential role in tumor
metastasis and tumor invasion. In animal studies, knockdown
contactin-1 resulted in inhibition of tumor metastasis and an
increase in survival. In patients with lung adenocarcinoma, high
Contactin-1 expression was directly correlated with tumor stage,
lymph node metastasis and poor survival [29]. Minimal literature
has been published regarding its mechanism; therefore, inhibitors
of contactin-1 could be a possible target therapy in advanced stage
EAC. Over-expression of KIFI4 by RT-PCR was seen in
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retinoblastoma and numerous other cancer types including breast,
lung, larynx, and hepatocellular carcinoma where numerous
studies suggested that A7F74 might have oncogenic potential [30—
32]. Although its cellular function is not clear, KIF/4 belongs to
the kinesin family and it usually plays an important role in mitosis.
Its expression was a predictor of tumor grade and a decreased
disease-free survival rate in breast cancer [33]. In our study, the
over-expression of ATFI4 is an indicator of advanced, late stage
EAC. Among the genes under-expressed in late vs. early stages
USC, we found nonmetastatic cells 3 (NMES3) located at 16q13,
and nuclear receptor subfamily 2 or transcription factor COUP-1
(NR2 F1/ COUP- TFI) gene, which is mapped at 5ql4 locus.
NMES3 is a member of the nm23 putative suppressor gene family
associated with metastasis, differentiation and apoptosis of cancer
cells [26]. In our study, the finding of NME3 under-expression in
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doi:10.1371/journal.pone.0015415.5001.g006

late stage USC might be interpreted as evidence of it functions as a
metastasis suppressor. NR2FI, also known as COUP TFlI, is
chicken ovalbumin upstream promoter transcription factor
(member of the orphan steroid receptor superfamily). Studies
showed the involvement of COUP-TFI in cell differentiation and
growth in endometrial and ovarian cancer cells [27]. Recently, this
gene was found to play a role in lymphangeogenesis via regulation
of the vascular endothelial growth factor (VEGF) in cancer [28].
HOXDI10 belongs to the HOX regulatory family of genes that
encode transcription factors which are essential during embryonic
development [34]. HOX genes are important for human
endometrial development and receptivity. /OXDI0 was found to
be strongly expressed in normal human uterine tissue. The
expression of HOXDI0 was extremely reduced in endometrial
carcinoma especially in high grade tumors, suggesting that it could
have a role in oncogenesis [35].

RHO-related BTB domain-containing protein3 (RHOBTB3) or
also known as K1440878 has been mapped on 5ql14.3 locus and
the gene has been differentially expressed and confirmed by qR'T-
PCR in good vs.poor USC outcome. RhoBTB3 is a member of the
RHOBTB subfamily of Rho GTPases that play a role in mediating
cell size, proliferation, apoptosis, survival, polarity, call adhesion
and membrane trafficking [36]. Recent studies have suggested that
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RhoB is involved in tumor suppression. These studies suggested
that RhoB was detected in normal tissue yet its expression was
dramatically lost during cancer progression in lung and head and
neck squamous cell carcinoma [37,38]. In line with these findings,
high expression of RhoB was associated with favorable outcome in
bladder cancer. In our study, we suggested that RhoBTB3 might
serve as a potential tumor marker for good prognosis in USC.
RAS association domain family 7 (RASSF7) is located at 11p15.5
and it belongs to the Ras-domain family of ten members that are
implicated in various cellular mechanisms including apoptosis, cell
cycle control, and microtubule stabilization [39]. They are down-
regulated by epigenetic mechanisms, indicating the potential role
of a tumor suppressor gene. However, this does not currently exist
in RASSF7 [40]. Recently RASSF7 was found in numerous tissues
and knocking down RASSF7 function resulted in blocking spindle
formation, triggering a mitotic arrest, nuclear breakdown and
apoptosis. This suggests the possibility that RASSF7 could have a
role in promoting cancer cell development [41]. In our study the
under-expression of RASSF7 in USC correlated with good
prognosis and the detection of RASSF7 silencing by methylation
study could have potential clinical use for USC prognosis and
treatment. Finally, Fibulinl (FBLNI), mapped on 22q13.3 gene,
belongs to a family of secreted glycoproteins. Fibulin family has
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been shown to modulate cell morphology, growth, adhesion and
motility. In particular, FBLNI appeared to have a role in inhibiting
cell adhesion, spreading, motility and invasion in human cancer
cells [42]. In vivo studies showed increased FBLNI expression in
ovarian and breast carcinomas. Others had showed its down-
regulation in prostate and gastric cancer [43]. Therefore,
speculation still exists regarding FBLNI as a tumor-suppressor
gene or an oncogene or it might even have dual functions [44]. In
our study, the over-expression of the FBLNI protein was observed
for good prognosis in EAC.

One limitation of this study is the relatively small sample size
which does not provide us enough power for statistical analysis of
expression levels of DEGs and clinical characteristics. The result
should be interpreted with caution because of the small sample size
and undetermined molecular mechanisms of novel DEGs.
Nevertheless, novel DEGs found in our studies, once narrowed
down and verified in future studies with larger cohort, might have
potential prognostic and therapeutic effects in each of EAC and
USC.

In conclusion, although the sample size was small for a definite
conclusion, we believe that our findings shed meaningful insights
into the clinical study of endometrial cancer patients that warrant
further investigation. Future large studies and advanced technol-
ogies are warranted to confirm our findings and further explore
the potential of DEGs to be utilized clinically as novel biomarkers
for endometrial cancer.

Materials and Methods

Tissue Specimens

Flesh-frozen cancer specimens were obtained from 20 patients
undergoing surgery for uterine cancer at Roswell Park Cancer
Institute (RPCI) including 10 cases of EAC, and 10 cases of USC.
Five out of 10 EAC specimens were from patients with early stage
disease (FIGO stage I and II), and five specimens were from
patients with late stage (FIGO stage III and IV). Of these 5 early
stage EAC, 3 had good outcome and 2 had poor outcome.
Similarly, 3 late stage EAC had a good prognosis and 2 had a poor
prognosis. The same patient distribution was for USC cases. All of
the tissue samples were collected under an Institutional Review
Board-approved protocol at RPCI. The hematoxylin-eosin (HE)
slides were reviewed by one Pathologist to confirm the tumor
subtype and FIGO grade. All patients were treated per National
Comprehensive Cancer Network guidelines [45]. Patients’ charts
were reviewed for patient follow-up which ranged from 18 months
to 60 months. Good prognosis is defined as patients who are alive
with no evidence of disease at last follow-up. Poor prognosis is
defined as patients who are alive with recurrent disease,
persistence, or progression of disease as well as patients who died
from disease. The Health Sciences Institutional Review Board
(HSIRB) of Roswell Park Cancer Institute has authorized this
research.

Sample Processing and Gene Expression Profiling

RNA preparation. The fresh frozen tissues were cut and
examined to make certain that the tissue contains >80% tumor.
Total RNA from 10-20 mg fresh frozen tissues were prepared
using the RNeasy midi kits (Qiagen, Valencia, CA) following
manufacturer’s instructions. After elution, RNA samples were
concentrated by EtOH precipitation at —20°C overnight, and
resuspended in nuclease-free water. Before labeling, RNA samples
were quantitated using a ND-1000 spectrophotometer (NanoDrop
Wilmington, DE) and evaluated for degradation using a 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA). Samples
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were required to have a RIN >6.5, an OD 260:280 of 1.9-2.1, an
OD 260/230 >1.5 and >1.5 285:18S ratio of the ribosomal
bands for gene expression array analysis.

Gene expression assay. Expression profiling was
accomplished using the HumanHT-12 v3 whole-genome gene
expression direct hybridization assay (Illumina, San Diego, CA) as
previously published [46]. Each array contains full-length 50-mer
probes representing more than 48,000 well-annotated RefSeq
transcripts, including >25,400 unique, curated, and up-to-date
genes derived from the National Center for Biotechnology
Information Reference Sequence (NCBI RefSeq) database (Build
36.2, Release 22). Initially, 250 ng total RNA was converted to
cDNA, followed by an in vitro transcription step to generate
labeled cRNA using the Ambion Illumina Total Prep RNA
Amplification Kit (Ambion, Austin, TX) as per manufacturer’s
instructions. The labeled probes were then mixed with
hybridization reagents and hybridized overnight to the
HumanHT-12 v3 BeadChips. Following washing and staining,
the BeadChips were imaged using the Illumina BeadArray Reader
to measure fluorescence intensity at each probe. The intensity of
the signal corresponds to the quantity of the respective mRINA in
the original sample. The expression profiles have been deposited
in NCBI's Gene Expression Omnibus (GEO) with GSE accession
number GSE23518.

Data analysis. BeadChip data files are analyzed with
Illumina’s GenomeStudio gene expression module and R-based
Bioconductor package to determine gene expression signal levels
[47]. Briefly, the raw intensity of Illumina Human HT-12 v3.0
gene expression array was scanned and extracted using BeadScan,
with the data corrected by background subtraction in
GenomeStudio module. The /umi module in the R-based
Bioconductor Package was used to transform the expression
intensity into log2 scale [48]. The log2 transformed intensity data
were normalized using Quantile normalization function.

We used the Limma program in the R-based Bioconductor package
to calculate the level of differential expression [49]. Briefly, a linear
model was fit to the data (with cell means corresponding to the
different conditions and a random effect for array), and the list of
differentially expressed genes (DEGs) with Poalue<<0.01 were
obtained by performing the following comparisons based on
collected patients’ characteristics: USC stage (late vs. early), EAC
stage (late vs. early), USC prognosis (good us. poor), and EAC
prognosis (good vs. poor).

Following single gene-based significance testing, we used the
expression value of DEGs (Pvalue<<0.01) to cluster the patients for
each comparison. Our purpose was to determine whether the
identified DEGs for each comparison are able to serve as potential
gene signature to classify patients into their corresponding
clinicopathologic groups. Hierarchical clustering algorithm based
on the average linkage of Pearson Correlation was employed [50].
The DEGs were analyzed for enriched biological process terms
using the NCBI DAVID server (http://david.abce.nciferf.gov)
with default setting [51]. All calculations were carried out under R
statistics computing.

Quantitative real time PCR analysis. The expression level
of 18 genes APLNR, CEBPA, CNTNI, ELF5, EPHAI, FBLNI,
FOSB, FST, HOXDI10, KIF14, LMO4, LPAR2, NME3, NR2FI,
RASSF7, RHOBTB3, RPRM, TFF3 selected for validation was
determined using Tagman qRT-PCR gene expression Assay On
Demand Probe/Primers (Applied Biosystems, Foster City, CA),
with housekeeping gene GAPDH as an endogenous control.
Samples were run on the AB HT7900 Sequence Detection System
according to default parameters, with three replicate assays for
each gene in each sample. Using the RQ) Manager Software 2.2.2
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(AB, Foster City, CA) the data was analyzed and the baseline and
the threshold were verified for each gene of interest. qRT-PCR
data were the normalized expression values in which the
housekeeping gene GAPDH was used as the reference gene. For
each assay, the average GAPDH Ct (Cycle threshold) value in the
TagMan qPCR assay was subtracted from the Ct of gene of

interest to obtain a ACt value (gene of interest - GAPDH).

Supporting Information

Table S1 Summary of the number of DEGs obtained from four
separate comparisons based on patients’ Clinicopathologic data.
(DOC)

Table S2 The list of DEGs with at least two-fold change
obtained from comparisons of late stage vs. early stage in USC
group. (DOC)

Table S3 The list of DEGs with at least two-fold change
obtained from comparisons of late stage vs. early stage in EAC
group. (DOC)

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, et al. (2009) Cancer Satistics; CA
cancer J Clin 59: 225-249.

2. Soslow RA, Bissonnette JP, Wilton A, Ferguson SE, Alektiar KM, et al. (2007)
Clinicopathologic analysis of 187 high-grade endometrial carcinomas of different
histologic subtypes: Similar outcomes belie distinctive biologic differences.
Am ] Surg Pathol 31: 979-87.

3. Kitchener HC, Trimble EL; Endometrial Cancer Working Group of the
Gynecoloic Cancer Intergroup (2009) Endometrial cancer state of the science
meeting. Int J Gynecol Cancer 9: 134-140.

4. Sutton G, Axelrod JH, Bundy BN, Bundy BN, Roy T, et al. (2005) Whole
abdominal radiotherapy in the adjuvant treatment of patients with stage III and
IV endometrial cancer: a gynecologic oncology group study. Gynecol Oncol 97:
755-63.

5. Naumann RW (2008) Uterine papillary serous carcinoma state of the state.
Current Oncology reports 10: 505-511.

6. Benito V, Lubrano A, Arencibia O, Alvarez EE, Leén L, et al. (2009) Pure
papillary serous tumors of the endometrium. A clinicopathological analysis of 61
cases from a single institution. Int J Gynecol Cancer 19: 1364-1369.

7. Tashiro H, Blazes MS, Wu R, Cho KR, Bose S, et al. (1997) Mutations in PTEN
are frequent in endometrial carcinoma but rare in other common gynecological
malignancies. Cancer Res 57: 3935-3940.

8. Risinger JI, Berchuck A, Kohler MF, Watson P, Lynch HT, et al. (1993) Genetic
instability of microsatellites in endometrial carcinoma. Cancer Res 58:
5100-5103.

9. Lukes AS, Kohler MF, Picper CF, Kerns BJ, Bentley R, et al. (1994) A
multivariable analysis of DNA ploidy, p53, and Her-2/neu as prognostic factors
in endometrial cancer. Cancer 73: 2380-2385.

10.  Kohler MF, Berchuck A, Davidoff AM, Humphrey PA, Dodge RK, et al. (1992)
Overexpression and mutation of p53 in endometrial carcinoma. Cancer Res 52:
1622-1627.

11. Santin AD, Zhan F, Cane’ S, Bellone S, Palmieri M, et al. (2005) Gene
expression fingerprint of uterine serous papillary carcinoma: identification of
novel molecular markers for uterine serous cancer diagnosis and therapy.
Br J Cancer 92: 1561-1573.

12. Palanaguma J, Diaz-fuertes M, Gil-Moreno A, Abal M, Monge M, et al. (2004)
A differential gene expression profile reveals overexpression of RUNX1/AMLI in
invasive endometrioid carcinoma. Cancer Res 64: 8346-8853.

13. Smid-Koopman E, Blok LJ, Helmerhorst TJ, Chadha-Ajwani S, Burger CW,
et al. (2004) Gene expression profiling in human endometrial cancer tissue
samples: utility and diagnostic value. Gynecol Oncol 93: 292-300.

14. Moreno-Bueno G, Sanchez-Estevez C, Cassia R, Rodriguez-Perales S, Diaz-
Uriarte R, et al. (2003) Differential gene expression profile in endometrioid and
nonendometrioid endometrial carcinoma; STK15 is frequently overexpressed
and amplified in nonendometrioid carcinomas. Cancer Res 63: 5697-5702.

15. Zorn KK, Bonome T, Gangi L, Chandramouli GV, Awtrey CS, et al. (2005)
Gene expression profiles of serous, endometrioid, and clear cell subtypes of
ovarian and endometrial cancer. Clin Cancer Res 11: 6422-6430.

16. Risinger JI, Maxwell GL, Chandramouli GV, Jazaeri A, Aprelikova O, et al.
(2003) Microarray analysis reveals distinct gene expression profiles among
different histologic types of endometrial cancer. Cancer Res 63: 6-11.

17. Maxwell GL, Chandramouli GVR, Dainty L, Litzi TJ, Berchuck A, et al. (2005)
Microarray analysis of endometrial carcinomas and mixed mullerian tumors
reveals distinct gene expression profiles associated with different histologic types
of uterine cancer. Clin Cancer Res 11: 4056-4066.

18. Campbell TN, Robbins SM. The Eph receptor/ephrin system: an emerging
player in the invasion game. Curr Isssues Mol Biol 200810: 61-66.

@ PLoS ONE | www.plosone.org

Gene Expression in Endometrial Carcinoma

Table S4 The list of DEGs with at least two-fold change
obtained from comparisons of good prognosis vs. poor prognosis in

USC group. (DOC)

Table S5 The list of DEGs with at least two-fold change
obtained from comparisons of good prognosis vs. poor prognosis in

EAC group. (DOC)

Acknowledgments

We thank the microarray facility at Roswell Park Cancer institute for their
work. We also thank Heidi Wagner for review of the manuscript.

Author Contributions

Conceived and designed the experiments: P. Mhawech-Fauceglia, S. Liu.
Performed the experiments: K. Clark, L. Monhollen, J. Kesterson.
Analyzed the data: D. Wang, S. Liu. Contributed reagents/materials/
analysis tools: P. Mhawech-Fauceglia, S. Lele. Wrote the paper: P.
Mhawech-Fauceglia, J. Kesterson, K. Odunsi, S. Liu.

19. Herath NI, Doecke J, Spanevello MD, Leggett BA, Boyd AW (2009) Epigenetic
silencing of EphAl expression in colorectal cancer is correlated with poor
survival. Br J Cancer 100: 1095-1102.

20. Herath NI, Spanevello MD, Sabesan S, Newton T, Cummings M, et al. (2006)
Over-expression of Eph and ephrin genes in advanced ovarian cancer: ephrin
gene expression correlates with shortened survival. BMC Cancer 6: 144-151.

21. Babyatsky M, Lin J, Yio X, Chen A, Zhang JY, et al. (2009) Trefoil factor-3
expression in human colon liver metastasis. Clin Exp Metastasis 26: 143-151.

22. Bignotti E, Ravaggi A, Tassi RA, Calza S, Rossi E, et al. (2008) Trefoil factor 3:
a novel serum marker identified by gene expression profiling in high-grade
endometrial carcinomas. Br J Cancer 99: 768-773.

23. Zhou j, Ng AY, Tymms M]J, Jermiin LS, Seth AK, et al. (1998) A novel
transcription factor, ELF5, belongs to the ELF subfamily of ET'S genes and maps
to human chromosome 11p13-15, a region subject to LOH and rearrangement
in human carcinoma cell lines. Oncogene 17: 2719-2732.

24. Mills GB, Moolenaar WH (2003) The emerging role of lysophosphatidic acid in
cancer. Nat Rev 3: 582-591.

25. Yu S, Murph MM, Lu Y, Liu S, Hall HS, et al. (2008) Lysophosphatidic acid
receptors determine tumorigenicity and aggressiveness of ovarian cancer cells.
J Natl Cancer Inst 100: 1630-1642.

26. Maitra A, Hansel DE, Argani P, Ashfag R, Rahman A, et al. (2003) Global
expression analysis of well-differentiated pancreatic endocrine neoplasms using
oligonulceotide microarrays. Clin Cancer Res 9: 5988-5995.

27. Kieback DG, Levi T, Kohlberger P Fiedrich U, Press MF, et al. (1996) Chicken
ovalbumin upstream promoter-transcription factor (COUP-TTF) expression in
human endometrial cancer cell lines. Anticancer Res 16: 3371-3376.

28. Schifer G, Wissmann C, Hertel J, Lunyak V, Hocker M (2008) Regulation of
vascular endotehlail growth factor D by orphan recpetors hepatocyte nuclear
factor-46, and chicken ovalbumin upstream promoter transcription factors 1 and
2. Cancer Res 68: 457-466.

29. Su JL, Yang CY, Shih JY, Wei LH, Hsieh CY, et al. (2006) Knockdown of
contactin-1 expression supresses invasion and metastasis of lung adencoarci-
noma. Cancer Res 66: 2553-2561.

30. Kim T-M, Yim S-H, Shin S-H, Xu HD, Jung YC, et al. (2008) Clinical
implication of recurrent copy number alterations in hepatocellular carcinoma
and a putative oncogenes in recurrent gains on lq. Int J Cancer 123:
2808-2815.

31. Corson TW, Huang A, Tsao M-S, Gallie BL (2005) KIF14 is a candidate
oncogene in the lq minimal region of genomic gain in multiple cancers.
Oncogene 24: 4741-4753.

32. Markowski J, Oczko-Wojciechowska M, Gierek T, Jarzab M, Paluch J, et al.
(2009) Gene expression profile analysis in laryngeal cancer by high-density
oligonucleotide microarrays. J Physiol Pharmacol 60 (suppl 1): 57-63.

33. Corson TW, Gallie BL (2006) KIF14 mRNA expression is a predictor of grade
and outcome in breast cancer. Int J Cancer 119: 1088-1094.

34. Taylor HS (2000) The role of HOX genes in the development and function of
the female reproductive tract. Semin Reprod Med 18: 81-89.

35. Osborne J, Hu C, Hawley C, Underwood LJ, O’Brien TJ, et al. (1998)
Expression of HOXDI0 gene in normal endometrium and endometrial
adenocarcinoma. J Soc Gynecol Investig 5: 277-280.

36. Gomez del Pulgar T, Benitah SA, Valerén PF, Espina C, Lacal JC (2005) Rho
GTPase expression in tumourigenesis: evidence for a significant link. Bioessays
27: 602-613.

37. Aznar S, Fernandez-Valerén P, Espina C, Lacal CJ (2004) Rho GTPases:
potential candidates for anticancer therapy. Cancer Letters 206: 181-191.

November 2010 | Volume 5 | Issue 11 | e15415



38.

39.

40.

41.

42.

44,

Berthold J, Schenkova K, Rivero F (2008) RhoGTPases of the RhoBTB
subfamily and tumorigenesis. Acta Pharmacol Sin 29: 285-295.

Van der Weyden L, Adams DJ (2007) The Ras-association domain family
(RASSF) members and their role in human tumourigenesis. Biochimica et
Biophysica Acta 1776: 58-85.

Sherwood V, Manbodh R, Sheppard C, Chalmers AD (2008) RASSFlis a
member of a new family of RAS association domain-containing proteins and is
required completing mitosis. Mol Biol Cell 19: 1772-1782.

Richter AM, Pfeifer GP, Dammann RH (2009) The RASSF proteins in cancer;
from epigenetic silencing to functional characterization. Biochimica et
Biophysica Acta 1796: 114-128.

Wilazlinski A, Engers R, Hoffmann M]J, Hader C, Jung V, et al. (2007)
Downregulation of several fibulin genes in prostate cancer. Prostate 67:
1770-1780.

. Cheng YY, Jin H, Liu X, Siu JM, Wong YP, et al. Fibulin 1 is downregulated

through promoter hypermethylation in gastric cancer. Br J Cancer 99:
2083-2087.

Gallagher WM, Currid CA, Whelan LC (2005) Fibulins and cancer: friend or
foe? Trends in Molecular Medicine 11: 336-340.

@ PLoS ONE | www.plosone.org

46.

47.

48.

49.

50.

51.

Gene Expression in Endometrial Carcinoma

. NCCN Clinical Practice Guidelines in Oncology. Uterine Neoplasms V.1.2010.

WWW.NCCILOTg.

Idaghdour Y, Storey JD, Jadallah SJ, Gibson G (2008) A genome-wide gene
expression signature of environmental geography in leukocytes of Moroccan
Amazighs. PLoS Genet 4: ¢1000052.

Gentleman RC, Carey V], Bates DM, Bolstad B, Dettling M, et al. (2004)
Bioconductor: open software development for computational biology and
bioinformatics. Genome Biol 5: R80.

Du P, Kibbe WA, Lin SM (2008) Lumina pipeline for processing Illumina
microarray. Bioinformatics 24: 1547-8.

Smyth GK (2004) Linear models and empirical Bayes methods for assessing
differential expression in microarray experiments. Statistical Applications in
Genetics and Molecular Biology 3: R3.

Eisen MB, Spellman PT, Brown PO, Botstein D (1998) Cluster analysis and
display of genome-wide expression patterns. Proc Natl Acad Sci USA 95:
14863-8.

Huang W, Sherman BT, Tan Q, Kir J, Liu D, et al. (2007) DAVID
Bioinformatics Resources: expanded annotation database and novel algorithms
to better extract biology from large gene lists. Nucleic Acids Res 35: W169-75.

November 2010 | Volume 5 | Issue 11 | e15415



