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Endometrial cancer is the most common malignancy of the female reproductive tract. In many cases the progno-
sis is favorable, but 22% of affected women die from the disease. We aimed to study potential differences in gene
expression between endometrioid adenocarcinomas from survivors (5-year survival) and nonsurvivors. Forty-five
patients were included in the investigation, of which 21 were survivors and 24 were nonsurvivors. The tumors
were analyzed with genome-wide expression array analysis, represented by 13,526 genes. Distinct differences in
gene expression were found between the groups. A r-test established that 218 genes were significantly differen-
tially expressed (p < 0.001) between the two survival groups, and in a cross-validation test 40 of the 45 (89%)
tumors were classified correctly. The 218 differentially expressed genes were subjected to hierachical clustering
analysis, which yielded two clusters both exhibiting over 80% homogeneity with respect to survival. When the
additional constraint of fold change (FC > 2) was added the hierachical clustering yielded similar results. Stage
I tumors are expected to have a favorable prognosis. However, in our tumor material there were six nonsurvivors
with stage I tumors. Five out of six stage I nonsurvivors clustered in the nonsurvival fraction. Our findings
suggest that a subgroup of early stage endometroid adenocarcinomas can be correctly classified as potentially
aggressive by using molecular biology in combination with conventional markers, thereby providing a tool for
a more accurate classification and risk evaluation of the individual patient.
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INTRODUCTION

Carcinoma of the endometrium, also known as en-
dometrial or corpus cancer, is the malignancy of the
female reproductive tract that is most frequently diag-
nosed in Western countries. Although the prognosis
is favorable for the majority of cases, almost one
fourth of the affected women will die from the dis-
ease (22). The underlying biology of endometrial tu-
mors still needs to be clarified and it is important
to increase our knowledge about possible biological
differences among these tumors.

Today the prognosis is primarily based on the sur-
gical stage, but grade, type, and ploidy are also im-
portant factors used to predict the course of the dis-
ease. Need for adjuvant treatment is decided based
on the estimated risk (10). Treatment failures are
thought to be due, at least in part, to biological heter-
ogeneity of the carcinomas, emphasizing the need for
further studies that correlate survival of the patient
with biological properties of the tumors. Several au-
thors have suggested that there are two, perhaps
more, distinct types of endometrial carcinoma with
respect to underlying molecular pathways. The ma-
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jority of endometrial cancer tumors (70-80%) follow
an estrogen-related pathway and are designated as
type I (endometrioid and mucinous differentiation),
whereas tumors following an estrogen-unrelated
pathway (10-20% of the tumors) are designated as
type II tumors (nonendometrioid differentiation, se-
rous, and clear cell) (11,14). In a previous study we
analyzed 98 endometrioid tumors with comparative
genomic hybridization (CGH), and the pattern of
chromosomal aberrations in tumors from survivors
was compared to that in tumors from nonsurvivors.
Significant differences were detected between the
two groups (13).

There are only few reports presenting expression
array data of endometrial carcinomas, and the ones
published deal predominantly with the question of
differences between histological groups or between
endometrioid tumors and normal endometrium
(2,15,18,25,26). To our knowledge there are no prior
studies of gene expression at a genome-wide scale
focusing on differences in relation to patient survival.
We selected a homogenous group of endometrioid
adenocarcinomas to be included in the study. Gene
expression profiles from 45 tumors (21 from survi-
vors and 24 from nonsurvivors) were studied using a
genome-wide expression array. The data obtained
were analyzed statistically to reveal possible differ-
ences between the groups.

MATERIALS AND METHODS
Tumor Material

Endometrioid adenocarcinomas were collected
from 45 patients diagnosed between 1991 and 2000
at Sahlgrenska University Hospital, Gothenburg,
Sweden. The tumors were removed at primary sur-
gery and secured for pathological examination and
RNA extraction. All but two tumors were obtained
from postmenopausal patients. Representative im-
prints from each of the frozen tumors were stained
with May-Griinwald-Giemsa (Chemicon, Temecula,
CA, USA), and the proportion of cancer cells was
determined in each sample. The presence of >70%
cancer cells was required for the specimen to be in-
cluded in the study.

The tumors were of various stage and grade, as
shown in Table 1. The median age of the patient at
the time of diagnosis was 67 years (ranging from 41
to 87 years). Depending on surgical stage, histopatho-
logical subgroup and DNA ploidy status, the patients
were divided into three different treatment groups. I)
Stage I patients with G1 or G2 tumors, infiltration of
less than 50% of the uterine wall, and diploid DNA
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TABLE 1
THE DISTRIBUTION OF THE TUMOUR MATERIAL
WITH RESPECT TO STAGE AND GRADE,
AND IN RELATION TO 5-YEAR SURVIVAL

Total No. (Survivors/Nonsurvivors)

Total Material 45 (21/24)
Stage
1 21 (15/6)
1T 6 (2/4)
I 7 (1/6)
v 5 (-/5)
n.a. 6 (3/3)
Differentiation
High (G1) 8 (5/3)
Moderate (G2) 20 (11/9)
Poor (G3) 12 (2/10)
n.a. 5 (32)

n.a., data not available.

content were considered low-risk and were not given
any further treatment after removal of the tumor (27
patients). II) If one of the following criteria was pres-
ent: G3 (+undifferentiated), infiltration of more than
50% of the uterine wall, or aneuploidy, patients were
considered moderate risk and were randomized to va-
ginal brachytherapy +/— external radiation (4 patients)
(8). II) Patients presenting more than one of the
above-mentioned risk factors were randomized to ex-
ternal radiation + brachytherapy or external radiation +
brachytherapy + chemotherapy (10 high-risk patients)
(23). Four patients had not been risk-group classified.
Patients that survived at least 5 years after diagnosis
were regarded as survivors, whereas patients that died
of the disease within 5 years (median survival time
of 2 years) were included in the nonsurvivor group.

RNA Extraction

Frozen tumor material was homogenized together
with TRIzol Reagent (Invitrogen, Carlsbad, CA,
USA) in a Micro-Dismembrator S (B. Braun Biotech
International, Melsungen Germany). Total RNA was
extracted from the suspension with RNeasy mini kit
(Qiagen, Crawley, West Sussex, UK) according to
the manufacturer’s protocol. The quality of the RNA
was evaluated with the BioAnalyzer (Agilent Tecnol-
ogies, Palo Alto, CA, USA). RIN values were be-
tween 5.8 and 9.1 (median at 6.7).

Expression Array Analysis

The microarray analysis was carried out as pre-
viously described by Partheen et al. (17). Since
SCIBLU Genomics DNA Microarray Resource Cen-
ter, who produced our expression arrays, made
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changes in their protocols over time, our study was
performed using two separate array platforms. In the
first set of 19 tumors (11 samples from survivors and
8 samples from nonsurvivors) expression was deter-
mined on arrays consisting of 35,000 reporters,
whereas for the second set of tumors (26 in total; 9
from survivors and 17 from nonsurvivors) analysis
was performed on a second platform of arrays com-
posed of 27,000 reporters. Labeled tumor cDNA and
reference cDNA were coprecipitated and hybridized
to a glass slide containing 70 mer oligonucleotide re-
porter spots (SCIBLU). The microarray slides were
scanned with an Agilent DNA microarray scanner
G2505B (Agilent Tecnologies) and image analysis
was performed using the Genepix 6.0.0.45 software
(Axon Instruments, Union City, CA, USA). The ex-
pression data are available online at the Gene Expres-
sion Omnibus repository (GSE21882).

Statistical Analysis

The expression raw data extracted from the micro-
array analysis were initially processed in BASE (Bio-
Array Software Environmental) (19). Included in the
analysis were the 17,189 reporters that were present
on both platforms. The background intensities were
removed by substracting median background from
median foreground and flagged spots were excluded.
Pin-based lowess normalization (27), eight blocks in
each group, was applied to each array in order to re-
move intensity-dependent effects in the values. Prior
to further analysis the tumors were subjected to a de-
correlation step to minimize the differences between
the two sets of arrays. When the flagged spots and
reporters with presence below 80% had been re-
moved 13,526 reporters remained for further statisti-
cal analysis.

A two-tailed Student’s #-test was applied to iden-
tify genes that were differentially expressed between
the two groups. To reduce the false-positive rate, the
selection threshold was set to p < 0.001, which means
that approximately 13 false positives were expected
by chance. Kaplan-Meier survival curves were pro-
duced in the SPSS version 16 software and p-values
for the difference between the curves were calculated
using the Breslow-Wilcoxon test (5). For some of the
clustering analysis a more focused gene set was se-
lected by also applying a fold-change (FC) threshold.
If the average expression value in the nonsurvivor
group was Eys and in the survivor group was Eg, the
FC was calculated as Eyg/Eg if Eys > Eg, and as Eg/
Eys if Exs < Es. The FC threshold was set to FC = 2.

The expression data for the differentially expressed
genes was imported into the PermutMatrix software

version X.Y and normalized for clustering using the
interaction terms (rows versus columns) (3). A two-
way clustering of genes and samples was derived us-
ing agglomerative hierarchical clustering with the de-
fault settings (i.e., McQuitty’s criteria as linkage rule
and Euclidean distance for calculation of expression
profile dissimilarities) (1).

Two different formations of the tumor material
were set up to perform classification using the Weka
implementation (6) of the Voting Features Interval
classification algorithm (VFI) (4). VFI was chosen
because we have found in our previous work that it
consistently appeared among the best performing al-
gorithms in the Weka package. Briefly, VFI sets an
interval for each feature/gene and the feature votes
for a given class if the expression level falls within
this interval, and otherwise for the other class. Each
feature is also assigned a weight, and the overall clas-
sification of the sample is determined by summing
up all weights for each class and choosing the highest
total. A classifier was derived using the pin-based
lowess normalized expression data of all significant
genes. The classifier was trained and tested using the
standard leave-one-out cross-validation procedure, in
this case using 45 iterations where each cycle con-
sisted of training the voting features thresholds using
44 samples and testing the derived classifier on the
45th sample. We also evaluated the classification re-
sults on an independent test set, the classifiers were
instead trained on data from the larger tumor set (26
samples) and tested on data from the smaller tumor
set (19 samples).

Quantitative Polymerase Chain Reaction (QPCR)

All tumors except one (tumor 684 excluded due to
lack of material) were also subjected to QPCR analy-
sis for seven different genes (APOD, HOXAII,
ITM2B, KIAA0738, RAB7L1, RAG1AP1, RAMP1)
using validated Tagman® Gene Expression Assays,
including gene-specific primers and probes (Applied
Biosystems, Foster City, CA). The QPCR was per-
formed in 384-well plates using the ABI PRISM®
7900HT Sequence Detection System (Applied Bio-
systems), and a pipetting robot (Beckman Coulter,
Bromma, Sweden) to set up the PCR. The amplifica-
tion reactions (10 ul) were performed in triplicate us-
ing 2 ul cDNA template, 1x TagMan Universal PCR
Master Mix (Applied Biosystems), 1x FAM-labeled
TagMan® Gene Expression Assays Mix (Applied
Biosystems) in the 384-well format. Thermal cycling
was performed using the 7900HT Sequence Detec-
tion System (Applied Biosystems) with an initiation
step at 95°C for 10 min, followed by 40 cycles of 15
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s at 95°C and 1 min at 60°C. In each assay, a twofold
dilution series of five samples was recorded, and one
no-template control was included.

RESULTS

Among the total of 45 patients, 21 were survivors
and 24 were nonsurvivors. The material was statisti-
cally considered in two different ways. First, the total
material was screened as one entity for genes differ-
entially expressed between survivors and nonsurvi-
vors, and then, in order to perform a verifying analy-
sis, the material was divided in two groups that were
analyzed separately. Since SCIBLU, who produced
our expression arrays, made some changes in their
protocols over time, our study was performed using
two separate platforms. Thus, the material was natu-
rally divided into two groups depending on the plat-
form, and based on these two sets of 19 and 26 tu-
mors, respectively, we were able to perform an
external validation as a complement to the analysis
of the material as one unit.

Identification of Genes Differentially Expressed
Between Survivors and Nonsurvivors

The total material was explored using a r-test,
which revealed that 218 genes were differentially ex-
pressed at p < 0.001 between the two groups (survi-
vors vs. nonsurvivors). A hierarchical clustering anal-
ysis was performed based on the 218 genes and their
expression levels (Supplemental Fig. 1, available from:
http://www.oncology.gu.se/Forskning/Publicerade _
data/). The 45 tumors fell into two clusters. One clus-
ter of 22 tumors consisted mostly of survivors (S
cluster: 18 survivors vs. 4 nonsurvivors), whereas the
other cluster of 23 tumors consisted mostly of non-
survivors (NS cluster: 3 survivors vs. 20 nonsurvi-
vors). The survival rates in the two clusters is shown
in the Kaplan-Meier curves of Figure 1. In addition,
a classification test was performed using the VFI al-
gorithm and as many as 40 of the 45 (8§9%) tumors
were correctly classified with respect to survival in
the cross-validation. The five misclassifications were
evenly distributed, with three survivors being mis-
classified as nonsurvivors and two vice versa.

Stage I tumors are expected to have a favorable
prognosis. However, in our tumor material there were
six nonsurvivors with stage I tumors. In the clustering
analysis five of them clustered in the NS cluster, sug-
gesting that this type of analysis may have the poten-
tial to identify high-risk patients among those pre-
senting with stage I tumors.

Among the 218 genes (p < 0.001) there were 64
genes with at least twofold difference in expression
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levels (FC > 2). For 45 of these genes expression was
higher in the survivor group (Table 2) and the re-
maining 19 displayed higher expression in the non-
survivor group (Table 3). Clustering based on this
more focused set of genes again gave two main clus-
ters, one containing 18 tumors, 16 from survivors
(89%) and 2 from nonsurvivors (11%), and another
containing 27 tumors, 5 from survivors (19%) and 22
from nonsurvivors (81%) (Fig. 2). Within this set of
64 genes, showing both significant differential ex-
pression and FC >2, a number of known cancer-
related genes (TACC1, APOD, and SALL4) were
present. The set also included several genes that have
been previously implicated in expression array stud-
ies of endometrial carcinoma (RAMPI1, ACTA2,
MYLK, REV3L, and UBE2C) (5,18,26).

Tumors From Nonsurvivors Exhibited
Overexpression of Genes Involved
in Cell Cycle Control

To establish whether there were any known inter-
actions among the 218 differentially expressed genes
we examined potential connections in cellular path-
ways. Five of the genes (E2F1, E2F2, EXO1, MSH2,
TP53BP2) that were expressed at higher levels
among nonsurvivors (FC values between 1.53 and
1.72) are all connected to the RB/E2F pathway and
are involved in cell cycle control (16). In addition,
both REVIL (FC =1.35) and REV3L (FC =2.10)
have been described to interact in the vicinity of this
pathway. This pathway also involves other known
cancer-related proteins such as TP53, RB1, MYC,
MYCN, and BRCAI1, but none of these were differ-
entially expressed between the two groups in the
present investigation.

Dividing the Material Into One Test Group
and One External Validation Group:
Classification of Tumors With up to 79% Accuracy

To be able to evaluate the classification results in
an independent test set, the selection of significant
genes and training of classifiers was repeated, this
time using only one of the tumor sets. This set up
gave the opportunity to use the other set of tumors
for testing the accuracy of the classifiers. Applying
the #-test to the larger training set (26 tumor samples),
92 genes were found to show significant differential
expression between the 9 survivors and the 17 non-
survivors (p < 0.001). Among these, there were 63
genes that were differentially expressed in at least
80% of the samples in each group (Supplemental Ta-
ble 1, available from: http://www.oncology.gu.se/
Forskning/Publicerade_data/). The overlap between
the two gene sets (63 vs. 218 genes) was 43%. The
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Figure 1. Kaplan-Meier curves showing the patient survival rates for the two clusters generated by the hierarchical clustering analysis based
on 218 differentially expressed genes. The upper unbroken line represents the 22 patients in the S cluster, whereas the lower dotted line
represents 21 of the 23 patients in the NS cluster. Two patients belonging to the NS cluster were known to be nonsurvivors, but the exact
survival time had not been recorded. They were excluded from the diagram. The difference in survival rate between the two clusters is

statistically highly significant (p = 0.0001) (7).

normalized expression values for these genes in the
larger training tumor set (26 samples) were used to
train a VFI classifier, which was then tested on the
smaller test set (19 tumor samples). The obtained ac-
curacy of 74% (14 of 19 samples correctly classified)
was significantly better than the baseline performance
of 58% (11 of 19), which would be obtained by sim-
ply voting for the majority class for every sample.
When testing a range of classification algorithms (in-
cluding two types of decision trees, a multilayer per-
ceptron and two types of Bayesian classifiers) accura-
cies in the range of 68% (13 of 19) to 79% (15 of
19) were obtained. We also tried using the larger tu-
mor set for deriving genes only, and then performing
both training and testing on the smaller tumor set,
which gave similar results (data not shown).

Results From QPCR Analysis Supported
the Microarray Findings

To evaluate the accuracy of the results from the
microarray analysis we validated several transcripts
with an alternative method for gene expression analy-
sis. Transcripts for the QPCR analysis were selected
from the gene list with the 218 genes expressed dif-
ferentially at p < 0.001. Five of the genes displayed
higher expression in tumors from survivors (APOD,
HOXAL11, ITM2B, KIAA0738, RAMP1), whereas
two had higher expression in tumors from nonsurvi-

vors (RAB7L1, RAG1API1). The control genes used
were selected from the microarray analysis and con-
sisted of genes that had stable expression levels
between the samples (BECNI, CXXC1, MTPN,
WDR39), and, in addition, three genes were included
in the analysis from the Tagman® endogenous con-
trols (B2M, GUSB, TBP). Differential expression in
all seven test genes showed concordance in the ex-
pression pattern between microarray and QPCR. The
expression results from the tested genes were normal-
ized to the geometric average of the seven control
genes and the normalized values were subjected to a t-
test. Six of seven genes showed significant difference
in expression levels between the two groups (APOD,
p<0.01; HOXAII, p<0.001; ITM2B, p<0.01;
RAMPI1, p < 0.01; RAB7LI, p < 0.01; RAG1AP1, p <
0.05).

DISCUSSION

We performed microarray analysis in a selection
of endometrial adenocarcinomas and were able to
identify evident differences in the gene expression
pattern between tumors from survivors and tumors
from nonsurvivors.

We showed that there were 218 genes that were
differentially expressed at the level of p < 0.001 with
respect to survival in the tumor material. Among
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TABLE 2
LIST OF THE 45 GENES EXHIBITING HIGHER EXPRESSION LEVELS AMONG
THE SURVIVORS COMPARED TO THE NONSURVIVORS (p < 0.001; FC >2)

Gene Symbol Gene Name (Entrez GenelD) FC

RBM24 RNA binding motif protein 24 (221662) 14.12
RAMPI1 receptor (G protein-coupled) activity modifying protein 1 (10267) 7.08
GPR133 G protein-coupled receptor 133 (283383) 5.93
MRGPRF MAS-related GPR, member F (219928) 5.85
EDNRA endothelin receptor type A (1909) 5.51
ACTA2 actin, alpha 2, smooth muscle, aorta (59) 5.15
MYLK myosin light chain kinase (4638) 4.78
SMOC2 SPARC-related modular calcium binding 2 (64094) 4.4

HOXAI11 homeobox A1l (3207) 4.39
FREM1 FRAS 1-related extracellular matrix 1 (158326) 4.15
CGNLI1 cingulin-like 1 (84952) 3.74
TMODI1 tropomodulin 1 (7111) 3.66
HOXD11 homeobox D11 (3237) 3.61
FOXP2 forkhead box P2 (93986) 3.44
APOD apolipoprotein D (347) 3.41
PDESB phosphodiesterase 8B (8622) 3.28
GRAMD3 GRAM domain containing 3 (65983) 3.21
HOXD9 homeobox D9 (3235) 3.18
MITF microphthalmia-associated transcription factor (4286) 3.09
HOXA10 homeobox A10 (3206) 3.07
CDC42EP3 CDC42 effector protein (Rho GTPase binding) 3 (10602) 3.03
CCND2 cyclin D2 (894) 2.88
MAOB monoamine oxidase B (4129) 2.81
PALLD palladin, cytoskeletal associated protein (23022) 2.79
CACNAIH calcium channel, voltage-dependent, T type, alpha 1H subunit (8912) 2.78
TACCI1 transforming, acidic coiled-coil containing protein 1 (6867) 2.76
CACNA1D calcium channel, voltage-dependent, L type, alpha 1D subunit (776) 2.72
LOC91461 hypothetical protein BC007901 (91461) 2.71
ISOC1 isochorismatase domain containing 1 (51015) 2.66
Nbla00301 unknown (79804) 2.63
PDESA phosphodiesterase 5A, cGMP-specific (8654) 2.54
PPMIK protein phosphatase 1K (PP2C domain containing) (152926) 2.54
ADAMTSLI ADAMTS-like 1 (92949) 2.52
ZBTBI16 zinc finger and BTB domain containing 16 (7704) 247
PTPRB protein tyrosine phosphatase, receptor type, B (5787) 2.44
GIMAP7 GTPase, IMAP family member 7 (168537) 2.24
HNMT histamine N-methyltransferase (3176) 2.2

TSPANS tetraspanin 5 (10098) 2.19
COLI15A1 collagen, type XV, alpha 1 (1306) 2.15
UBL3 ubiquitin-like 3 (5412) 2.14
OLFML3 olfactomedin-like 3 (56944) 2.11
ATP1B2 ATPase, Na'/K" transporting, beta 2 polypeptide (482) 2.11
GNGl11 guanine nucleotide binding protein (G protein), gamma 11 (2791) 2.11
REV3L REV3-like, catalytic subunit of DNA polymerase zeta (yeast) (5980) 2.1

ARRDC4 arrestin domain containing 4 (91947) 2.02

The genes are listed with their gene symbol, gene name, and the Entrez GenelD.

them were several genes known to be cancer related.
For instance, we detected lower levels of expression
of APOD among tumors from nonsurvivors. It is
known that estrogen plays an important role in the
development and progression of endometrial carci-
noma. Estrogen also has a negative effect on the ex-
pression of APOD with cell proliferation as a conse-
quence (9,21). In addition, REV3L was found to have
a lower expression level in tumors from the nonsurvi-

vor group. The lower expression of REV3L detected
in the more aggressive tumors agrees with the find-
ings of Risinger et al., who reported downregulation
of REV3L in endometrioid adenocarcinomas com-
pared to normal tissue (18). Furthermore, TACCI,
which is suspected to be involved in oncogenesis,
was found to display higher expression among survi-
vors compared to nonsurvivors (24). This finding and
the fact that TACCI1 was found to be expressed at a
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higher level among tumors with more differentiated
cells compared to tumors with lower differentiation
grade suggests that high expression of TACCI could
be a potential marker for better prognosis (5).

In the pathway analysis we identified five genes
(E2F1, E2F2, EXO1, MSH2, TP53BP2) that are in-
volved in the cell cycle regulation, all of which ex-
hibited higher expression levels among the tumors
from nonsurvivors. These five genes are connected in
the important RB/E2F pathway, which is involved in
cell cycle control and has a central role in relation to
cancer development (16). It has been reported that
the regulation of the G,/S transition and the activation
of DNA replication is mainly under the control of the
RB/E2F pathway (12). To our knowledge this path-
way has not been implicated in relation to endome-
trial carcinoma previously. Clarification of its role
could be beneficial for a more accurate classification
of these tumors. Furthermore, in the vicinity of the
RB/E2F pathway other recognized cancer-related
genes interact (e.g., TP53, MYCN, and MYC) (16).
In a previous study we detected increased copy num-
bers of MYCN in a group of tumors tested for gene
amplification by FISH (20). We found no difference
in MYCN expression between survivors and nonsur-
vivors, but this does not rule out the possibility of
a general amplification/overexpression of MYCN in
endometrial carcinomas. Because increased gene ex-
pression may not immediately lead to increased pro-
tein production, it would be of interest to determine
possible differences in protein expression between

the survival groups for the proteins involved in the
RB/E2F pathway. Any differences in expression that
may be found potentially could be valuable as prog-
nostic markers.

We performed a hierarchal clustering analysis
based on the 218 differentially expressed genes and
two clusters were formed with survival homogeneity
of more than 80% in both clusters. Furthermore, in
the classification test as many as 89% of the tumors
were correctly classified. This definitely points to-
wards the possible use of this gene panel as a prog-
nostic tool. In particular, five of the six stage I tumors
from patients who died clustered together with the
nonsurvivors, suggesting that gene expression analy-
sis may be useful to identify difficult-to-detect, high-
risk patients who have small but aggressive tumors.
Normally, stage I patients are only surgically treated,
but if aggressive tumors could be identified at an
early stage, adjuvant treatment could be introduced
immediately for the benefit of the patient.

In the classification test performed for the external
validation in the independent test set five out of 19
tumors were misclassified (one survivor and four
nonsurvivors). The one survivor that clustered to-
gether with the nonsurvivors came from a patient that
only survived for slightly over 5 years. The four non-
survivors that clustered in the survival cluster had a
survival time from 5 months up to 4 years and the
median age was high among these women (83.5
years; ranging from 82 to 87). The marginally lower
accuracies (78%) that can reasonably be considered

TABLE 3
LIST OF THE 19 GENES EXHIBITING HIGHER EXPRESSION LEVELS AMONG THE SURVIVORS
COMPARED TO THE NONSURVIVORS (p < 0.001; FC > 2)

Gene Symbol Gene Bame (Entrez GenelD) FC
CLDNG6 claudin 6 (9074) 4.23
PITX1 paired-like homeodomain 1 (5307) 4.20
CA9 carbonic anhydrase IX (768) 3.55
IRX2 iroquois homeobox 2 (153572) 3.10
LICAM L1 cell adhesion molecule (3897) 2.84
SALL4 sal-like 4 (Drosophila) (57167) 2.69
PADI2 peptidyl arginine deiminase, type II (11240) 2.69
PLEKHG4 pleckstrin homology domain containing, family G member 4 (25894) 243
GABRE gamma-aminobutyric acid (GABA) A receptor, epsilon (2564) 2.25
Cl160rf75 chromosome 16 open reading frame 75 (116028) 2.23
VDR vitamin D (1,25-dihydroxyvitamin D;) receptor (7421) 2.17
TAF4B TAF4b RNA polymerase II, TATA box binding protein (TBP)-associated factor (6875)  2.15
TPX2 TPX2, microtubule-associated, homolog (Xenopus laevis) (22974) 2.14
ECE2 endothelin converting enzyme 2 (9718) 2.11
UBE2C ubiquitin-conjugating enzyme E2C (11065) 2.10
EXOSCS5 exosome component 5 (56915) 2.09
RAG1AP1 recombination activating gene 1 activating protein 1 (55974) 2.08
ATF5 activating transcription factor 5 (22809) 2.07
GINS1 GINS complex subunit 1 (Psf1 homolog) (9837) 2.05

The genes are listed with their gene symbol, gene name, and the Entrez GenelD.
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Figure 2. Hierarchical clustering of all 45 tumors based on 64 differentially expressed genes (p < 0.001; FC > 2; see also Tables 2 and 3).
Green represents negative values compared to the reference; red represents positive values; and black represents 0. Two clusters are formed;
one comprising 18 tumors, 16 from survivors (A) and 2 from nonsurvivors (D), whereas the other cluster comprises 27 tumors, 5 from
survivors and 22 from nonsurvivors.
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as expected, given the smaller number of samples
available for training (26 samples instead of 45), the
smaller number of significantly expressed and fre-
quently present genes (65 instead of 218), and the
inevitable accidental biases introduced by splitting a
patient group into two smaller subgroups. It is also
possible that differences between the two versions of
the microarray platform, or between the hybridization
experiments, may have contributed to the digression.
However, the average accuracies from the indepen-
dent test set evaluation are still clearly better than the
baseline. This indicates that the identified genes do
have a predictive value.

CONCLUSION

In this article we analyzed endometrioid adenocar-
cinomas in relation to survival and found distinct
gene expression differences between tumors from
survivors compared to tumors from nonsurvivors. Us-
ing the micorarray technique we identified multiple
genes with differences in expression between tumors

from survivors and tumors from nonsurvivors with
endometrial carcinoma. An intriguing finding was the
upregulation of genes related to the RB/E2F pathway
in the group of nonsurvivors, suggesting an interesting
target for further investigation. Our findings contribute
to the molecular characterization of this complex dis-
ease, and, in combination with current prognostic mark-
ers, they could help in predicting the outcome for
individual patients and lead to improvements in treat-
ment.
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