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Introduction

Endometrial cancer is the most common gynecologic malig-
nancy among women, with 189 000 new cases and 45 000 related 
deaths occurring each year.1 Obesity, persistent anovulatory cycles, 
nulliparity, and exogenous estrogen exposure are etiologically asso-
ciated with the disease.2-4 Surgery is the main treatment for endo-
metrial cancer, and adjuvant therapy can be applied according to 
specific tumor features, such as myometrial invasion.

Tumors confined in the corpus uteri (stage I) can be classi-
fied in stage IA and stage IB,5 according to myometrial invasion 
depth, with 30% of the cases possessing over 50% of myome-
trial invasion (stage IB).6,7 Myometrial invasion is considered 

an independent predictive outcome factor and deep invasion is 
frequently associated with poorly differentiated tumors, lymph 
node metastasis, high rates of recurrence, and decreasing overall 
survival.7,8

The vast majority (about 90%) of endometrial tumors are 
adenocarcinomas, stratified in type I or II based on histologic 
characteristics and clinical behavior.9 Endometrioid tumors 
(Type I) (EEC) represent 80% to 90% of cases, arise from pre-
vious hyperplasia, are well-differentiated, related to obesity and 
estrogen exposure, and have generally favorable prognosis.10 
PTEN inactivation is the most frequent genetic alteration and 
mutations in KRAS (around 20%) and CTNNB1 (around 30%) 
are also frequently observed in EEC.11-14
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The majority of endometrioid endometrial carcinomas (EEC) is diagnosed at stage I. Among these, 30% present 
myometrial invasion (stage IB), which is associated with tumor spread and relapse after primary treatment. Although 
an increased expression of RUNX1/AML1 and ERM/ETV5 in EEC have been suggested to be associated with early events 
of myometrial infiltration, there is no data regarding its expression along the evolution of EEC and possible associations 
with other clinicopathological parameters. Therefore, ERM/ETV5 and RUNX1/AML1 protein and gene expression profiles 
were assessed in different EEC stages to evaluate their role in endometrial carcinogenesis. RUNX1/AML1 and ERM/ETV5 
proteins were analyzed by immunohistochemistry in 219 formalin fixed paraffin embedded endometrioid tumors and in 
12 normal atrophic and proliferative endometrium samples. RUNX1/AML1 and ERM/ETV5 genes expression were analyzed 
by RT-qPCR. RUNX1/AML1 and ERM/ETV5 expression were decreased with increasing EEC stage, with a positive correlation 
between protein and gene expression for ERM/ETV5, but not for RUNX1/AML1. Both proteins were present in the nucleus 
of the tumor cells, whereas RUNX1/AML1, but not ERM/ETV5, was expressed in 7 out of 12 normal endometrial samples, 
with its expression being restricted to the cytoplasm of the positive cells. We concluded that there is a higher expression 
of ERM/ETV5 in early stages of EEC, whereas there seems to be a RUNX1/AML1 translocation from cytoplasm to nucleus 
in EEC neoplastic transformation.
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ERM/ETV5 and RUNX1/AML1 expression have been sug-
gested to be associated with deep myometrial invasion in EEC.15,16 
ERM/ETV5 is a transcription factor that has a conserved ami-
noacid sequence responsible for a DNA-binding domain that 
regulates the expression of a variety of genes, such as stromely-
sin-1, vimentin, and ICAM-1.17,18 RUNX1/AML1 is an oncogene 
related to acute myeloid leukemia that induces cell proliferation 
through increased transcription of genes involved in G

1
-S transi-

tion phase.19,20 Furthermore, RUNX1/AML1 expression has been 
associated with metastatic adenocarcinomas from several tissues, 
such as uterus, ovaries, and breast.21

Therefore, ERM/ETV5 and RUNX1/AML1 protein and 
gene expression profiles were analyzed in a large series of endo-
metrioid tumors in order to evaluate their association with neo-
plastic progression, etiology, and prognosis.

Results

Clinicopathological features
Table  1 shows the clinicopathological characteristics of 

patients with EEC, with most of them presenting hypertension 
(69.9%), obesity or overweight (83.9%), and stage I (71.7%), 
particularly stage IA (51.6%) tumors. The mean follow up 
period was 55 mo and relapse was observed in 13.2% of cases. 
Cancer-related death happened in 55.1% of recurrent cases and 
the overall survival was 86.3%, confirming that EEC possesses 
a good prognosis. Association of overall survival and disease-free 
survival with all clinicopathological data and assessed markers 
were performed. The only variable associated with decreased 
overall survival (P = 0.01) and recurrence (P = 0.001) was tumor 
stage.

ETV5 detection profile
ERM/ETV5 protein profile was evaluated by immunohisto-

chemistry (IHC) in normal endometrium and EECs, and was 
detected only in tumors. Figure 1A shows that the immunostain-
ing was restricted to glandular epithelial tumor cells, observed 
predominantly in nucleus. ERM/ETV5 protein was not detected 
in the stromal compartment. The staining score evaluation 
revealed that most tumors expressed low levels of ERM/ETV5, 
with 53.4% of tumors (117 cases) considered as score 1+; 33.8% 
(74 cases) as score 2+, and only 12.8% (28 cases) as score 3+. 
However, among the latter, 22 cases (79%) were stage IA tumors, 
resulting in a positive association between high expression of 
ERM/ETV5 and IA stage tumors (Table 2). There was no asso-
ciation between ERM/ETV5 protein expression and any other 
clinicopathological characteristic.

ERM/ETV5 gene expression was positive in all 105 EECs and 
in 6 normal endometrial samples analyzed (5 samples of prolif-
erative and 1 of atrophic endometrium). There was a positive 
association between ERM/ETV5 gene and protein expression, 
as shown in Figure  1B. Furthermore, there was a statistically 
significant higher expression of ERM/ETV5 in IA stage tumors 
(P < 0.0001) when compared with other tumor stages and normal 
endometrial samples (Fig. 1C).

Table 1. Clinicopathological characteristics of 219 patients diagnosed with 
endometrioid endometrial adenocarcinoma (EEC)

Characteristics Patients (%)

Median age (years) 63

Variation 42–89

Hypertension

Yes 153 (69.9)

No 66 (30.1)

Diabetes

Yes 55 (25.1)

No 164 (74.9)

Heart diseases

Yes 17 (7.8)

No 202 (92.2)

Obesity

Yes 111 (50.7)

No 106 (48.4)

Overweight

Yes 71 (32.4)

No 146 (66.7)

Nulliparity

Yes 29 (13.2)

No 185 (84.5)

Contraceptive use

Yes 79 (36.1)

No 113 (51.6)

Exogenous estrogen therapy

Yes 15 (6.8)

No 175 (79.9)

FIGO stage

IA 113 (51.6)

IB 44 (20.1)

II 27 (12.3)

III 29 (13.2)

IV 6 (2.7)

Histological grade

Well differentiated (G1) 67 (30.6)

Moderate differentiated (G2) 91 (41.6)

Poorly differentiated (G3) 61 (27.9)

Recurrence

Yes 29 (13.2)

No 190 (86.8)
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RUNX1 detection profile
RUNX1/AML1 protein profile was also evaluated and 58% 

of normal endometrial (7 out of 12 samples, with 3 prolifera-
tive and 4 atrophic endometrium) and 100% of tumor samples 
expressed this protein. Figure 2A shows that RUNX1/AML1 
detection was restricted to glandular epithelial cells, with 
expression confined to the nucleus of tumor and to the cyto-
plasm of normal endometrial cells. The staining score evalu-
ation of EECs showed an equal distribution, with 36.1% (79) 
of tumors classified as score 1+; 25.1% (55) as score 2+; and 
38.8% (85) as score 3+. The score evaluation of the 7 normal 
endometrial samples showed that 2 were considered as score 
1+, 2 as score 2+, and 3 as score 3+. There was no associa-
tion between RUNX1/AML1 expression level and endometrial 
morphology.

Differently from ERM/ETV5 protein expression, there was 
no association between RUNX1/AML1 protein expression and 
tumor stages, as shown in Table 3. Similarly, there was no asso-
ciation between RUNX1/AML1 expression and any other clini-
copathological parameter evaluated in this study.

RUNX1/AML1 gene expression was positive in all cases of 
EEC and in 6 samples of normal endometrial epithelium eval-
uated (5 cases of proliferative endometrium and 1 of atrophic 
endometrium). Figure  2B shows that there was no association 
(P = 0.4589) between RUNX1/AML1 gene and its nuclear pro-
tein expression (samples of normal epithelium were considered 
negative since RUNX1/AML1 was expressed only in cytoplasm 
of normal endometrial cells). However, Figure 2C shows that, 
differently from its protein expression, there was a significantly 
higher expression of RUNX1/AML1 in IA stage tumors (P = 
0.0002) when compared with other tumor stages or normal 
endometrial samples.

Discussion

The present study demonstrated that ERM/ETV5 is expressed 
in EEC, but not in normal endometrium cells, whereas RUNX1/
AML1 is expressed in both tumor and normal cells. Both genes 
are highly expressed in the early development of EEC, but 
were not associated with other clinicopathological parameters. 

Figure 1. (A) ERM/ETV5 protein expression by IHC. Left, negative sample of normal endometrial epithelium. Center, EEC-positive sample. Right, brain 
tissue (positive control). (B) ERM/ETV5 mRNA expression by RT-qPCR, normalized to β-actin, in EEC and normal endometrial samples, according to pro-
tein expression score by IHC. ERM/ETV5 mRNA expression is higher in scored 3+ cases in comparison with normal endometrial epithelium and with 1+ 
scored samples (P = 0.0007). (C) ERM/ETV5 mRNA expression by RT-qPCR, normalized to β-actin, in EEC samples of patients with different tumor stages 
and in normal endometrial samples. ERM/ETV5 mRNA expression is higher in IA stage EEC in comparison with other EEC stage or normal endometrial 
epithelium samples (P < 0.0001).

Table 2. Frequency of different IHC staining scores of ERM/ETV5 expres-
sion in stage IA compared with other EEC stages

Stage 
(FIGO)

IHC staining score for ERM/
ETV5 expression

P value
Score 1+ 
n (%)

Score 2+ 
n (%)

Score 3+ 
n (%)

IA 49 (43.4) 42 (37.2) 22 (19.5)

IB + II 45 (63.4) 22 (31.0) 4 (5.6) 0.007

III + IV 23 (65.7) 10 (28.6) 2 (5.7) 0.040
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Recurrence and decreased overall survival were associated with 
EEC advancing stages only.

We observed a positive association between ERM/ETV5 
expression and IA stage EEC (just before myometrial invasion). 
In contrast, Planaguma et al. previously suggested that the high-
est expression of ERM/ETV5 was present in IC stage tumors 
(classified as IB in FIGO 2009 staging criteria, adopted in this 
study).15 ERM/ETV5 can act as nuclear effector of RAS-MAPK 
signaling pathway and regulates oncogenic target gene transcrip-
tion.14,22,23 Furthermore, RAS signaling pathway alterations were 
also observed in premalignant lesions and are considered early 
events in endometrial carcinogenesis,24 supporting the role of 
ERM/ETV5 in the early stages of EEC. In fact, ERM/ETV5 
seems to play a central role in inducing the epithelial-mesenchy-
mal transition.20,25,26

However, different from Planaguma et al.,16 we did not detect 
ERM/ETV5 expression in atrophic endometrium. The previous 
study reported that ERM/ETV5 expression occurred preferen-
tially in cytoplasm, with occasional expression in the nucleus. 
In our study, ETV5 expression was observed predominantly in 
the nucleus of glandular epithelial cells. This difference may be 
explained by the use of an antigen retrieval buffer with alkaline 
pH. During the process of antigen recovery, heat promotes dena-
turation of linked proteins and the different types of buffer sus-
tain their conformation. These data show that ETV5 denatured 
protein conformation, once located in the nucleus, is more stable 
in an alkaline pH environment, what allows a proper reaction 

with the antibody. Once ERM/ETV5 is a transcription factor, 
the nuclear expression pattern seems to be more representative of 
the role of the protein.

Curiously, ERM/ETV5 has also been shown to be upregu-
lated in early stages of breast tumors,21,27 suggesting that tumors 
which are etiologically associated with estrogen may require 
ERM/ETV5 expression during early neoplastic transformation. 
Estrogens may act through diverse mechanisms and c-Jun can 
regulate estrogen-dependent growth and differentiation.28 Nakae 
et al. demonstrated that c-Jun binds to a proline enriched region 
at the carboxi-terminal activation site of ERM/ETV5. This event 
increases its transcriptional activity by a feasible neutralization of 
ERM/ETV5 negative controlling domain in its transactivation 
domain.29 Moreover, Fugimoto et  al. demonstrated that c-Jun 
mRNA expression is higher in endometrial tumors when com-
pared with normal endometrial epithelium.30 So, the increased 

Table 3. Frequency of different IHC staining scores of RUNX1/AML1 expres-
sion in stage IA compared with other EEC stages

Stage 
(FIGO)

IHC staining score for RUNX1/
AML1 expression

P value
Score 1+ 
n (%)

Score 2+ 
n (%)

Score 3+ 
n (%)

IA 47 (41.6) 23 (20.4) 43 (38.1)

IB + II 23 (32.4) 19 (26.8) 29 (40.8) 0.398

III + IV 9 (25.7) 13 (37.1) 13 (37.1) 0.087

Figure 2. (A) RUNX1/AML1 protein expression by IHC. From left to right, negative sample of normal endometrial epithelium, positive sample of normal 
endometrial epithelium (cytoplasmic staining), EEC-positive sample (nuclear staining), and placenta tissue (positive control). (B) RUNX1/AML1 mRNA 
expression by RT-qPCR, normalized to β-actin, in EEC and normal endometrial samples, according to protein expression score by IHC (concerning 
nuclear staining only). There was no significant difference of RUNX1/AML1 mRNA expression among stratified groups (P = 0.4589). (C) RUNX1/AML1 mRNA 
expression by RT-qPCR, normalized to β-actin, in EEC samples of patients with different EEC stages and in normal endometrial epithelium. RUNX1/AML1 
mRNA expression is higher in IA stage EEC in comparison with other stage samples (P = 0.0002).



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

892	 Cancer Biology & Therapy	 Volume 15 Issue 7

ERM/ETV5 protein profile described in our study may be asso-
ciated with c-Jun expression. Nevertheless, we did not test this 
hypothesis, but we did not detect an association between exog-
enous estrogen exposure and a higher expression of ERM/ETV5.

The present study also showed that RUNX1/AML1 protein 
was detected in the nucleus of all tumors and in the cytoplasm 
of 58.3% of normal endometrial epithelium samples, suggesting 
that RUNX1/AML1 upregulation in the nuclear compartment 
can trigger endometrial carcinogenesis. RUNX1/AML1 had been 
previously detected in the perinuclear region of normal endome-
trial cells and mostly in the cytoplasm of EEC cells.15 Again this 
difference may be explained by the use of an antigen retrieval 
buffer with alkaline pH. RUNX1/AML1 protein location has 
been previously demonstrated to occur in the nucleus of leukemic 
cells,31 supporting our observation that RUNX1/AML1 nuclear 
translocation occurs in endometrial carcinogenesis.

RUNX1/AML1 mRNA was induced in IA stage tumors, con-
firming previous results from Planaguma et  al. that RUNX1/
AML1 gene overexpression is an early event of endometrial carci-
nogenesis.15 However, whereas we demonstrated that the highest 
expression occurred in IA stage tumors (just before deep myo-
metrial invasion), those authors observed the highest expression 
present in IC (IB according to the FIGO classification adopted 
in our study) tumors. Furthermore, we did not observe an asso-
ciation between RUNX1/AML1 protein and its gene expression. 
In fact, RUNX1 activity can be controlled by posttranslational 
modifications such as phosphorylation, acetylation, and ubiqui-
tination,32-34 and recent study has shown that this gene may also 
be regulated by microRNA-27.35

The reason for the high expression of RUNX1/AML1 in 
EEC is not known, but Wall et al. showed that estradiol induced 
the expression of this protein in estradiol-responsive mice.36 
However, as for ERM/ETV5, we did not find a positive asso-
ciation between exogenous estrogen exposure and high levels of 
RUNX1/AML1. Alternatively, this study suggests that RUNX1/
AML1 expression is posttransductionally regulated and altera-
tions in protein translation in EECs may lead to the high levels 
observed in the nuclei of endometrial tumor cells.

We conclude that ERM/ETV5 protein and its gene overex-
pression, and RUNX1/AML1 nuclear protein expression are 
common features for early development of EEC.

Materials and Methods

Patients and samples
The study comprised 219 patients with a confirmed histologi-

cally diagnosis of endometrioid endometrial carcinoma (EEC) 
who had undergone surgical treatment between 2007 and 2009 
in the Brazilian National Cancer Institute (Rio de Janeiro, 
Brazil). Histological diagnosis was confirmed by two indepen-
dent pathologists after surgical treatment. We also included 
12 patients who underwent total hysterectomy for diagnosis dif-
ferent from endometrial cancer in the same period (they donated 
6 samples of atrophic endometrium and 6 samples of prolif-
erative endometrium). Clinicopathological data were collected 

from their medical records, including age at diagnosis, previous 
history of cancer in family, comorbidities (hypertension, heart 
disease, obesity, and overweight), nulliparity, oral contraceptive 
use, exogenous estrogen therapy, tumor staging (according to the 
International Federation of Gynecology and Obstetrics 2009 cri-
teria), histological grade, recurrence, and death. The follow-up 
period was 55 ± 14 mo. Patients who had not undergone surgery 
as prime treatment, who had suspicions of hereditary cancer syn-
drome such as Lynch syndrome, and those who had a diagnosed 
second primary tumor were excluded. Tumor and normal endo-
metrial samples were formalin-fixed paraffin-embedded (FFPE). 
The protocol was approved by the Institutional Ethics Commit-
tee and all patients signed a consent form.

Immunohistochemistry
Immunohistochemistry (IHC) was performed on 3 μm par-

affin sections of 219 EEC cases and in 12 normal endometrial 
samples. For ERM/ETV5 antigen retrieval, sections were incu-
bated in water bath while submerged in a target buffer solution 
(DAKO®), pH 9.0, for 40 min at 98 °C. For RUNX1/AML1 
antigen retrieval, sections were incubated in a pressure cooker 
while submerged in a tris-EDTA (Tris 10 mM, EDTA 1 mM) 
buffer solution, pH 9.0, for 3 min at 120 °C. Sections were 
incubated with the primary polyclonal antibody against ERM/
ETV5 (Santa Cruz Biotechnology®, sc-22807; diluted 1:300 in 
diluent solution) and with the primary monoclonal antibody 
against RUNX1/AML1 (Abcam®, ab54869, diluted 1:2000 in 
diluent solution), during 12 h at least. FFPE brain and placenta 
tissues served as positive controls of ERM/ETV5 and RUNX1/
AML1, respectively. For a negative control, the primary antibody 
was replaced with the diluent solution. The detection system was 
the NovoLinkTM Max Polymer Detection System (Leica Biosys-
tems®), following the protocol described by the manufacturer, 
using diaminobenzidine as substrate (DAKO®). Sections were 
counterstained with Harris’ hematoxylin.

The staining score evaluation was performed by two indepen-
dent pathologists. For both proteins, scored cases were considered 
1+ when positive staining was present in up to 35% of tumor 
region; 2+ when staining was present in >35% and ≤70% of 
tumor region; and 3+ when >70% of tumor region was positive.

RT-qPCR
In order to validate the differential expression of both genes, 

FFPE of EEC and normal endometrial epithelium samples were 
sectioned in 10 μm. Total RNA was extracted using PureLinkTM 
FFPE Total RNA Isolation Kit (Invitrogen®), following the pro-
tocol described by the manufacturer. RNA was isolated in col-
umn and in 50 μL of 65 °C preheated RNase free water. All 
RNA samples were quantified by spectrophotometry. One hun-
dred and five of 219 RNA EEC samples and 6 of 12 normal endo-
metrial epithelium samples had satisfactory amount of RNA for 
performing cDNA synthesis. All samples cDNA was synthesized 
from 1 μg RNA by the SuperScriptTM II Reverse Transcriptase 
(Invitrogen®) protocol.

ERM/ETV5 and RUNX1/AML1 expression analysis was 
performed using Rotor-Gene Q (Qiagen®) thermocycler with 
the following primers spanning exon-exon junctions as fol-
lows: ETV5-Sense: 5′ ACTGGAAGGC AAAGTCAAAC 
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A 3′, ETV5-Anti-Sense: 5′ GCTGGGTCAT CAAGAAGGGT 
GA 3′; RUNX1-Sense: 5′ AACCCTCAGC CTCAGAGTCA 3′, 
RUNX1-Anti-Sense: 5′ ACAGAAGGAG AGGCAATGGA 3′; 
β-actin Sense: F: 5′ CCAGATCATG TTTGAGACCT T 3′, 
β-actin Anti-Sense: 5′ CGGAGTCCAT CACGATGCCA G 3′. 
Each reaction consisted of 7.5 μL of Quantifast SYBR Green 
PCR Master Mix (Qiagen®), 25 pmols of primers, and 1 μL of 
cDNA. The amplification reaction was performed as follows: 
5 min for DNA predenaturation at 95 °C, followed by 40 cycles 
of hybridization and complementary chain synthesis for 5 s at 
95 °C and 10 s at 60 °C.

ERM/ETV5 and RUNX1/AML1 gene expression was normal-
ized by the expression of β-actin. For mRNA relative quantita-
tion, ΔCt method was used and its parameter was defined as 
the difference between the average of the gene of interest (three 
experiments) and the housekeeping gene.

Statistical analysis
Frequencies of clinicopathological data and IHC staining 

score of ERM/ETV5 and RUNX1/AML1 were calculated. For 
continuous variables, we performed a descriptive analysis of cen-
tral and dispersion tendencies. To assess the relationship between 
IHC staining score and clinicopathological features, we used the 

chi-square test. To assess the relationship among ERM/ETV5 
and RUNX1/AML1 gene expression, FIGO staging and IHC 
staining score, we used Kruskal–Wallis test. The Kaplan–Meier 
method was used to evaluate overall survival and disease-free sur-
vival, based on a statistically significant confidence interval of 
95% and P value < 0.05. Finally, in order to assess the impact 
of ERM/ETV5 and RUNX1/AML1 detection profile on overall 
survival and its statistical significance, Kaplan–Meier test was 
performed. Cox regression was performed with all clinicopatho-
logical parameters to adjust the effect of clinical stage and age. 
All statistical analysis was performed with GraphPad Prism 5.0 
(GraphPad Software Inc.) and SPSS 17.0. The final values were 
considered of statistical significance when P < 0.05.
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