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Undifferentiated endometrial carcinomas are very aggressive high-grade endometrial carcinomas that are

frequently under-recognized. This study aimed to analyze the molecular alterations underlying the development

of these endometrial carcinomas, focusing on those related to dedifferentiation. We assessed a series of 120

tumors: 57 grade 1 and 2 endometrioid endometrial carcinomas, 15 grade 3 endometrioid endometrial carcinomas,

27 endometrial serous carcinomas, and 21 undifferentiated endometrial carcinomas. We found a high frequency of

DNA mismatch repair deficiency (38%) and moderate rate of p53 overexpression (B33%) in undifferentiated

carcinomas. In contrast to the characteristic endometrioid phenotype, there was a dramatic downregulation of

E-cadherin expression in the undifferentiated subtype. Quantitative methylation studies dismissed CDH1 promoter

hypermethylation as the mechanism responsible for this change in gene expression, while immunohistochemistry

revealed that the E-cadherin repressor ZEB1 was frequently overexpressed (62%) in undifferentiated endometrial

carcinomas. This finding was accompanied by a sharp downregulation in the expression of the miR-200 family of

microRNAs, well-known targets of ZEB1. Furthermore, there was enhanced expression of epithelial-

to-mesenchymal transition markers in undifferentiated endometrial carcinomas, such as N-cadherin, cytoplasmic

p120, and osteonectin. In addition, HMGA2, a regulator of epithelial-to-mesenchymal transition that is expressed in

aggressive endometrial tumors, such as endometrial serous carcinomas and carcinosarcomas, was expressed in

420% of undifferentiated carcinomas. These results suggest that ZEB1 overexpression, associated with

E-cadherin and miR-200s downregulation, and the expression of mesenchymal markers might enhance the

metastatic potential of undifferentiated endometrial carcinomas, leading to a poor prognosis. In addition, our

observations suggest that the immnohistochemical analysis of E-cadherin and ZEB1 can aid in the differential

diagnosis of the more agressive undifferentiated endometrial carcinomas from grade 3 endometrioid carcinomas.
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Undifferentiated endometrial carcinoma is a poorly
differentiated subtype of endometrial carcinoma.1

Altrabulsi et al.2 defined undifferentiated endometrial
carcinoma as a ‘tumor composed of medium or large
size cells with a complete absence of glandular
differentiation, and with absent or minimal (o10%)
neuroendocrine differentiation.’ Undifferentiated
endometrial carcinoma represents about 9% of all
endometrial carcinomas. In some cases, these tumors
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develop as undifferentiated areas associated with
grade 1 or 2 endometrioid endometrial carcinomas,
and such cases are often referred to as dedifferentiated
carcinomas.3 Nevertheless, despite these studies, this
high-grade endometrial carcinoma remains under-
recognized or/and it may be frequently classed as
FIGO grade 3 endometrioid adenocarcinoma,4 even
though undifferentiated endometrial carcinomas have
a more aggressive behavior.

The molecular changes underlying undifferen-
tiated endometrial carcinoma development are
poorly understood. Although a high level of micro-
satellite instability has been reported,1,5 no studies
have explored other molecular alterations that are
common in endometrial carcinogenesis, including
PTEN, CTNNB1, or TP53. Impaired differentiation is
a key feature of undifferentiated endometrial
carcinoma. Indeed, gland formation requires the
presence of differentiated polarized epithelial cells
in relation to adjacent cells. There are several
mechanisms by which tumor cells could lose their
ability to form glands, as seen in undifferentiated
endometrial carcinoma. A frequent alteration
observed in poorly differentiated carcinomas in
any tissue involves a reduction in E-cadherin
expression, a master regulator of cell adhesion and
polarity encoded by the CDH1 gene.6–8 Dampening
E-cadherin expression can occur in several ways,
transcriptional repression being one of the most
important. Known repressors of E-cadherin include
zinc-finger transcription factors (Snail1 (SNAI1),
Slug/Snail2 (SNAI2), ZEB2 (SIP1), and ZEB1
(d-EF1)), and basic helix–loop–helix transcription
factors (E47 (TCF3), E2-2 (TCF4), or Twist).
E-cadherin downregulation through transcriptional
repression is frequently associated with the
epithelial-to-mesenchymal transition, a process of
cellular transdifferentiation by which epithelial
cells lose their polarity and cell–cell contacts, they
reorganize their cytoskeleton, express mesenchymal
markers, and they display a migratory phenotype.
During epithelial-to-mesenchymal transition, pro-
gressive loss of E-cadherin expression is frequently
coupled with the expression of non-epithelial
cadherins, such as the mesenchymal N-cadherin and
cadherin-11, a process known as ‘cadherin switch-
ing.’9 In addition, cells acquire mesenchymal
markers such as vimentin, fibronectin, SPARC, and
others.

Recent reports have shown the importance of
certain microRNAs (miRNAs) in modulating epithe-
lial differentiation, and the miR-200 family appears
to be a key regulator of this process. These miRNAs
maintain the epithelial phenotype by downregulat-
ing the expression of E-cadherin repressors ZEB1
and ZEB2, which are directly targeted at their 30UTR
region.10–13 In turn, ZEB1 and ZEB2 bind to a
conserved pair of ZEB-type E-box elements located
at the promoter region of the miR-200s, both in the
pri-miR-200a/b/42913 and pri-miR-200c/141 loci.12

Thus, a double-negative feedback loop exists

between ZEB1/ZEB2 and miR-200s in epithelial-
to-mesenchymal transition regulation.13 Moreover,
this loop has also been demonstrated to be crucial in
stemness maintenance.14

To better understand the molecular mechanisms
involved in undifferentiated endometrial carcinoma
development and those underlying the lack of
differentiation in this type of carcinoma, we ana-
lyzed the possible alterations in genes usually
associated with endometrial carcinogenesis and
those with the maintenance of the epithelial
phenotype. For the first time, we show that
undifferentiated endometrial carcinomas exhibit a
complete loss or severe reduction in E-cadherin
expression, which is associated with overexpression
of E-cadherin repressor ZEB1 and downregulation of
miR-200s. Furthermore, we show a molecular
profile intermediate to that observed in endome-
trioid and serous carcinomas.

Materials and methods

Patients and Tissues

The present series consisted of 120 endometrial
carcinomas: 57 grade 1 and 2 endometrioid endo-
metrial carcinomas, 15 grade 3 endometrioid
endometrial carcinomas, 27 endometrial serous
carcinomas, and 21 undifferentiated endometrial
carcinomas. Histological typing was performed by
three pathologists (RAS, JP, and MAL-G) according to
the World Health Organization (WHO) classification
and previous reports on undifferentiated endome-
trial carcinomas.1,2,4 Tissue samples were obtained
from the Department of Pathology at the Hospital
Universitario Virgen del Rocio (Seville, Spain), the
Department of Pathology at Memorial Sloan-
Kettering Cancer Center (New York, NY, USA), the
Department of Pathology at Massachusetts General
Hospital (Boston, MA, USA), and the Department of
Pathology at the Hospital Universitari Arnau de
Vilanova (IRBLleida, Lleida, Spain). A summary of
the relevant clinicopathological findings is provided
in Supplementary Table 1. The current study was
approved by the relevant institutional committees.

Tissue Microarray Construction and
Immunohistochemistry

Tissue sections (5 mm) from 120 formalin-fixed
paraffin-embedded samples were stained with
hematoxylin and eosin, and representative areas
were selected to obtain two 1-mm-diameter tissue
cores. Tissue microarray sections were assessed by
immunohistochemistry using the Envision method
(Dako, CA, USA) and primary antibodies raised
against MLH1, PMS2, MSH2, MSH6, b-catenin, p53,
E-cadherin, P-cadherin, p120, N-cadherin, SPARC/
osteonectin, fascin, caveolin-1, HMGA2, and ZEB1.
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Immunohistochemical staining was evaluated by JP
and MAL-G (antibody suppliers, dilutions, and
the scoring criteria are shown in Supplementary
Table 2).

DNA Isolation and Sequenom MassARRAY
Quantitative DNA Methylation Analysis

DNA from 19 formalin-fixed paraffin-embedded
tissues (10 undifferentiated endometrial carcinomas
and 9 endometrioid endometrial carcinomas) was
isolated with the QiAamp DNA Mini Kit (Qiagen,
Hilden, Germany), determining the quantity and
quality of DNA with a Nanodrop ND-2000 Spectro-
photometer (Thermo Scientific, Waltham, MA,
USA). Bisulfite conversion of DNA was performed
using the EpiTect Plus DNA Bisulfite Kit (Qiagen) in
a GeneAmp PCR 9700 system. Subsequently, the
purified treated DNA was amplified in a TProfes-
sional Standard 384 Thermocycler (Biometra, Jena,
Germany) using specific PCR primers covering 343
bp in three amplicons involving 22 CpG islands at
the CDH1 gene promoter region (for details of PCR
primers and conditions see Supplementary Table 3).
MassARRAY spectrometry of the PCR products was
performed according to the manufactureŕs protocol
and the data processed with EpiTyper Analyzer
software v1.0 (Sequenom, San Diego, CA, USA).

mRNA and miRNA Expression Analysis

We analyzed gene and miRNA expression in 54
formalin-fixed paraffin-embedded samples of endo-
metrial cancer (15 grade 1/2 endometrioid endome-
trial carcinomas, 4 grade 3 endometrioid
endometrial carcinomas, 19 endometrial serous
carcinomas, and 16 undifferentiated endometrial
carcinomas), selecting samples where the tumor
component represented over 70% of the cells. RNA
from samples was isolated using the Recover All
Total Nucleic Acid Isolation Kit (Ambion (Life
Technologies), CA, USA) determining the quantity
and quality of the total RNA on a Nanodrop
ND-2000 Spectrophotometer (Thermo Scientific).
We further assessed RNA quality using the RNA
integrity value obtained from the Agilent 2100
Bioanalyzer (Agilent Technologies, CA, USA). After
reverse transcription with the high capacity RNA to
cDNA Kit (Applied Biosystems (Life Technologies),
CA, USA), the cDNAs were preamplified following
the TaqMan PreAmp Master Mix (Applied Biosys-
tems, USA) protocol for the specific gene expression
assays using a GeneAmp PCR 9700 system (Applied
Biosystems) for both reverse transcription and cDNA
preamplification. We designed Taqman Custom
Array Plates (Applied Biosystems) for qRT-PCR of
the mRNAs that contained primers for CDH1
(E-cadherin), E47/TCF3, HMGA2, SNAI1, SNAI2, E2-2/
TCF4, TGFb1, TGFb2, ZEB1, ZEB2, and the 18S and
GUSB endogenous controls (Supplementary Table 4).

qRT-PCR amplification was achieved using the Sensi-
FAST Probe Hi-ROX mix (Bioline Reagents, London,
UK) according to the manufactureŕs conditions.

We also used qRT-PCR to measure expression of
the miR-200 family of miRNAs (miR-200a/b/c,
miR-141, and miR-429) with RNU48 as an endogen-
ous control (Supplementary Table 5). Prior reverse
transcription was performed using the TaqMan
MicroRNA Reverse Transcription Kit (Applied Bio-
systems) in the GeneAmp PCR 9700 system and
qRT-PCR amplification with the TaqMan Universal
PCR Master Mix (Applied Biosystems). All qRT-PCR
measurements were obtained in a 7900HT Fast Real
Time PCR System with the SDS 2.3 software
(Applied Biosystems).

Statistical Analysis

Gene and miRNA expression data were normalized
with the RQ Manager software, and analyzed with
the SDS 2.3 software (Applied Biosystems) and
Integromics RealTime StatMiner 4.1 package. This
software performs a moderate t-test between two
groups corrected with a Benjamini–Hochberg algo-
rithm (Po0.05). Normality tests to assess sample
distribution, cross tables with Pearson’s w2 test to
evaluate immunohistochemical differences, Pear-
son’s correlations to determine association between
mRNA and miRNA expression, and Student’s t-test
or one-way ANOVA to compare means of expression
between groups were performed using SPSS 17.0 for
Windows (SPSS). Significance was considered at
Pr0.05.

Results

Undifferentiated Endometrial Carcinomas are
Characterized by a High Frequency of DNA Mismatch
Repair Deficiency

To determine the possible molecular events asso-
ciated with undifferentiated endometrial carcinoma
development, we studied the expression of some
genes implicated in the initiation of endometrial
carcinoma in both endometrioid (DNA repair
proteins, CTNNB1, and PTEN) and non-endometrioid
(TP53) tumors. The pattern of molecular changes in
undifferentiated endometrial carcinoma resembled
that of grade 3 endometrioid endometrial carcinoma,
as in both tumor types the losses of DNA mismatch
repair proteins was more common and p53 over-
expression occurred moderately when compared
with that in grade 1/2 endometrioid endometrial
carcinoma and endometrial serous carcinoma. By
contrast, the frequency of b-catenin accumulation, an
indicator of WNT pathway activation, was very low
in undifferentiated endometrial carcinomas com-
pared with all grades of endometrioid endometrial
carcinomas (Table 1). We analyzed whether MSI (the
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absence of expression of some of the mismatch repair
protein) and p53 overexpression were associated in
undifferentiated carcinomas and observed that only 2
of 21 samples showed both MSI and p53 over-
expression (Supplementary Table 6).

Owing to lack of availability of further tissue
microarray sections, we analyzed PTEN expression
by immunohistochemistry on whole tissue sections
only from the undifferentiated group. We observed
only 5 out of 17 undifferentiated endometrial
carcinomas with complete loss of PTEN expression.
Two out of the five cases also showed mismatch
repair deficiency and one showed p53 overexpres-
sion. We did not observe b-catenin nuclear expres-
sion in any areas of these undifferentiated
endometrial carcinomas (data not shown).

Absence of E-cadherin Expression is Characteristic of
Undifferentiated Endometrial Carcinoma and it is Not
Related to CDH1 Promoter Methylation

To understand the molecular mechanism involved
in the acquisition of an undifferentiated phenotype
and based on our observation that E-cadherin
expression is lost in some undifferentiated endo-
metrial carcinomas, we analyzed E-cadherin expres-
sion in our series of endometrial carcinomas by
immunohistochemistry and qRT-PCR. E-cadherin
protein was not detected by immunohistochemistry
in B70% of undifferentiated endometrial carcino-
mas and there was a sharp loss of this adhesion
molecule in the remaining cases. This decrease
was more significant when compared with other

Table 1 Immunohistochemical analysis of different markers in low-grade endometrioid endometrial carcinoma (EEC), high-grade
endometrioid endometrial carcinoma (G3), endometrial serous carcinoma (ESC), and undifferentiated endometrial carcinoma (UEC)
samples

Phenotypes

Marker Evaluation EEC G3 ESC UEC ANOVA P-value

DNA repair proteins
MLH1 Positive 43/52 83% 8/14 57% 26/27 96% 14/20 70% Po0.05

Negative 9/52 17% 6/14 43% 1/27 4% 6/20 30%
PMS2 Positive 40/52 77% 9/15 60% 24/26 92% 12/19 63% NS

Negative 12/52 23% 6/15 40% 2/26 8% 7/19 37%
MSH2 Positive 51/54 94% 12/14 85% 23/26 88% 18/19 95% NS

Negative 3/54 6% 2/14 14% 3/26 11% 1/19 5%
MSH6 Positive 38/42 90% 10/13 77% 21/25 84% 17/18 94% NS

Negative 4/42 9% 3/13 23% 4/25 16% 1/18 6%

MSI Positive 16/55 29% 9/14 64% 6/27 22% 8/21 38% Po0.05
Negative 39/55 71% 5/14 36% 21/27 78% 13/21 62%

b-catenin Conserved 22/52 42% 3/15 20% 9/27 33% 6/19 32% Po0.05
Reduced 17/52 33% 9/15 60% 18/27 67% 11/19 58%
Nuclear 13/52 25% 3/15 20% 0/27 0 1/19 5%
No expression 0/52 0 0/15 0 0/27 0 1/19 5%

p53 Positive 1/57 2% 4/15 27% 14/27 52% 7/21 33% Po0.001
Negative 56/57 98% 11/15 73% 13/27 48% 14/21 67%

E-cadherin Conserved 15/53 28% 2/15 13% 3/27 11% 0/21 0 Po0.001
Reduced 34/53 64% 10/15 67% 13/27 48% 7/21 33%
No expression 4/53 7% 3/15 20% 11/27 41% 14/21 67%

P-cadherin Positive 16/53 30% 11/15 73% 6/27 22% 1/20 5% Po0.001
Negative 37/53 70% 4/15 27% 21/27 78% 19/20 95%

p120 Conserved 31/53 58% 6/15 40% 8/27 30% 2/21 9% Po0.001
Reduced 22/53 41% 9/15 60% 19/27 70% 11/21 52%
Cytoplasmic 0/53 0 0/15 0 0/27 0 8/21 38%

N-cadherin Positive 13/57 23% 2/15 13% 3/27 11% 10/20 50% Po0.05
Negative 44/57 77% 13/15 87% 24/27 89% 10/20 50%

SPARC/osteonectin Positive 5/49 10% 2/14 14% 2/27 7% 8/18 44% Po0.01
No expression 44/49 90% 12/14 86% 25/27 93% 10/18 56%

FASCIN Positive 23/52 44% 8/15 53% 17/27 63% 16/21 76% NS
Negative 29/52 56% 7/15 47% 10/27 37% 5/21 24%

CAVEOLIN-1 Positive 0/57 0 0/15 0 3/27 11% 2/21 9% Po0.05
Negative 57/57 100% 15/15 100% 24/27 89% 19/21 90%

HMGA2 Positive 0/57 0 0/15 0 7/27 26% 5/21 24% Po0.001
Negative 57/57 100% 15/15 100% 20/27 74% 16/21 76%

ZEB1 Positive 0/57 0 0/15 0 0/27 0 13/21 62% Po0.001
Negative 57/57 100% 15/15 100% 27/27 100% 8/21 38%

Microsatellite instability (MSI) was considered positive by the absence of expression of some mismatch repair (MMR) protein.
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subtypes of endometrial carcinomas (Figure 1;
Table 1), especially endometrioid endometrial
carcinomas. Similar results were obtained by
qRT-PCR, whereby undifferentiated endometrial
carcinomas showed the weakest CDH1 mRNA
expression (Figure 2a), presenting a 10.4-fold
decrease compared with endometrial serous carci-
nomas, a 7.3-fold reduction compared with grade 3
endometrioid samples, and a 7.2-fold decrease with
respect to grade 1/2 endometrioid endometrial
carcinomas (Po0.001).

As promoter hypermethylation is known to silence
CDH1 expression in other tumor types like breast
cancer,15 we explored whether the CDH1 pro-
moter was more strongly hypermethylated in
undifferentiated endometrial carcinomas than in the
other tumor types examined. By using a highly
sensitive MassARRAY quantitative DNA methylation
assay, we did not observe differences in DNA
methylation levels of CDH1 promoter between
undifferentiated and grade 1/2 endometrioid
endometrial carcinomas, the latter representing the
tumor type that most strongly expressed E-cadherin.
In fact, the absolute levels of CDH1 promoter

methylation were very low (average of 18.5% in
undifferentiated and 14.6% in endometrioid
endometrial carcinomas), indicating a very
modest (if any) regulation of CDH1 expression in
undifferentiated endometrial carcinoma through
this mechanism (Figure 2b and c).

ZEB1 is Frequently Overexpressed in Undifferentiated
Endometrial Carcinomas but not in other Histological
Subtypes of Endometrial Carcinomas

As expression of E-cadherin in undifferentiated
endometrial carcinomas is reduced in the absence
of CDH1 promoter hypermethylation, we assessed
the expression of several transcription factors that
suppress E-cadherin expression by qRT-PCR, such
as Snail1, Slug/Snail2, ZEB1, and ZEB2. Further-
more, we analyzed the expression of HMGA2,
a nuclear factor that modulates E-cadherin expres-
sion through Snail1 and Slug/Snail2. Although we
did not observe significant differences in the expres-
sion of these genes among the different histotypes,
increased expression of ZEB1 in undifferentiated

Figure 1 Immunohistochemistry on a formalin-fixed paraffin-embedded sample of undifferentiated endometrial carcinoma of
E-cadherin (�40); ZEB1 (this sample was described as low intensity in 30% of cells) (� 40), the inset shows a group of cells with
nuclear expression of ZEB1; N-cadherin (�40) and MSH2 (�40).
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endometrial carcinomas was nearly significant (data
not shown). In addition, when determining correla-
tions between E-cadherin expression and expression
of E-cadherin repressors, the only correlation that
was close to being significant was that between
E-cadherin and ZEB1 expression (P¼ 0.055).

Taking into account these results and the fact that
qRT-PCR does not discriminate between gene ex-
pression in different tissue compartments (neoplas-
tic epithelial cells versus stroma), we examined the
distribution of these proteins by immunohistochem-
istry using commercial antibodies that work well
in formalin-fixed paraffin-embedded tissue. We
observed nuclear ZEB1 expression in 460% of
undifferentiated endometrial carcinomas but not in
any of the other histotypes, although ZEB1 detected
in stromal cells in all tumor samples served as a
positive internal control (Figure 1, Table 1). The
average proportion of cells expressing ZEB1 among
undifferentiated carcinoma samples was about 26%
(ranging from 5–60%), which represents more than
focal expression in most cases. HMGA2 was present
in approximately 25% of undifferentiated and
endometrial serous carcinomas but not in grade
1/2 or grade 3 endometrioid endometrial carcinomas

(Table 1). Moreover, all HMGA2-positive undiffer-
entiated endometrial carcinomas also expressed
ZEB1.

Downregulation of the miR-200 Family of miRNAs in
Undifferentiated Endometrial Carcinomas

We assessed all the endometrial carcinoma histo-
types for the expression of miR-200s, a family of
miRNAs that is composed of two clusters: miR-
200a/miR-200b/miR-429 on chromosome 1p36 and
miR-200c/miR-141 on chromosome 12p13. All
miR-200 family members were differentially ex-
pressed in undifferentiated carcinomas (Figure 3)
when compared with: grade 1/2 endometrioid
endometrial carcinomas, 11.4–93.8-fold changes
depending on the specific miRNA (Po0.01), grade
3 endometrioid endometrial carcinomas, 3.23–6.1-
fold changes depending on the specific miRNA
(Po0.05), and endometrial serous carcinomas, 2.3–
3.3-fold changes depending on the specific miRNA,
except for miR-429 (Po0.05). Correlation analysis
showed that E-cadherin expression was directly
correlated with that of all members of the miR-200

Figure 2 Decrease of E-cadherin expression in undifferentiated endometrial carcinoma (UEC). (a) Differences in CDH1 expression among
different groups of endometrial carcinoma (low-grade endometrioid endometrial carcinoma (EEC), high-grade EEC, endometrial serous
carcinoma (ESC), and UEC) by qRT-PCR (Po0.001). (b) Quantitative DNA methylation analysis of 22 CpG islands at CDH1 promoter
region, comparison between UEC and EEC. (c) Average percentage of DNA methylation levels of CDH1 promoter for the two groups.
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family (Po0.001), while significant inverse correlations
were also found when the expression of each
miRNA and ZEB1 expression was compared
(Po0.05; Figure 4).

Undifferentiated Endometrial Carcinomas Express an
Epithelial-to-Mesenchymal Transition Phenotype

Loss of E-cadherin, downregulation of miR-200s, and
ZEB1 expression in endometrial carcinosarcomas16

is associated with an epithelial-to-mesenchymal
transition phenotype that is characterized by
changes in the expression of catenins, cadherin
switching, and the expression of mesenchymal
markers. Although undifferentiated endometrial
carcinomas lacked any morphological evidence of
mesenchymal differentiation, we detected an
immunohistochemical profile that was similar
to that seen in tumors with an epithelial-
to-mesenchymal transition phenotype. Thus, in
addition to reduced expression of the epithelial
E- and P-cadherins, undifferentiated endometrial
carcinomas often expressed the mesenchymal
N-cadherin (Figure 1). Moreover, abnormal cytoplas-
mic accumulation of p120, which is characteristic of
mesenchymal cells, was observed in nearly 40% of
undifferentiated carcinomas but not in the other
histotypes. The mesenchymal markers osteonectin
and fascin were also more frequently expressed in
undifferentiated carcinomas than in the other types
of endometrial tumors (44 and 76%, respectively)
(Table 1).

Discussion

Previous studies have demonstrated that undiffer-
entiated endometrial carcinomas have reproducible
morphological and immunohistochemical features,

and an almost uniformly poor clinical outcome.1,2,4

In this study, we investigated the molecular changes
associated with undifferentiated endometrial
carcinoma development, as well as those involved
in tumor dedifferentiation.

Approximately 50% of undifferentiated endome-
trial carcinomas are associated with a differentiated
component, most commonly grade 1/2 endometrioid
endometrial carcinoma, and such cases have been
termed ‘dedifferentiated carcinomas’3 or ‘combined
undifferentiated and differentiated carcinomas.’1

These morphological features suggest that
some undifferentiated carcinomas derive from
endometrioid endometrial carcinomas and that
molecular changes characteristic of endometrioid
tumors are likely to be found in undifferentiated
endometrial carcinomas. In this regard, we confirmed
previous observations1,17 by demonstrating that the
presence of DNA mismatch repair abnormalities was
characteristic of undifferentiated endometrial
carcinomas. This molecular alteration has been
observed in 20–30% of EECs in a different series18

and it was present in nearly 40% of undifferentiated
endometrial carcinomas in the present series.
Although this series comprised 16 tumors previously
analyzed, the frequency of mismatch repair
abnormalities in new cases (40% or 2/5) was similar
to that of the prior study (37% or 6/16). Mismatch
abnormalities in undifferentiated endometrial
carcinomas were first reported in sporadic tumors17

and it was subsequently observed that
undifferentiated endometrial carcinomas can also
occur in Lynch syndrome.1 In the present series, one
patient showed loss of MSH2 and MSH6 expression
in her undifferentiated endometrial carcinoma and is
considered to be a presumptive Lynch syndrome
patient. It is interesting to note that as reported
previously,19 grade 3 endometrioid endometrial
carcinomas studied here also showed a high
frequency of mismatch repair abnormalities.

Nuclear expression of b-catenin is observed in
20–30% of endometrioid carcinomas yet it was only
seen in one undifferentiated endometrial carcinoma,
suggesting little relevance of the WNT pathway in
the development of these tumors. This is consistent
with the observation that endometrioid endometrial
carcinomas with CTNNB1 abnormalities represent a
subset of endometrial tumors with specific morpho-
logical features (frequent morular metaplasia) and
with a relatively good prognosis. We found p53 to be
expressed in 2, 27, and 52% of grade 1/2 endome-
trioid endometrial carcinomas, grade 3 endome-
trioid endometrial carcinomas, and endometrial
serous carcinomas, respectively, similar to previous
reports.20,21 However, this was the first study to
assess p53 expression in undifferentiated
endometrial carcinomas, showing a frequency of
overexpression (33%) similar to that observed in
grade 3 endometrioid carcinomas (27%).
Interestingly, only two of our seven p53-positive
undifferentiated endometrial carcinomas also

Figure 3 Analysis of miR-200s expression in endometrial
carcinomas. Quantitative expression analysis of miR-200 family
among different subtypes of endometrial carcinoma (low-grade
endometrioid endometrial carcinoma (EEC), high-grade EEC,
endometrial serous carcinoma (ESC), and undifferentiated
endometrial carcinoma (UEC)).
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showed mismatch repair alterations and none
displayed nuclear b-catenin expression, as it has
also been reported in grade 3 endometrioid endo-
metrial carcinomas.20 While we cannot exclude
other molecular changes characteristic of an
endometrioid phenotype, this observation suggests
that different molecular pathways are involved in
undifferentiated endometrial carcinoma develop-
ment. It is interesting to note that only 5 out of 21
undifferentiated carcinomas in this series showed
complete absence of PTEN expression and that in
three cases this alteration coexisted with mismatch
deficiency and/or p53 overexpression. These find-
ings may reflect the pathogenesis of undifferentiated
endometrial carcinomas, some arising from low-
grade endometrioid endometrial carcinomas, while
others can be considered ‘de novo’ cases derived
from alterations in TP53.

One of the most remarkable findings of this study
was the high incidence of complete loss of E-cad-
herin expression in undifferentiated endometrial
carcinomas. E-cadherin was not detected in almost
70% of undifferentiated carcinomas and its expres-
sion was dramatically reduced in the remaining
30% of these tumors, while loss of E-cadherin
expression was very uncommon in grade 1/2
endometrioid endometrial carcinomas. There are
multiple mechanisms that downregulate E-cadherin
in cancer, such as gene mutation, gene silencing by
promoter methylation, or transcriptional repression.
Although we did not explore mutations in the CDH1
gene, they are infrequent in human carcinomas and
mostly restricted to a few histological types like
lobular breast carcinoma and diffuse type gastric
cancer.22 Using a qualitative approach, we and
others23,24 reported that CDH1 promoter is

Figure 4 Correlations between CDH1 and ZEB1 with each member of miR-200 family of miRNAs among samples. All correlations
between CDH1 and miR-200 expression were statistically significant at Po0.001. In the case of ZEB1 and miR-200s, we obtained
significant correlations at Po0.05. Red points represent samples of low-grade endometrioid endometrial carcinoma (EEC), green points
represent high-grade EEC (G3), blue points are used for endometrial serous carinoma (ESC), and orange points show sample distribution
of undifferentiated endometrial carcinoma (UEC).
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hypermethylated in about 20% of endometrial
carcinomas and that this is not associated with the
histological type. In the quantitative analysis of
CDH1 promoter methylation performed in this
study, we found only weak methylation among the
different histological types analyzed with no
significant differences. These results indicated that
CDH1 promoter hypermethylation was not a major
determinant of the diminished E-cadherin expression
in undifferentiated endometrial carcinoma.

Our results suggest that E-cadherin loss in
undifferentiated carcinomas was partly due to
ZEB1 overexpression. Indeed, we found ZEB1
mRNA expression to be inversely correlated with
E-cadherin levels. ZEB1 is a zinc-finger transcrip-
tional factor that represses E-cadherin expression by
acting on specific E-boxes in its promoter.25 Our
immunohistochemical results confirmed previous
observations that ZEB1 expression is confined to the
stroma in normal endometrium and most
endometrial carcinomas. In addition, we found
ZEB1 to be expressed in 5–60% of neoplastic
cells in undifferentiated endometrial carcinomas
but not in the other carcinoma histotypes. There
are only two previous studies investigating ZEB1
expression in endometrial carcinoma. In one report,
ZEB1 expression was found in 4 grade 3 tumors
from a group of 15 grade 1/2 and grade 3 endome-
trioid endometrial carcinomas studied. There was
also epithelial ZEB1 expression in 4 and 5 out of 12
endometrial serous carcinomas and 29 carcinosarco-
mas, respectively.26 A larger study (88 endometrial
carcinomas) from the same group included a
expanded number of endometrioid endometrial
carcinomas (71 grade 1/2 and 17 grade 3), but also 3
undifferentiated endometrial carcinomas and 12
endometrial carcinomas with a serous component.
ZEB1 expression was only observed in three grade 3
endometrioid endometrial carcinomas,27 although it
was not specified whether the ZEB1-positive grade 3
endometrioid tumors were the same in the two
studies. Differences between their series and the
series presented herein might be due to different
criteria to diagnose undifferentiated endometrial
carcinomas.

We do not know the mechanisms underlying
ZEB1 overexpression in undifferentiated endome-
trial carcinomas. The TGFb pathway modulates
ZEB1 expression, and although we did not observe
any differences in TGFb1 and TGFb2 mRNA
expression among the different histotypes, we
cannot exclude differences in protein expression/
activation. Indeed, for the first time we noted that 5
out of 21 (24%) undifferentiated carcinomas
expressed HMGA2, a well-established target of the
TGFb pathway. Interestingly, all five HMGA2-posi-
tive tumors also expressed ZEB1, suggesting activa-
tion of the TGFb pathway in some undifferentiated
carcinomas. HMGA2 overexpression has been
demonstrated in endometrial serous carcinomas
and carcinosarcomas,28,29 but is found only

infrequently in endometrioid endometrial
carcinomas, as indicated here, even including
poorly differentiated endometrioid tumors.

Wild-type p53 has recently been seen to fulfill a
critical function in repressing the expression of ZEB1
and ZEB2 through members of the miR-200 and miR-
192 families.30,31 Members of the miR-200 family are
directly regulated by p53 at the transcriptional level
and the loss of p53 is correlated with decreased
miR-200c. Here, we demonstrated for the first time
that a marked reduction of miR-200s was
characteristic of undifferentiated endometrial
carcinomas. Although low levels of miR-200s can
produce ZEB1 upregulation, the specific role of p53
in miR-200s/ZEB1 modulation in undifferentiated
endometrial carcinomas is debatable as the number of
these tumors with p53 overexpression was relatively
low (33.3%). Furthermore, we did not observe ZEB1
upregulation in endometrial serous carcinomas,
which exhibited a high prevalence of TP53 changes,
but also higher levels of miR-200s than
undifferentiated endometrial carcinomas.

We noted that miR-200 expression was associated
with histotype and degree of differentiation. Indeed,
the expression of miR-200s was high in grade 1/2
endometrioid endometrial carcinomas, it decreased
in grade 3 endometrioid carcinomas and endometrial
serous carcinomas, and it was further reduced in
undifferentiated endometrial carcinomas. These
results are consistent with the proposed role of
miR-200s in maintaining a differentiated epithelial
phenotype.10,11,32 In a recent review,33 the regulation
of the miR-200 family by estrogen receptor (ER)-a
and estradiol was described and indeed, the
proportion of cases and intensity of ER expression
was lower in grade 3 endometrioid carcinomas
and serous carcinomas than in low-grade endo-
metrioid endometrial carcinomas. Moreover, only a
small proportion of undifferentiated endometrial
carcinomas (B10%) exhibited focal ER expression.1

A major consequence of miR-200s downregulation
in endometrial carcinogenesis is the activation of
epithelial-to-mesenchymal transition.16 Although
we did not observe morphological evidence of a
mesenchymal phenotype in undifferentiated endo-
metrial carcinomas, as seen in carcinosarcomas, we
found increased expression of some mesenchymal
markers, such as N-cadherin, cytoplasmic p120,
and osteonectin, in these tumors relative to other
histotypes. These changes, together with E-cadherin
downregulation, might confer increased cellular
motility, invasiveness, and metastatic ability to
undifferentiated carcinomas, that can relate to poor
prognosis. The expression of both epithelial
and mesenchymal markers in undifferentiated
endometrial tumors indicates a high degree of
cellular plasticity, as observed in cancer stem cells.
Thus, our observation, together with the established
role of ZEB1/miR-200s in ‘stemness’, suggests that
undifferentiated endometrial carcinoma might be
enriched in cancer stem cells. In fact, different
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studies have demonstrated that the balanced
expression of ZEB factors and miR-200s not only
controls epithelial-to-mesenchymal transition but
also ‘stemness’.34 Significantly, relevant molecu-
lar targets of the miR-200/ZEB1 loop include the
stem cell-associated factors BMI1, SOX2, KLF4,14

and Notch signaling pathway.35

Summarizing, we demonstrated for the first time
that absence or severe dowregulation of E-cadherin
associated with ZEB1 overexpression is character-
istic of undifferentiated endometrial carcinomas. As
these alterations are very infrequently seen in grade
3 endometrioid endometrial carcinomas and can be
evaluated by immunohistochemistry, our results
have important implications for the differential
diagnosis of both types of tumors, which show
different prognosis.
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