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Abstract: The high-mobility group A protein 2 (HMGA2) is a non-histone chromatin factor highly expressed in fetal
tissue and malignant tumors but rarely detected within normal adult tissues. The clinical implications and biological
functions of HMGAZ2 in endometrial carcinoma are largely unknown. Here we report that HMGA2 expression was
barely detected in benign endometrium samples (2 of 28 samples). However, HMGA2 expression increased signifi-
cantly from precancerous lesion endometrial glandular dysplasia (7 of 17, 41.2%), to serous endometrial intraepi-
thelial carcinoma (5 of 8, 62.5%) and to full blown endometrial serous carcinoma (39 of 59, 66.1%). Functional
characterization of HMGA2 revealed that the gene has both tumor growth promotion and metastasis. In addition,
HMGAZ2 induced epithelial-mesenchymal transition (EMT) through modulation vimentin and p-catenin. Furthermore,
HMGA2 overexpression started from endometrial serous precancers, non-invasive cancers, as well as in full blown
carcinomas in a p53 knockout mouse model we recently established in our laboratory. Our findings suggest that
HMGA2 may serve as a useful diagnostic marker in the assessment of endometrial serous cancer and its precursor
lesions.
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Introduction nuclear-binding oncofetal protein, which can
modulate transcription by promoting conforma-
tional changes [4]. HMGAZ2 is highly expressed
in embryonic tissue and in many malignant neo-
plasms including the pancreas [5], thyroid [6],
lung [7], and ovary [8], but rare in normal adult

tissues [9]. There is strong evidence from previ-

Endometrial carcinoma is the most common
gynecologic malignancy, which has been classi-
fied into two different types, based on clinical,
pathological and epidemiological observations
[1, 2]. The rarer yet more clinically aggressive

cancer, endometrial serous carcinoma (ESC)
accounts for approximately 10-15% of all endo-
metrial cancers but is responsible for a dispro-
portionate 40% of the cancer related death [3].
Despite the significant advances about the car-
cinogenesis of type | cancer (mainly endometri-
oid type), progresses about type Il carcinogen-
esis, particularly the development of ESC, is
significantly lacking. Therefore, the importance
of understanding endometrial serous carcino-
genesis is highly needed.

High-mobility group A2 (HMGA2), a member of
the high-mobility group family, is a non-histone

ous studies that expression of HMGA2 is asso-
ciated with tumor aggressive behavior, which is
probably due to its biologic function related to
epithelial-mesenchymal transition [10] and
stem cell self-renewal ability [11].

Previous studies have shown that the overex-
pression of HMGA2 was a critical molecular
event responsible for the tumorigenesis of ovar-
ian serous cancers [12, 13]. A recent study
demonstrated that HMGA2 was also overex-
pressed in advanced endometrial cancers by
immunohistochemistry [14]. However, whether
HMGAZ2 plays an oncogenic role in the develop-
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ment of ESC remains unclear. The goal of this
study was to explore the role of HMGA2 in ESC.
For the first time, we have revealed that HMGA2
overexpression started from endometrial
serous precancer, to serous endometrial
intraepithelial carcinoma, and to full blown
ESCs and it was intimately linked to P53 gene
disfunction in ESCs.

Materials and methods
Case selection

All evaluated endometrial samples were derived
from Departments of Pathology at Yale Uni-
versity and the University of Arizona after
obtaining an Institutional Review Board approv-
al. Total of 173 endometrial samples were
studied which included benign endome-
trium (n=28), endometrial glandular dysplasia
(EmGD) (n=17), endometrial intraepithelial car-
cinoma (EIC) (n=8), endometrial serous carci-
noma (ESC) (n=59) and endometrial endome-
trioid carcinoma (EEC) (n=61). All malignant
cases were diagnosed using criteria of the
International Federation of Gynecology On-
cology (FIGO). EmGD was diagnosed as defined
by Zheng et al. [15]. All the benign endometri-
ums come from age-matched hysteromyoma
patients had hysterectomy or ovarian cancer
with normal endometriums.

Cell lines and cell culture

KLE, HEC-1-A and AN3 CA were purchased from
the American Type Culture Collection (ATCC).
Ishikawa and SPEC-2 cell lines were generously
provided by Dr. Wenxin Zheng (The University of
Arizona, Tucson, AZ, USA). HEK293T was pur-
chased from China Type Culture Collection
(Shanghai, China). HEC-1-A cell line was main-
tained in McCoy’s 5A modified medium, KLE
cell line was maintained in DMEM:F12 medium,
AN3 CA and SPEC-2 cell lines were cultured in
Eagle’'s minimum essential medium, Ishikawa
and HEK293T were culture in DMEM. All cell
culture media were supplemented with 10%
fetal bovine serum (FBS) and culture media for
SPEC-2 cells were also supplemented with 100
mM sodium pyruvate. All cell lines were cul-
tured and maintained in 5% CO, at 37°C.

Plasmids and transfection

HMGA2 overexpression plasmid pBABE-puro-
HMGA2 was kindly provided by Dr. Jianjun Wei
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(Northwest University, Chicago, IL, USA). Retro-
virus-pBABE-puro-HMGA2 and the control ret-
rovirus-pBABE-puro were produced in GPZ-293
package cells. All the constructs were validated
by sequencing. For stable infection, cells
(1x10%) were plated in six-well plates without
antibiotics for 1 day before incubation. Then,
the medium was replaced with 1 mL of retrovi-
rus solution generated from the step men-
tioned above. The solution was supplement
with 10 yg/mL polybrene. After 24 h period,
fresh medium containing 2 pyg/mL puromycin
(Sigma-Aldrich) was added to each well.
Multiple colonies were obtained after 2 weeks
of puromycin selection.

Transient transfection

HMGA2 siRNAs and control siRNA (Sigma-
Aldrich) were used for transfecting endometrial
cancer cells with lipofectamine RNAIMAX
(Invitrogen) according to the manufacturer’s
protocol. The efficiency of HMGA2 inhibition
was assessed by western blot.

Migration and invasion assays

For cell migration assay, endometrial cancer
cells (5-10x10* cells) were seeded into the
upper chambers of a transwell system (24-well,
8 um pore size, BD falcon) with 200 ul of media
containing no FBS. The lower chambers were
filled with 500 pl culture media containing 10%
FBS as a chemoattractant. After 24-32 hours,
cells in the lower surface of the membrane
were fixed in methanol for 15 minutes, stained
with 0.1% crystal violet for 30 minutes. After
removing the noninvading cells with a cotton
swab, the successfully invading cells were
counted under a light microscope. Invasion
assays were performed using Matrigel-coated
transwell system according to the manufac-
ture’s protocol. The incubation time was 48
hours.

Western blotting

Cultured cells were harvested and lysed in lysis
buffer. The protein concentration was deter-
mined by BCA Assay Kit (Thermo Scientific). Cell
lysates were separated by SDS-PAGE and
transferred to PVDF membrane (Millipore).
After blocking with 5% non-fat milk, the mem-
branes were incubated with primary antibody
and corresponding horseradish peroxydase-
coupled secondary antibody. The protein bands
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were visualized with chemiluminescence (ECL)
(PerkinElmer) and detected by Image Quant
LAS 4000 (GE Health care Life Sciences). The
rabbit anti-human HMGA2 polyclonal antibody
was purchased from Bio Check, Inc. Other anti-
bodies (B-actin, vimentin and B-catenin) were
purchased from Cell signaling Technology.

Clonogenic assay

Single-cell suspensions were generated for
each cell line and specified numbers of cells
(100) were seeded into six-well tissue culture
plates. Cells were cultured for 10-14 days,
stained with 0.01% crystal violet and colonies
with greater than 50 cells were counted.

MTT assay

Cell proliferation was measured using 3-[4,
5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium
bromide (MTT) assay. Cells were seeded into
96-well plates (1.0-2.0x102 cells/well) and cul-
tured for 1-5 days. At specified time points, 20
ul of MTT (Sigma-Aldrich) solution (0.5 mg/ml)
was added to each well, and the cells were
incubated for additional 4 hours at 37°C. Then
the supernatants were carefully removed and
100 pl of dimethyl sulfoxide (DMSO, Sigma-
Aldrich) was added to each well. The absor-
bance values were evaluated at 490 nm with a
Microplate Reader (Thermo Fisher Scientific).

Immunohistochemistry

Formalin-fixed and paraffin-embedded tissues
were sectioned at 4 um. The slides were depar-
affinized in xylene and rehydrated in a graded
series of ethanol. Antigen retrieval was per-
formed by microwave irradiation in EDTA retriev-
al solution (PH 8.0). The Endogenous peroxi-
dase activity was blocked by 3% hydrogen
peroxidase (SIGMA-ALDRICH; #216763) in
methanol. The slides were then incubated over-
night at 4°C with HMGA2 (anti-rabbit, BioCheck,
Inc) primary antibody at 1:900 dilution. The fol-
lowing steps were performed by Vectastain ABC
kit (Rabbit IgG, Vector, PK4001) according to
manufacturer’s instruction. The signal was
developed by DAB detection system and nega-
tive immunohistochemistry controls were rou-
tinely employed. The staining results were
scored semiquantitatively by extent and
intensity.
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RNA isolation and gRT-PCR

Total RNA was extracted from endometrial can-
cer cells using TRIzol Reagent (Ambion) follow-
ing manufacturer’s instructions. The cDNA was
synthesized from miRNA using the One Step
PrimeScript miRNA cDNA Synthesis Kit (Takara).
Quantitative real-time PCR was performed by
StepOne Plus Real-Time PCR System (Applied
Biosystems) with SYBR green Premix Ex Taq Il
(Takara). The expression of GAPDH was used
as the endogenous control for miRNA expres-
sion level.

Subcutaneous tumor implantation and tail-
vein injections in nude mice

SPEC-2 cells with either overexpression or nor-
mal control of HMGA2 (normal control: empty
vector) were injected subcutaneously into the
bilateral flanks of 4-6-week-old female BALB/c
nu/nu mice. About 5x10° cells were resuspend-
ed in 120 pl of solution mixture containing PBS
and Matrigel (5:1, BD falcon). Size of tumors
were measured weekly, and mice were eutha-
nized when tumors reached 2.0 cm in diameter.
The tumor volume were calculated using the
equation axb?x1/6, where “a” and “b” are the
longest and shortest diameter, respectively.
Tail-vein injection experiments were performed
on 4-6-week-old BALB/c nu/nu female mice by
injecting 1x10° cells suspended in 100 pl of
PBS into the lateral tail veins. Ten weeks later,
the lungs were collected and fixed in 4% forma-
lin. All animal experiments were performed with
the approval of Shandong University Animal
Care and Use Committee.

Trp53 knockout mice model

Trp53"" mice (B6.129P2-Trp53tm1Brn/J) and
Kspl1.3-Cre mice (B6.Cg-Tg (Cdh16-cre) 91lgr/J)
were purchased from the Jackson Laboratory
to generate +/+; Trp53"" (Wild Type) and
Kspl.3-Cre/+; Trp53"" (hereafter referred to as
Trp53%/2) mice [16]. Exons 2-10 of Trp53 gene,
the mouse homologue of human TP53, were
flanked by loxP in this conditional targeted
knockout. Genotyping of the Trp53 allele and
Kspl1.3-Cre was performed by PCR-based test
using the following primer pairs for Trp35
(5'-GGTTAAACCCAGCTTGACCA-3’ and 5-GGAG-
GCAGAGACAGTTGGAG-3’) and for Kspl1.3-Cre
(5'-GCAGATCTGGCTCTCCAAAG-3' and 5-AGG-
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Figure 1. Photomicrographs illustrate some examples of intensity of HMGA2 expression in benign endometrium,
endometrial serous carcinomas (ESCs) and their precursor lesions. A-C. HMGA2 expression in cases of benign
endometrium. D. Immunohistochemical and hematoxylin and eosin (H/E) staining on serous endometrial glandu-
lar dysplasia (EmGD). E. Immunohistochemical and hematoxylin and eosin (H/E) staining on serous endometrial
intraepithelial carcinoma (EIC). F. Immunohistochemical and hematoxylin and eosin (H/E) staining on endometrial

serous carcinoma (ESC). Scale bars=50 ym.

CAAATTTTGGTGTACGG-3’) with an internal pos-
itive control (5-CAAATGTTGCTTGTCTGGTG-3’
and GTCAGTCGAGTGCACAGTTT-3’). The female
mice were euthanized gradually at the age of
10-80 weeks and FFPE uteri were submitted
to immunohistochemical analysis. All mouse
experiments were conducted in accordance
with the ethical guidelines of the Canton of
Zurich.

Statistical analysis

The statistical analysis was carried out using
SPSS V20.0. Student’s t-test was applied to
analyze the statistical differences. All the
experiments were repeated for at least three
times. Significance levels were "p<0.05; ""p<
0.001.
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Results

HMGA2 expression in non-neoplastic endome-
trial tissues

HMGA?2 is rarely detected within normal adult
tissues, but is expressed by a variety of benign
and malignant tumors [7, 11, 17]. To evaluate
whether HMGA?2 is overexpressed in non-neo-
plastic endometrial tissues, we immunohisto-
chemically examined HMGA2 expression in
benign endometrium samples (n=28). We found
that most of the benign endometrium samples
showed negative expression of HMGA2. Only
two cases were positive with one focal staining
of a single weakly proliferative endometrial
gland and one occasional staining (Figure
1A-C) has any biologic meaning.

Am J Cancer Res 2016;6(2):249-259
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Table 1. HMGA2 immunoreactivity in benign endometrium and neoplastic endometrium

Extent tissue staining

Case/Focl gho100% 50%-79% 25%49%  <25% 0%
assessed
Benign endometrium 28 0 (0%) 0 (0%) 0 (0%) 2 (71%) 26 (92.9%)
Precursor and noninvasive lesions
Serous EmMGD 17 1(5.9%) 6(35.3%) 1(5.9%) 4(23.5%) 5(29.4%)
Serous EIC 8 1(12.5%) 4 (50%) 0 (0%) 2 (25%) 1(12.5%)
Endometrial cancers
Endometrioid 61 6 (9.8%) 12(19.7%) 2(3.3%) 7 (11.5%) 34 (55.7%)
Serous 59 16 (27.1%) 23(39.0%) 2(3.4%) 11(18.6%) 7 (11.9%)
Intensity of the immunoreactivity
Strong Moderate Weak Absent
Benign endometrium 28 0 (0%) 1 (3.6%) 1 (3.6%) 26 (92.9%)
Precursor and noninvasive lesions
Serous EmMGD 17 2(11.8%) 7 (41.2%) 3 (17.6%) 5 (29.4%)
Serous EIC 8 1(12.5%) 5 (62.5%) 1(12.5%) 1(12.5%)
Endometrial cancers
Endometrioid 61 0 (0%) 19 (31.1%) 8 (13.1%) 34 (55.7%)
Serous 59 15 (25.4%) 29 (49.2%) 8 (13.6%) 7 (11.9%)

HMGA?2 expression in endometrial cancer and
its precursor lesions

We next evaluated HMGA2 expression in endo-
metrial glandular dysplasia (EmGD, n=17),
serous endometrial intraepithelial carcinomas
(SEIC, n=8), endometrial serous carcinomas
(ESC, n=59), endometrial endometrioid carci-
nomas (EEC, n=61). As shown in Figure 1D-F
and Table 1, EmGD and SEIC exhibited a signifi-
cantly higher rate of HMGA2 expression. Among
the 17 cases of EmGD, 1 was diffusely positive
(80-100% of the cells), 6 with 50-79% positive
cells, 1 with focal staining (25-50% positive
cells) and 4 with less than 25% positive cells. In
the SEIC category, 7 of 8 were positive with 1
being diffuse, 4 with 50-79%, and 2 with <25%
positive cells. Most of these SEICs showed
moderate and strong staining intensity. Similar
to SEIC, the expression of HMGA2 in ESC was
obvious and diffuse. If positivity for HMGAZ2 is
defined as 250% staining, irrespective of inten-
sity of staining, it showed an increased level of
expression from EmGD (7 of 17, 41.2%) to
SEICs (5 of 8, 62.5%) and to ESC (39 of 59,
66.1%). In contrast to type Il endometrial carci-
nomas, EECs exhibited a significantly lower rate
of HMGA2 expression. From the 61 EECs, 34
(55.7%) showed complete negative and 9
(14.8%) showed HMGA?2 positive in less than
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50% endometrial glandular epithelial cells. The
positive rate for HMGA2 in EECs was 29.5%.
These results suggest that most HMGA2 over-
expression was related to the endometrial
serous carcinogenesis, rather than the devel-
opment of EECs.

Endometrial cancer cell lines increased prolif-
eration after HMGA2 overexpression in vitro

To investigate whether HMGA2 play an onco-
genic role in endometrial carcinoma, we mea-
sured HMGA2 baseline expression in six endo-
metrial cancer cell lines by real-time PCR
(Figure 2A). Given that HMGA2 was relatively
low expression in SPEC-2 cells, which were
derived from ESC, we selected the cell line gen-
erate HMGA?2 overexpressed cells by transfect-
ing HMGAZ2 overexpression plasmid. Expression
efficiency was validated by RT-PCR and Western
blot (Figure 2B and 2C). We then measured the
effect of HMGA2 on endometrial cancer cells
proliferation by clonogenic assay. As shown in
Figure 2D, overexpression of HMGA2 signifi-
cantly promoted colony-forming efficiency of
the endometrial cancer cells. The effect of
HMGA2 on endometrial cancer cell prolifera-
tion was further confirmed by MTT assay.
HMGA2 overexpression significantly enhanced
endometrial cancer cells growth when com-
pared to the control cells.

Am J Cancer Res 2016;6(2):249-259
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Figure 2. HMGA2 overexpression promote proliferation of endometrial cancer cells in vitro. A. HMGA2 baseline ex-
pression in six endometrial cancer cell lines were measured by real-time PCR. B. The overexpression of HMGA2 was
validated by qPCR in SPEC-2 cells. C. The overexpression of HMGA2 was validated by Western blot in SPEC-2 cells.
D. Clonogenic assay was performed on SPEC-2 cells with HMGA2 overexpression compared to control cells. E. MTT
assay was performed on SPEC-2 cells with HMGA2 overexpression compared to control cells.

Endometrial cancer cell increased ability of
migration and invasion after HMGAZ2 overex-
pression

To investigate whether HMGA2 overexpression
promotes migration and invasion of endometri-
al cancer cells in vitro, we first performed
HMGA2 siRNA knockdown experiments. As
shown in Figure 3A, HMGAZ2 repression by siR-
NAs in ishikawa cells was measured by Western
blot. We then examined the expression of EMT
markers by Western blot in SPEC-2 cells with
and without HMGA?2 overexpression. As shown
in Figure 3B, HMGA2 overexpression increased
the levels of vimentin and -catenin. We further
performed in vitro invasion and migration by
transwell assay. As demonstrated in Figure 3C,
we observed a significant increase in both
migration and invasion in SPEC-2 cells with
HMGA2 overexpression. We also performed
transwell assay in HMGA2 knockdown ishikawa
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cells. Compared with the control cells, HMGA2
knockdown cells exhibited reduced migration
and invasion (Figure 3D). These results sug-
gested that HMGA2 promotes migration and
invasion of endometrial cancer cells through
inducing EMT.

HMGA2 promoted tumor growth and metasta-
Sis in xenografts

To determine whether HMGA2 could affect
tumorigenesis in vivo, SPEC-2 cells with and
without HMGA2 overexpression were subcuta-
neously inoculated into nude mice (n=9 for
each group). As demonstrated in Figure 4A,
tumor sizes derived from HMGA2 overex-
pressed cells were bigger than those in the
control group. We further performed in vivo
metastasis analysis via tail vein injection.
SPEC-2 cells with and without HMGA2 overex-
pression were injected into nude mice via tail

Am J Cancer Res 2016;6(2):249-259
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Figure 3. HMGA2 promote migration and invasion of endometrial cancer cells in vitro. A. HMGA2 repression by
siRNAs in ishikawa cells was measured by Western blot. B. Western blot analysis confirmed MET related markers
showed different expression in SPEC-2 cells with and without HMGA2 overexpression. C. Migration and invasion
were measured by transwell assay in SPEC-2 cell lines with and without HMGA2 overexpression. D. Migration and
invasion were performed in ishikawa cells with and without HMGA2 depletion by siRNA-2#. *P<0.05, **P<0.01.

vein. After 8 weeks mice were anesthetized and
mouse lungs were harvested, fixed and dissect-
ed. Five of six mice transplanted with SPEC-2-
HMGA2 cells had pulmonary metastasis loci
and two of the five had visible metastatic nod-
ules, while two of six mice transplanted with
SPEC-2-NC cells had pulmonary metastasis loci
and no mouse of the five had visible metastatic
nodules (Figure 4B). These results suggest that
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overexpression of HMGA2 promotes tumor
growth and metastasis in vivo.

HMGA2 expression in conditional Trp53
knockout mouse model of type Il endometrial

carcinoma

It was reported that mice with endometrium-
specific deletion of the Trp53 gene initially

Am J Cancer Res 2016;6(2):249-259
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exhibited precursor lesions of type Il endome-
trial carcinomas in humans and later developed
carcinomas representing all type Il subtypes
[16]. We established conditional Trp53 knock-
out mouse model according to this reportin our
laboratory. We also found tumor formation in
mice at around 65-week old and EmGD were
found at around 30-week old consistent with
Wild’s report [16]. We then examined HMGA2
expression by IHC staining in mice and found
HMGA2 first appeared expression in 34 week-
old mice (Figure 5C). HMGA2 expression was
also found in EmGD (Figure 5D), EIC (Figure 5E)
and endometrial carcinomas (Figure 5F) in
mice. These results suggest that a gain of
HMGA2 expression is a very early event in
endometrial serous carcinomas.
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Figure 4. HMGA2 promote proliferation
and invasion of endometrial cancer cells
in vivo. A. Photographs illustrate repre-
sentative tumors in xenografts of SPEC-2
cell lines with and without HMGA2 over-
expression. B. Hematoxylin and eosin
(HE)-staining and IHC of lungs isolated
from mice that received tail vein injec-
tion of SPEC-2 cell line with and without
HMGA?2 overexpression (left). Each group
contains 6 mice. Plot graph illustrates the
numbers of pulmonary metastatic nod-
ules under microscope were counted and
analyzed with Student’s t-test (right). All
data are shown as mean + SD. *P<0.05.

Discussion

HMGA2 is abundantly expressed during
embryogenesis, but it is either undetectable or
its expression remains at low levels in normal
adult tissues [18]. Interestingly, HMGAZ2 is high-
ly expressed in most malignant epithelial
tumors [19]. Overexpression of HMGA2 is
found to be an early-stage biomarker in High-
grade serous ovarian carcinoma [13]. In this
study, we have demonstrated that HMGA2
expression was detected occasionally in benign
endometrium samples (2 of 28 samples).
HMGA2-positive normal appearing endometrial
epithelia may be an early event in the patho-
genesis of endometrial serous carcinoma.
Importantly, overexpression of HMGA2 show-

Am J Cancer Res 2016;6(2):249-259
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Figure 5. Photomicrographs illustrate some examples of HMGA2 expression in conditional Trp53 knockout mouse
model of type Il endometrial carcinoma. A. HMGA2 expression in benign endometrium of wild type mice. B and C.
HMGAZ2 expression in benign endometrium of conditional Trp53 knockout mice. D. HMGA2 expression in serous
endometrial glandular dysplasia (EmGD). E. serous endometrial intraepithelial carcinoma (EIC) and F, endometrial
serous carcinoma (ESC) of conditional Trp53 knockout mice. Scale bars=50 pym.

ed an increased pattern from serous EmGDs
(7 of 17, 41.2%) to serous EICs (5 of 8, 62.5%)
and to ESCs (39 of 59, 66.1%). HMGA2 positiv-
ity in EmGDs and EICs suggest that it is impli-
cated in the early development of endometrial
serous carcinoma.
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Our results are concordant a previous study
[14], which indicated that HMGA2 was overex-
pressed in more than 50% of endometrial
serous carcinomas. HMGA2 may play an onco-
genic role in tumorigenesis and progression of
endometrial serous carcinoma. The oncogenic

Am J Cancer Res 2016;6(2):249-259
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properties of HMGA2 are reported to be
involved in tumor transformation [20], tumor
growth [21] and tumor metastasis [22]. We
investigated the oncogenic properties of
HMGA?2 in endometrial cancer cells through in
vitro and in vivo study. We found overexpres-
sion of HMGA2 in endometrial cancer cells sig-
nificantly promoted proliferation, migration and
invasion in vitro and enhanced tumor growth
and metastasis in vivo. Importantly, HMGA2
induced epithelial-mesenchymal transition
(EMT) through modulation vimentin and
B-catenin.

HMGA?2 overexpression was reported to associ-
ate with p53-dominant mutations in high-grade
ovarian serous carcinoma [12]. Our previous
study showed alteration of p53 is an early event
in the development of endometrial serous car-
cinoma [23]. In Trp53 knockout mouse model,
HMGA2 become overexpression even from
morphologically benign endometrium. HMGA2
may be another useful early-stage diagnostic
marker of ESCs. Future studies are needed to
elucidate the relationship and mechanism
between P53 and HMGA2.

In summary, our results in this study suggest
that HMGA2 overexpression is closely associ-
ated with endometrial serous cancer. HMGA2
may serve as a useful diagnostic marker in the
assessment of endometrial cancers and their
precursor lesions. We further demonstrated
that HMGA2 overexpression is closely associ-
ated with tumor growth and metastasis.
Importantly HMGA2 induced epithelial-mesen-
chymal transition (EMT) of endometrial cancer
cells. Future studies are needed to assess the
correlations between HMGA2 and clinicopatho-
logic features and prognosis.
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