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a b s t r a c t

Background: Epithelial-mesenchymal transition (EMT) is associated with invasion and metastasis of
cancer cells. High-mobility group AT-hook 2 (HMGA2) has been found to play a critical role in EMT in a
number of malignant tumors. However, whether HMGA2 regulates the EMT in human nasopharyngeal
carcinoma (NPC) is unclear.
Objective: The aim of this study was to investigate the effect and mechanism of HMGA2 in inducing
invasion and migration in NPC.
Methods: In NPC tissues samples, the association of HMGA2 mRNA expression with clinicopathological
characteristics were estimated by real-time quantitative RT-PCR(qRT-PCR). In vitro, following the
silencing of HMGA2 in CNE-1 and CNE-2 cell lines, the viability and metastatic ability were analyzed
using Cell Counting Kit-8 (CCK8), colony formation assay, and transwell assay. EMT and transforming
growth factor-beta (TGFb)/Smad3 signaling pathway-related protein expression changes were evaluated
using western blot.
Results: HMGA2 was upregulated in NPC cell lines and clinical specimens (P < 0.01), and HMGA2
expression correlated significantly with metastasis (P ¼ 0.02) and disease-free survival of NPC (hazard
ratio: 3.52; 95% confidence interval: 1.34e7.79; P ¼ 0.01). In addition, following in vitro knockdown of
HMGA2, the aggressiveness of cells was markedly inhibited, Vimentin and Snail level was downregulated
and E-cadherin expression was upregulated. Moreover, the expression of key proteins TGFbRII and p-
Smad3 of the TGFb/Smad3 signaling pathway was inhibited by the downregulation of HMGA2.
Conclusion: HMGA2 might maintain EMT-induced invasion and migration through the TGFb/Smad3
signaling pathway in NPC cell lines.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Nasopharyngeal carcinoma (NPC) is highly prevalent in south-
ern China and Southeast Asia with remarkably distinct ethnic and
geographic distributions [1]. Although the standard combination of
cology, The Affiliated Jiangsu
i Ting Road, Nanjing, Jiangsu,
radiotherapy and chemotherapy has improved the therapeutic ef-
ficacy, local recurrence and early metastasis are still the common
causes of mortality in patients with NPC [2]. So far, the precise
molecular changes underlying the invasive and metastatic prop-
erties of NPC remain unknown.

Currently, it is believed that epithelial-to-mesenchymal transi-
tion (EMT) may play an important role in the biological progression
and acquisition of metastatic characteristics of carcinoma [3,4].
EMT is a developmental process that leads the phenotypic shift
from an epithelial morphology to a motile morphology [5]. The
significant change that characterizes the process of EMT is down-
regulation of epithelial protein E-cadherin and upregulation of the
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acquisition of a mesenchymal phenotype such as Vimentin [6,7].
With regard to the upstream molecular mechanism of EMT,
transforming growth factor-beta (TGFb) has been identified as a key
driver of EMT in carcinoma [8,9]. The TGFb signal brings together
type I and type II receptors. Following binding ligands, active type II
receptor phosphorylates the type I receptor, which leads to the
activation of Smad3 [10].

High-mobility group AT-hook (HMGA2), which is a member of
the high-mobility group family, is almost expressed highly during
embryogenesis [11]. HMGA2 was also found overexpressed in a
number of tumors [12e15]. The oncogenic properties of HMGA2 are
shown to be involved in the aggressive growth of tumor [16,17],
self-renewal of stem cell [18], and EMT [19,20]. A recent study
showed high expression of HMGA2 elicits EMT and plays an
important role in the progression of gastric cancer cells [21].
However, no study has elucidated the functions and molecular
mechanisms of HMGA2 in the process of EMT in NPC.

Our previous study demonstrated that HMGA2 was overex-
pressed in NPC samples, and the association between HMGA2 and
EMT-related markers was significant [22]. Based on this informa-
tion, for the first time, it was revealed that HMGA2 is involved in
EMT in NPC cell lines and might maintain EMT-induced invasion
and migration via TGFb/Smad signaling pathway.

2. Materials and methods

2.1. Clinical NPC specimens

In total, 72 paraffin-embedded primary NPC tissues and 20
nontumoral inflammatory nasopharyngeal tissues through biopsies
were collected retrospectively from the Affiliated Jiangsu Cancer
Hospital, Nanjing Medical University, Nanjing, China, between May
2006 and May 2011. All patients were selected based on (1) the
histopathological diagnosis of NPC, (2) the absence of any anti-
tumor treatment before biopsy, (3) the availability of data from the
original medical records and complete follow-up, and (4) the
absence of distant metastasis at the time of diagnosis. All patients
were staged according to the tumor-node-metastasis (TNM) clas-
sification of Union for International Cancer Control (2010). The
study was approved by the Ethics Committee of the Jiangsu Cancer
Hospital.

2.2. Cell culture

The human NPC cell lines CNE-1, CNE-2, 5e8F, 6e10B, and hu-
man immortalized nasopharyngeal epithelial cell line NP69 were
purchased from Cell Center of Hsiang-Ya Medical College (Chang-
sha, Hunan, China). The human immortalized nasopharyngeal
epithelial cell line NP69 was maintained in keratinocyte/serum-
free medium (Invitrogen, Carlsbad, CA) supplemented with
bovine pituitary extract (BD Biosciences, Bedford, MA). The human
NPC cell lines CNE-1, CNE-2, 5e8F, and 6e10B were cultured in
RPMI 1640 medium (Gibco, Grand Island, NY) supplemented with
10% fetal bovine serum (Gibco) in a humidified atmosphere of 5%
CO2 at 37 �C.

2.3. Western blot assay

Total cellular proteins were extracted from human NPC cell lines
using radioimmunoprecipitation buffer (Beyotime, Jiangsu, China).
Cell lysates were resolved on 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto the poly-
vinylidene difluoride membranes (Bio-Rad, Hercules, CA). Subse-
quently, the membranes were incubated with primary antibodies
against human HMGA2 (1:1000; Abcam, Cambridge, UK), anti-TGFb
type II receptor (1:500; Abcam), b-actin (1:5000; Abcam),
phospho-Smad3 antibody (1:1000; Cell Signaling Technology,
Danvers, MA), anti-human Smad3 antibody (1:1000; Cell Signaling
Technology), anti-Snail antibody (1:1000; Abcam), E-cadherin, and
Vimentin (1:1000; Proteintech, Chicago, IL) overnight at 4 �C.
Membranes were washed three times and incubated with horse-
radish peroxidase-conjugated secondary antibodies at room tem-
perature for 1 h. Protein expression was detected using a
chemiluminescence system (Amersham, Arlington Heights, IL). The
b-actin signal was used as a control. The representative data from
individual experiments, which were repeated at least twice, are
shown.

2.4. Isolation of RNA and real-time reverse transcription-
polymerase chain reaction analysis

Total RNA was isolated from tumor-rich areas of paraffin-
embedded tissues and cells using Ambion RecoverAll™ Total
Nucleic Acid Isolation (Ambion, Austin, TX) and TRIzol reagent
(Invitrogen) according to the manufacturers' instructions. Real-
time reverse transcription-polymerase chain reaction (RT-PCR)
analysis was performed according to the manufacturer's in-
structions (SYBR-Green miScript PCR Starter kit; Qiagen, Valencia,
CA). Primer of HMGA2 was also purchased from Qiagen
(PPH24203A). The reaction mixtures of HMGA2 and b-actin were
incubated at thermal cycling conditions at 95 �C for 15 min, and 40
cycles at 94 �C for 15 s, 55 �C for 30 s followed by 70 �C for 34 s. All
NPC samples were normalized to internal controls and fold changes
were calculated through relative quantification (2�DDCt) [23]. Each
polymerase chain reaction (PCR) was performed in triplicate.

2.5. Small inhibitory RNA-mediated downregulation of HMGA2
expression

At 24 h prior to transfection, CNE-1 and CNE-2 cells were plated
onto six-well plates (2 � 105 cells per well). Later cells were tran-
siently transfected with 100 nM small inhibitory RNA (siRNA)
against HMGA2 and the negative control siRNA (Ribobio Corpora-
tion, Guangzhou, China) using Lipofectamine 2000 (Invitrogen),
according to the manufacturer's instructions. The HMGA2 siRNA
sequences were as follows: 50-CAAGAGGCAGACCUAGGAA dTdT-30,
30-dTdT GUUCUCCGUCUGGA UCC UU-50. The effectiveness of gene
silencing was determined using real-time PCR.

2.6. Cell proliferation assay

Cells were seeded onto 96-well plates (2 � 103 cells per well)
48 h after transfection. The Cell Counting Kit-8 (CCK8) assay
(KeyGen, Nanjing, China) was used to test the cell viability at 1, 2, 3,
and 4 days according to the manufacturer's instructions; 10 mL of
CCK8 was added to each well, followed by incubation for 2 h. The
optical density in each well was measured at 450 nm by a micro-
plate reader. For colony formation assay, CNE-1 and CNE-2 cells
were plated at 200 cells per well in six-well plates after trans-
fection, and cultured for 10 days. Colonies were fixed with para-
formaldehyde, stained with crystal violet, and counted under the
inverted microscope. The data shown are the mean of three
repeated experiments.

2.7. Cell migration and invasion assay

Cell invasion assay with a Matrigel-coated (BD Biosciences)
membrane and migration assay with no Matrigel membrane were
performed using transwell inserts with a pore diameter of 8 mm
(Corning, Acton, MA). The cells were harvested and resuspended



Table 1
Comparison of several clinicopathological parameters and expression levels of
HMGA2 in NPC.

Characteristic N HMGA2 P

Low, n (%) High, n (%)

Gender
Male 55 26 (72) 29 (81) 0.41
Female 17 10 (28) 7 (19)

Age (years)
<50 33 19 (53) 14 (39) 0.24
�50 39 17 (47) 22 (61)

Histologic type
NKC 6 4 (11) 2 (6) 0.39
KSCC 66 32 (89) 34 (94)

T stage
T1e2 41 24 (67) 17 (47) 0.10
T3e4 31 12 (33) 19 (53)

N stage
N0e1 43 25 (69) 18 (50) 0.09
N2e3 29 11 (31) 18 (50)

TNM stage
IeII 30 18 (50) 12 (33) 0.15
IIIeIV 42 18 (50) 24 (67)

Metastasisa

No 58 33 (92) 25 (69) 0.02
Yes 14 3 (8) 11 (31)

Abbreviations: HMGA2, high-mobility group protein 2; KSCC, keratinizing squa-
mous cell carcinoma; NKC, non-keratinizing carcinoma; NPC, nasopharyngeal car-
cinoma; TNM, tumor-node-metastasis.

a Metastasis within 2 years after treatment.
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(5 � 105 cells/mL) in serum-free medium, and then seeded in the
upper chamber. RPMI 1640 medium plus 10% fetal bovine serum
was placed in the underneath chambers. After incubation for 24 h,
the invasive cells were fixed with 4% paraformaldehyde, then
stained with crystal violet, and counted under a light microscope at
a magnification of � 200. The results presented are the mean of
three independent assays.

2.8. Immunofluorescence

Cells grown on poly-L-lysine-coated glass coverslips were fixed
with 4% paraformaldehyde for 30 min. Later, cells were incubated
with anti-E-cadherin (1:100; Proteintech) and anti-Vimentin
(1:100; Boster, Wuhan, China) antibodies at 37 �C for 2 h. Lastly,
the cells were stained with a mixture of two secondary antibodies
conjugated to fluorescein isothiocyanate and tetramethylrhod-
amine for 1 h after they were washed with PBS. Nuclei were labeled
with 40,6-diamidino-2-phenylindole and observations were per-
formedwith amicroscope (Olympus Corporation, Tokyo, Japan) at a
magnification of � 200.

2.9. Statistical analyses

All statistical analyses were performed using SPSS 16.0 software
package (SPSS, Chicago, IL). The data are shown as the
mean ± standard deviation from three independent assays. The
Chi-square test was used to analyze the relationship between the
clinicopathological features and the expression of HMGA2 mRNA.
The Student's t-test was used for comparisons between groups.
ManneWhitney U-test was used to compare medians of non-
normal distributions groups. The KaplaneMeier method was used
to estimate disease-free survival (DFS). Cox regressionwas used for
univariate analysis. P < 0.05 was considered significant.

3. Results

3.1. HMGA2 was upregulated in NPC cell lines and clinical
specimens

To determine the expression of HMGA2 in NPC, qRT-PCR and
western blot to detect mRNA and protein levels of several common
human NPC cell lines (6e10B, 5e8F, CNE-1, CNE-2) and a normal
nasopharyngeal epithelial cell line (NP69) were performed. It was
found that the relative expression level of HMGA2 in CNE-2 cell line
was remarkably higher than those in other NPC cell lines and
Fig. 1. HMGA2 was upregulated in NPC cell lines and clinical specimens. (A) Relative HMG
lines. (B) Relative HMGA2 mRNA expression in nontumor tissues (n ¼ 20) and NPC tissues
mean ± SD or median. b-actin was used as an internal control and P-values were calculate
variance; HMGA2, high-mobility group AT-hook 2; NPC, nasopharyngeal carcinoma; SD, sta
normal nasopharyngeal epithelial cell line (Fig. 1A), which was
consistent with the protein level of HMGA2 in these cell lines
(Fig. 1C). The HMGA2 mRNA expression was also detected in 72
formalin-fixed paraffin-embedded NPC biopsy samples and 20
nontumor inflammatory nasopharyngeal tissues using quantitative
RT-PCR. It was found that the relative mRNA expression in NPC
tissues was much higher than those in nontumor tissues (Fig. 1B).

3.2. Metastasis and DFS of NPC were associated with HMGA2
expression in tumor tissues

To evaluate the clinical relevance of HMGA2 expression, qPCR of
HMGA2 in a cohort of 72 formalin-fixed paraffin-embedded NPC
tissues was performed. As summarized in Table 1, interestingly
among several clinicopathological features only metastasis (within
2 years after treatment) was associated with HMGA2 expression
(P ¼ 0.02), whereas the expression level of HMGA2 was not
A2 mRNA expression in normal nasopharyngeal epithelial cell line NP69 and NPC cell
(n ¼ 72). (C) HMGA2 protein levels in NP69 and NPC cell lines. Data are presented as
d using the one-way ANOVA or ManneWhitney U test. **P < 0.01. ANOVA, analysis of
ndard deviation.



Fig. 2. Upregulation of HMGA2 was associated with tumor metastasis and worse survival in NPC specimens. (A) Expression levels of HMGA2 in metastatic and non-metastatic NPC
specimens were measured using qPCR. One of the tumor specimens' transcripts was used for normalization. b-actin was used as the internal control. (B) Expression of HMGA2 was
associated with disease-free survival using KaplaneMeier method. HMGA2, high-mobility group protein 2; qPCR, quantitative polymerase chain reaction; NPC, nasopharyngeal
carcinoma; P-values were calculated using the ManneWhitney U-test. **P < 0.01.
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associated with clinical variables such as gender, age, histologic
type, T stage, N stage, and TNM stage. HMGA2 expression was
defined with a cutoff value of the median of 72 patients (high vs
low expression). Similarly, there was a significantly higher relative
mRNA expression of HMGA2 in metastastic patients than that in
patients without metastasis (Fig. 2A, P < 0.01). Furthermore,
KaplaneMeier analysis and log-rank test were used to detect the
prognostic impacts of HMGA2 expression on patients' DFS. Patients
with high HMGA2 expression had significantly reduced DFS
Fig. 3. HMGA2 suppressed the viability, proliferation, migration, and invasion of NPC cell. (A
CNE-1 and CNE-2 cells. (C) CCK8 assay was used to analyze cell viability of CNE-1 and CNE-2
invasive ability of CNE-1 and CNE-2 cell lines transfected with Si-HMGA2 or Si-NC. Data are
**P < 0.01. CCK8, Cell Counting Kit-8; HMGA2, high-mobility group AT-hook 2; NPC, nasop
viation; siRNA, small inhibitory RNA.
(hazard ratio: 3.52; 95% confidence interval: 1.34e7.79; P ¼ 0.01)
compared with those with low HMGA2 expression group (Fig. 2B).

3.3. Si-HMGA2 suppressed the growth and invasion of NPC cell
in vitro

At 48 h after siRNA transfection, HMGA2 expression levels were
significantly reduced by qPCR and western blot for CNE-1 and CNE-
2 cells, respectively (Fig. 3A and B). To evaluate whether
) Silencing efficacy of HMGA2 siRNAwas determined using qPCR (B) and western blot in
cell lines. (D) Representative results show colony formation, (E) migration, and (F) and
presented as mean ± SD. compared with control using the Student's t-test. *P < 0.05,

haryngeal carcinoma; qPCR, quantitative polymerase chain reaction; SD, standard de-
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downregulation of HMGA2 affects cell viability and proliferation
ability, CCK8 assay and colony formation assay were performed
after transient transfection with Si-HMGA2 or Si-NC using CNE-1
and CNE-2 cells. It was found that cell growth was reduced in Si-
HMGA2 cells compared to the Si-NC (Fig. 3C, P < 0.01). In addi-
tion, cell transfection with Si-HMGA2 showed much fewer colonies
compared with controls (Fig. 3D, P < 0.01). To demonstratewhether
HMGA2 has a decreasing effect on the cell migration and invasive
ability, CNE-1 and CNE-2 cells were transiently transfected with Si-
HMGA2 or the corresponding negative controls. The Si-HMGA2
groups displayed lower capability for invasion and migration than
control groups (Fig. 3E and F; P < 0.01).

3.4. Silencing HMGA2 blocks EMT in NPC cell lines through TGFb/
Smad3 pathway

To indicate whether depletion of HMGA2 expression can induce
the molecular changes consistent with EMT, western blot was
performed on CNE-1 and CNE-2 cell lines by silencing HMGA2. Cells
transfected with HMGA2-siRNA had significantly increased the
expression of E-cadherin in comparison with siRNA-negative con-
trol, while levels of Snail and Vimentin were decreased in si-
HMGA2 group compared with the control group (Fig. 4B). Further
investigation by immunofluorescence also showed that si-HMGA2
reduced Vimentin expression but increased the levels of E-cad-
herin in the same area of cell glass coverslip (Fig. 4A).

To investigate whether silencing HMGA2 alters keymolecules of
the TGFb/Smad3 signaling pathway, western blot was performed to
confirm the effect of HMGA2 protein on the TGFbRII and Smad3
expression. The results showed that total Smad3 expression levels
were unchanged in HMGA2 siRNA-treated NPC cell compared with
Fig. 4. Suppression of HMGA2 alters EMT-related markers and key signaling molecules in CN
and Vimentin (red) by immunocytofluorescence. Nuclei are labeled by DAPI (blue) ( � 400)
protein expression by silencing HMGA2. (C) The representative western blot image shows
diamidino-2-phenylindole; EMT, epithelialemesenchymal transition; HMGA2, high-mobilit
references to color in this figure legend, the reader is referred to the web version of this ar
control; however, phospho-Smad3 protein expression was signifi-
cantly decreased in si-HMGA2 cell group. In addition, depletion of
HMGA2 resulted in the suppression of TGFbRII protein expression
(Fig. 4C).

4. Discussion

In the present study, it was found that HMGA2 was overex-
pressed in NPC cell lines and human NPC tissues. And HMGA2
mRNA level was closely linked with cancer metastasis and
progression-free survival in patients with NPC. Additionally,
downregulation of HMGA2 inhibited the proliferation and migra-
tion of NPC cell lines. Importantly, EMT-related markers and
downstream key proteins of the TGFb/Smad3 pathway also have
been significantly changed following the inhibition of HMGA2.
These results suggest that HMGA2may be involved in EMT-induced
invasion and migration of NPC cell lines through the TGFb/Smad3
signaling pathway.

Recently, it was reported that HMGA2 mRNA and protein were
overexpressed in many malignant neoplasms [24,25]. Some studies
suggested that HMGA2 plays an important role in carcinogenesis
[26], progression, and prognosis [16,27e29] of different types of
tumors. However, little is known about the biological function of
HMGA2 in the progression of NPC. The present study showed that
HMGA2 was upregulated in NPC cell lines and NPC paraffin-
embedded samples; thus, the results indicated that HMGA2
expression is likely related to the occurrence of NPC. Moreover, the
in vitro data also demonstrated the important role of siHMGA2 in
NPC cell lines in the control of cell proliferation and metastasis. In
agreement with these findings, the knockdown of HMGA2 by
specific shRNAs in colon cancer cells attenuates proliferation,
E-1 and CNE-2 cells. (A) The cells were stained for the expression of E-cadherin (green)
. (B) Western blot were used for analyzing changes in Snail, E-cadherin, and Vimentin
the effect of HMGA2 suppression on TGFb/Smad3 pathway key molecules. DAPI, 40 ,6-
y group AT-hook 2; TGFb, transforming growth factor-beta. (For interpretation of the
ticle.)
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motility, and invasion in vitro and in vivo [30]. The depletion of
HMGA2 decreased the growth and metastasis of breast cancer cells
[31]. Additionally, the clinical data also indicated a role for HMGA2
mRNA in the metastasis in patients with NPC. More importantly,
these results provide evidence that upregulation of HMGA2 was
significantly associated with reduced DFS in patients. Thus, HMGA2
may be a valuable prognostic biomarker in patients with NPC.
Similarly, some studies also indicated a significant association be-
tween HMGA2 expression and poor prognosis [25,29].

During EMT, tumor cells acquire more aggressive andmetastatic
ability. Currently, some findings suggested that overexpression of
HMGA2 induced specific molecular changes consistent with EMT
[32,33]. Luo et al. [34] found that HMGA2 upregulates the expres-
sion of EMT-related markers Snail and Twist in hepatocellular
carcinoma cell lines. Similar to these prior results, our previous
study indicated that HMGA2 expression was significantly associ-
ated with EMT-related proteins in NPC tissues, and this study
further showed that silencing HMGA2 in CNE-1 and CNE-2 cells
resulted in significant increase in E-cadherin and loss of Vimentin
and Snail, which is a characteristic of EMT.

To further explore the molecular mechanism through which
HMGA2 induces EMT, some data indicate the existence of multiple
regulatory mechanisms in different tumor cells. For instance, Zha
et al. [21] found that HMGA2 activated the Wnt/b-catenin pathway
and elicited EMT. A study reported that the TGFb/Smad pathway
could induce EMT independently without HMGA2 [35]. By contrast,
Thuault et al. [36] observed that HMGA2 cooperates with the TGFb/
Smad pathway in regulating Snail expression, which acts as a major
effector downstream of HMGA2 for the induction of EMT. Morishita
et al. [11] also showed the mechanism by which HMGA2 mediates
the induction of EMT through the TGFb pathway. In agreement with
the above study, our data also demonstrated a significant decrease
in TGFbRII and p-Smad3 by the downregulation of HMGA2 in NPC
cell lines, which revealed a potential mechanism of HMGA2-
induced EMT through the TGFb/Smad3 pathway.

In conclusion, an important role of HMGA2 in themetastasis and
prognosis of NPC is shown. In addition, the knockdown of HMGA2
could significantly contribute to the inhibition of migration and
EMT in NPC cell lines, and the TGFb/Smad3 signaling pathway may
be critical in the HMGA2-induced promotion of EMT. The next step
involves the validation of these findings in vivo and discover
whether this phenomenon can be reversed by blocking the TGFb/
Smad3 pathway.

Acknowledgments

We thank the Department of Pathology, The Affiliated Jiangsu
Cancer Hospital of Nanjing Medical University for kindly providing
paraffin-embedded biopsies and the members of the Research
Center of Clinical Oncology, The Affiliated Jiangsu Cancer Hospital
of Nanjing Medical University for their technical assistance.

Conflict of interest

The authors declare that there are no conflicts of interest.

Transparency document

Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.bbrc.2015.05.068.

References

[1] A. Jemal, F. Bray, M.M. Center, et al., Global cancer statistics, CA, Cancer J. Clin.
61 (2011) 69e90.
[2] T. Huang, M.H. Chen, M.Y. Wu, et al., Correlation between expression of
extracellular matrix metalloproteinase inducer and matrix metalloproteinase-
2 and cervical lymph node metastasis of nasopharyngeal carcinoma, Ann. Otol.
Rhinol. Laryngol. 122 (2013) 210e215.

[3] A. Biddle, I.C. Mackenzie, Cancer stem cells and EMT in carcinoma, Cancer
Metastasis Rev. (2012), http://dx.doi.org/10.1007/s10555-012-9345-0.

[4] W. Luo, W. Fang, S. Li, et al., Aberrant expression of nuclear vimentin and
related epithelial-mesenchymal transition markers in nasopharyngeal carci-
noma, Int. J. Cancer 131 (2012) 1863e1873.

[5] M. Guarino, B. Rubino, G. Ballabio, The role of epithelial-mesenchymal tran-
sition in cancer pathology, Pathology 39 (2007) 305e318.

[6] M. Mandal, J.N. Myers, S.M. Lippman, et al., Epithelial to mesenchymal tran-
sition in head and neck squamous carcinoma: association of Src activation
with E-cadherin down-regulation, vimentin expression, and aggressive tumor
features, Cancer 112 (2008) 2088e2100.

[7] X.M. Zhou, H. Zhang, X. Han, Role of epithelial to mesenchymal transition
proteins in gynecological cancers: pathological and therapeutic perspectives,
Tumour Biol. 35 (2014) 9523e9530.

[8] T. Yin, C. Wang, T. Liu, et al., Implication of EMT induced by TGF-beta1 in
pancreatic cancer, J. Huazhong Univ. Sci. Technol. Med. Sci. 26 (2006) 700e702.

[9] M.K. Wendt, M. Tian, W.P. Schiemann, Deconstructing the mechanisms and
consequences of TGF-beta-induced EMT during cancer progression, Cell. Tis-
sue Res. 347 (2012) 85e101.

[10] A. Tandon, J.C. Tovey, A. Sharma, et al., Role of transforming growth factor Beta
in corneal function, biology and pathology, Curr. Mol. Med. 10 (2010)
565e578.

[11] A. Morishita, M.R. Zaidi, A. Mitoro, et al., HMGA2 is a driver of tumor
metastasis, Cancer Res. 73 (2013) 4289e4299.

[12] A. Mahajan, Z. Liu, L. Gellert, et al., HMGA2: a biomarker significantly over-
expressed in high-grade ovarian serous carcinoma, Mod. Pathol. 23 (2010)
673e681.

[13] Q. Liu, G.D. Lv, X. Qin, et al., Role of microRNA let-7 and effect to HMGA2 in
esophageal squamous cell carcinoma, Mol. Biol. Rep. 39 (2012) 1239e1246.

[14] B. Meyer, S. Loeschke, A. Schultze, et al., HMGA2 overexpression in non-small
cell lung cancer, Mol. Carcinog. 46 (2007) 503e511.

[15] G. Chiappetta, A. Ferraro, E. Vuttariello, et al., HMGA2 mRNA expression
correlates with the malignant phenotype in human thyroid neoplasias, Eur. J.
Cancer 44 (2008) 1015e1021.

[16] S. Piscuoglio, I. Zlobec, P. Pallante, et al., HMGA1 and HMGA2 protein
expression correlates with advanced tumour grade and lymph node metas-
tasis in pancreatic adenocarcinoma, Histopathology 60 (2012) 397e404.

[17] M.S. Kumar, E. Armenteros-Monterroso, P. East, et al., HMGA2 functions as a
competing endogenous RNA to promote lung cancer progression, Nature 505
(2014) 212e217.

[18] J. Nishino, I. Kim, K. Chada, et al., Hmga2 promotes neural stem cell self-
renewal in young but not old mice by reducing p16Ink4a and p19Arf
Expression, Cell 135 (2008) 227e239.

[19] C. Zhu, J. Li, G. Cheng, et al., miR-154 inhibits EMT by targeting HMGA2 in
prostate cancer cells, Mol. Cell. Biochem. 379 (2013) 69e75.

[20] J. Wu, Z. Liu, C. Shao, et al., HMGA2 overexpression-induced ovarian surface
epithelial transformation is mediated through regulation of EMT genes,
Cancer Res. 71 (2011) 349e359.

[21] L. Zha, J. Zhang, W. Tang, et al., HMGA2 elicits EMT by activating the Wnt/
beta-catenin pathway in gastric cancer, Dig. Dis. Sci. 58 (2013) 724e733.

[22] Y. Xia, X. He, L. Yin, et al., HMGA2 is associated with epithelial-mesenchymal
transition and can predict poor prognosis in nasopharyngeal carcinoma,
OncoTargets Ther. (2015) 169e176.

[23] T.D. Schmittgen, K.J. Livak, Analyzing real-time PCR data by the comparative
C(T) method, Nat. Protoc. 3 (2008) 1101e1108.

[24] J. Miyazawa, A. Mitoro, S. Kawashiri, et al., Expression of mesenchyme-specific
gene HMGA2 in squamous cell carcinomas of the oral cavity, Cancer Res. 64
(2004) 2024e2029.

[25] K. Motoyama, H. Inoue, Y. Nakamura, et al., Clinical significance of high
mobility group A2 in human gastric cancer and its relationship to let-7
microRNA family, Clin. Cancer Res. 14 (2008) 2334e2340.

[26] F. Di Cello, J. Hillion, A. Hristov, et al., HMGA2 participates in transformation in
human lung cancer, Mol. Cancer Res. 6 (2008) 743e750.

[27] A.C. Hristov, L. Cope, M.D. Reyes, et al., HMGA2 protein expression correlates
with lymph node metastasis and increased tumor grade in pancreatic ductal
adenocarcinoma, Mod. Pathol. 22 (2009) 43e49.

[28] Q. Liu, T. Liu, S. Zheng, et al., HMGA2 is down-regulated by microRNA let-7
and associated with epithelial-mesenchymal transition in oesophageal squa-
mous cell carcinomas of Kazakhs, Histopathology 65 (2014) 408e417.

[29] L. Raskin, D.R. Fullen, T.J. Giordano, et al., Transcriptome profiling identifies
HMGA2 as a biomarker of melanoma progression and prognosis, J. Invest.
Dermatol 133 (2013) 2585e2592.

[30] Y. Li, Z. Zhao, C. Xu, et al., HMGA2 induces transcription factor slug expression
to promote epithelial-to-mesenchymal transition and contributes to colon
cancer progression, Cancer Lett. 355 (2014) 130e140.

[31] M. Sun, C.X. Song, H. Huang, et al., HMGA2/TET1/HOXA9 signaling pathway
regulates breast cancer growth and metastasis, Proc. Natl. Acad. Sci. U. S. A.
110 (2013) 9920e9925.

[32] S. Thuault, U. Valcourt, M. Petersen, et al., Transforming growth factor-beta
employs HMGA2 to elicit epithelial-mesenchymal transition, J. Cell. Biol.
174 (2006) 175e183.

http://dx.doi.org/10.1016/j.bbrc.2015.05.068
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref1
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref1
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref1
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref2
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref2
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref2
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref2
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref2
http://dx.doi.org/10.1007/s10555-012-9345-0
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref4
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref4
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref4
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref4
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref5
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref5
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref5
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref6
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref6
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref6
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref6
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref6
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref7
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref7
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref7
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref7
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref8
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref8
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref8
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref9
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref9
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref9
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref9
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref10
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref10
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref10
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref10
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref11
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref11
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref11
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref12
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref12
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref12
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref12
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref13
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref13
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref13
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref14
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref14
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref14
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref15
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref15
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref15
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref15
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref16
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref16
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref16
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref16
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref17
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref17
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref17
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref17
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref18
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref18
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref18
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref18
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref19
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref19
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref19
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref20
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref20
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref20
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref20
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref21
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref21
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref21
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref22
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref22
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref22
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref22
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref23
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref23
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref23
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref24
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref24
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref24
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref24
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref25
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref25
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref25
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref25
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref26
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref26
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref26
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref27
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref27
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref27
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref27
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref28
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref28
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref28
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref28
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref29
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref29
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref29
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref29
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref30
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref30
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref30
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref30
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref31
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref31
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref31
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref31
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref32
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref32
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref32
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref32


Y.-y. Xia et al. / Biochemical and Biophysical Research Communications 463 (2015) 357e363 363
[33] C. Ma, K. Nong, H. Zhu, et al., H19 promotes pancreatic cancer metastasis by
derepressing let-70s suppression on its target HMGA2-mediated EMT, Tumour
Biol. 35 (2014) 9163e9169.

[34] Y. Luo, W. Li, H. Liao, HMGA2 induces epithelial-to-mesenchymal transi-
tion in human hepatocellular carcinoma cells, Oncol. Lett. 5 (2013)
1353e1356.
[35] S. Watanabe, Y. Ueda, S. Akaboshi, et al., HMGA2 maintains oncogenic RAS-
induced epithelial-mesenchymal transition in human pancreatic cancer
cells, Am. J. Pathol. 174 (2009) 854e868.

[36] S. Thuault, E.J. Tan, H. Peinado, et al., HMGA2 and Smads co-regulate SNAIL1
expression during induction of epithelial-to-mesenchymal transition, J. Biol.
Chem. 283 (2008) 33437e33446.

http://refhub.elsevier.com/S0006-291X(15)00991-2/sref33
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref33
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref33
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref33
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref33
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref34
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref34
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref34
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref34
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref35
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref35
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref35
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref35
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref36
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref36
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref36
http://refhub.elsevier.com/S0006-291X(15)00991-2/sref36

	Downregulating HMGA2 attenuates epithelial-mesenchymal transition-induced invasion and migration in nasopharyngeal cancer cells
	1. Introduction
	2. Materials and methods
	2.1. Clinical NPC specimens
	2.2. Cell culture
	2.3. Western blot assay
	2.4. Isolation of RNA and real-time reverse transcription-polymerase chain reaction analysis
	2.5. Small inhibitory RNA-mediated downregulation of HMGA2 expression
	2.6. Cell proliferation assay
	2.7. Cell migration and invasion assay
	2.8. Immunofluorescence
	2.9. Statistical analyses

	3. Results
	3.1. HMGA2 was upregulated in NPC cell lines and clinical specimens
	3.2. Metastasis and DFS of NPC were associated with HMGA2 expression in tumor tissues
	3.3. Si-HMGA2 suppressed the growth and invasion of NPC cell in vitro
	3.4. Silencing HMGA2 blocks EMT in NPC cell lines through TGFβ/Smad3 pathway

	4. Discussion
	Acknowledgments
	Conflict of interest
	Transparency document
	References


