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HOXAI13 upregulation in gastric cancer is
associated with enhanced cancer cell invasion
and epithelial-to-mesenchymal transition
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Abstract. - OBJECTIVE: In this study, we
investigated the association between HOXA13
dysregulation and gastric cancer progression.
We also explored the functional role of HOXA13
in invasion and epithelial-to-mesenchymal tran-
sition (EMT) of gastric cancer cells and the pos-
sible signaling pathway it might involve in.
MATERIALS AND METHODS: The microar-
ray (E-GEOD-19826) examined the transcription
profiles of 12 adjacent normal/tumor-matched
gastric tissues was downloaded from the Ar-
rayExpress and reanalyzed. Immunohjsto-
chemistry (IHC) staining was performed
sess HOXA13 expression in 23 stage | @
stage II/III/IV gastric cancer tissues. Thé&
man gastric cancer cell line AGS and SGC-
cells were transfected with HOXA13 siRNA 2
then were subjected to detecti

four separate HOX
rs were identified on ®ur different chromo-
es, including HOXA at 7p15.2-p14.3, HOXB
12q13.3, and HOXD at 2q31°.
ound that some HOX genes
in tumorigenesis. HOXA9

p have a dysregulation in breast can-
a, gastric cancer and ovarian can-
cers35 The homeobox A13 (HOXAI13) gene
is the most posterior of the HOX clusters in
7p15.23. Tts oncogenic effects were observed in
some cancers, but the underlying mechanisms
are still incompletely understood. HOXA13
upregulation is associated with high glioma
stage and poor prognosis®. Higher HOXA13
expression was correlated with lymph node
metastasis, poor histological differentiation,
and decreased overall survival in patients
with pancreatic ductal adenocarcinoma’. In
gastric cancer, HOXAI13 is also an oncogene
associated with gastric cancer progression®
and is considered as an independent prognos-
tic marker of a worse outcome in gastric can-
cer patients’. Mechanistically, HOXA13 could
. trans-activate the insulin growth factor-bind-
This study provides addi- ing protein 3 (IGFBP-3) promoter through
out the association between the HOX-binding site, thereby stimulating the
oncogenic potential and invasion activity of
gastric cancer cells'”.

The progression of gastric cancer is a complex
and multistep process that involves activation
of oncogenes and silencing of tumor suppres-
sive genes'!. Epithelial-to-mesenchymal transi-
tion (EMT) has been elucidated as an important
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mechanism in gastric cancer progression, espe-
cially in tumor cell invasion and metastasis'"". In
this study, we further investigated the association
between HOXA13 dysregulation and gastric can-
cer progression. We also explored the functional
role of HOXA13 in invasion and EMT of gastric
cancer cells and the possible signaling pathway it
might involve in.

Materials and Methods

Bioinformatic Analysis

The normalized raw data of the array (E-GE-
OD-19826) was downloaded from the ArrayEx-
press. This microarray analyzed the transcription
profiles of 12 adjacent normal/tumor-matched
gastric tissues by using Affymetrix GeneChip
Human Genome U133 Plus 2.0". The raw data
was reanalyzed to identify the most upregulated
genes between tumor and adjacent normal tissues
and between stage | and stage [1/11I/IV tumors by
using Morpheus (https:/software.broadinstitute.
org/morpheus/).

Cell Culture and Transfection
The human gastric cancer cell line AG
SGC-7901 cells were obtained from Ame
Type Culture Collection (Manassas VA, US
The cancer cells were cultured
Memorial Institute-1640
um supplemented with 104
(FBS), 100 pg/mL pend@hi
streptomycin. HOX

the negative control
itrogen, Carlsbad,

5 PCR kit (Qiagen, Galthersburg,
iD, USA) according to the manufacturer’s in-
ction. Amplification curves and gene expres-
yere normalized to GAPDH. The primers
MOXA13 were: forward, 5>-CCTCTGGAA-
GTCCACTCTGC-3’; reverse, 5-GGTATAAGG-
CACGCGCTTC-3.

Immunohistochemistry (IHC) Staining of
HOXAI13

The study was approved by the Human Re-
search Ethics Committee of the Qingdagafma

paraffin- embedded gastric adeg
cancer tissues were collected

were 23 stage I cases
cases (N=23 in stage
ly). IHC staining w
methods described i

fter that, the sections
for 5 min to inac-
the peroxidases and®hen were subjected
ith antibody diluent solution
ine serum albumin (BSA),
n incubation at room tem-
ary antibodies for HOXA13
dilution, Abcam, Cambridge,

AEC substrate chromogen, and counterstained
with hematoxylin for 5 min. Sections were
mounted with aqueous media, examined and
imaged using Olympus IX81 microscope (To-
kyo, Japan). Negative control tests were con-
ducted with samples in the absence of primary
antibody.

Western Blot Analysis

Cell samples were lysed using a lysis buffer
(Beyotime, Shanghai, China) and the protein
concentration in the lysate was measured using a
BCA protein assay kit (Beyotime). The samples
containing 20 pg of proteins were subjected to
separation in 10% sodium dodecyl sulphate-po-
lyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred to polyvinylidene fluoride
(PVDF) membranes. Primary antibodies used
include anti-HOXA13 (ab106503, Abcam, Cam-
bridge, MA, USA), anti-E-cadherin (ab15148,
Abcam), anti-N-cadherin (ab18203, Abcam),
anti-Vimentin (Ab8978, Abcam), anti-SMAD2
(ab40855, Abcam), anti-SMAD3 (ab40854, Ab-
cam), anti-p-SMAD?2 (ab53100, Abcam) and an-
ti-p-SMAD3 (ab52903, Abcam). After that, the
membranes were incubated with the correspond-
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ing HRP conjugated secondary antibodies. The
blot signals were visualized using the ECL West-
ern blotting substrate (Promega, Madison, WI,
USA).

Transwell Assay

Briefly, 1x10° AGS or SGC-7901 cells 24 h after
transfection of HOXA13 siRNA or the negative
controls were suspended in 200 pL serum-free
RPMI-1640 medium and then plated into the
upper chamber. The lower chamber was filled
with RPMI-1640 supplemented with 20% FBS to
create a chemoattractant environment. After 24
h incubation in a cell incubator, cells on the top
surface of the insert were removed. The cells on
the bottom surface were fixed with 4% polyox-
ymethylene and the number of invading cells was
counted after staining with 0.1% crystal violet.

Immunofiluorescent Staining

24 h after transfection of HOXA13 siRNA or
the negative control, cells were fixed with 4% par-
aformaldehyde in PBS for 20 min at room temper-
ature and then were permeabilized in 0.1% Triton
X-100 and blocked with 1% BSA. Then, th
were incubated with primary antibodies
N-cadherin (ab18203, Abcam), SMAD?2 (ab
Abcam), SMAD3 (ab40854, Abcam), p-SM
(ab53100, Abcam) and p-SMAD3 (ab52903,
cam) at 4°C overnight. Then,
cubated with secondary Antj
F(ab’)2 Fragment (Alexa j
(#4413, Cell Signaling,
1 h at room temperat

was performed using
6.0. The difference between
unpaired, two-tailed
indicates statistical sig-

Results

XA13 Upregulation is Associated
Stage of Gastric Cancer

e previous gene array analyzed transcription
profiles of 12 adjacent normal/tumor-matched
gastric tissues by using Affymetrix GeneChip
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Human Genome U133 Plus 2.0". The raw data of
the array was downloaded from the ArrayExpress
(E-GEOD-19826) for re-analysis. The MA plot
data of the array showed that hundreds ol aams

were dysregulated in gastric cancer 4

is among the most significantly up
in gastric cancer tissues vs. 48
sues (Figure 1B, red arro
tissues, there were 3 sta,

92 cases of gastric
ncer tissues obtained from
e Qingdao Central Hospital,
were 23 stage | cases and 69

nger HOXAI13 staining than the stage I tu-
(Figure 2A-B). 10/23 (43.5%) stage 1
sues had moderate to strong HOXA13
staining, while the rate in stage II/III/IV tumors
were 60/69 (87.0%) (x> =22.6, p <0.01) (Table I).
However, the quantity of HOXA13 staining was
similar in both groups (Figure 2A and C, Table ).

HOXAI13 Modulates Invasion and
EMT of Gastric Cancer Cells

Then, we further analyzed the functional role of
HOXA13 in EMT and invasion of gastric cancer
cells. Both AGS and SGC-7901 were transfected
with HOXA13 siRNA. HOXA13 siRNA signifi-
cantly decreased HOXA13 expression at both mR-
NA and protein levels in AGS and SGC-7901 cells
(Figure 3A-C). By performing transwell assay,
we observed that AGS and SGC-7901 cells with
HOXA13 knockdown had significantly decreased
invasion capability (Figure 3D). Since EMT is an
important mechanism of enhanced cancer cell
invasion, we further detected the epithelial and
mesenchymal markers in AGS and SGC-7901 cells
with HOXA13 knockdown. Western blotting data
showed that HOXA13 siRNA significantly re-
stored epithelial marker, E-cadherin expression,
and also markedly decreased the mesenchymal
markers, including N-cadherin and Vimentin (Fig-
ure 3E). By using immunofluorescent staining, we
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Figure 1. Microarray analysis of the gene transcription profile
A, The MA plots of gene expression in gastric cancer and a
genes. B, Heat map of the top 40 upregulated genes in 12 can
up-regulation; Blue: down-regulation. C, Heat map of the top 4
compared to 3 stage I cancer tissues. Red: up-regulation; Blue:
from the ArrayExpress (E-GEOD-19826).
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Figure 2. HOXA13 upregulation is associated high stage of gastric cancer. A, Representative IHC staining images of
HOXAT13 expression in stage I, II, III and IV gastric cancer tissues. B-C, Quantitation of HOXA13 staining intensity
(B) and quantity (C/in 23 stage I cases and 69 stage II/III/IV cases.
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Table I. Characteristics of the IHC staining of the tissue samples from patients with gastric adenocarcinoma cancer.

Stage | Stage lI/1II/IV x2 p-value
No. 23 69
Age (mean + SD) 423+52 43.2+6.2
HOXA13 (intensity)
Weak 13 9 22.6
Moderate 8 21
Strong 2 39
HOXA13 (quantity)
<25% 2 2
25%-75% 9 16
> T75% 12 51

further confirmed downregulation of N-cadherin
in AGS and SGC-7901 cells with HOXA13 knock-
down (Figure 3F).

Knockdown of HOXAI13 Reduced TGF-
Signaling in Gastric Cancer Cells

The TGF-B/SMAD signaling pathway plays
an important role in EMT of gastric cancer'®.
Also, HOXA13 has been demonstrated as an
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Figure 3. HOXA13 upregulation is associated high stage of gastric cancer. A, Representative IHC staining images of
HOXAT13 expression in stage I, I, III and IV gastric cancer tissues. B-C, Quantitation of HOXA13 staining intensity

(B) and quantity (C) in 23 stage I cases and 69 stage II/III/IV cases.
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Figure 4. HOXA13 modulates invasion and EMT of gastric cancer ce
SMAD3, p-SMAD?2 and p-SMAD3 expression in AGS and SGC-7901
or the negative control. B, Immunofluorescent staining of SMA
cells 24 h after transfection with HOXA13 siRNA or the negatiy,

decreased after transfection of HOXA13 siRNA
in both AGS and SGC-7901 cells (Figure 4A).
To further confirm the changes, we perfous
immunofluorescence staining to evalua
changes in SGC-7901 cells after HOXA13 &
tion. The results showed that HOXA13 si
resulted in a significantly less ﬂuorescence sig
intensity of p-SMAD?2 and p-S)4 -

two groups (Figure 4B). 4
HOXAI13 may contrib,

gastrointestinal tract'®.
different HOX clusters

oenes were dysregulated in gastric can-
ple, HOXA4, HOXAS, HOXA7,
OXA9 and HOXA13 were highly expressed in
stric cancer cells and might involve in gastric
gogenesis!?. Two previous studies based on
cliniCal tumor samples showed that HOXA13 and
HOXC6 upregulation were associated with poor
survival in gastric cancer patients™*. Mechanisti-

oding RNA HOTTIP and IGFBP-3)
gastric cancer cells, while HOXA13
can trans-activate the IGFBP-3 promoter via the
HOX-binding site'’. Activation of IGFBP-3 sig-
nificantly enhanced the oncogenic potential and
invasion activity of the cancer cells'.

In this study, by reviewing one available mi-
croarray data, we also confirmed that HOXA13
is one of the most upregulated genes in gastric
cancer tissues compared to adjacent normal tis-
sues. Notably, by comparing the gene array data
between stage I and stage II/III/IV tumors, we
observed that HOXAI13 is further upregulated
in the higher stage tumors. By performing IHC
staining based on 92 cases of gastric adeno-
carcinoma cancer tissues, we confirmed that
HOXAI13 staining was significantly stronger in
stage [I/III/IV tumors than in stage [ tumors.
Several previous studies explored the associ-
ation between HOXAI13 and tumor invasion.
Knockdown of HOXAI13 resulted in inhibited
pancreatic cancer cell growth, invasion, and
EMT’. In glioma, HOXA13 can increase cell
proliferation and invasion and inhibited apopto-
sis”. Therefore, we decided to further investigate
the whether HOXA13 exerts similar functional
role of in gastric cancer cells. In both AGS and
SGC-7901 cells, we observed that HOXAI13
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siRNA significantly restored the epithelial prop- 4)
erty and significantly reduced the mesenchymal
property of the cancer cells. Transwell assay
showed that HOXAI13 impaired the invasion
capability of the cancer cells. One recent study
reported that HOXAI3 depletion decreased
B-catenin, phospho-smad2, and phospho-smad3
in the nucleus and increased phospho-B-catenin
in the cytoplasm in the glioma cells, suggest-
ing that HOXAI13 may regulate the Wnt- and
TGF-B signaling pathways’. The TGF-f sig-
naling has been shown to play an important
role in inducing EMT?*, while SMAD2 and
SMAD?3 are two of the key transcription factors
in the pathway?®. In this study, we demonstrated
that gastric cancer cells with HOXA13 knock-
down had decreased expression of p-SMAD2
and p-SMAD3, with no significant change in
the total SMAD2 and SMAD3. Mechanistically,
HOXAI13 can interact with the MH2 domain of
receptor-regulated SMAD (R-SMAD, include
SMAD2 and SMAD3) and enhance their acti-
vation'’. Therefore, we infer that HOXA13 may
activate TGF-p signaling by increasing the level
of phosphorylated-SMAD2/3.

Conclusions
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