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Background: HOXA10 has been reported to be deregulated in many kinds of cancers
including gastric cancer. But its role in gastric cancer progression is controversial. Therefore,
the current study was performed to explore the role and mechanism of HOXA10 in gastric
cancer.

Materials and methods: IHC and Western blotting assays were used to assess HOXA10
expression in gastric cancer tissues and cells. Lentivirus infection was used to alter
HOXA10, STAT3 and JAKI1 expression in gastric cancer NCI-N87 and MKN28 cells.
MTT, cloning formation, flow cytometry and in vivo xenotransplantation experiments were
carried out to assess cell proliferation, cloning formation, apoptosis and tumorigenesis.
Results: HOXA10 expression was obviously increased in gastric cancer tissues and cells
when compared with the normal gastric tissue samples and cells. Upregulation of HOXA10
significantly enhanced cell proliferation, cloning formation and tumorigenesis abilities and
reduced cell apoptosis in gastric cancer, and promoted the activation of JAK1/STAT3
signaling. In addition, we showed that the effects of HOXA10 on the promotion of cell
viability and tumorigenesis and cell apoptosis repression were all weakened when JAK1 or
STAT3 was downregulated.

Conclusion: This study demonstrates that HOXA10 functions as an oncogene in gastric
cancer through activating JAK1/STAT3 signaling.
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Instruction

Gastric cancer is one of the most common malignant cancers with high prevalence
in Asia, particularly in China, and it is also considered as one of the leading causes
of cancer-related death worldwide.' Although the development of new inhibitors or
agents, such as DNA-binding small molecules,” immunomodulatory natural pro-
duct-like compound 1, the tumor-triggered drug released from calcium carbonate-
encapsulated gold nanostars® and the substituted quinazoline and quinoxaline
derivatives® have been identified to exert an anti-tumor role, the mechanism of
them on cancer treatment may be complex. Nowadays, findings have demonstrated
that the dysregulation of multiple genes is strongly implicated in carcinogenesis,’
enlightening that investigations of the molecular mechanisms of gastric cancer may
be necessary for new drug development.

HOXA10 is a member of the HOX transcription factor family which is divided
into four clusters (cluster A, B, C and D). Apparently, HOXA10 belongs to
A cluster. Through regulating gene expression, morphogenesis, embryo viability
and hematopoietic lineage commitment, HOXA10 plays important roles in
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carcinogenesis.” In detail, HOXA10 has been reported to
be frequently overexpressed in human acute myeloid
leukemia,® oral squamous cell carcinoma,’ ovarian clear
! and its high
expression is closely related to an advanced clinical pro-

cell adenocarcinoma'® and prostate cancer,'

gress and poor prognosis. However, HOXA10’s role in
gastric cancer is conflicting. For instance, Sentani et al'?
reported that HOXA10 was positively expressed in about
30% of gastric cancer cases, and it was rarely expressed in
the non-neoplastic gastric mucosa except intestinal meta-
plasia, and its expression was significantly negative corre-
lated with the invasion depth and predicted a better
prognosis of gastric cancer patients with the intestinal
mucin phenotype. Nevertheless, work by Lim et al"
revealed that the high expression of HOXA10 predicted
a poor prognosis in patients with gastric cancer. Therefore,
further study should be carried out to explore the function
of HOXA10 in gastric cancer.

Janus kinase (JAK)/signal transducer and activator of
transcription (STAT) signaling plays crucial role in the
regulation of cell proliferation, survival, apoptosis and
differentiation."* Once JAKs are activated, phosphory-
lated STAT proteins translocate into the nucleus and
promotes the activation of target genes including onco-
genes and thereby accelerate carcinogenesis.'>'® In
gastric cancer, Xiao et al'’ recently reported that
microRNA-340 promoted the progression of gastric can-
cer partially depending on the activation of JAK/STAT
signaling. Similarly, Chen et al'® revealed that the inhi-
bition of JAK/STAT signaling pathway was strongly
implicated in omphalia lapidescens protein-mediated
repression of gastric cancer. However, the effect of
HOXAI10 on the activation of JAK/STAT signaling
remains unclear.

The present study was performed with two main objec-
tives, one is to explore the effects of HOXA10 in gastric
cancer progression, and the other is to probe whether
HOXA10 promotes/inhibits gastric cancer progression
via regulating the JAK/STAT signaling.

Materials and methods

Ethic statement

Protocols involving human or animals were, respectively,
performed in accordance with the Helsinki Declaration or
the NIH Guide for the Care and Use of Laboratory
Animals and were approved by the ethical committee of
Henan Provincial People’s Hospital.

Tissue samples

Twenty cases of gastric cancer tumor tissue specimens were
obtained from patients with primary gastric adenocarcinoma
who underwent curative gastrectomy as the primary treat-
ment in our hospital between 2010 and 2015. All tissues were
stored at —80°C until further analysis. All patients had signed
informed consent before samples collection.

Immunohistochemistry (IHC)
Paraffin-embedded gastric cancer tissues and para-
carcinoma tissues with 4 um in thickness were subjected
to IHC. In brief, the tissue sections were deparaffinized and
immersed in 3% H,0, to remove the endogenous peroxi-
dase activity. After antigen retrieval and milk blocking, the
sections were incubated with anti-HOXA10 antibody at
1:100 dilution (No. ab191470, Abcam, MA, USA). Then,
the sections were incubated with the corresponding second-
ary antibody (Zhongshangingiao, Beijing, China) and coun-
terstained  with  Chromogen  3,3’-diaminobenzidine
tetrachloride (DAB) (Serva, Heidelberg, Germany) at
1:5000 dilution. Cell nucleus was dyed with Harris
hematoxylin.

Cell culture

Human normal gastric epithelial cell line GES 1 and
gastric cancer cell lines MKN28, SGC-7901 and NCI-
N87 were purchased from BeNa Culture Collection
(Beijing, China). For cell culture, GES 1 and MKN28
cells were maintained in Dulbecco’s modified Eagle med-
ium (DMEM) with high glucose (Thermo Fisher
Scientific, MA, USA), supplemented with 10% fetal
bovine serum (FBS; Thermo Fisher Scientific). NCI-N87
and SGC-7901 cells were cultured in RPMI-1640 medium
(Thermo Fisher Scientific) with 10% FBS supplement.

Lentivirus obtainment and stable

transfection cell line establishment
The lentivirus vector with neomycin resistance used to
upregulate HOXA10 expression in gastric cancer cells,
referred to OE-HOXAI10, and the short hair RNAs
(shRNAs) with puromycin resistance used to downregulate
HOXA10 (sh-HOXA10) and JAKI (sh-JAK1), and their
negative control (NC) were all
GenePharma (Shanghai, China).

To establish stable transfection cell lines, 7 pg/mL

synthesized by

puromycin or 7 pg/mL puromycin +100 pg/mL G418
were added into the culture medium of NCI-N87 cells
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transfected with OE-HOXA10 or OE-HOXA10+ sh-JAK1
for 2 weeks, respectively. Then, the survival cells were
seeded into 6-well plate to amplify for cloning formation,
immunofluorescence staining and xenotransplantation

assays.

Real-time quantitative PCR (qPCR) assay
Total RNA was extracted from cells with an RNeasy Mini
Kit (Qiagen, Valencia, CA). After quantification, a total of
1 pg RNA was reversely transcripted into cDNA with
a First Strand ¢cDNA Synthesis Kit (CWBIO, Jiangsu,
China). Then, the mRNA quantitation of HOXA10/JAK1
in gastric cancer cells was determined by qPCR assay with
SYBR Green regent (Thermo Fisher Scientific) on an ABI
PRISM 7700 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA). GAPDH was used
as an internal reference to normalize HOXA10/JAKI
expression. Primer sequences are listed as follows:

HOXAI10: sense- 5-AAGGTGAAAACGCAGCCAAC-3',
HOXA10: antisense-5-CTAATCTCTAGGCGCCGCTC-3';
JAK1: sense-5-GCATCGAGCGCACAAAGTTA-3,

JAK1: antisense-5-ACCAGTAGGGTTGAGGGACA-3;
STAT3: sense-5'-GGAGAAACAGGATGGCCCAA-3',
STAT3: antisense-5'-AGGCGTGATTCTTCCCACAG-3';
GAPDH: sense-5'-CCACTAGGCGCTCACTGTTCT-3',
GAPDH: antisense-5-GCATCGCCCCACTTGATTTT-3".

Western blotting assay

To detect the protein expression of HOXA10, JAKI,
JAK2, JAK3, Tyk2, STAT3, STAT5B, phospho-STAT3
(p-STAT3), p-JAK1, p-JAK2, p-JAK3, p-Tyk2 and
GAPDH, Western blotting assay was performed. The
extraction and isolation of total protein from tissues and
cells were carried out with the help of RIPA lysis buffer
(Beyotime, Jiangsu, China). After incubation with RIPA
lysis buffer on ice for 30 mins, the mixture was centri-
fuged for 20 mins at 4°C at a speed of 1,500 g, and the
supernatant was collected. After being quantified with
BCA kit (Thermo Fisher Scientific) and degenerated at
100°C for 10 mins, equal amounts of protein from each
sample were loaded onto 10% SDS-PAGE, followed by
immunoblotting using the indicated primary antibodies
overnight at 4°C. Subsequently, the membranes were incu-
bated with secondary antibodies for 1 hr at room tempera-
ture. The blot bands were visualized with an enhanced
chemiluminescence regent (ECL; Millipore, Billerica,
MA, USA) and detected by the gel imaging instrument

(Eberhardzell, Germany). And ImageJ software was used
to quantify protein level. Primary antibodies used in this
experiment are as follows: HOXA10 (1:1,000 dilution;
No. ab191470; Abcam), JAK1 (1:1,000 dilution; No.
3332, Cell Signaling Technology, CA, USA), p-JAKI1
(1:1,000 dilution; No. 3331, Cell Signaling Technology),
JAK2 (1:1,000 dilution; No. 3230, Cell Signaling
Technology), p-JAK2 (1:1,000 dilution; No. 3771, Cell
Signaling Technology), JAK3 (1:1,000 dilution; No.
3775, Cell Signaling Technology), p-JAK3 (1:1,000 dilu-
tion; No. 5031, Cell Signaling Technology), Tyk2 (1:1,000
dilution; No. 9312, Cell Signaling Technology), p-Tyk2
(1:1,000 dilution; No. 9321, Cell Signaling Technology),
STAT3 (1:1,000 dilution; No. 9139, Cell Signaling
Technology), p-STAT3 (1:1,000 dilution; No. 4113, Cell
Signaling Technology), STAT5B (1:1,000 dilution; No.
34,662, Cell Signaling Technology), p-STATSB (1:1,000
dilution; No. ab52211, Abcam) and GAPDH (1:5,000
dilution; No. TA-08, Zhongshanjinqiao).

MTT assay

Cell proliferation was assessed by MTT assay (Solarbio,
Beijing, China) according to the manufactory’s instruc-
tions. In detail, 3x10° gastric cancer cells were seeded
into 96-well plates with 200 pL growth medium. Then,
the lentivirus vectors were added into cell culture med-
ium which was replaced with fresh complete medium
every 2 days. After 1, 2, 3, 4 or 5 days of lentivirus
infection, 20 pg of MTT solution was added into cell
culture medium and cultured for further 4 hrs at 37°C.
Next, 150 pL dimethyl sulfoxide (DMSO) was added to
each well and incubated for 10 mins at 37°C The
absorbance used to assess cell viability was measured
at 570 nm.

Cloning formation assay

Stable transfection cell lines (control, OE-HOXA10 and
sh-HOXA10 in both MKN28 and NCI-N87 cells) in loga-
rithmic growth phase were trypsinized and collected.
Then, 500 cells from each group were seeded onto
a 6-well culture plate and cultured at 37°C for 14 days,
with the medium being replaced every 2 days. Then, the
culture was terminated and the cells were fixed with 4%
paraformaldehyde for 15 mins at room temperature, fol-
lowed by being stained with 1% crystal violet regent
(Solarbio). After being washed with PBS for 5 times, the
colony numbers were counted.
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Flow cytometry assay

Annexin V (FITC) Apoptosis Detection kit (BD
Biosciences, San Diego, CA, USA) was recruited to
test cell apoptosis. After 48 hrs of lentivirus infection,
NCI-N87 and MKN28 cells were collected with 0.25%
of EDTA-free trypsin (Thermo Fisher Scientific) and
washed with PBS for one time. Subsequently, the cells
were incubated with 100 pL of 1X binding buffer solu-
tion containing 5 pL of Annexin V and 5 pL PI solution
for 15 mins in the dark. Then, the cells were washed
with 1X of binding buffer for three times and resus-
pended with 500 pL of 1X binding buffer. Cell apopto-
sis was detected with a Beckman FC500 flow cytometer
(Beckman Coulter, Inc., Brea, California, USA) and
analyzed by FlowJo 7.6 software.

Immunofluorescence staining
Immunofluorescence staining was used to detect the effect
of HOXAT10 on the subcellular location of STAT3 protein.
Briefly, sh-HOXA10 or OE-HOXA10 stably transfected
NCI-N87 and MKN28 cells were grown onto small glass
coverslips in 24-well plate at 10% confluence. After 24 hrs
of culture, the cells were washed with PBS and fixed with
4% paraformaldehyde for 15 mins at room temperature,
followed by being permeabilized with 0.25% Triton X-100
for 10 mins and blocked with 5% goat serum diluted in
PBS for 1 hr at room temperature. Next, the cells were
probed with anti-STAT3 antibody (1:100 dilution; No.
9139, Cell Signaling Technology) overnight at 4°C, and
subsequently incubated with IgG AF488 (Thermo Fisher
Scientific) in the dark for 1 hr at room temperature. Cell
nucleus was dyed with DAPI at 1:10,000 dilution. After
being covered with anti-fade mounting regent (Solarbio,
Beijing, China), the subcellular location of STAT3 was
evaluated under a laser scanning microscope (Leica
Microsystems CMS, USA).

Xenotransplantation assay

Four-week-old male athymic BALB/C nude mice pur-
chased from Weitonglihua. Co., Ltd (Beijing, China)
were used to detect the effects of HOXA10/JAKI on
cell tumorigenesis. In brief, 5x10° NCI-N87 cells with
OE-HOXA10, OE-HOXA10+sh-JAK1, OE-HOXAI10
+sh-STAT3 or negative vector stable transfection were
resuspended in 200 pL PBS and were then injected into
the armpit area of nude mice, with 5 mice in each
group. Twenty-eight days of post-transplantation, mice

were sacrificed and the tumors were collected for
weighing.

Statistical analysis

Every experiment in this study was performed >3times.
Data were indicated as mean+tstandard deviation (SD).
Statistical analyses were carried out by SPSS23.0 soft-
ware with one-way ANOVA followed by the Tukey’s
test for multiple groups and Student’s #-test for two
groups. P<0.05 was considered as statistically signifi-
cant difference.

Results
HOXA0 is overexpressed in gastric

cancer tissues and cells

To further explore the effects of HOXA10 in the pro-
gression of gastric cancer, we first assessed its expres-
sion patterns in gastric cancer tissues and adjacent
normal tissues using IHC and Western blotting assays.
Compared with the normal para-carcinogenesis gastric
tissues, HOXA10 protein expression was significantly
increased in gastric cancer tissues (Figure 1A-B). To
further determine its different expression profiles, we
also compared its expression in normal gastric cell line
GES 1 and gastric cancer cell lines, including NCI-
C87, MKN28 and SGC-7901. Consistently with gastric
cancer tissues, HOXA10 protein levels were obviously
elevated in gastric cancer cells as compared to that in
GESI1 cells (Figure 1C). These findings confirmed that
HOXA10 was highly expressed in gastric cancer.

Overexpression of HOXAIO promotes
cell viability and inhibits cell apoptosis in

gastric cancer

Then, we explored HOXA10 roles in the progression of
gastric cancer via carrying out gain-/loss-of-function
assays. Transfection with the lentiviral vector OE-HOXA
10 significantly increased the expression of HOXA10, and
the lentiviral vector sh-HOXA10 RNA-1 used to down-
regulate HOXA10 showed the highest knockdown effi-
ciency among the 3 shRNAs at both mRNA (Figure 2A)
and protein levels (Figure 2B), in both MKN28 and NCI-
N87 cells. Compared with OE-NC group, cells in OE-
HOXA10 groups showed higher proliferation ability
(Figure 2C-D), cloning formation ability (Figure 2E) and
lower apoptosis population (Figure 2F), whereas sh-
HOXA10 caused the opposite results. These results
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Figure | The expression of HOXA10 was increased in gastric cancer tissues and cells. (A) The expression of HOXAI0 protein in 20 matched gastric cancer tissues and the
normal tissues was detected by IHC, and 3 images were shown (scale bar=100 pm). (B) The expression of HOXAI0 protein in 20 matched gastric cancer tissues and the
normal tissues was detected by Western blotting, and the most representative images were shown. (C) Western blotting analysis of the HOXAI0 protein levels in normal
gastric cell line GES | and gastric cancer cell lines NCI-N87, MKN28 and SGC-7901. (*P<0.05, **P<0.01).

demonstrated that HOXA10 overexpression accelerated
the progression of gastric cancer.

Overexpression of HOXAIO promotes
the activation of JAKI/STAT3 signaling in

gastric cancer

Next, we explored whether JAK/STAT signaling was involved
in HOXA10-induced gastric cancer progression. Western blot-
ting results showed that upregulation of HOXA10 with OE-
HOXAI10 transient transfection significantly enhanced the
expressions of JAK1 and p-JAKI1, with JAK2, JAK3, Tyk2
and their phosphorylation levels showed no obvious change,
and downregulation of HOXA10 caused the opposite results
(Figure 3A and C). In addition, HOXA10 overexpression
significantly increased the phosphorylated level of STAT3,
with no notable change in the expression levels of STAT3,
STAT5B and p-STATSB in both MKN28 (Figure 3B) and
NCI-N87 cells (Figure 3D), and sh-HOXAI10 treatment
showed the opposite results (Figure 3B and D). Additionally,
HOXAI10 upregulation significantly enhanced the nuclear
and knockdown of
HOXAI10 obviously reduced the nuclear accumulation of
STAT3 protein (Figure 3E). These discoveries demonstrated

accumulation of STAT3 protein,

that HOXA10 promoted the activation of JAK1/STAT3 sig-
naling in gastric cancer.

Downregulation of either JAK| or STAT3
abolishes the effects of HOXAI0 on the
promotion of gastric cancer cells

transformation to malignant phenotype
Next, we explored whether HOXA10 promoted gastric
cancer progression through activating JAK1/STAT3 path-
way. Sh-JAK1 was used to repress JAK1/STAT3 pathway.
Among the three shRNAs, sh-2 targeting human JAKI1
gene showed the best knockdown efficiency at both
mRNA and protein levels (Figure 4A—B), which was cho-
sen for further study. Compared with cells in OE-HOXA
10 group, cells in OE-HOXA10+sh-JAK1 group displayed
a reduced proliferation (Figure 4C—D) and cloning forma-
tion (Figure 4E) abilities and an increased apoptosis rate
(Figure 4F), in both MKN28 and NCI-N87 cells.

In addition, we explored the role of STAT3 in HOXA10-
mediated gastric cancer progression. The results showed that
sh-2-STAT3 significantly reduced the mRNA and protein
expression of STAT3 in both MKN28 and NCI-N87 cell
lines (Figure 5A-B). Sh-STAT3 transfection significantly
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Figure 2 HOXAI0 functioned as an oncogene in gastric cancer. (A-B) qPCR and Western blotting assays were executed to determine the mRNA and protein expression
of HOXA0 after MKN28/NCI-N87 cells were infected with OE-HOXA10, OE-NC, sh-HOXA0 or sh-NC. (C-D) MTT assay was used to test the effects of OE-HOXA10/
sh-HOXAI0 on cell proliferation. (E) Cell cloning formation abilities under OE-HOXA10/sh-HOXAIO treatment were assessed by cloning formation assay. (F) Cell
apoptosis population was determined by flow cytometry assay. (P<0.05, *P<0.01, sh-HOXA0 group compared with sh-NC group; #P<0.05, *P<0.01, OE-HOXA0 group

compared with OE-NC group).

reduced the expression of STAT3 and p-STAT3 in MKN28
(Figure 5C) and NCI-N87 cells (Figure 5D). Moreover,
downregulation of STAT3 significantly blunted HOXA10
roles in cell proliferation (Figure SE—F) and clone formation
ability (Figure 5G) promotion and cell apoptosis inhibition
(Figure 5H) in gastric cancer MKN28 and NCI-N87 cells.

HOXAI0 promotes in vivo tumor
formation through activating JAK1/STAT3

signaling pathway

Moreover, we also explored the effects of HOXA10/JAK1/
STAT3 axis in the tumorigenesis of gastric cancer NCI-
N87 cells. The results demonstrated that overexpression of
HOXA10 apparently enhanced the tumorigenesis of NCI-
N87 cells, whereas this effect was significantly weakened
when JAK1 or STAT3 was downregulated (Figure 6). The

above results suggested that HOXA10 promoted the pro-
gression of gastric cancer via activating JAK1/STAT3
signaling.

Discussion
With the aim of further exploring the molecular mechan-
isms underlying gastric cancer progression, we probed the
role and mechanisms of HOXA10 in gastric cancer. The
original results of Western blotting and IHC demonstrated
that HOXA10 was upregulated in gastric cancer tissues
and cells. Importantly, we reveal that HOXA10 functions
as an oncogene in the occurrence and development of
gastric cancer through activating JAK1/STAT3 signaling.
Up to now, the function of HOXA10 in carcinogenesis
is controversial, as it serves as oncogene in some malig-
nancies and tumor suppressor in others. For example,
overexpression of HOXA10 was identified to promote

submit your manuscript

6630

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove Chen et al
MKN28
£ 1 = mwe
s - K sh-
S 4 S
p-JAK! [ — | PIAKS | - - - - 2.0 EZ sh-HOXA10 p-STATS| e e | 52.0 B3 OE-NC
JAKS| | O E3 OE-NC ° 0 OE-HOXA10
JAKT | - e — - 6§15 D OE-HOXA10 STATS | e e e w— | S 15
P-JAK2 | - gy & B B ﬁ p-STATSB----ﬁ
Tyk2| - - - - | - =3
JAKZ:-?-UAPTDH P — gm STATSE NS G - 21.0
QS Q
éﬁ \o‘f N O o O o 205 GAPDH [ i i |2 0.5
O O X & © k]
S8 S & 4 ©0.0 SEOEESEELE
S § &3 53 ¢ S 4 o > © ®
s S SIS S SEE S
S / PN A A
< [$) & & &
<
NCI-N87
z = sh-HOXAT0 — B3 snhe
sh-| - — #it E= sh-HOXA10
I 1 [ e | PIAK | S - B 0ENC P-STATS s £ OENC
JAKT [ | VA3 [N —— 1. [ OE-HOXA10 STATS | e e s w0 | c 2 D OE-HOXA10

D-JAK2| v —— —— —

JAK2| e e - -

O O @) GAPDH v ey W o
¥ O CINSIRCINC I
s & Q\o"y %\\io-\? & o
X & & & N @ >
¥ ¥ ¥ ¥ X ¥
< < <

Control

sh-HOXA10 OE-HOXA10

STAT3 STAT3 Merged
MKN28 NCI-N87

Merged

p-STATS5B
STATSB
GAPDH
N 3
& & &
< &
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levels were assessed by Western blotting assay. (C—D) Both total and phosphorylated levels (p-) of STAT3 and STAT5B were determined by Western blotting. (E)
Immunofluorescence assay was used to decide the effects of HOXA 0 expression on STAT3 subcellular location. (*P<0.05, **P<0.01, sh-HOXA0 group compared with sh-

NC group; #P<0.05, *P<0.01, OE-HOXAI0 group compared with OE-NC group).

the progression of prostate cancer,'’ pancreatic cancer,'”

ovarian cancer,”’ nasopharyngeal carcinoma®' and neck
HOXA10 was

reported to be downregulated and inhibited the progression

squamous cell carcinoma.”?> However,

: 2 24 .
of endometrial cancer” and breast cancer.”* In gastric

cancer, works by Shao,?® Sentani'? and Lim'? all showed
that HOXA10 was over-expressed in gastric cancer, but
their reports on HOXA10 function were different. For
instance, Works by Shao et al*® revealed that HOXA10
together with microRNA-196b-5p (miR-196b-5p) was
over-expressed in gastric cancer, and TFF1 reduced the
expression of HOXA10 and miR-196b-5p in gastric can-
cer, leading to the inhibition of cell proliferation and
invasion in gastric cancer AGS cells, which indirectly
suggests that HOXA10 functions as an oncogene in gastric
cancer. Similarly, Han et al*® found that HOXA10 upre-
gulation significantly enhanced the proliferation, migration

and invasion of gastric cancer SGC7901 and GGC823
cells. Lim et al'® revealed that HOXA10 high expression
predicted a poor prognosis in patients with gastric cancer.
However, Sentani et al'> found that knockdown of
HOXA10 obviously increased the viability and motility
of gastric cancer MKN45 and MKN74 cells. In the present
study, through gain-/loss-of-function assays, we demon-
strated that upregulation of HOXA10 in gastric cancer
NCI-N87 and MKN28 cells significantly enhanced cell
proliferation, cloning formation and tumorigenesis abil-
that
HOXCI10 functions as an oncogene in gastric cancer,

ities, and reduced cell apoptosis, suggesting

which was consistent with the works by Han et al*® and
Shao et al.*® I think that the different cell contents may be
responsible for these inconsistent results; hence, more

researches should be done to further clarify HOXAI10
role in gastric cancer.
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Figure 4 HOXAI10 promoted cell viability and inhibited cell apoptosis through activating JAKI signaling in gastric cancer. (A-B) qPCR and Western blotting assays were
executed to determine the mRNA and protein expression of JAK| after MKN28 or NCI-N87 cells were transfected with sh-JAK| or sh-NC. (C-D) MTT assay was used to
test cell proliferation after MKN28 or NCI-N87 cells were transfected with OE-HOXA10 or OE-HOXA10+sh-JAKI. (E) Cell cloning formation abilities were assessed by
cloning formation assay after MKN28 or NCI-N87 cells were stably transfected with OE-HOXA 0 or OE-HOXA10+sh-JAK . (F) Cell apoptosis population was determined
by flow cytometry assay after MKN28 or NCI-N87 cells were transfected with OE-HOXA10 or OE-HOXA0+sh-JAK]. (*P<0.05, **P<0.01, OE-HOXA0 group compared
with control group; #P<0.05, OE-HOXA |0+sh-JAK | group compared with OE-HOXAI0 group).

It is reported that JAK/STAT signaling is abnormally
activated in gastric carcinoma, which then regulates the
expression of genes that involve in cell proliferation, apop-
tosis, migration and invasion.>”*® Accumulated evidence
has verified that the hyperactivation of JAK/STAT signaling
tends to protect cell from apoptosis and promote cell pro-
liferation in gastric cancer.?*>° AG490, a JAK family-
selective inhibitor, was identified to not only suppress the
activation of JAKI1/STAT3 in H pylori-infected gastric
epithelial cells®' but also inhibit the activity of the LEF/j-
catenin promoter’> and the downstream genes of p-catenin
signaling, such as c-Myc,” indicating that JAK1/STAT3
repression may mediate the inactivation of [-catenin.
Work by Park et al.>* revealed that Wnt might induce the

activation of STAT3. Taken together, these findings suggest
that there might be a positive crosstalk between JAK/STAT
and B-catenin pathways. As HOXA10 was reported to acti-
vate P-catenin signaling,®> we assumed that HOXA10
might activate JAK/STAT signaling. To make out this
hypothesis, we performed Western blotting to assess the
expression of JAK family (JAK1-3 and Tyk2) and results
showed that HOXA10 upregulation only increased JAK1
expression and increased its phosphorylation. In addition,
we observed that HOXA10 could significantly enhance the
expression of p-STAT3 and promote STAT3 nuclear accu-
mulation, suggesting that JAK1/STAT3 might be involved
in HOXA10-mediated acceleration of gastric cancer pro-
gression. However, the crosstalk between HOXA10, JAK/
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Figure 5 HOXA0 promoted cell viability and inhibited cell apoptosis through activating STAT3 signaling in gastric cancer. (A—B) qPCR and Western blotting assays were
executed to determine the mRNA and protein expression of STAT3 after MKN28 or NCI-N87 cells were transfected with sh-STAT3 or sh-NC (*P<0.05, **P<0.01,
compared with sh-NC group). (C-D) Western blotting assay was performed to detect the expression of STAT3 and p-STAT3 after MKN28 or NCI-N87 cells were
transfected with sh-STAT3 or sh-NC. (E-F) MTT assay was used to test cell proliferation after MKN28 or NCI-N87 cells were transfected with OE-HOXA 0 or OE-HOXA
10+sh-STAT3. (G) Cell cloning formation abilities were assessed by cloning formation assay after MKN28 or NCI-N87 cells were stably transfected with OE-HOXAI0 or
OE-HOXA10+sh-STAT3. (H) Cell apoptosis population was determined by flow cytometry assay after MKN28 or NCI-N87 cells were transfected with OE-HOXAI10 or
OE-HOXA [ 0+sh-STAT3. (*P<0.05, *P<0.01, OE-HOXA0 group compared with control group; *P<0.05, OE-HOXA|0+sh-STAT3 group compared with OE-HOXAI0
group).
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Figure 6 HOXAI10 promoted NCI-N87 cell tumorigenesis through activating JAKI/STAT3 signaling. NCI-N87 cells were stably transfected with OE-HOXA0, OE-HOXA
10+sh-JAK |, OE-HOXA | -+sh-STAT3 or their negative control vectors; then, the stable cell lines (5% 10° cells for each group) were injected into the nude mice. And all mice
were killed 28 days post-implantation and the image showed the tumor shape and average weights of each group. (*P<0.05, OE-HOXAI0 group compared with control
group; #P<0.05, OE-HOXA10+sh-JAK| group or OE-HOXA0+sh-STAT3 group compared with OE-HOXAI0 group).
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STAT and B-catenin is not investigated in the present study,
and we intend to explore it in our further study.

In mechanism, consistently with our speculate, we found
that the downregulation of JAK1 significantly abolished the
effects of HOXA10 on the promotion of cell viability and
tumorigenesis and the decrease of cell apoptosis, which
indicates that HOXA10 promotes the progression of gastric
cancer through activating JAK1/STAT3 pathway. And this
mechanism was further verified by the compensation experi-
ment, in which we silenced STAT3 and overexpressed
HOXAI10, and the results showed that HOXA10-mediated
STAT3 activation and cell viability enhancement, as well as
cell apoptosis repression, were significantly reversed when
STAT3 was downregulated in both MKN28 and NCI-N87
cells, which further illustrated that HOXA10 promoted the
progression and gastric cancer through activating JAK1/
STAT3 signaling. Previous study also explored the mechan-
ism underlying HOXA10 in gastric cancer. For example,
Shao et al*® revealed that TFF1 induced the DNA methyla-
tion at HOXA10 promoter reduced HOXA10 expression,
which then reduced miR-196b-5p expression and repressed

the progression of gastric cancer. Han et al*®

used ingenuity
pathway analysis and Western blotting assay to explore the
interaction between HOXA10 and CD44, and preliminarily
confirmed that HOXA10 interacted with CD44 via MSN
(Moesin), which then accelerated the progression of gastric
cancer.

In conclusion, the present study demonstrates that
HOXA10 is highly expressed in gastric cancer, and it
serves as an oncogene in gastric cancer progression
through activating JAK1/STAT3 pathway. Collectively,
our study further clarifies the role and mechanism of
HOXA10 in gastric cancer, which might provide new
means for gastric cancer treatment.
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