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tric cancer (GC) is the most common malignancy of the digestive system, with

thc@cond-highest fatality rate worldwide.'” Owing to the lack of early screening
for GC, most patients with GC are diagnosed at a late stage of the disease, resulting
in a decreasing 5-year survival rate.® In addition, GC is a multistep and multi-
factorial process, and its progression involves multiple genes and environmental
factors.'*> These facts render the therapeutic strategy complex and less effective.
Multimodal therapies, including chemotherapy, radiotherapy, and more recently

immunotherapy, are well established and can improve the survival of patients
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KLF8 exhibit oncogenic potentials in various types of
cancer, whereas KLF2, KLF4, and KLF6 have demon-
strated tumour-suppressing activity.'>'* KLF7, which is
highly expressed in numerous human tissues, also plays
critical roles in various types of cancer.'*'” In GC,
KLF7 effectively destroys the histological barrier that
blocks tumour formation, and eventually promotes GC
progression.'>'® KLF7 is upregulated in pancreatic duc-
tal adenocarcinoma and its inhibition blocks pancreatic
ductal adenocarcinoma tumour growth and metastasis in
cell culture and mice.'” Guan et al demonstrate that, in
glioma, KLF7 promotes polyamine biosynthesis and
glioma development through the transcriptional activa-
tion of argininosuccinate lyase.'* Collectively, these pre-
vious reports indicate that KLF7 may be an oncogene.
Thus, better understanding of the mechanism of KLF7 in
cancer may provide effective therapeutic strategies.
Anthrax toxin receptor 1 (ANTXR1), also named as
tumor endothelial marker 8 (TEMS), is identified as
a receptor for protective antigen of anthrax toxin and
highly conserved transmembrane glycoprotein, overex-
pressed in several types of cancers: including gastric can-
cer, breast cancer, colon cancer and pancreatic tumors.

through its extracellular and intracellular do
tively, and acted as an adhesion moleg

gon experiments in GC cells.
at KLF7 upregulation of
0 molecule 1 (ANTXR1) contributed
to GC growth and migration.

Materials and Methods

Patient Information

In total, 18 patients with GC were enrolled between June
and December 2019 in the Second Affiliated Hospital of
Qiqgihar Medical University (Qiqihar, China). Adjacent
normal tissues were obtained from an area >2 cm distal

to the primary neoplasms. The study was approved by the
Ethics Committee of The Second Affiliated Hospital of
Qiqihar Medical University. Written informed consent was
provided by all patients, which was conducted in accor-
dance with the Declaration of Helsinki.

The Cancer Genome Atlas (TCGA) GC
mRNA Database and Analysis

Normalized transcriptome expression datasets for GC were
downloaded from the TCGA via Genomic Data Commons

of 407
data of
available

for KLF7 and ANTX
val analysis, a tota

with 2 mM glutamine and 10% foetal
m (Gibco; Thermo Fisher Scientific, Inc.).
he cells were maintained at 37°C under a humidified
mosphere containing 5% CO,.

The siRNAs of KLF7 and ANTXR1 were purchased
Lipofectamine RNAIMAX (Invitrogen;
Thermo Fisher Scientific, Inc.) was used for the transfec-

from Sigma.

tion of siRNA according to the instructions provided by
the manufacturer. Lipofectamine 3000 (Thermo Fisher
Scientific, Inc.) was used for the overexpression of the
plasmid.

Cell Counting Kit-8 (CCK-8) Cell
Viability Assay

The CCK-8 reagent was purchased from Sigma. Cells
were seeded into 96-well plates at a density of 2000 cells
per well. After transfection for an indicated period, CCK-8
reagent (10 uL) was added to each well, and the cells were
incubated at 370C for 3 h. The absorbance at 450 nm was
measured using a microplate reader.

Colony Formation
AGS and HGC27 cells were seeded into six-well plates at
a density of 1000 cells, and the culture medium was
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replaced every 3 days. The colonies were formed after
culturing the cells for 14 days. After washing thrice with
phosphate-buffered saline, colonies were fixed by 4% par-
aformaldehyde for 20 min and stained using GIEMSA
staining solution for 20 min. Formations with more than
50 cells were identified as colonies.

RNA Extraction, Reverse Transcription,
and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR)

TRIzol (Thermo Fisher Scientific, Inc.) was used for the
isolation of total RNA from cells or tissues. The RNA was
reversely transcribed using M-MLV-RTase (Promega) fol-
lowing the instructions provided by the manufacturer.
gRT-PCR analysis was performed using the SYBR
Master Mixture (TAKARA) on the Agilent MX3000p
Real time PCR system. The qRT-PCR primers were as
follows: KLF7 forward, 5-AGACATGCCTTGAATTGG
AACG-3' and reverse, 5'-GGGGTCTAAGCGACGGAA
G-3'; ANTXRI forward 5'-CGGATTGCGGACAGTAAG
GAT-3 and reverse, 5'-TCCTCTCACGACAACTTGAA
ATG-3'; glyceraldehyde-3-phosphate dehydrogenase (GA
PDH) forward, 5-TGACTTCAACAGCGACAC
and reverse, 5'-CACCCTGTTGCTGTAGCCAAA-

Apoptosis Analysis

The eBioscience™ Annexin V-fluorg

(Thermo Fisher$cientific, Inc.) was used to analyse the
cell cycle according to the instructions provided by the
manufacturer. Briefly, cells were trypsinized and centri-
fuged at 13,000 rpm for 5 min. After washing with iced
D-Hanks (pH=7.2~7.4) buffer, cells were fixed with iced
75% ethanol for at least 1 h. Subsequently, the cells were
centrifuged and washed by D-Hanks, followed by incuba-
tions with 0.5 mL of FxCycle™ PI/RNase staining solu-
tion for 15-30 min at room temperature. Finally, without

washing, the samples were analysed using 488-nm excita-
tion, and emission data were collected using a 585/42
bandpass filter.

Western Blotting Analysis

Cells were lysed with radioimmunoprecipitation assay
buffer containing proteinase inhibitors. The protein con-
centration was measured using the Bradford assay (Sigma;
Merck). Subsequently, total protein (20 pg) was added to
10%
polyacrylamide gel for electrophga

each well of a sodium dodecyl sulfate-

ext, the proteins

per well) were seeded into the upper cham-
1 Corning® FluoroBlok TM Cell Culture
ing Inc., Corning, NY, USA) to detect cell
ion. The lower chambers were filled with Ham's
or DMEM/F-12 medium supplemented with 10%
foetal bovine serum, which served as a chemoattractant.
Finally, cells that had migrated to the other side of the
filter were stained with 0.5% crystal violet and counted
under an inverted fluorescence microscope.

Tumour Xenograft Experiments

Firstly, stable MKN45 cells infected with the shCtrl or
shKLF7-expressing lentiviruses (Genepharma, Suzhou,
China) using a supernatant fluid. Then, the shCtrl or
shKLF7 MKN45 cells (2x10°) were subcutaneously injected
into the enterocoelia of immunodeficient nude mice
(4-week-old, female BALB/c). Tumour weight and volume
were calculated according to the international criteria:
V=ab’ (a, the longest diameter; b, the shortest diameter).
Mice study was approved by the Ethics Committee of The
Second Affiliated Hospital of Qiqihar Medical University
and performed according to the Guideline of the Care and

Use of Laboratory Animals in Qiqgihar Medical University.

Statistical Analysis
All statistical analyses were performed using the SPSS
version 25.0 (IBM Corp., Armonk, NY, USA) software.
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The data were presented as the mean + standard error
of the mean of at least three independent repeats.
Student’s t-test was applied to evaluate the difference
between two groups. Differences among groups were
determined by one- or two-way analysis of variance
with repeated measures, followed by the Bonferroni
test. <0.05 denoted statistical

post-hoc P-values

significance.

Results

Upregulation of KLF7 in GC
Firstly, samples from TCGA database were analysed by
ENCORI Pan-Cancer Analysis Platform to investigate the
relationship between KLF7 and GC. The results showed
that KLF7 was upregulated in stomach adenocarcinoma
(STAD) compared with normal samples (Figure 1A). qRT-
PCR was performed to confirm these findings, revealing
higher KLF7 expression levels in GC samples (Figure 1B).
The correlation observed between the probability of survi-
val for patients with GC and KLF7 expression showed that
lower KLF7 expression extended the survival period and
increased the survival rate of patients with STAD
(Figure 1C). The above data indicated that KLF7 may
an oncogene.

RNA was
7 in

AGS, HGC27 and MKN45 GC cells. Western blotting
and qRT-PCR confirmed the high knockdown efficiency
of siKLF7 in both cells (Figure 2A-D and Figure S1A).
Subsequently, cell proliferation was analysed through the
CCK-8 assay. Depletion of KLF7 apparently suppressed
the proliferation of AGS, HGC27 and MKN45 GC cells
(Figure 2E, H and Figure S1B). At day 4, the viability
percentage was nearly half of that recorded for control
cells (Figure 2E, H and Figure S1B). The colony forma-
tion assay showed that fewer colonies were formed in
aino reduced by

siKLF7 cells, with the colony numbgg

Promotes
Cycle Arrest

nalysis was performed to investigate
responsible  for  the  impaired
migration upon KLF7 depletion.
control cells, depletion of KLF7 signifi-
ced apoptosis (Figure 3A and B). In AGS
ells, apoptosis occurred in nearly half of the total
mber of cells upon depletion of KLF7 (Figure 3A).
or HGC27 cells, the percentage of apoptotic cells
tripled in those transfected with siKLF7 compared with
control (Figure 3B). Cell cycle progression analysis
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Figure | Upregulation of KLF7 in gastric cancer. (A) Analysis of KLF7 expression in stomach adenocarcinoma (n=375) and normal tissues (n=32) from TCGA database. (B)
qRT-PCR analysis of KLF7 expression in normal and gastric cancer tissues. ***p<0.001. (C) Correlation between the probability of survival for patients with gastric cancer

and KLF7 expression.
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Figure 2 Knockdown of KLF7 suppresses cell proliferation and migration. (A and B) Effective knockdown of KLF7 in AGS cells. gRT-PCR (A) and Western blotting (B)
analysis of AGS cells transfected with siNC, siKLF7-1, and siKLF7-2. (C and D) Effective knockdown of KLF7 in HGC27 cells. qRT-PCR (C) and Western blotting (D) analysis
of HGC27 cells transfected with siNC, siKLF7-1 and siKLF7-2. (E) AGS cells transfected with siNC, siKLF7-1, and siKLF7-2 were subjected to analysis of cell proliferation
through the CCK-8 assay. Knockdown of KLF7 suppresses cell proliferation in AGS cells. (F and G) Colony formation assay of AGS cells transfected with siNC, siKLF7-1,
and siKLF7-2. (H) HGC27 cells transfected with siNC, siKLF7-1, and siKLF7-2 were subjected to analysis of cell proliferation using the CCK-8 assay. Knockdown of KLF7
suppresses cell proliferation in HGC27 cells. (I and J) Colony formation assay of HGC27 cells transfected with siNC, siKLF7-1, and siKLF7-2. (K and L) Transwell invasion
analysis of AGS and HGC27 cells transfected with siNC, siKLF7-1, and siKLF7-2; images were captured with a 40x magnification. **p<0.01, **$<0.001.
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Figure 3 Downreg
transfected with siN

of KLF7 promotes apoptosis and arrests cell cycle. (A) Flow cytometry analysis of apoptosis using Annexin V-FITC and PI staining in AGS cells
F7-1, and siKLF7-2. Knockdown of KLF7 promoted apoptosis in AGS cells. (B) Flow cytometry analysis of apoptosis using Annexin V-FITC and Pl
staining in HGC27 cells fected with siNC, siKLF7-1, and siKLF7-2. Knockdown of KLF7 promoted apoptosis in HGC27 cells. (C) Cell cycle was measured using Pl
staining and flow cytometry dgftysis in AGS cells transfected with siNC, siKLF7-1, and siKLF7-2. (D) Cell cycle was measured using Pl staining and flow cytometry analysis in
HGC27 cells transfected with siNC, siKLF7-1, and siKLF7-2. **p<0.001, **p<0.01, *p<0.05.

showed that knockdown of KLF7 decreased the percen- Oyerexpression of KLF7 Promoted
tage of cells in the S and G2/M phases; in contrast, the Proliferation and Migr‘ation, and Inhibited
percentage of cells in the GO and GI1 phases increased ApoptOSiS

(Figure 3C and D). Collectively, this evidence shows As a potential oncogene, overexpression of KLF7 would
that KLF7 regulates cell apoptosis and cell cycle promote tumour progression. Overexpression of KLF7 in
progression. both AGS and HGC27 cells was confirmed by Western
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blotting and qRT-PCR (Figure 4A and B). Consistent with
previous knockdown results (Figures 2 and 3), overexpres-
sion of KLF7
(Figure 4C and D). The ability for colony formation was

significantly promoted cell viability

also enhanced; the number of colonies nearly tripled in
exogenous KLF7 expression samples (Figure 4E and F).
Apoptosis and migration were also altered following over-
expression of KLF7. Flow cytometry analysis showed an
approximately 50% reduction of apoptosis in KLF7-
overexpressing cells compared with controls (Figure 4G

and H). The proportion of migrated cells was elevated by
three-fold after overexpression of KLF7 (Figure 41 and J).
Taken together, the above data indicate that KLF7 is an
oncogene.

Downregulation of KLF7 Suppressed
Tumour Growth

To further clarify the role of KLF7 in tumour progression,
tumour xenograft experiments were performed in vivo.
shRNA targeting KLF7 was used to downregulate the

A B C
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Figure 4 Overexpression of KLF7 promotes proliferation and migration and inhibits apoptosis. (A) Overexpression of KLF7 in AGS cells. qRT-PCR and Western blotting
analysis of KLF7 in AGS cells. (B) Overexpression of KLF7 in HGC27 cells. qRT-PCR and Western blotting analysis of KLF7 in HGC27 cells. (C) Control and KLF7-
overexpressing AGS cells were subjected to viability analysis through the CCK-8 assay. Overexpression of KLF7 in AGS cells increased the cell viability. (D) Control and
KLF7-overexpressing HGC27 cells were subjected to viability analysis using the CCK-8 assay. Overexpression of KLF7 in HGC27 cells increased the cell viability. (E) Colony
formation assay of control or KLF7-overexpressing AGS cells. (F) Colony formation assay of control or KLF7-overexpressing HGC27 cells. (G) Overexpression of KLF7 in
AGS cells inhibited cell apoptosis. Apoptosis was measured using Annexin V-FITC and PIl. (H) Overexpression of KLF7 in HGC27 cells inhibited cell apoptosis. Apoptosis
was measured using Annexin V-FITC and PI. (I) Transwell analysis of control or KLF7-overexpressing AGS cells. Overexpression of KLF7 promoted cell migration in AGS
cells. (J) Transwell analysis of control or KLF7-overexpressing HGC27 cells. Overexpression of KLF7 promoted cell migration in HGC27 cells. **¥p<0.001, **p<0.01,
*p<0.05.

Cancer Management and Research 2021:13 https:

5553

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

expression of KLF7. The tumour was isolated and measured
at indicated time points (Figure 5A). Tumour volumes were
significantly reduced following KLF7 depletion to only
approximately 30% of the control volumes at day 36
(Figure 5SB). Meanwhile, the results of the statistical analysis
showed that the tumour weight decreased in shKLF7 sam-
ples (Figure 5B). The weight of control samples and shKLF7
tumours was 0.4 g and 0.1 g, respectively (Figure 5C). These
results confirmed the oncogenic role of KLF7 in vivo.

KLF7 Regulated Cell Proliferation and

Migration Through ANTXRI

The correlation between KLF7 and ANTXR1 was analysed
to further clarify the mechanism involved in this process.
Initially, we searched TCGA database and found a positive
correlation between KLF7 and ANTXRI1 (Figure 6A).
Higher ANTXR1 expression shortened the overall survival
period and decreased the survival percentage of patients with
STAD (Figure 6B). These findings were consistent with
those for KLF7 (Figure 1). Next, we investigated the effect
of KLF7 on the expression of ANTXRI. Following KLF7
depletion, the expression of ANTXR1 was reduced at both
the mRNA and protein levels in vitro and in vivo studi

A

shCtrl

shKLF7-1

0.4+ ®
5 (.3 E
(9]

o

= 0.2-
@]
€ 0.1-
E

0.04— .

shCtrl shKLF7-1

respectively (Figure 6C-D and 5D). In addition, overexpres-
sion of KLF7 significantly upregulated the expression of
ANTXRI1 (Figure 6E and F).

To further investigate the relationship between these
two proteins, we transfected cells with KLF7 plasmids and
ANTXRI1 siRNA. Western blotting showed that knock-
down of ANTXRI counteracted the upregulation of
ANTXRI!1 induced by overexpression of KLF7
(Figure 6G). The higher cell viability observed after over-
expression of KLF7 was reduced to the control level in

KLF7+siANTXR1 samples (Figure g e processes of

by high mortality rates,
osis, and poor prognosis, repre-
rden. Therefore, it is of great
idate the molecular mechanisms of GC
development of effective diagnostic

4 1500~
E —e— shCtrl
E * %
=
< 500-
o)
E oA
= ONWDWO—F~OMW© D
T ANANNOOOM
Time/day
shCtrl shKLF7-1

KLF7 - - e

ANTXR1 s s g == == o

Figure 5 Downregulation of KLF7 suppresses xenografted tumour growth. (A) MKN45 cell lines expressing shCtrl or shKLF7 were injected into athymic nude mice (n=5)
and analysed for tumour formation. Representative images of xenografted tumours formed with shCtrl or shKLF7 MKN45 cells (2x106 cells/mouse). (B) The average
tumour volumes at the indicated time points. (C) Quantification of the weight of tumours formed with shCtrl or shKLF7 MKN45 cells (2% 106 cells/mouse). **p<0.001,
**p<0.01. (D) Western blot was performed to determine the expression levels of KLF7 and ANTXRI in xenografted tumours after KLF7 knockdown.

5554

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

>
w
(@)
w)

TCGA database (N=375) 1.00 ANTXR1
8 Regression (y = 0.6642x + 2.8204) TCGA Database of TSAD T 15=
® r=0.498, p-value = 6.20e-25 Hazard Ratio=1.48 a) :
7 p=0.021 o
I 0.75 g AGS
s -
2 = -
g° g s 10 N
3 @ 0.50 @ = [
4 - -
z £ o S g
a
3 g £ 054 7] 7]
=
=
1 — ANTXR1 low expression (n=183) % GAPDH E}
: 0.00 —— ANTXR1 high expression (n=182) x 0.0
2 5
0 40 80 120

Time(months)

E F G

ANTXR1

I 8=

[a]

g AGS

9 6_ - %
2 I

2 14

2 B

o 47 T oz

o3 (] <

o 21 avrxrt [ AnTR1 [
E

s . il GAPDH [ = |

o

Time

AGS

E
O w
g %20
c g
2 S 154
© 2
~ k=) ~ ke]
< o X o
2 Q0
. ‘_ 7 0.5+
4 x ©
,>_Z< E 0.0-
< <
[ (7]
+ +
4 ¥4

evels were normalized to those of B-actin. For Western blotting, GAPDH was used as a loading control. (G) Western blotting analysis of AGS cells
transfected with control, KLF7, or KLF7+siANTXRI. GAPDH was used as a loading control. (H) CCK-8 cell viability assay of AGS cells transfected with control, KLF7 or
KLF7+siANTXRI. (I and J) Transwell invasion analysis of indicated AGS cells. (K and L) Colony formation assay of indicated AGS cells. ***p<0.001, **p<0.01.
Abbreviation: ns, not significant.

In this study, we focused on the role of KLF7 and Next, it was shown that KLF7 acts as an oncogene. It is
ANTXRI1 in GC. Firstly, KLF7 was highly correlated highly expressed in GCs (Figure 1A) and depletion of
with GC progression. Downregulation of KLF7 promoted KLF7 inhibited tumour growth (Figure 5). Nevertheless,
apoptosis and arrested the cell cycle, which in turn sup-  only 18 paired GC tissues were performed to determine
pressed cell proliferation and migration (Figures 2—4). KLF7 expression, which might be a limitation in this
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study. While, the expression of KLF7 in gastric cancer
tissues have been analyzed in 375 stomach adenocarci-
noma samples, which could be further confirmed that
KLF7 was upregulated in gastric cancer tissues.

Thus, KLF7 may act in a similar manner to its homo-
logous proteins KLF1, KLF3, KLF5, and KLF8.'>!
Thirdly, KLF7 functions in GC through regulation of
ANTXRI1, a known potential target in diverse types of
cancer.”> This was the first study investigating the role
of the KLF7-ANTXRI1 axis in the progression of GC.

KLFs are transcriptional regulators of the zinc-finger
family,® which participate in numerous essential biological
cellular processes, such as proliferation, differentiation,
apoptosis, and migration.”>2® In the last decades, more
attention has been drawn to the role of KLFs in cancer. For
example, KLF5 promotes cell migration in bladder cancer
cells,27 while KLF8 enhances breast cancer cell invasion
and metastasis.”® However, in hepatocellular carcinoma,
Therefore, dif-

ferent KLFs play various roles in different cancers, and

KLF4 functions as a tumour suppressor.>’

their functions are synergistic or antagonistic. In GC,
KLF7 plays an oncogenic role. However, the function of
other KLFs
investigation.

in relation to KLF7 warrants further

tion through ANTXRI1 (Figure 6).
KLF7 regulates ANTXR1 throu,

points warrant clari
standing the megh

drugs have D
Administration T e treatment of locally advanced or
metastatic GC, incliMing trastuzumab (targeting ERBB2;
human epidermal growth factor receptor 2),** ramuciru-
mab (targeting kinase insert domain receptor [KDR]; vas-
cular endothelial growth factor receptor 2 [VEGFR2]),*
and pembrolizumab (targeting programmed cell death 1
[PDCDl]).35 However, additional immunotherapy drugs
targeting different factors are needed to overcome GC.
ANTXRI1 is types of

cancer.”'*%*7 Moreover, in a preclinical setting, an anti-

overexpressed in several

ANTXR1 antibody-drug conjugate demonstrated high effi-
ciency for augmenting therapies against diverse types of
cancer.”>>® Thus, ANTXR1 has great potential to become
an effective target for the treatment of GC. Further in vivo
experiments are required to evaluate new potential drugs
and demonstrate their effectiveness.

Conclusions
In summary, we provided the evidence that KLF7/ANTXR1
axis promoted gastric cancer cell growth and proliferation.

The findings of the present study discover new

immunotherapy drug for the treatyg
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