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Abstract

It has been reported that the expression of Kriippel-like factor 17 (KLFI7) was associated with the occurrence,
development, invasion, metastasis and chemotherapy resistance of various tumors. However, the detailed mechanisms
by which KLF17 promotes chemotherapy resistance in gastric cancer (GC) have not been fully investigated. In the present
study, we collected the GC tissues and non-tumor tissues (matched adjacent normal tissues with corresponding GC
tissues) of 60 GC patients, used qRT-PCR, Western blot and immunohistochemistry assay to analyze the relationship
between the expression of KLF17 and the clinical pathological data of the patients. The effect of KLFI7 on the sensitivity
of GC cell lines to 5-fluorouracil (5-FU), and the potential mechanism were detected by MTS assay, Flow cytometry assay,
and Western blot. Compared with non-tumor tissues, the expression level of KLF17 in GC tissue was significantly down-
regulated, and the expression level of KLF17 in GES-1 cell line and GC cell lines also had a similar trend. Down-regulated
expression of KLFI7 is related to tumor size, invasion, regional lymph node metastasis, and TNM staging. Furthermore,
through upregulating the expression of KLF17, the sensitivity of BGC-823 and SGC-7901 cell lines to 5-FU was obviously
increased. Mechanistically, upregulation the expression of KLFI7 can inhibit the expressions of P-glycoprotein (P-gp),
multidrug resistance protein | (MRP1), and B-Cell lymphoma-2 (BCL-2), which have been reported to be associated with
drug resistance and cell proliferation. Collectively, these data implied that KLF17 has the biological effect of inhibiting
chemotherapy resistance of GC, and it could be a potential strategy for the GC chemotherapy resistance.
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Introduction for GC, however, given that many patients with
GC have unresectable tumors or distant metasta-

Gastric cancer (GC) is one of the most common ses,? thus, chemotherapy plays a key role in the

malignant tumors of the digestive tract with
extremely high morbidity and mortality. According
to statistics, there are approxirnately 951 ,000 new Department of General Surgery, The Fourth Hospital of Hebei Medical
cases of GC and 723,000 deaths of GC worldwide  University, Shijiazhuang, China

each year.! In China, the morbidity and mortality =~ Corresponding author:

of GC rank the second and third among all of Yong Li, Department of General Surgery, The Fourth Hospital of Hebei
malignant tumors respectively.2 Currently, surgi- Medical University, 12# Jiankang Road, Shijiazhuang, Hebei 050011,

. 8 ) . China.
cal removal of lesions is still the main treatment  Email: li_yong_hbth@126.com

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/iji
mailto:li_yong_hbth@126.com

International Journal of Immunopathology and Pharmacology

treatment for GC. However, chemotherapy resist-
ance is one of the most common reasons for tumor
treatment failure. Among the classic pathways of
GC chemotherapy resistance, multidrug resistance
1 (MDR1) is the first gene to raise concern, and
the protein encoded by this gene is P-glycoprotein
(P-gp),* which can transport drugs from the cell to
the outside of the cell through the energy-consum-
ing way of active transport, leading to drug resist-
ance. Multidrug resistance protein 1 (MRP1),
similar with MDRI1, is another important gene
responsible for GC drug resistance.® Glutathione-
S-transferase (GST) can metabolize the drugs
inside GC cells into non-toxic substances through
detoxification, finally leading to drug resistance.¢
The occurrence of tumor disease is a sign of the
relaxation and regulation of the mechanism of
apoptosis, which makes some abnormal or aging
cells escape immune and enter the state of infinite
proliferation. The change of apoptosis is not only
related to the occurrence and development of
tumor, but also related with the chemotherapy
resistance.” B-Cell lymphoma-2 (Bcl-2) family
members are important regulators of mitochon-
drial apoptosis pathway.® According to their func-
tions, they can be divided into anti-apoptotic
protein family and pro-apoptotic protein family,
among which Bcl-2 is the main representative
member of anti-apoptotic protein family. Bcl-2
assaciated X protein (Bax) is one of the main rep-
resentative proteins of the pro-apoptotic protein
family.’?

Kriippel-like factor (KLF) belongs to the zinc
finger transcription factor family, and its gene
sequence structure is very conservative.'” It can
participate in cell proliferation, apoptosis, differen-
tiation, and migration through transcriptional regu-
lation of target genes, playing an important role in
the occurrence of multiple malignant tumors, car-
diovascular diseases, and and metabolic disor-
ders.!"! KLF17 is a newly discovered member of
the KLF family, which regulates the cell cycle and
the function of epithelial-mesenchymal transition
(EMT).'? Previous studies have shown that KLF17
can inhibit the occurrence, development, invasion,
and metastasis of esophageal squamous cell carci-
noma, breast cancer, lung adenocarcinoma, hepa-
tocellular carcinoma, and colorectal cancer.!>!”
Zhang et al.'® have further shown that the member

of the KLF family-KLF8 is involved in hypoxia-
induced MDR through inhibiting apoptosis and
increasing the drug release rate by directly regulat-
ing MDRI transcription. In the present study, we
aimed to investigate the biological effects of
KLF17 on GC, and its potential strategy for the GC
chemotherapy resistance.

Materials and methods
Tissue specimens

A total of 60 patients with GC were collected at
the Fourth Hospital of Hebei Medical University
from March to August 2020. Participants included
40 males and 20 females, there were 10 patients
in stage I, 9 in stage II, 38 in stage III, and 3 in
stage I'V. Each cancerous tissue and non-tumor tis-
sues (matched adjacent normal tissues with corre-
sponding GC tissue, at least 5cm distant from the
tumor site) was obtained from each participant.
Each tissue specimen was approximately
lem X 1em X 0.5cm in size. None of the cases
received preoperative chemotherapy or radiother-
apy. The consents for this study were obtained
from all of the participants.

Cell lines and cell culture

The human GC cell lines NCI-N87, SGC-7901,
BGC-823, HGC-27, and normal gastric mucosal
cell line GES-1 were obtained from the Procell
Life Science & Technology Co., Ltd and cul-
tured in RPMI-1640 medium supplemented with
10% bovine serum, penicillin (100 U/mL) and
streptomycin (100 pg/mL) at 37°C in a 5% CO,
atmosphere.

Transfection of cell lines

The well-growing BGC-823 and SGC-7901 cell
lines were seeded in a 6-well plate for 24 h prior to
transfection with a density of 5 10°cells/well.
When the cells grow to 70-80% confluence,
pcDNA3.1-KLF17 and pcDNA3.1 (Vector) were
respectively transfected into the GC cells in the
6-well plate according to the Lipofectamine™
2000 (Invitrogen, USA) instructions, of which
cells were cultured with RPMI 1640 of serum-free
and antibiotics-free. Untransfected cells were used
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as the blank control group (Ctr). After 6 h of trans-
fection, the medium was replaced with a complex
medium. The transfection efficiency was detected
24h later by qRT-PCR and Western blot. The
pcDNA3.1-KLF17 and pcDNA3.1 plasmids were
designed and synthesized by Ribo Bio (Anhui,
China). The above experiments were replicated for
three times.

RNA extraction, reverse transcription, and
gRT-PCR

Total RNA was extracted from tissue samples or
cell lines with RNA Express Total RNA Kit
(NCM Biotech, China), 3 ng of total RNA was
reverse-transcribed using AS5001  GoScript
reverse transcription system (Promega, USA).
Quantitative RT-PCR (qRT-PCR) was conducted
with A6001 gqRT-PCR Master Mix (Promega,
USA) on a ABI PRISM 7500 sequence detection
system (Applied Biosystems). RNA expression
was normalized to GAPDH. Relative expression
levels of KLF17 mRNA in tissues were calcu-
lated by using the 272¢T equation, while the ones
in cell lines were calculated by using the 2744CT
equation. The primers for KLF17 and GAPDH
were designed by Sangon Biotech (Shanghai).
The primer sequences used for RT-PCR were as
follows:

KLF17 F:5-AGCTGAGTCCCAGTCATTGC-3',
R: 5- TCCTGAGGCCTGGAGTTCTT-3".

GAPDH F: 5-TGAACGGGAAGCTCACTGG-3/,
R:5-GCTTCACCACCTTCTTGATGTC-3'.

Protein extraction and western blot

Total protein was extracted from patient tissues
and cell lines using RIPA lysis buffer (Solarbio,
China) containing protease inhibitor cocktail
(Roche, Mannheim, Germany). The concentra-
tions were determined using the BCA assay
(Thermal, USA) according to the manufacturer‘s
instructions. The proteins (50 pug) were separated
using 10-12% sodium dodecyl sulfate poly-
acrylamide gel (SDS-PAGE), transferred to poly-
vinylidene  fluoride @ (PVDF) membranes
(Millipore, Billerica, MA), and the membranes

were incubated for 1h at room temperature with
5% fat-free milk. Next, the membranes were
incubated overnight with the primary antibody at
4°C. The next day, after the membranes were
washed with Tris-buffered saline containing
Tween (TBST) three times, the membranes were
incubated with the secondary anti-rabbit IgG for
l1h at room temperature and darkness. Target
bands were detected using the Odyssey system
(LI-COR Biosciences, USA), and B-actin was
used as a internal control. All experiments were
repeated three times.

MTS assay

BGC-823 and SGC-7901 cell lines transfected
with pcDNA3.1-KLF17 and the corresponding
untransfected cell line (Ctr) were plated onto a
96-well plate at 3 X 103 cells/well and continue to
culture for 4-6h. After the cells adhere to the
wall, upon treatment with 5-fluorouracil (5-FU)
for 48h, 12 uL of CellTiter 96 AQueous One
Solution Cell Proliferation Assay (Promega,
USA) was added to each well, followed by a 2h
incubation in a dark environment, the optical den-
sities (ODs) was measured at a wavelength of
490nm with a microplate reader after the plate
being shaken for 15min at room temperature.
Analyze the values and draw the cell growth inhi-
bition rate curves of the Ctr group and the
pcDNA3.1-KLF17 group, calculate the IC50 val-
ues and make comparisons. The above experi-
ments were replicated for three times.

Flow cytometry assay

BGC-823 and SGC-7901 cell lines transfected
with  pcDNA3.1-KLF17 and corresponding
untransfected cell lines (Ctr) were treated with
5-FU (4 pg/mL for BGC-823 cell line and 1 pg/mL
for SGC-7901 cell line) for 24 h, then collect the
cells and washed twice with phosphate-buffered
saline (PBS), and resuspended with 1X Binding
Buffer according to the instructions of PE Annexin
V Apoptosis Detection Kit I (BD PharmingenTM,
USA). PE and 7-AAD were added to the solution,
followed by incubation for 15 min at room temper-
ature in the dark. After diluted with 1X Binding
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Buffer, the apoptosis rate of the cell lines in each
group were measured by flow cytometry.

Statistical analysis

SPSS21.0 was used to analyze the data. All data
are expressed as the mean * standard deviation,
and the statistical differences between the data
in each group are analyzed by one-way analysis
of variance and ¢ test. The count data was ana-
lyzed for statistical differences by chi-square
test. P value <0.05 was considered as statistical
significance.

Result

The expression of KLF17 is down-regulated in
GC tissues and GC cell lines

We detected the expression of KLF17 at mRNA
and protein levels in 60 pairs of GC tissues and
non-tumor tissues by qRT-PCR and Western Blot.
The results showed that the expression of KLF17
was down-regulated obviously in GC tissues than
in the non-tumor tissues (Figure la and c).
Furthermore, we measured the expression of
KLF17 in GC cell lines, including NCI-N87, SGC-
7901, BGC-823, HGC-27, and normal gastric
mucosal cell line GES-1 by qRT-PCR and Western
Blot. The results showed that the expression level
of KLF17 in GC cells SGC-7901, BGC-823, and
HGC-27 was significantly decreased, and moder-
ately low in NCI-N87 cell line, while it was
expressed at a high level in the normal gastric
mucosal cell line GES-1 (Figure 1b and d). Next,
we chose SGC-7901 and BGC-823 cells for subse-
quent experiments because of the low expression
of KLF17.

The relationship between the expression
level of KLF17 and the clinicopathological
characteristics of patients

We analyzed the relationship between the expres-
sion level of KLF17 and the clinicopathological
characteristics of 60 patients by immunohisto-
chemical staining. The results showed that
KLF17 was reduced in GC tissues of 44 patients
(Figure le and f). The reduced expression of

KLF17 is related to tumor size and invasion,
regional lymph node metastasis and TNM stag-
ing (Table 1).

Up-regulation of KLFI7 increases the sensitivity
of GC cell lines to 5-FU

QRT-PCR and Western blot demonstrated that
KLF17 remained the same level in BGC-823
and SGC-7901 cell lines after it was transfected
with pcDNA3.1 while mRNA and protein of
KLF17 were significantly increased after it was
transfected with pcDNA3.1-KLF17 (Figure 2).
Furthermore, MTS assay illustrated that the sen-
sitivity to 5-FU was significantly increased in
cells BGC-823 and SGC-7901 transfected with
pcDNA3.1-KLF17 compared with non-trans-
fected cells (Figure 3a), and the IC50 value was
significantly lower than the control group
(Figure 3b).

Up-regulation of KLFI7 promote the apoptosis
of GC cell lines treated by 5-FU

We further examined whether KLF17 have rela-
tionship to induce apoptosis. BGC-823 and SGC-
7901 cell lines transfected with pcDNA3.1-KLF17
were treated with 5-FU (4 pg/mL for BGC-823 cell
line and 1 pg/mL for SGC-7901 cell line) for 24 h,
following which apoptosis rate was detected by
flow cytometry. As shown in Figure 4, the apopto-
sis rate of the cells that transfected with pcDNA3.1-
KLF17 was significantly higher than that of the
untransfected cell lines (Ctr).

KLF 17 increases the sensitivity of GC cell lines
to 5-FU by reducing the expressions of P-gp,
MRPI, and Bcl-2

To further explore the Mechanisms of KLF17 on
the sensitivity of GC cell lines to 5-FU, the drug
resistance-related proteins P-gp, MRP1, GST-r,
and apoptosis-related proteins Bcl-2, Bax were
detected in BGC-823 and SGC-7901 cell lines.
The results showed that the expression of P-gp,
MRP1, and Bcl-2 remarkably reduced after
pcDNA3.1-KLF17 was transfected into BGC-823
and SGC-7901 cell lines, whereas changes were
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Figure I. The expression of KLFI7 is down-regulated in GC tissues and GC cell lines. (a) The mRNA expression levels of KLF17
in 60 pairs of GC tissues and non-tumor tissues were tested with qRT-PCR (*P<<0.05 vs non-tumor tissues). (b) The mRNA
expression levels of KLF17 in various cell lines were tested with qRT-PCR. (*P<0.05 vs GES-I group). (c) The protein expression
levels of KLFI7 in 60 pairs of GC tissues (C) and non-tumor tissues (N) were tested with Western Blot. (d) The protein expression
levels of KLFI7 in various cell lines were tested with Western Blot. () KLFI7 is low expressed in GC tissues according to
immumohistochemical staining. (f) KLF17 is highly expressed in GC tissues according to immumohistochemical staining.
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Table I. The relationship between KLFI7 expression and clinicopathological characters.

KLF17 expression 1 P-value
High (16) Low (44)
Age (years)
<55 3 13 0256 0.613
=55 13 31
Gender
Male I 29 0043 0.836
Female 5 15
Tumor size(cm)
<5 I5 28 3.862 0.049*
=5 | 16
Tumor infiltration
Tl 5 3 5.784 0.044%*
T2 2 5
T3 0 0
T4 9 36
Regional lymph node metastasis
NO 8 5 12.679 0.003*
NI 3 5
N2 3 I
N3 2 23
Distant metastasis
MO 16 41 0.161 0.688
MI 0 3
TNM staging
| 5 5 13.3461 0.001*
Il 6 3
11l 5 33
\% 0 3

T includes Tla and TIb, and T4 includes T4a and T4b. N3 includes N3a and N3b. TNM stage | includes la and Ib, Il includes lla and IIb, and IlI

includes llla, IlIb, and lllc.
*P<0.05.

not noticed in the expression of GST-n and Bax
(Figure 5).

Discussion

The incidence rate of GC ranks first among diges-
tive malignances in China, and its mortality rate
still ranks third among all malignant tumors.!
Chemoresistance of GC cell directly contributes to
the failure of chemotherapy.?’ Previous studies
have shown that the member of the KLF family
can increase the drug release rate of GC by directly
regulating MDRI1 transcription. Therefore, we
hypothesize that KLF17 may promotes the sensi-
tivity of GC cells to chemotherapy.

KLF17 (also known as ZNF393) is a newly dis-
covered KLF transcription factor that can inhibit
EMT of tumor cells. KLF17 can down-regulate the
EMT process of tumor cells by regulating TGF-f3/
SMAD 3 or DJ-1/KLF 17/ID-1 signaling pathways.
Thus, KLF17 plays an important role in inhibiting
the invasion and metastasis of breast cancer, liver
cancer, esophageal squamous cell carcinoma, and
other tumors.”*"!7 There have been a few reports
about the relationship between KLF17 expression
and GC. Peng et al.?! confirmed that KLF17 down-
regulation is an independent predictor of poor prog-
nosis in patients with GC through multivariate Cox
regression analysis, but there is no report on the
biological function of KLF17 in GC.
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Figure 2. KLFI7 overexpression in GC cell lines. (a) The mRNA expression levels of KLFI17 in BGC-823 cells after they were
transfected pcDNA3.| and pcDNA3.I-KLFI7 were tested with qRT-PCR (*P << 0.05 vs control group). (b) The mRNA expression
levels of KLF17 in SGC-7901 cells after they were transfected pcDNA3.| and pcDNA3.I-KLFI7 were tested with qRT-PCR
(*P<<0.05 vs control group). (c) The protein expression levels of KLFI7 in BGC-823 cells after they were transfected pcDNA3.|
and pcDNA3.[-KLF 17 were tested with Western Blot. (d) The protein expression levels of KLFI7 in SGC-7901 cells after they
were transfected pcDNA3.| and pcDNA3.I-KLF17 were tested with Western Blot.

P-gp is a transmembrane glycoprotein (P170)
with a molecular weight of 170 KD; it can not
only bind to drugs, but also bind to ATP. ATP pro-
vides energy to pump intracellular drugs out of
the cell, reducing the concentration of intracel-
lular drugs and making the cancer cells resistant
to the chemotherapy drugs.®. MRP1 is a glu-
tathione transport pump (GS-X) which is widely
expressed in human tissues. It is mainly distrib-
uted in the cytoplasm, with a small amount dis-
tributed in the cell membrane. It can promote the

excretion of glutathione-bound drugs from the
cell and lead to multi-drug resistance.® Bcl-2
(B-cell lymphoma-2) is one of the most impor-
tant oncogenes in apoptosis research. It can
enhance the resistance of cells to most DNA
damage factors and inhibit the apoptosis of target
cells caused by most chemotherapy drugs.?? After
up-regulating the expression of KLF17 in GC
cell lines by plasmid transfection in this study,
the expression of P-gP, MRPI, and Bcl-2
decreased significantly. It indicates that KLF17
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Figure 3. KLFI7 expression and the sensitivity of GC cell lines to 5-FU. (a) The changes of sensitivity to 5-FU in cells BGC-823
and SGC-7901 after they were transfected pcDNA3.[-KLFI7 were tested with MTS. (b) The IC50 value of BGC-823 and SGC-
7901 cells after they were transfected pcDNA3.1 and pcDNA3.1-KLF17.

may affect the chemotherapy resistance of GC
cells by down-regulating the expression of the
above proteins through its transcriptional regula-
tion function.

In this study, we verified that the down-reg-
ulation of KLF17 is related to the poor prog-
nosis of GC patients, GC tissues and GC cell
lines compared with non-tumor tissues and
normal cell lines. Furthermore, cell function

experiments confirmed that up-regulation of
KLF17 expression can increase the sensitivity
of GC cells to 5-FU. This is the first study
about the relationship between KLF17 expres-
sion and the chemotherapy resistance of GC.
The results of the present study showed that
KLF17 was abnormally expressed in GC tis-
sues and cell lines, and we found that the over-
expression of KLF17 markedly inhibited the
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Figure 4. Up-regulation of KLFI17 promote the apoptosis of GC cell lines treated by 5-FU. (a) The changes of cells apoptosis of
BGC-823 cells after they were transfected pcDNA3.I-KLFI7 (*P<0.05 vs control group). (b) The changes of cells apoptosis of
SGC-7901 cells after they were transfected pcDNA3.1-KLF17 (*P<0.05 vs control group).

chemotherapy resistance of GC, which may be
related to the down-regulation of P-gp, MRP1,
and Bcl-2, but the specific mechanism by
which KLF17 regulated the expression of these
proteins is not clear and needs to be investi-
gated in further study. Another limitation of
this study is that due to the limited number of
patients, our clinical sample size might be

relatively small, and we will make up for these
deficiencies in subsequent further studies.

Conclusion

Collectively, our results suggest that KLF17 is cru-
cial for inhibiting the chemotherapy resistance in
human GC and it could be a new therapeutic
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vs control group).
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strategy for chemotherapy resistance of GC in the
future.

Acknowledgements

The authors would like to thank Professor Lianmei Zhao
from the Scientific Research Center of the Fourth Hospital
of Hebei Medical University for her guidance in experi-
mental design, and Master Cong Zhang and Master Sisi
Wei for their help in experimental operation. Thanks to the
Scientific Research Center of the Fourth Hospital of Hebei
Medical University for the experimental equipment and
some experimental reagents.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

Funding

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Ethics approval

Ethical approval for this study was obtained from Ethics
Committee of the Fourth Hospital of Hebei Medical
University (2020KY'106).

Informed consent

Written informed consent was obtained from all subjects
before the study.

ORCID iD

Zhao-jie An (2} https://orcid.org/0000-0001-6353-725X

References

1. Ferlay J, Soerjomataram I, Dikshit R, et al. (2015)
Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012.
International Journal of Cancer 136(5): 359-386.

2. Wang SM, Zheng RS, Zhang SW, et al. (2019)
Epidemiological characteristics of gastric cancer in
China, 2015. Zhonghua Liu Xing Bing Xue Za Zhi
40(12): 1517-1521.

3. Solain L, Ministrini S, Bencivenga M, et al. (2019)
Conversion gastrectomy for stage IV unresectable
gastric cancer: a GIRCG retrospective cohort study.
Gastric Cancer 22(6): 1285-1293.

4. Zhang H, Jiang H, Zhang H, et al. (2019) Ribophorin
II potentiates P-glycoprotein- and ABCG2-mediated
multidrug resistance via activating ERK pathway in
gastric cancer. International Journal of Biological
Macromolecules 128: 574-582.

5. TanB, LiY, Zhao Q, et al. (2018) ZNF139 increases
multidrug resistance in gastric cancer cells by

10.

11.

12.

13.

14.

15.

16.

17.

18.

inhibiting miR-185. Bioscience Reports 38(5):
BSR20181023.

Geng M, Wang L, Chen X, et al. (2013) The asso-
ciation between chemosensitivity and Pgp, GST-nt
and Topo II expression in gastric cancer. Diagnostic
Pathology 8: 198.

Pistritto G, Trisciuoglio D, Ceci C, et al. (2016)
Apoptosis as anticancer mechanism: function and
dysfunction of its modulators and targeted therapeutic
strategies. Aging 84(4): 603-619.

Singh L, Pushker N, Saini N, et al. (2015) Expression
of pro-apoptotic Bax and anti-apoptotic Bcl-2 proteins
in human retinoblastoma. Clinical & Experimental
Ophthalmology 433(3): 259-267.

Pentimalli F (2018). BCL2: a 30-year tale of life,
death and much more to come. Cell Death and
Differentiation251(1): 7-9.

Cheng L, Shi L and Dai H (2019) Bioinformatics
analysis of potential prognostic biomarkers among
Kriippel-like transcription factors (KLFs) in breast
cancer. Cancer Biomarks 26(4): 411-420.

Rane MJ, Zhao Y and Cai L (2019) Krippel-like
factors (KLFs) in renal physiology and disease.
EBioMedicine 40: 743-750.

Ali A, Zhang P, Liangfang Y, et al. (2015) KLF17
empowers TGF-B/Smad signaling by targeting
Smad3-dependent pathway to suppress tumor growth
and metastasis during cancer progression. Cell Death
Discovery 6: el681.

Li S, Qin X, Cui A, et al. (2015) Low expression of
KLF17 is associated with tumor invasion in esopha-
geal carcinoma. International Journal of Clinical and
Experimental Pathology 8(9): 11157—-11163.

Gao HL, Zhou N, Sun Z, et al. (2016) KLF17 expres-
sion in colorectal carcinoma and its clinical significance.
Zhongguo Yi Xue Ke Xue Yuan Xue Bao 38(1): 69-72.
Ali A, Bhatti MZ, Shah AS, et al. (2015) Tumor-
suppressive p53 signaling empowers metastatic inhibitor
KLF17-dependent transcription to overcome tumo-
rigenesis in non-small cell lung cancer. The Journal of
Biological Chemistry 290(35): 21336-21351.

Liu FY, Deng YL, Li Y, et al. (2013) Down-regulated
KLF17 expression is associated with tumor inva-
sion and poor prognosis in hepatocellular carcinoma.
Medical Oncology 30(1): 425.

Ismail 1A, Kang HS, Lee HJ, et al. (2014) DJ-1 upreg-
ulates breast cancer cell invasion by repressing KLF17
expression. British Journal of Cancer 110(5): 1298—
1306.

Zhang H, Sun L, Xiao X, et al. (2014) Kriippel-like
factor 8 contributes to hypoxia-induced MDR in gas-
tric cancer cells. Cancer Science 105(9): 1109-1115.

. Yin J, Song JN, Bai ZG, et al. (2017) Gastric cancer

mortality trends in China (2006-2013) reveal increas-
ing mortality in young subjects. Anticancer Research
37(8): 4671-4679.


https://orcid.org/0000-0001-6353-725X

12

International Journal of Immunopathology and Pharmacology

20. Ruan T, Liu W, Tao K, et al. (2020) A review of

21.

research progress in multidrug-resistance mecha-
nisms in gastric cancer. OncoTargets and Therapy 13:
1797-1807.

Peng JJ, Wu B, Xiao XB, et al. (2014) Reduced
Krippel-like factor 17 (KLF17) expression cor-
relates with poor survival in patients with gastric

22.

cancer. Archives of Medical Research 45(5): 394—
399.

Raghav PK, Kumar R, Kumar V, et al. (2019)
Docking-based approach for identification of muta-
tions that disrupt binding between Bcl-2 and Bax pro-
teins: inducing apoptosis in cancer cells. Molecular
Genetics & Genomic Medicine 7(11): €910.





