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Background: Emerging research indicates that CXXC finger protein 5 (CXXCS5) is
involved in the development of various cancers. Besides, KN motif and ankyrin repeat
domains 1 (KANK1) was proved as a tumor suppressor in multiple cancers. Our study
aimed to illustrate the functional role and mechanism of CXXC5 and KANKI in gastric
cancer (GC) pathogenesis.

Methods: The tissues of 55 GC patients and six GC cell lines were used to investigate
CXXCS5 and KANKI1 expression using RT-qPCR. Western blot assay was conducted to
measure the protein levels of CXXC5, KANKI, epithelial-mesenchymal transformation
(EMT) proteins (Vimentin, E-cadherin) and Wnt signaling proteins (B-catenin, Axin2). The
correlation between KANKI1 and CXXC5 was estimated by Pearson’s correlation analysis.
The results of Transwell assays showed the migration and invasion abilities of GC cells,
while the apoptosis rate was detected by flow cytometry.

Results: The expressions of CXXC5 and KANK1 were both decreased in GC tissues and
cells, compared with the normal ones (P < 0.01). Overexpressing CXXCS5 significantly
induced apoptosis (P < 0.05) and inhibited EMT, migration (P < 0.05) and invasion (P <
0.01) in GC cells. Wnt/B-catenin/Axin2 signaling was suppressed by CXXCS5 overexpres-
sion, and activating Wnt/B-catenin/Axin2 signaling reversed the effects of CXXC5. The
expression of KANK1 was found to be positively correlated with CXXC5 (r* = 0.4024).
KANKI presented similar effects with CXXC5 on GC cells; however, silencing CXXC5 or
activating Wnt/p-catenin/Axin2 signaling antagonized the effects of KANKI1 overexpression
on EMT and apoptosis in GC (P < 0.05).

Conclusion: Our study suggested that CXXCS5 was downregulated in GC and participated
in EMT and apoptosis regulations via the Wnt/B-catenin/Axin2 pathway. Besides, the
decreased expression of CXXC5 in GC was caused by KANK1 dysregulation.

Keywords: CXXC5, KANKI1, EMT, apoptosis, gastric cancer, Wnt/B-catenin/Axin2
signaling

Introduction

Gastric cancer (GC), one of the most common malignant tumors, is globally
considered as a highly lethal digestive tract disease.' GC is prevalent in Asian
countries and its incidence increases year by year.” Although researchers have
succeeded at finding improved strategies for the treatment at an early stage, GC

is still imperceptible until an advanced stage because of its inconspicuous clinical
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features and high rates of metastasis, causing intractable
difficulty for the diagnosis and therapy of GC.>* There
remain many limitations on modulating the pathogenesis
of GC.% Therefore, to understand the potential mechanism
and identify biomarkers of GC is of great importance.

Metastasis is the leading cause of GC recurrence and
a great hindrance to the treatment of GC.> In recent decades,
emerging studies suggested that dysregulated epithelial-
mesenchymal-transition (EMT), an important process
involved in wound healing and embryonic development,
had critical relevance to cell invasion and metastasis in
cancer, GC included.®” It is widely acknowledged that
EMT enhances the motility of cancer cells.* Researchers
further demonstrated that stimulating the EMT process facili-
tated invasion and metastasis in GC.'™"' Vimentin and
E-cadherin are hallmark proteins of EMT. Investigations
proposed that elevated expressions of Vimentin and
E-cadherin suppression are underlying mechanisms of
EMT in tumor metastasis.'>"?

As an effective mechanism of programmed cell death,
apoptosis is crucial for homeostasis modulation, by elim-
inating unfavorable cells.'"* Dysregulation of apoptosis
could result in numerous diseases, cancer included.'” It is
widely known that apoptosis evasion is a hallmark of
tumor disease, along with uncontrolled cell growth and
angiogenesis.'® Increasing evidence indicates that promot-
ing apoptosis of tumor cells inhibits cancer development.
Weng et al demonstrated that inducing apoptosis depressed
EMT metastasis and development of GC.'” Evidence also
indicated that GC pathogenesis could be mediated by
regulating apoptosis.'®

The family of CXXC-type zinc-finger proteins was deli-
neated to contain a specialized CXXC domain. As a member
of this family, CXXC finger protein 5 (CXXCS5) was also
identified as a retinoid-inducible nuclear factor.'**° Located
in the chromosomal region of 5q31.3, the human CXXC5
gene is mainly expressed in the nucleus of various tissues.”'
Studies showed that CXXC5 could directly bind to and
regulate the transcription of target DNA.*? Furthermore,
CXXCS5 was proved to regulate gene expression epigeneti-
cally by binding to the CpG-rich sequence of the promoter
region.”> Although little is known about the mechanism, the
pivotal role of CXXCS5 in cell migration and differentiation,
tissue homeostasis, embryonic development and pathological
changes had been demonstrated.'®** Initially, investigations
confirmed that the expression of CXXC5 was usually absent
in patients with hematological diseases, such as myeloid

leukemia.>! Recent studies confirmed the controversial

functions of CXXCS5 in multiple cancers. Fedorko et al sug-
gested CXXC5 as a tumor promoter in endometrial cancer.?®
Also, there was evidence presented that CXXCS5 could act as
a suppressor of hepatocellular carcinoma.”® A ChIP micro-
array assay discovered abnormal expression of CXXC5 in
GC.* However, we still knew little about the role of CXXC5
in GC pathogenesis.

Recently, KN motif and ankyrin repeat domains 1
(KANK1) was verified as a suppressor in a variety of tumors.
Yousif and colleagues indicated that high expression of
KANKI was associated with an improved outcome of breast
cancer survival.”” Research workers also found that KANK 1
had a poor expression in oral squamous cell carcinoma, and
overexpression of KANKI inhibited the proliferation and
elevated the apoptosis rate of tumor cells.”® Besides, the
Whnt/B-catenin signaling was known as an important pathway
which regulated many cellular progresses in human body,
and the aberrant modulation of Wnt/B-catenin pathway had
been validated in GC.?* Xu et al proposed that blocking the
Wnt/B-catenin signaling could effectively inhibit the prolif-
eration, EMT and chemo-resistance of GC cells.*’

In this study, we explored the expressions of CXXC5
and KANKI1 in GC and validated their functions on the
EMT and apoptosis of GC cells. In addition, the regulatory
mechanisms of CXXC5 on GC metastasis and apoptosis
were verified in vitro based on Wnt/B-catenin/Axin2 sig-
naling and KANKI1.

Materials and Methods
GC Samples and Ethics Approval

In our study, the tumor and adjacent tissues were obtained
from GC patients who underwent surgery at the hospital
from 2015 to 2018. The exclusion and inclusion criteria
were based on the clinical pathology features and classifi-
cation standard delivered by WHO, and patients who
suffered from other primary cancers and received radiation
or chemotherapy were excluded.’'*** Finally, 55 cases of
GC patients were enrolled in our study. After being
excised from the patient’s stomach, tissue specimens
were immediately cryopreserved at —80°C. Additionally,
our study obtained approval from the clinical research
ethics committee the Second Hospital of Jilin University
(No. SY201906011). Written informed consents were pro-
vided by the participants and their families were also
informed. Investigations involving humans were per-
formed in accordance with the principles of Declaration
of Helsinki.
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Cell Culture and Treatments

We selected several commonly used GC cell lines, SNU-1,
HGC-27, MKN-7, MKN-45, MKN-74 and AGS, in recent
years with different differentiations, and they were sup-
plied by BeNa Culture Collection (Beijing, China), also
was the normal human gastric mucosal epithelial cells
(GES-1). We supplemented the RPMI-1640 medium
(Sigma-Aldrich, Darmstadt, Germany) with 10% fetal
bovine serum (FBS) (Thermo Fisher Scientific, Waltham,
USA) and 1% penicillin/streptomycin (Gibco, Carlsbad,
USA) for cell culture. The incubation environment was
5% CO, and 37°C with saturated humidity.

Sequence design and synthesis services were provided
by GeneChem (Shanghai, China). The pcDNA3.1 plasmid
(YouBio, Changsha, China) was used to construct CXXC5
and KANKI1 overexpression vectors. Based on
Lipofectamine 3000 (Invitrogen, Waltham, USA), the
transfection assay was performed with a concentration of
50 nM for small interfering RNA (siRNA) and 0.5 pg for
overexpression plasmids. SKL2001 was purchased from
MedChemExpress (New Jersey, USA) and was used to
treat cells after transfection at a concentration of 40 uM.

RNA Extraction and Real-Time

Quantitative Polymerase Chain Reaction
(RT-gPCR)

The extraction and RT-qPCR assays were conducted
according to a previous study.*> TRIzol™ reagent (CW
Biotech, Beijing, China) was used for total RNA extraction,
which should be performed on ice. The quality and quantity
of the extracted RNA were determined with NanoDrop
2000 Spectrophotometer (Thermo Fisher Scientific,
Waltham, USA). In line with the protocol of EcoDry™
Premix (Oligo dT) kit (Takara, Dalian, China), 1 pg of
RNA sample was reverse transcribed to cDNA. Then, the
synthesized cDNA was utilized for gPCR. According to the
manufacturers’ instruction, the SYBR Premix Ex Taq Kit
(Takara, Dalian, China) was used to quantify the expression
levels of mRNAs. The amplification procedure of qPCR
was conducted on a StepOnePlus™ System (Applied
Biosystems, Waltham, USA) and using the following
cycling parameters: 30 s at 95°C for 1 cycle, 15 s at 95°C
and 60 s at 60°C for 40 cycles, and a melting curve was
generated. GAPDH was the housekeeping gene used for
normalization in this study, and the sequences of primers
used were as follows: CXXC5 (forward primer: 5°-
CGGTGGACAAAAGCAACCCTAC-3"; reverse primer:

5'-CGCTTCAGCATCTCTGTGGACT-3"), KANKI (for-
ward primer: 5'-CTTGACACAGTATTTTCACGCTTTTG
-3%; reverse primer: 5'-AAGTAAATGTGACACGGTAAA
AAGG-3"), GAPDH (forward primer: 5'--TGAACGGGA
AGCTCACTGG-3"; reverse primer: 5--TCCACCACCC
TGTTGCTGTA-3"). Relative levels of mRNA expression
were quantified by using 2" method.

Western Blotting

To determine the protein levels of CXXC5, KANK1, EMT
proteins (Vimentin and E-cadherin) and signaling proteins
(B-catenin and Axin2), Western blotting was conducted fol-
lowed the description of a previous study.** It is worth
mentioning that the compositions of cell lysis buffer we
used in the present study were radioimmunoprecipitation
assay buffer (Thermo Fisher Scientific, Waltham, USA) and
1% phenylmethanesulfonyl fluoride (Seebio, Shanghai,
China). Besides, the primary antibodies included anti-
anti-CXXCS5,
KANK1, anti-Vimentin, anti-E-cadherin, anti-B-catenin and
anti-Axin2 (Cell Signaling Technology, Danvers, USA) with
a dilution of 1:500. Horseradish peroxidase-secondary anti-

GAPDH (normalization protein), anti-

body (Cell Signaling Technology, Danvers, USA) was
diluted at 1:1000. The expression bands of target proteins
were visualized using chemiluminescence detection. ImagelJ
software version 1.6 (Bethesda, MD, USA) was the platform
used to quantify the final data.

Transwell Assay

Transwell chambers with 8 pum pores (Corning Life
Sciences, New York, USA) were pre-coated using Matrigel
(Comning, NY, USA) in the upper chamber to estimate cell
invasion ability. For migration analysis, the upper chambers
did not receive any pre-treatment. Cultured cells were
seeded in a 24-well plate and allowed to grow to 100%
confluency, a concentration of about 2 x 10° cells/well.
Then, we starved the cells in serum-free medium in the
upper chamber, while the lower one was supplemented
with medium containing 10% FBS. Migration and invasion
assays were performed after 16 h and 24 h incubation,
respectively. Finally, methanol and crystal violet were used
to fix and stain the cells in the lower chamber. The numbers
of cells in five random areas were counted under an inverted
microscope (Optical Instrument Factory, Shanghai, China).

Flow Cytometry
Flow cytometry was conducted to measure the apoptosis rate
of cells, according to a previous description.”® We washed 2
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x 10° cells with pre-cold phosphate buffer saline buffer after
transfection or treatment. Then, Annexin V binding buffer
was supplemented into the cells, followed by staining with
5 pL Annexin V/FITC and 5 pL propidium iodide solutions.
The incubation lasted for 15 min. After that, a flow cyt-
ometer and Cell Quest software were used to analyze the
results. All the reagents and equipment were purchased from
BD Biosciences (CA, US).

Statistical Analysis

GraphPad Prism package 5 was the statistical analysis
software used in this study. To present the final results,
data was calculated as mean =+ standard error of mean. All
the experiments were repeated for at least three times,
independently. Pearson’s correlation analysis was con-
ducted to evaluate the relevance between KANKI and
CXXCS. For the assessment of the differences between
groups, one-way analysis of variance was performed.
Student’s #-test was utilized for the detection of the statis-
tical significance between two groups. Moreover, paired
t-test was conducted for the difference comparison of gene
expression in normal and GC tissues. Differences were
considered as significant at the P value less than 0.05.

Results
CXXC5 Was Downregulated in GC

Tissues and Cells

To investigate the dysregulation of CXXCS5 in GC, we eval-
uated CXXCS5 expression in 55 paired GC and adjacent nor-
mal tissues, as well as six GC cell lines. As shown in Figure
1A and B, the expression of CXXCS5 mRNA was significantly
downregulated in GC tissues (P <0.01). We also found that the
expression of CXXCS5 protein in GC tissues of five randomly
selected specimens was obviously decreased compared with
normal tissues (Figure 1C). Moreover, the expression levels of
CXXC5 mRNA and protein in most GC cell lines were
prominently lower than those in normal gastric cell lines
(P <0.05), except MKN-7 (Figure 1D and E).

Overexpressing CXXC5 Attenuated EMT
and Promoted Apoptosis of GC Cells

Overexpression experiments were conducted to assess the
function of CXXC5 in GC development. Firstly, CXXC5
overexpression significantly increased the mRNA level of
CXXCS in a dose-dependent manner (P < 0.05) (Figure 2A).
The expression of Vimentin was inhibited by CXXC5 while
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Figure | Expressions of CXXCS5 in GC tissues and cells.

Notes: (A and B) The relative expressions of CXXC5 in GC tissue samples were measured by RT-qPCR; **P < 0.01 versus adjacent tissues. (C) Western blotting assay
presented the visualized protein expression of CXXCS5. (D and E) The results of RT-qPCR and Western blotting showed the expression levels of CXXC5 mRNA and

protein; *P < 0.05 versus GES-1.
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E-cadherin expression was promoted, which meant that
overexpressed CXXC5 hindered the EMT of GC cells
(Figure 2B). In addition, the migration rate and number of
invasive GC cells were significantly decreased (P < 0.05),
but the apoptosis of cell was promoted (P < 0.05) when cells
were transfected with pcDNA-CXXC5 (Figure 2C-E).
These results suggested that CXXCS5 overexpression attenu-
ated EMT and promoted apoptosis during GC development.

CXXC5 Regulated EMT and Apoptosis of
GC Cells via Wnt/p-Catenin/Axin2
Signaling

Emerging evidence indicates that Wnt/B-catenin/Axin2 sig-
naling is usually activated in cancer tissues and involved in
regulating cancer development.**=® To further illustrate the
mechanism of CXXC5 in GC pathogenesis regulation,
Western blotting assay was performed to detect the activa-
tion of Wnt/B-catenin/Axin2 signaling. As presented in
Figure 3A, Wnt/B-catenin/Axin2 signaling was obviously
activated in MNK-45 and AGS cells compared with normal
gastric cell line; besides, the expression of B-catenin was
prominently suppressed and Axin2 was upregulated by
CXXC5 overexpression in GC cells; in other words,

CXXCS participated in regulating the activation of Wnt/B-
catenin/Axin2 pathway in GC. Moreover, treatment with
SKL2001, an agonist of Wnt/B-catenin/Axin2 signaling,
reversed the inhibition of CXXC5 exerted on EMT in GC
(Figure 3B). We also found that activating Wnt/B-catenin
/Axin2 neutralized the decreased migration and invasion
rates and the increased apoptosis rate of GC cells induced
by CXXCS5 overexpression (P < 0.05) (Figure 3C-E).

KANKI Positively Mediated CXXC5

Expression in GC

First, we measured the expression of KANKI1 in GC
tissues and cells. Our findings revealed that KANK1 was
a significantly downregulated factor in GC (P < 0.01)
(Figure 4A). Furthermore, we discovered the positive cor-
relation between KANK1 and CXXC5 expressions (1> =
0.4024, P < 0.001) (Figure 4B). In MKN-45 and AGS
cells, the transfection of KANKI1 overexpression vector
dramatically increased the expression of KANK1 mRNA
(P < 0.05) (Figure 4C), and the mRNA and protein levels
of CXXC5 were both elevated (P < 0.05) (Figure 4D and
E). Taken together, the present results indicate that
KANKI positively modulates CXXC5 expression.
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KANKI Modulated EMT and Apoptosis in
GC by Targeting CXXC5

Sequentially, we discovered that overexpression of
KANKI1 significantly inhibited the expression of f-
catenin while elevating Axin2 expression, however,
knockdown of CXXC5 antagonized the effect of KANKI1
overexpression (Figure 5A). The suppression and facilita-
tion on Vimentin and E-cadherin expressions, respectively,
induced by KANKI1 overexpression were both reversed by
transfection with siCXXC5 and treatment with SKL2001
(Figure 5B). Although overexpressing KANKI1 repressed
the migration and invasion abilities of GC cells, inhibiting
CXXCS5 or activating the Wnt/B-catenin/Axin2 pathway
could also counteract the effects of KANKI1 overexpres-
sion (P < 0.05) (Figure 5C and D). Similarly, siCXXCS5
and SKL2001 had repressive effects on KANKI-
overexpression-stimulated apoptosis in MKN-45 and
AGS cells (P < 0.05) (Figure 5E).

Discussion

Previously, CXXC5, a gene encoding retinoid-inducible
nuclear factor, was identified to be frequently deleted in
hematological diseases.”' Researchers also suggested that
CXXCS5 was crucial for a series of cell processes such as

MKN-45

>
[}
(7]

energy metabolism, signal transduction, apoptosis and

738 In recent years, CXXC5 was found to

angiogenesis.
be abnormally expressed in various tumor diseases.
Meanwhile, there were differences in CXXC5 expression
between different cancers: increased CXXCS5 expression
was verified in prostate cancer, breast cancer and endome-

. 25,394
trial cancer,?>%4°

while the expression of CXXC5 was
decreased in human malignant peripheral nerve sheath
tumors.®” Sui and colleagues discovered that CXXC5
might be downregulated in GC through microarray
analysis.* Consistently, the present study documented
that the expression of CXXC5 was decreased in both GC
tissues and cells.

To illustrate the function of CXXCS5 in GC develop-
ment, we performed overexpression assays and discovered
that elevating the expression of CXXCS significantly
blocked the EMT process, as well as cell migration and
invasion in GC, while the apoptosis ability was acceler-
ated. Therefrom, we confirmed the inhibitory effect of
CXXCS5 on GC metastasis and promotion on apoptosis.
Similarly, CXXC5 was validated as a positive regulator of
apoptosis and cell cycle arrest of tumor cells leading to
cancer suppression in hepatocellular carcinoma.”® There
was also evidence suggested that regulating CXXC5 was
an effective way to stimulate apoptosis and inhibit cell
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Figure 5 KANKI mediated the regulation of CXXC5 on EMT and apoptosis in GC.

Notes: Cells were transfected with 0.5 ug pcDNA-KANKI and 50 nM siCXXCS5, then treated by SKL2001. (A and B) Using Western blotting, the protein expressions of f3-
catenin, Axin2, Vimentin and E-cadherin were measured. (C and D) The migration and invasion of GC cells were detected by Transwell analysis. (E) Flow cytometry was
utilized for apoptosis detection. *P < 0.05 versus NC; #P < 0.05 versus the group only treated with KANKI.
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growth in human malignant peripheral nerve sheath
tumors.>’ However, the role of CXXC5 in cancer devel-
opment was controversial. Evidence indicated that the
migration and invasion abilities of ovarian cancer cells
CXXCs,
depressed.*! Liu et al demonstrated that silencing

were enhanced by while apoptosis was
CXXCS expression dramatically inhibited the migration,
invasion and adhesion in esophageal squamous cell
carcinoma.®® Therefore, more in-depth research should be
carried out to specify the effect of CXXC5 on GC patho-
genesis, and that has been included in our future study.

The Wnt/B-catenin pathway is acknowledged as
a fundamental signal transduction pathway for modulating
cell proliferation, survival, apoptosis and homeostasis in
human tissues.** Numerous investigations have delineated
that the activation of Wnt/B-catenin signaling participates
in and contributes to various processes during tumorigen-
esis of multiple cancers, including GC.>>>%* According
to an in vitro study, Wnt/B-catenin and its downstream
target Axin2 were involved in the regulation of stemness
in colorectal cancer.*> Also, c-Myb exerted its facilitated
effect on invasion and metastasis of breast cancer via Wnt/
B-catenin/Axin2 signaling activation.’® Yanaka et al
demonstrated that activating the Wnt/B-catenin pathway
by miR-544a promoted EMT in GC.*” Interestingly, recent
studies discovered that Wnt signaling, as well as the TGF-
B, ATM/p53 and BMPs pathways, were regulated and
coordinated by CXXC5.** However, it was still obscure
how CXXC5 modulated GC pathogenesis and whether the
Wnt/B-catenin/Axin2 pathway was involved in. Hence, we
activated Wnt/B-catenin/Axin2 signaling in CXXC5-
overexpressed GC cells and found that the suppression of
EMT and metastasis was reversed. That is to say, the
regulatory role of CXXC5 in GC development relies on
the Wnt/B-catenin/Axin2 pathway.

According to a previous study, KANKI was proved to
be a tumor inhibitor in a variety of carcinomas.® Fan et al
validated KANKI1 as a dysregulated gene in OSCC, which
modulates proliferation and apoptosis through YAP
There was also evidence exhibited that elevating KANK1
expression suppressed lung cancer progression by regulat-
ing invasion, migration and apoptosis of tumor cells.**
Consistent with our study, Chen and colleagues documen-
ted that the expression of KANKI1 was decreased and
associated with the growth and apoptosis of GC tumor
both in vitro and in vivo.”®> Another research focusing on
human malignant peripheral nerve sheath tumors sug-
gested that KANKI1 activated apoptosis and inhibited

tumor cell growth via CXXC5 modulation.*” Indeed, our
research validates that the abnormal expression of KANK1
gene is associated with CXXC5 dysregulation in GC. To
be exact, KANKI1 positively regulates CXXCS5 expression
and is involved in the regulation of CXXC5 in GC EMT
and apoptosis.

Conclusion

The present study identified CXXC5 as a downregulated
gene in GC tissues and cells and illustrated that the over-
expression of CXXCS5 induced cell apoptosis and hindered
EMT, migration and invasion in GC. Moreover, dysregula-
tion of KANK1 accounted for CXXC5 downregulation in
GC. Our research may provide a theoretical basis for
diagnosis and therapy for GC. However, this study is
based on in vitro studies at the cellular level. In order to
further illustrate the role of CXXCS5 in the pathological
development of GC, in vivo experiments and related clin-
ical detections are important.
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