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Zinc Finger Protein 521, Negatively
Regulated by MicroRNA-204-5p, Promotes
Proliferation, Motility and Invasion of
Gastric Cancer Cells
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Abstract

Objective: This study aims to investigate the expression, role, and detailed mechanism of microRNA-204-5p and zinc finger
protein 521 in gastric cancer. Methods: Immunohistochemistry was adopted to detect the expressions of zinc finger protein 521
in 82 cases of gastric cancer tissues. Western blot was used to detect the expressions of zinc finger protein 521 in gastric cancer
cells and adjacent cells. Moreover, the correlation between zinc finger protein 521 and the prognosis of patients were also
evaluated. Cell Counting Kit 8 assay and colony formation assay were performed to figure out the impact of zinc finger protein
521 on the proliferation of gastric cancer cells. By conducting flow cytometry, the effect of zinc finger protein 521 on the
apoptosis of gastric cancer cells was determined. The scratch wound healing assay and transwell invasion assay were carried out
to determine the effect of zinc finger protein 521 on regulating the motility and invasion of gastric cancer cells. Ultimately, the
targeting relationship and interaction between microRNA-204-5p and zinc finger protein 521 were verified by real-time poly-
merase chain reaction, Western blot, and dual luciferase reporter gene assay. Results: Compared with adjacent cells, zinc finger
protein 521 was highly expressed in gastric cancer cells, which was related to TNM stage (P = .0388), tumor size (P = .0168), and
local lymph node metastasis (P = .0024). Overexpressed zinc finger protein 521 can promote the proliferation, migration, and
invasion of gastric cancer cells and inhibit the apoptosis. Zinc finger protein 521 is a target gene of microRNA-106-5p, and there
was a negative correlation between the expression of zinc finger protein 521 and microRNA-204-5p. Conclusion: Zinc finger
protein 52| can arrest the apoptosis and enhance the proliferation, migration, and invasion of gastric cancer cells via regulating
microRNA-204-5p. Our study may provide novel clues for the treatment of patients with gastric cancer.
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Gastric cancer (GC) is the leading cause of cancer-related mor-
tality worldwide." The incidence and mortality of patients with

GC in China account for 42.6% and 45.0% of the world, respec-
tively.> Although the surgery, chemotherapy, and targeted
drugs offer symptomatic relief and modest improvement in
survival for patients with GC, the overall survival rate remains
unfavorable. Moreover, the serum tumor markers, such as car-
cinoembryonic antigen (CEA) and carbohydrate antigen19-9,
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lack high sensitivity and specificity.> Hence, an in-depth inves-
tigation into the underlying mechanism of GC and effective
targets that can facilitate disease detection, staging, and predic-
tion of therapeutic outcome are highly desirable to improve
survival rate and help to determine optimized treatment for GC.

With the further study on GC pathogenesis, numerous stud-
ies have pointed out that transcription factors are abnormally
expressed in GC cells, thereby affecting the tumorigenesis. For
example, zinc finger protein (ZFP) family, a kind of vital tran-
scription factors, exerts great impact on the expressions of
downstream genes by binding to the downstream gene promo-
ters.*” Zinc finger protein 521 (ZNF521) belongs to C2H2 ZFP
family and consists of 1311 amino acid sequences. These
amino acids form 30 Kruppel-like zinc finger domains inter-
spersed in their whole amino acid sequences. Zinc finger struc-
tures, forming a total of 6 zinc finger clusters, participate in
multiple signaling pathways and regulate the downstream tar-
get genes, thus affecting various biological processes such as
hematopoietic differentiation, cell proliferation, and so on.*!'°
In addition, mounting studies have manifested that ZNF521 is
of great importance in a variety of tumors like multiple mye-
loma,11 pre-B-cell lymphoma,12 and so on. Nevertheless, the
expression and function of ZNF 521 in GC are far from being
fully elucidated.

MicroRNA (miRNA) is a class of small noncoding RNA,
containing 18 to 25 nucleotides that specifically bind to the
target gene 3-untranslated region (3'-UTR) to cause translation
inhibition or messenger RNA (mRNA) degradation, thus reg-
ulating in gene expression.'>!> For instance, miR-196a and
miR-196b were verified to be upregulated in GC tissues.'®"”
MicroRNA-338 can inhibit the proliferation and migration of
GC cells.'® Accumulating studies have demonstrated that miR-
204-5p was aberrantly expressed in a variety of tumors such as
melanoma and GC."**° MicroRNA-204-5p also exerts crucial
effects on regulating the proliferation, migration, invasion, and
other malignant biological behaviors of cancer cells, whereas
its role in GC cells has not been fully clarified.

Bioinformatics suggested that ZNF521 was one of the target
genes of miR-204-5p. This study aims to ascertain the relation-
ship between the expression of ZNF521 in GC cells and the
clinicopathological features as well as the prognosis of
patients, and to further determine the effects of ZNF521 on the
proliferation and metastasis of GC cells in vitro. Meanwhile,
we also attempted to confirm the effect of miR-204-5p on
targeting ZNF521, thus shed new light on the diagnosis and
treatment for GC.

Materials and Methods
Tissue Collection

Cell Lines and Main Reagents

Human GC cell lines (AGS, MKN-28, SGC-823, MKN-45, and
NCI-N87) and human normal gastric epithelial cells (GES-1)
were provided by the Cell Center of Chinese Academy of
Medical Sciences. All cells were cultured in Dulbecco

Modified Eagle Medium (Hyclone, Logan, Utah) supplemen-
ted with 10% heat-inactivated fetal bovine serum (Invitrogen,
Grand Island, New York), 100 U/mL penicillin, and 100 pg/
mL streptomycin in 5% CO, at 37°C. The culture medium
was replaced at an interval of 3 to 4 days; 0.25% trypsin
(Americesco, Frramingham, Massachusetts) was used for
subculture.

Immunohistochemistry

Paraffin-coated GC tissues and adjacent tissues were sliced,
dewaxed, and hydrated by xylene. The GC cells and matched
normal cells were incubated with 0.3% H,O, solution at room
temperature for 30 minutes. Subsequently, cells were incubated
with the primary antibody (anti-ZNF521 antibody-N-terminal,
[Abcam, Shanghai, China], ab189956, 1:100) for 1 hour and
then with the goat anti-rabbit secondary antibody (Wuhan Ser-
vice Biotechnology Co, Ltd, Wuhan, China) for 20 minutes.
Subsequently, slices were rinsed thoroughly with phosphate-
buffered saline (PBS) solution. Then, the development was
achieved using DAB (Hubei Biossci Biotechnology Co, Ltd,
Wuhan, China). The scoring standard of immunohistochemis-
try was completed by pathologists from the department of
pathology in our hospital.

Western Blot

AGS and MKN-28 cells were lysed with radioimmunoprecipi-
tation assay lysis buffer containing protease inhibitor, the
supernatant was collected after high speed centrifugation and
heated in a water bath pot at 100 °C for 10 minutes to denatur-
alize the protein. The content of the protein was determined by
bicinchoninic acid method. After that, Sodium dodecylsulphate
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
membrane were performed. Cells were incubated with primary
antibodies at 4 °C overnight and then with the goat antirabbit
secondary antibody (Wuhan Service Biotechnology Co, Ltd,
GB23303, 1:2000) at room temperature for 1 hour. The primary
antibodies include ZNF521 antibody (Abcam, ab189956,
1:1000), Bcl-2 antibody (Abcam, ab185002, 1:1000), BAX
antibody (Abcam, ab32503, 1:1000), E-cadherin antibody
(Abcam, ab194982, 1:1000), and N-cadherin antibody (Abcam,
ab202030, 1:1000). Ultimately, color rendering was performed
using hypersensitive enhanced chemiluminescence (ECL)
(Hubei Biossci Biotechnology Co, Ltd.).

Cell Transfection

With Lipofectamine 2000 (Invitrogen, Shanghai, China),
ZNF521-related plasmid was transfected into AGS transiently
to establish overexpressed ZNF521 model successfully, while
ZNF521 low expression model was set up by transfecting
ZNF521 short hairpin RNA (shRNA) into MKN-28. We pro-
ceeded to construct AGS-ZNF521 group with overexpressed
ZNF521 plasmid and AGS cell.
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Quantitative Real-Time Polymerase Chain Reaction

Total RNA from tissue and cultured cells was isolated using
TRIZOL Regent (Invitrogen). Quantitative polymerase chain
reaction (PCR) primers were purchased from Guangzhou Gen-
ecopoeia Company. The primer sequences are shown as fol-
lows: miR-204-p: 5'-UUCCCUUUGUCAUCCUAUGCCU-3;
U6: F: 5-GAGGCACAGCGGAACG-3/, R: 5'-CTACCACA-
TAGTCCAGG-3'; ZNF521, F: 5-TGACACCTCTGAGCC-
TAT-3'; R: 5-TTTCTTTTTCACGATGGCACTTTCT-3'.
The results were calculated by 222" method.

Cell Counting Kit 8 Assay

AGS and MKN-28 cells were harvested in logarithmic phase
and trypsinized with trypsin (0.25%). Afterward, cells were
cultured in 96-well plates with the density of 2 x 10°/mL; 10
pL enhanced Cell Counting Kit 8 (CCK-8; Hubei Biossci Bio-
technology Co, Ltd.) was added to continue the culture. After
1-hour culture, the absorbance value of each well was mea-
sured at 490 nm on the microplate reader.

Colony Formation Assay

AGS and MKN-28 cells with a concentration of 2 x 10°/mL
were planted in a 6-well plate. After 2 weeks of culture, the
culture medium was discarded and carefully washed with PBS
twice. Cells were then fixed with 10% paraformaldehyde for 10
minutes and stained with 0.1% crystal purple for 15 minutes.
The number of colonies formed was recorded under a
microscope.

Flow Cytometry

The transfected AGS, MKN-28 cells, and control cells were
washed with cold PBS twice and then resuspended in binding
buffer. The cells were then stained with FITC Annexin V apop-
tosis detection kit (BD Bioscience, Bedford, Massachusetts) in
dark at room temperature for 30 minutes. Flow cytometry (Bec-
ton Dickinson, Mountain View, California) was performed to
detect the apoptosis at 24 hours.

Scratch Wound Healing Assay

Using the tip of 200 pL aseptic pipette, the monolayer cells
were scratched in a standard way to create a cell-free area. The
culture medium was sucked out and replaced by a fresh com-
plete culture medium, and then the cells were incubated at 37
°C for 48 hours. The cell motility was observed.

Transwell Assay

The serum-free medium at a density of 1 x 10* cells per well
was placed into the upper chamber of transwell. After 24 hours
of culture, the cells migrating to the lower chamber were fixed
and counted. The steps of invasion assay were the same as the

migration assay except for a layer of matrix glue (BD Bios-
ciences, California) at the bottom of the transwell chamber.

Luciferase Reporter Gene Assay

Wild type (WT) or mutant type (MUT) ZNF521 was subcloned
into psiCHECK-2 plasmids. The cells were then inoculated into
a 24-well plate, 5000 cells per well. Luciferase activity was
determined by dual luciferase system (Promega, Madison, Wis-
consin). AGS and MKN-28 cells were cotransfected with miR-
204-5p or miR-normal control and WT or MUT report vector,
respectively. Luciferase activity was measured 48 hours after
transfection.

Statistical Analysis

All analyses and graphs of this study were processed using
GraphPad Prism 7 software. The difference of measurement
data between the 2 groups was compared by ¢ test. The x>
test was conducted to analyze the correlation between
ZNF521 expression and various pathological indexes.
Kaplan-Meier method was employed to analyze survival
time. Differences were considered significant with a value
of P < .05.

Results

Zinc Finger Protein 521 Was Highly Expressed in
GC Cells

To determine the expression of ZNF521 in GC cells, ZNF521
expressions in GC tissues and adjacent tissues were detected by
immunohistochemistry. The immunohistochemical images of
GC tissues (left) and adjacent normal tissues (right) were rep-
resented in Figure 1A. The expressions of ZNF521 in GC tis-
sues were significantly higher than that in adjacent tissues (P <
.0001; Figure 1B). Following that, Western blot was conducted
to detect the expressions of ZNF521 (Figure 1C). The results
signified that compared with normal gastric epithelial cell
GES-1, the expressions of ZNF521 in 6 GC cell lines were
significantly higher (P < .05; Figure 1D).

The Expression of ZNF521 Was Correlated With
Pathological Features in Patients With GC

Further analyses uncovered that ZNF521 expression was cor-
related with tumor size (P = .017), TNM stage (P = .039),
and local lymph node metastasis (P = .004) in patients with
GC, while it had no relevance to age, gender, serum CEA
level, and tumor differentiation (P > .05). The results sug-
gested overexpressed ZNF521 might be involved in the pro-
liferation and migration of GC cells (Table 1). Further review
and analysis by Kaplan-Meier method (data from kmplotter.com)
revealed that there was a significant correlation between
the increased expression of ZNF521 and the decrease of the over-
all survival time (P < .001), increased first progression
(P < .001), as well as shorter survival time after progression
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Figure 1. The expression of ZNF521 was increased in GC cells and tissues. A, Immunohistochemical images of GC tissues (left) and adjacent
tissues (right). B, Immunohistochemistry was used to detect the difference of ZNF521 expressions between GC tissues and adjacent tissues (P <
.001). C, Western blot was carried out to detect the expressions of ZNF521 in GC cell lines (MKN-28, SGC-7901, BGC-823, MKN-45, NCI-
N87, and AGS) and normal gastric mucosal cells (GES-1). *, ** and *** refer to P <.05, P <.01, and P <.001, respectively. GC indicates gastric

cancer; ZNF521, zinc finger protein 521.

(P < .001; Figure 2). It referred that patients with higher
expression of ZNF521 had worse prognosis than patients with
low-expressed ZNF521, which hints its role as a potential
biomarker for GC.

ZNF521 Can Regulate the Proliferation and Apoptosis
of GC Cells

To further define the impact of ZNF521 on GC cells, ZNF521
plasmid was transfected into AGS to construct ZNF521 over-
expression model, and ZNF521 shRNA was transfected into
MKN-28 to establish ZNF521 low-expression model (Figure
3A). On this basis, CCK8 assay was conducted to detect the
proliferation of AGS and MKN-28 cells. It turned out that AGS
cells with overexpressed ZNF521 grew faster than the control
one, while MKN-28 cells with knockdown ZNF521 had lower
rate of proliferation (Figure 3B). Additionally, overexpressed
ZNF521 group of AGS cell had larger number of cell colonies
than the control group (364 + 26 vs 312 + 15, P <.05). In
comparison, the number of colonies of MKN-28 cell with the
knockdown of ZNF521 was less than the control group (256 +
16 vs 330 + 15, P < .05; Figure 3C). The apoptosis assay
validated that the apoptosis rate of AGS with overexpressed
ZNF521 in advanced stage of cancer was lower than those of
the control group (P < .00). On the contrary, MKN-28 with
knockdown ZNF521 had higher rate of apoptosis than the con-
trol group (P < .001; Figure 3D).

Table 1. Relationship Between the Expression of ZNF521 and the
Clinical Features of 82 Patients With Gastric Cancer.

Relative Expression

of ZNF521
Characteristics n High Low x> P
Age
<55 51 41 10 0.1037 .7474
>55 31 24 7
Gender
Male 39 30 9 0.2489 .6178
Female 43 35 8
Tumor size, cm
<5 24 15 9 5.8055 .0159
>5 58 50 8
T stage
T1-T2 33 22 11 5.3364 .0209
T3-T4 49 43
CEA, pg/L
<5 46 34 12 1.8285 .1763
>5 36 31 5
Degree of differentiation
High 43 36 7 1.6101 .4471
Middle 23 18 5
Low 16 11 5
Lymph node metastasis
Negative 35 23 12 5.0705 .0243
Positive 47 42 5

Abbreviations: CEA, carcinoembryonic antigen; ZNF521, zinc finger protein 521.
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Figure 3. Zinc finger protein 521 potentiates the proliferation but impedes the apoptosis of GC cells. A, The transfection efficiency was detected
by Western blot. B, Colony formation assay was conducted to monitor the proliferation of AGS (left) with overexpressed ZNF521 and MKN-28
(right) with knockdown ZNF521. C, Flow cytometry was carried out to detect the apoptosis of AGS (left) with overexpressed ZNF521 and
MKN-28 (right) with knockdown ZNF521. *** refers to P < .001. GC indicates gastric cancer; ZNF521, zinc finger protein 521.

ZNF521 Facilitates the Motility, Migration, and
Invasion of GC Cells

The scratch healing assay unmasked that the motility of AGS
with overexpressed ZNF521 was dramatically elevated com-
pared with the control group (P < .01). In contrast, the motility
of MKN-28 cell with knockdown ZNF521 was degenerated (P
<.001; Figure 4A). It was indicated that ZNF521 expedited the
motility of GC cells. Apart from this, transwell assay revealed
that the migration of AGS cell with overexpressed ZNF521 was
significantly improved than the control group (P <.001; Figure
4B). In contrast, the migration of MKN-28 cell with knock-
down ZNF521 was significantly restrained (P <.001). Besides,
transwell invasion assay uncovered that the invasion of AGS
with overexpressed ZNF521 was tremendously enhanced com-
pared to the control group (P < .01), while the invasive ability
of GC cells with knockdown ZNF521 was markedly impeded
(P <.001). Taken together, ZNF521 promoted the invasion and
migration of GC cells.

Targeting Relationship Between MiR-204-5p and
ZNF521 Was Verified by Dual Luciferase Report Assay

It was predicted by TargetScan (http://www.targetscan.org)
that ZNF521 was a candidate target gene for miR-204-5p
(Figure 5A). Dual luciferase reporter gene assay showed
that miR-204-5p could bind to 3'UTR of ZNF521 (Figure
5B), and the expression level of miR-204-5p was negatively
correlated with that of ZNF521 in clinical samples

(Figure 5C). Western blot exhibited that the expression of
ZNF521 was significantly upregulated in the group with
MKN-28-miR-204-5p inhibitors (P < .001). Meanwhile, the
expression of ZNF521 was downregulated in the group of
AGS-miR-204-5p mimics (P < .001; Figure 5D). Moreover,
real-time PCR revealed us that the group of AGS-miR-204-
S5p mimics had lower expression of ZNF521 mRNA than the
control group, and the group of MKN-28-miR-204-5p inhi-
bitors had higher expression of ZNF521 mRNA than the
control group (Figure 5E).

Discussion

Gastric cancer is a multifactor, multistep, and progressive dis-
ease.”'?° Mounting evidences supported that the gene dysre-
gulation including oncogenes and tumor suppressor were
implicated in the tumorigenesis of GC. For instance, some
scholars pointed out that P53 and PTEN conduct an inhibitory
role in malignant biological behaviors.?’° It has also been
well-documented that targeted regulation of oncogene or tumor
suppressor can be considered as an effective treatment for
malignant tumors. Hence, it can shed new light on the targeting
therapy for GC.*' From this study, it was found that the high
expression of ZNF521 in GC was associated with tumor vol-
ume, TNM stage, and local lymph node metastasis. In addition,
Kaplan-Meier Plotter database signified that patients with
highly expressed ZNF521 had shorter overall survival, postpro-
gression survival, and faster first progression than patients with
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Figure 5. Target relations between miR-204-5p and ZNF521 were verified by dual luciferase reporter gene assay. A, There was a binding site
between miR-204-5p and ZNF521. B, The luciferase activity of wild type and mutant type ZNF521 was compared. C, MicroRNA-204-5p was
negatively correlated with ZNF521 (Spearman correlation, P <.0001, R = —0.6584). D, The expressions of ZNF521 in AGS and MKN-28
transfected with miR-204-5p were detected by Western blot. E, The expressions of ZNF521 mRNA in AGS transfected with miR-204-5p
mimics and MKN-28 transfected with miR-204-5p inhibitors were detected by PCR. *** indicates P < .001. miR-204-5p indicates microRNA-
204-5p; mRNA, messenger RNA; PCR, polymerase chain reaction; ZNF521, zinc finger protein 521.

the low expression of ZNF521. Therefore, it can be concluded
that ZNF521 might play a carcinogenic role in GC cells.
Zinc finger protein family has been well-documented to
modulate the tumorigenesis and progression of diverse can-
cers.>?3¢ For instance, ZNF139, a transcription factor, inhibits
apoptosis by regulating the expression of B-cell lymphoma 2°7;
ZNF280B was revealed to induce the expression of murine
double mimute 2 and promoted GC growth via controlling the
subcellular localization and stability of p53.*® Zinc finger pro-
tein 545 can impede the proliferation and facilitate apoptosis
via nuclear factor kB and activator protein 1 signaling path-
way.>” Studies have demonstrated that ZNF521 played a reg-
ulatory role in acute myeloid leukemia and arrested the
activation of downstream specific erythroid differentiation
genes by binding to GATA binding protein 1, thus inhibiting
the differentiation of erythroid cells and the division of imma-
ture red blood cells.'! In addition, overexpressed ZNF521 can
accelerate the proliferation of tumor cells by increasing the
expression of proto-oncogene c-Myc.*® In this study, the
expression of ZNF521 was significantly upregulated in GC
cells when compared with the gastric epithelial cells. Further,

by upregulating the expression of ZNF521, the malignant beha-
viors of GC cells, such as proliferation, migration, and inva-
sion, were significantly facilitated than that of the control
group. After downregulating the expression of ZNF521 in
GC cells, the above biological ability of GC cells was markedly
suppressed. Collectively, ZNF521 was validated to serve as an
oncogene to notably accelerate the progression of GC.
Emerging evidences have proved that miRNA was inten-
sively involved in the tumorigenesis and played a crucial part
in the diagnosis and treatment of tumors.*'** MicroRNA-204-
5p is an important member of miRNA family, and various
evidences demonstrated that miRNA-204-5p modulated the
progression of cancers. For example, miR-204-5p regulates the
expression of cytokines in tumor cells by changing the number
of myeloid cells and lymphocytes and modulates the immune
microenvironment, thus inhibiting the biological behaviors of
breast cancer.*>**® MicroRNA-204-5p can also restrain the pro-
liferation of hepatoma cells by directly regulating the expres-
sion of SIX homeobox 1.*’ In addition, miRNA-204-5p
restrained the proliferation of GC cells by downregulating
ubiquitin-specific peptidase 47 and RAB22A.*® These studies
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have proved that miR-204-5p played an antitumor role in tumor
cells. In this study, it was found that miR-204-5p might bind to
3’-UTR of ZNF521. Further, dual luciferase reporter gene
assay demonstrated that there was a regulatory relationship
between ZNF521 and miR-204-5p. It was confirmed that low
expression of miRNA-204-5p can contribute to the prolifera-
tion, migration, and invasion of GC cells by upregulating
ZNF521.

To sum up, this study verified that ZNF521 can facilitate the
proliferation, migration, and invasion of the GC cells via miR-
204-5p. Accordingly, ZNF521 can be an outstanding reference
indicator to evaluate the clinical progression and prognosis of
patients with GC. On top of that, the animal tests and larger
number of specimen are required for the further validation.

Authors’ Note

All patients involved gave informed consent to the study and signed a
written consent form; 82 cases (49 males and 33 females) of GC
tissues and matched nontumor tissues were collected under the
approval of Ethics Review Committee of the First Hospital of Yichang
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immediately frozen in liquid nitrogen and stored at —196 °C for fur-
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