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ZNF259 promotes breast cancer cells invasion
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Purpose: Zinc finger protein 259 (ZNF259), also known as ZPR1, is a zinc finger-containing
protein that can bind the intracellular tyrosine kinase domain of EGFR. At present, our knowl-
edge on ZNF259 in cancers is limited. Here, we aimed to explore the biological functions of
ZNF259 in breast cancer and reveal their mechanisms.

Patients and methods: The expression of ZNF259 was measured in 133 cases of breast
cancer by immunohistochemistry. The online database Kaplan—-Meier (KM) Plotter Online
Tool was used to analyze the relationship between ZNF259 expression and breast cancer patient
survival prognosis. Plasmid transfection and small interfering RNA and inhibitor treatments
were carried out to explore the functions of ZNF259 in breast cancer cell lines and its potential
mechanism. Matrigel invasion and wound healing assays were performed to detect the invasion
and migration ability of cancer cells. In addition, protein expressions in tissues and cells were
determined by Western blotting.

Results: ZNF259 expression was much higher in breast cancer cells than in the adjacent normal
breast duct glandular epithelial cells (75.94% vs 7.52%, P<0.001) and was closely related to the
breast cancer patients’ TNM stages (P=0.013) and lymph node metastasis (P=0.021). Knock-
down of ZNF259 could downregulate p-ERK, p-GSK3, and Snail expression, and upregulate
the expression of E-cadherin and ZO-1, and then it also inhibited invasion and migration by the
breast cancer cell lines MCF-7 and MDA-MB-231. Correspondingly, ZNF259 transfection could
upregulate p-ERK, p-GSK3, and Snail expression, and downregulate E-cadherin and ZO-1
expression, which led to stronger invasion and migration abilities of cancer cells. Furthermore,
the ERK inhibitor U0126 could reverse all these effects induced by ZNF259 transfection.
Conclusion: ZNF259 could promote breast cancer cell invasion and migration by activating
the ERK/GSK3[/Snail signaling pathway.
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Introduction

Despite great advances in diagnostic and therapeutic strategies in recent decades, breast
cancer is still listed as the leading cause of cancer-related death in women worldwide,
largely due to breast cancer cell invasion and metastasis.** It has great significance
to elucidate the invasion and metastasis mechanism of breast cancer cells, and to find
new biological molecules for the development of new targeted drugs.

Zinc finger protein 259 (ZNF259), also known as ZPR1, was first identified in
mammalian cells as a cytoplasmic protein that could bind the intracellular domain of
the epidermal growth factor receptor (EGFR).® ZNF259 is an evolutionarily conserved
protein with 2 C4 zinc fingers and 2 specific conserved homology domains.®” ZNF259
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has essential roles in embryonic development and cell apop-
tosis, and can translocate to the nucleus during the S phase to
regulate the cell cycle progression and cell proliferation.®!2
However, so far, our knowledge on ZNF259 expression and
biological functions in malignant tumors is limited.

In this study, we explored ZNF259 expression in breast
cancer tissue and breast cancer cell lines for the first time,
and investigated the roles of ZNF259 in the invasion and
migration by breast cancer cells. We found that ZNF259 could
activate extracellular signal-regulated kinase (ERK)/glycogen
synthase kinase 33 (GSK3[3)/Snail signaling, which plays a
vital role in breast cancer cell invasion and migration.!*!*
In ERK/GSK3p/Snail signaling, activated ERK inhibits
the function of GSK3p in promoting Snail degradation and
leads to upregulation of Snail.!>"'” The inhibition of adhesion
factors such as E-cadherin by Snail can directly lead to the
invasion and metastasis by cancer cells.'®! Our results reveal
the functions and mechanism of ZNF259 in breast cancer
cell invasion and migration, and provide a new potential
molecular target for the therapy of breast cancer patients.

Materials and methods

Patients and specimens

This study was approved by the local Institutional Review
Board of the Cancer Hospital of China Medical University
and Liaoning Cancer Hospital and Institute. The patients
whose tissue samples were used in this study provided written
informed consent. Primary tumor specimens were obtained
from 133 patients who were diagnosed with invasive ductal
carcinoma and underwent complete resection at the Cancer
Hospital of China Medical University and Liaoning Cancer
Hospital and Institute between 2011 and 2013. The patients
who underwent neoadjuvant radiotherapy and/or chemo-
therapy were excluded from the cohort of the present study.
All patients received standard chemotherapy after surgery.
The mean age of the patients was 51 years (range, 29-83
years). Lymph node metastases were identified in 61 of
the 133 patients. The pathological Tumor-Node-Metastasis
(p-TNM) staging system of the International Union Against
Cancer (seventh edition) was used to classify specimens as
stages [ (n=29), II (n=50), and I1I (n=54). In addition, 12 pairs
of fresh specimens, including both breast cancer and paired
adjacent nontumor tissues, were stored at —80°C immediately
after resection, for protein extraction.

Immunohistochemistry
All tissue specimens were fixed in neutral formaldehyde,
embedded in paraffin, and sectioned (thickness, 4 um). The

streptavidin-peroxidase immunohistochemical method was
used to improve staining. Tissue sections were incubated at
4°C overnight with ZNF259 rabbit monoclonal antibody
(1:200, ab134970, Abcam, Cambridge, UK); PBS was
used as a blank control. Sections were then incubated with
biotin-labeled secondary antibodies (Ultrasensitive; MaiXin,
Fuzhou, People’s Republic of China) at 37°C for 30 min-
utes, followed by diaminobenzidine for coloration. Finally,
samples were lightly counterstained with hematoxylin, dehy-
drated in alcohol, and mounted. Two investigators blinded
to the clinical data semi-quantitatively scored the slides by
evaluating the staining intensity and percentage of stained
cells in representative areas. The staining intensity was
scored as 0 (no signal), 1 (weak), 2 (moderate), or 3 (high).
The percentage of cells stained was scored as 1 (1%—-25%),
2 (26%—-50%), 3 (51%—75%), or 4 (76%—-100%). A final
score of 0—12 was obtained by multiplying the intensity
and percentage scores. ZNF259 stain with a score 24 was
considered positive. Tumor samples with scores between 0
and 3 were defined as negative expression.

Cell culture

MCF-10A, T47D, MCF-7, BT-549, MDA-MB-231, and
MDA-MB-468 cell lines were obtained from American Type
Culture Collection (Manassas, VA, USA). The cells were
cultured in Roswell Park Memorial Institute 1640 (RPMI-
1640) (Invitrogen, Carlsbad, CA, USA) containing 10%
fetal calf serum (Invitrogen), 100 international units (IU)/
mL penicillin (Sigma-Aldrich, St. Louis, MO, USA), and
100 pg/mL streptomycin (Sigma-Aldrich). Cells were grown
on sterilized culture dishes and were passaged every 2 days
following 0.25% trypsin (Invitrogen) digestion.

Plasmid transfection and small interfering

RNA (siRNA) treatment

Plasmids pCMV6-ddk-myc and pCMV6-ddk-myc-ZNF259
were purchased from Origene (RC205721, Rockville, MD,
USA). ZNF259-siRNA (sc-35282) and NC-siRNA (sc-
37007) were purchased from Santa Cruz Biotechnology
(Dallas, TX, USA). Transfection was carried out using the
Lipofectamine 3000 reagent (Invitrogen) according to the
manufacturer’s instructions.

Western blotting

Total protein was extracted using a lysis buffer (Pierce,
Rockford, IL, USA) and quantified with the Bradford method.
Total protein samples (30 pg) were separated by 10% sodium
dodecyl sulfate—polyacrylamide gel electrophoresis and
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transferred onto polyvinylidene fluoride membranes (Mil-
lipore, Billerica, MA, USA). Membranes were incubated
overnight at 4°C with the following primary antibodies:
ZNF259 (rabbit monoclonal antibody, 1:200, ab134970;
Abcam; mouse monoclonal antibody, 1:200, sc-398491;
Santa Cruz Biotechnology), phosphorylated mitogen-
activated protein kinase (p-MEK), MEK, p-ERK, ERK,
p-GSK3B, GSK3p, and Snail (1:500; Cell Signaling Technol-
ogy, Danvers, MA, USA), E-cadherin (1:500; BD Transduc-
tion Laboratories, Lexington, KY, USA), zonula occludens
protein 1 (ZO-1) (1:500; Proteintech, Chicago, IL, USA),
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(1:5,000; Sigma-Aldrich). Membranes were washed and sub-
sequently incubated with peroxidase-conjugated anti-mouse
or anti-rabbit IgG (Santa Cruz Biotechnology) at 37°C for 2
hours. Bound proteins were visualized using electrochemilu-
minescence (Pierce) and detected with a bioimaging system
(DNR Bio-Imaging Systems, Jerusalem, Israel).

Matrigel invasion

Cell invasion assay was performed using a 24-well Transwell
chamber with 8 um pores (Costar, Cambridge, MA, USA).
The inserts were coated with 20 ul. Matrigel (1:3 dilution;
BD Biosciences, San Jose, CA, USA). Twenty-four hours
after transfection, cells were trypsinized, and 3x10° cells in
100 pL of serum-free medium were transferred to the upper
Matrigel chamber for 18 hours. Media supplemented with
10% fetal bovine serum were added to the lower chamber as
a chemoattractant. After incubation, cells that passed through
the filter were fixed with 4% paraformaldehyde and stained
with hematoxylin. The invasive cells were microscopically
counted in 10 randomly selected high-power fields.

Wound healing assay

In cultures with cell density below 90%, 48 hours after
transfection, wounds were created in confluent areas using
a 1,000 pL pipette tip. Wound healing within the scrape line
was observed at both 0 and 24 hours, and representative
scrape lines for each cell line were photographed. Duplicate
wells were examined for each condition, and each experi-
ment was repeated 3 times. The optical wound distances
were measured using Image J software (National Institute
of Health, Bethesda, MD, USA).

Statistical analysis

Statistical Package for Social Science version 23.0 for Mac
(IBM Corporation, Armonk, NY, USA) was used for all
analyses. The Pearson’s 2 test was performed to assess

possible correlations between ZNF259 and clinicopatho-
logical factors. Mann—Whitney U test was performed for
the image analysis of Western blotting results and invasive
assay results. P<0.05 was considered to indicate statistically
significant differences.

Results
ZNF259 is related to the malignant

progress of breast cancer

To investigate the functions of ZNF259 in malignant tumors,
we first analyzed the relationship between its expression and
different cancer patients’ survival prognosis, using an online
database Kaplan—Meier (KM) Plotter Online Tool (http://
www.kmplot.com). The data showed that ZNF259 gene
expression significantly correlated with the breast cancer

patients’ relapse-free survival (n=3,951, P=7.1x107®), overall
survival (n=1,402, P=1.5x107%), and distant metastasis-free
survival (n=1,746, P=0.00028) (Figure 1A).

We performed immunohistochemistry staining to analyze
the expression of ZNF259 in 133 cases of breast cancer and
adjacent noncancerous tissue specimens. The results showed
that ZNF259 was very weakly positively stained in normal
breast duct glandular epithelium cells (10/133, 7.52%,
Figure 1B, Table 1). In breast cancer tissues, ZNF259 stain
was much stronger than that in normal breast duct glandular
epithelium cells, showing moderate to strong positive stain
in the cytoplasm of cancer cells (101/133, 75.94%, P<0.001,
Figure 1C and D, Table 1). Scattered nuclear stained cells
were rarely visible, but not very obviously (Figure 1D). As
Figure 1E shows, ZNF259 expression in breast cancer cells
was much higher than that in adjacent normal breast duct
glandular epithelium cells in the same field of view. Statis-
tical analysis results indicated that ZNF259 expression was
significantly correlated to the breast cancer patient’s TNM
stages (P=0.013) and lymph node metastasis (P=0.021) but
had no significant association with age (P=0.206, Table 2).

ZNF259 knockdown could inhibit
invasion and migration by breast cancer

cells

We measured the expression of ZNF259 in breast cancer tis-
sues and cell lines by Western blotting. The results showed
that in 12 pairs of fresh tissues, the relative expression rate
of ZNF259 in breast cancer tissues was significantly higher
than that in adjacent nontumor tissues (P<0.001, Figure 2A
and B). In addition, in 5 breast cancer cell lines, T47D, MCF-
7, BT-549, MDA-MB-231, and MDA-MB-468, ZNF259
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expression was significantly higher than that in normal
human mammary epithelial cell line MCF-10A (all P<0.001,
Figure 2C and D). Furthermore, we knocked down ZNF259
with siRNAs in MCF-7 and MDA-MB-231 cell lines (MCF7,
P=0.0011; MDA-MB-231, P=0.0021, Figure 3A and B).
Transwell analysis showed that ZNF259 knockdown could
inhibit invasion by the MCF-7 and MDA-MB-231 cells
(MCEF-7, P=0.0242; MDA-MB-231, P=0.0273, Figure 3C
and D). Wound healing assay showed that the migration abili-
ties were also suppressed by ZNF259 knockdown in MCF-7
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and MDA-MB-231 cells (MCF-7, P=0.006; MDA-MB-231,
P=0.0107, Figure 3E and F).

ZNF259 knockdown could upregulate
E-cadherin and ZO-I expression and
downregulate p-MEK, p-ERK, p-GSK3p,
and Snail expression

Western blot results showed that ZNF259 knockdown in both
MCF-7 and MDA-MB-231 cell lines could downregulate
p-MEK, p-ERK, p-GSK3p (Ser 9), and Snail expression,
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Figure | Zinc finger protein 259 (ZNF259) was upregulated in breast cancer tissues and related to poor prognosis.

Notes: (A) Data from KM Plotter Online Tool showed that ZNF259 expression significantly correlated with breast cancer patients’ poor survival (RFS, n=3,951, P=7.1x10-®
OS, n=1,402, P=1.5x10-5; DMFS, n=1,746, P=0.00028). (B) ZNF259 was very weakly stained in normal breast duct glandular epithelium cells and myoepithelial cells. (C)
ZNF259 was moderately positive in the cytoplasm of breast cancer cells. (D) ZNF259 showed strong positive staining in the cytoplasm of cancer cells, and scattered nucleus-
stained cells could also be observed although not very obviously. (E) ZNF259 expression in breast cancer cells was much higher than that in adjacent normal breast duct

glandular epithelium cells in the same field of view (400x and partial enlargement).

Abbreviations: DMFS, distant metastasis-free survival; OS, overall survival; RFS, relapse-free survival; ZNF259, zinc finger protein 259.

Table | ZNF259 expression in adjacent normal breast tissue and
breast cancer tissue

Positive
10 (7.52%)

Negative
123 (92.48%)

Breast duct glandular epithelial
cells
Breast cancer cells

101 (75.94%) 32 (24.06%)°

Note: *P<0.001, indicating statistical significance.
Abbreviation: ZNF259, zinc finger protein 259.

Table 2 The relevance of ZNF259 expression to
clinicopathological characteristics of breast cancer patients
Clinicopathological N  ZNF259 x? P-value
feature Positive Negative
All cases
Age (years) 133 101 32
<51 66 47 19 1.603 0.206
>51 67 54 13
TNM stage
I+ 79 54 25 6.127 0.013
1] 54 47 7
Lymph node metastasis
Negative 72 49 23 5.341 0.021
Positive 6l 52 9

Abbreviation: ZNF259, zinc finger protein 259.

and then upregulate E-cadherin and ZO-1 expression, which
could greatly affect the invasion and migration abilities of
tumor cells (Figures 4 and S1). The total MEK, ERK, and
GSK3p expression showed no obvious change.

ZNF259 could promote the invasion and

migration ability of breast cancer cells by
activating the ERK/GSK3[3/Snail signaling

pathway

Furthermore, we transfected ZNF259 in MCF-7 cells and
treated these cells with the ERK inhibitor U0126. The results
showed that U0126 could inhibit the increase in p-ERK,
p-GSK3p (Ser 9), and Snail levels induced by ZNF259
transfection, and then restore E-cadherin and ZO-1 expres-
sion (Figure 5A). Correspondingly, Transwell and wound
healing assays showed that the increased cell invasion and
migration caused by ZNF259 were also reversed by U0126
(P=0.0028, Figure 5B and C; P=0.0276, Figure 5D and E).

Discussion

The ZNF family members can regulate gene expression and
play important roles in multiple biological processes, includ-
ing proliferation, development, differentiation, autophagy,
metabolism, apoptosis, and stemness maintenance.”
ZNF259 has essential roles in embryonic development, cell
apoptosis, cycle progression, and proliferation,®!? indicat-
ing that ZNF259 may also play a role in the development
of malignant tumors. Our data revealed that ZNF259 was
obviously upregulated in the cytoplasm of breast cancer
cells, was significantly related to breast cancer patients’ TNM
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Figure 2 ZNF259 expression increased in breast cancer tissues and cell lines.
Notes: (A) Western blotting was performed on 12 pairs of fresh breast cancer tissues and adjacent nontumor tissues. ZNF259 expression in most breast cancer tissues
was higher than that in the corresponding adjacent nontumor tissues (1 1/12, 91.67%). (B) The relative expression ratio of ZNF259 in breast cancer tissues was significantly
higher than that in the adjacent nontumor tissues (bars indicate the mean + standard error of the mean, ***P<0.001). (C, D) ZNF259 expression in the breast cancer cell
lines T47D, MCF-7, BT-549, MDA-MB-231, and MDA-MB-468 was significantly higher than that in the normal human mammary epithelial cell MCF-10A (bars represent the
mean + standard deviation, ***P<0.001).

Abbreviation: ZNF259, zinc finger protein 259.
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Figure 3 ZNF259 knockdown inhibited the invasion and migration abilities of breast cancer cells.
Notes: (A, B) ZNF259 was knocked down by siRNAs in MCF-7 and MDA-MB-231 cell lines (mean * standard deviation, **P<0.01). (C, D) Transwell analysis showed that
ZNF259 knockdown inhibited invasion by MCF-7 and MDA-MB-231 cells (mean + standard error of the mean, *P<0.05). (E, F) Wound healing assay revealed that silencing
ZNF259 expression also inhibited migration by MCF-7 and MDA-MB-231 cells (mean = standard error of the mean, *P<0.05; **P<0.01).

Abbreviation: ZNF259, zinc finger protein 259.
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Figure 4 ZNF259 knockdown could downregulate phosphorylated-extracellular
signal-regulated kinase (p-ERK), phosphorylated-glycogen synthase kinase 3
(p-GSK3p), and Snail expression, and upregulate E-cadherin and zonula occludens
protein | (ZO-1) expression.

Notes: Western blotting was performed after ZNF259 knockdown in both
MCF-7 and MDA-MB-23| cell lines, and phosphorylated mitogen-activated
protein kinase (p-MEK), phosphorylated-extracellular signal-regulated kinase
(p-ERK), phosphorylated-glycogen synthase kinase 33 (p-GSK3p) (Ser 9), and Snail
expressions were downregulated, while E-cadherin and ZO-| expression was
upregulated. The total MEK, ERK, and GSK3p levels did not show obvious changes.
The numbers indicated the relative expression ratios of the protein. At least 3
separate experiments were performed. The statistical analysis histogram is shown
in the Figure SI.

Abbreviation: ZNF259, zinc finger protein 259.

stages (P=0.013) and lymph node metastasis (P=0.021),
and could promote invasion and migration by breast cancer
cells. The data from KM Plotter Online Tool also showed
that ZNF259 gene expression significantly correlated with
breast cancer patients’ poor survival (relapse-free survival,
n=3,951, P=7.1x1078; overall survival, n=1,402, P=1.5x1073;
distant metastasis-free survival, n=1,746, P=0.00028), which
better supported our results.

Furthermore, we confirmed that ZNF259 could upregu-
late the expression of p-MEK, p-ERK, p-GSK3p, and Snail,
and downregulate E-cadherin and ZO-1 expression, which

plays a central role in regulating invasion and migration by
tumor cells.’**! Snail is phosphorylated by GSK3p at the
Ser/Thr residues and then degraded.’® Active ERK (p-ERK)
can inhibit the function of GSK3[ by phosphorylating it at
Ser 9, leading to increased Snail levels.!>1*1%!7 Meanwhile,
both E-cadherin and ZO-1 are classic downstream target
genes of Snail.'®?' Thus, our hypothesis was that ZNF259
downregulates E-cadherin and ZO-1 expression via activat-
ing p-ERK/p-GSK3[/Snail signaling and promotes invasion
and migration by breast cancer cells. The ERK inhibitor
U0126 could inhibit the increasing expression of p-ERK,
p-GSK3p, and Snail caused by ZNF259 transfection, restored
the expression of E-cadherin and ZO-1, and subsequently
reversed the invasion and migration abilities of breast
cancer cells. These results provide strong support for our
above hypothesis, although it is still unclear how ZNF259
regulates p-ERK.

ZNF259 could bind the intracellular domain of the inac-
tive EGFR in the cytoplasm,’ suggesting that ZNF259 may
play a role in the EGFR signaling pathway activation process.
The role of EGFR signaling in various kinds of malignant
tumors has been well elucidated, and Ras/Raf/MEK/ERK
is one of the classic downstream pathways of EGFR sig-
naling.323* Our results showed that p-MEK could also be
upregulated by ZNF259. Thus, ZNF259 may participate in
the upstream regulation of Ras/Raf/MEK/ERK pathway. In
addition, recently, Shan et al** showed that ZNF259 plays a
tumor suppressor role in non-small-cell lung cancer via focal
adhesion kinase (FAK)/protein kinase B (AKT) signaling. In
our study, we also observed the effect of ZNF259 on p-FAK
and p-AKT; however, in breast cancer cells their expression
did not show obvious change (data was not shown). This
finding indicates that the function of ZNF259 may be tissue-
specific, which is worthy of further research in future studies.

Conclusion

ZNF259 levels increased in breast cancer tissues and cell
lines, and its high expression was significantly related to
breast cancer patients’ TNM stage and lymph node metastasis.
ZNF259 could promote invasion and migration by breast
cancer cells via activating ERK/GSK3[/Snail signaling.
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Figure 5 Invasion and migration promoted by ZNF259 were inhibited by the extracellular signal-regulated kinase (ERK) inhibitor U0126.

Notes: (A) ZNF259 transfection could upregulate p-ERK, phosphorylated-glycogen synthase kinase 3 (p-GSK3[), and Snail expression, and downregulate E-cadherin and
zonula occludens protein | (ZO-1) expression. All these effects could be restored by the incorporation of the ERK inhibitor U0126 (5 pM). The numbers indicated the
relative expression ratios of protein. At least 3 separate experiments were performed. (B, C) Transwell assay showed that U0126 could reverse the ZNF259 transfection-
caused increase in cell invasion ability (mean * standard error of the mean, **P<0.01). (D, E) Wound healing assay also showed that U0126 could reverse the ZNF259
transfection-caused increase in cell migration ability (mean + standard error of the mean, *P<0.05).

Abbreviation: ZNF259, zinc finger protein 259.
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Figure S| Statistical analysis histogram of the Western blotting results for zinc finger protein 259 (ZNF259) knockdown in both MCF-7 and MDA-MB-231 cell lines.

Notes: At least 3 separate experiments were performed. In both the MCF-7 and MDA-MB-23 1 cell line, ZNF259 knockdown could significantly downregulate phosphorylated
mitogen-activated protein kinase (p-MEK), phosphorylated-extracellular signal-regulated kinase (p-ERK), phosphorylated-glycogen synthase kinase 33 (p-GSK3), and Snail
expression, and upregulate E-cadherin and zonula occludens protein | (ZO-1) expression. The data are shown as mean * standard deviation (SD), *P<0.05, **P<0.01,

*+4P<0.001.
Abbreviation: ZNF259, zinc finger protein 259.
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