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Downregulated ZNF132 predicts
unfavorable outcomes in breast Cancer via
Hypermethylation modification
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Abstract

Background: An important mechanism that promoter methylation-mediated gene silencing for gene inactivation is
identified in human tumorigenesis. Methylated genes have been found in breast cancer (BC) and beneficial biomarkers
for early diagnosis. Prognostic assessment of breast cancer remain little known. Zinc finger protein 132 (ZNF132) is
downregulated by promoter methylation in prostate cancer and esophageal squamous cell carcinoma. However, no
study provides information on the status of ZNF132, analyzes diagnosis and prognostic significance of ZNF132 in BC.

Methods: In the present study, the expression of ZNF132 mRNA and protein level was determined based on the
Cancer Genome Atlas (TCGA) RNA-Seq database and clinical samples analysis and multiple cancer cell lines verification.
P rognostic significance of ZNF132 in BC was assessed using the Kaplan-Meier plotter. Molecular mechanisms
exploration of ZNF132 in BC was performed using the multiple bioinformatic tools. Hypermethylated status of ZNF132
in BC cell lines was confirmed via Methylation specific polymerase chain reaction (MSP) analysis.

Results: The expression of ZNF132 both the mRNA and protein levels was downregulated in BC tissues. These results
were obtained based on TCGA database and clinical sample analysis. Survival analysis from the Kaplan-Meier plotter
revealed that the lower level of ZNF132 was associated with a shorter Relapse Free Survival (RFS) time. Receiver
operating characteristic curve (ROC) of 0.887 confirmed ZNF132 had powerful sensitivity and specificity to distinguish
between BC and adjacent normal tissues. Bioinformatic analysis showed that 6% ((58/960)) alterations of ZNF132 were
identified from cBioPortal. ZNF132 participated in multiple biological pathways based on the Gene Set Enrichment
Analysis (GSEA) database including the regulation of cell cycle and glycolysis. Finally, MSP analysis demonstrated that
ZNF132 was hypermethylated in a panel of breast cancer cell lines and 5-aza-2′-deoxycytidine (5-Aza-dC) treatment
restored ZNF132 expression in partial cell lines.

Conclusions: Results revealed that hypermethylation of ZNF132 contributed to its downregulated expression and
could be identified as a new diagnostic and prognostic marker in BC.
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Background
Breast cancer (BC) is one of the most frequent malig-
nant tumors in females and the fifth leading cause of
cancer-associated mortality in worldwide [1, 2]. Ad-
vancement in early detection and treatment has im-
proved 5 year-survival rates of BC patients [3–8]. In
2018, approximately 62% of patients with no distant me-
tastasis were diagnosed who displayed a favorable 5-year
survival rate of 99% [9]. However, the 5-year survival
rate of the patients with distant metastases decreases to
23% [10]. Therefore, early diagnosis and treatment im-
proves survival time for BC patients.
Multiple mechanisms have been reported for breast car-

cinogenesis. These multiple mechanisms include: overacti-
vation of oncogenes, overexpression of growth factors and
receptors, and the silence of tumor suppressor [11–13].
Studies have confirmed that epigenetic alterations are in-
volved in tumor progression [12, 14]. Aberrant DNA
methylation of CpG islands is considered to be a vital
mechanism to silence anti-tumor genes [15, 16]. Promoter
methylation is an important marker of tumor cells. This is
due to its role in tumor cell differentiation, proliferatio-
nand survival [17, 18]. Studies have identified a broad
range of genes silenced by DNA hypermethylation in car-
cinogenic process [19]. However, aberrant DNA methyla-
tion inactivation of genes related tumor occurrence and
development has not been well studied in BC. Zinc finger
proteins are an important member of transcription factor
family which play a vital role in human diseases including
cancers [20]. Majority of zinc finger proteins contain
Kruppel associated box (KRAB) domains. KRAB domains
induce inhibition of the transcription of downstream
genes [21]. Zinc Finger Protein 132 (ZNF132) is located at
chromosome 19q13.4 and belongs to the zinc finger pro-
tein family. Low expression of ZNF132 has been reported
in cancer and is associated with the cell growth, migration
and invasiona ablity in prostate cancer and esophageal
squamous cell carcinoma up to date. However, its role in
BC remains unknown.
The study investigated the expression and clinical sig-

nificance of ZNF132 based on the TCGA database and
clinical samples analysis. Moreover, further exploration
was performed to assess the status of ZNF132 in BC using
multiple bioinformatics tools. The epigenetic alteration of
ZNF132 was associated with its downregulated expression.
Collectively, study findings demonstrated ZNF132 could
be a new potential prognostic factor for BC and may serve
as a promising therapeutic target for BC patients.

Methods
Analysis of the mRNA expression of the ZNF132 in
multiple platforms
The mRNA expression of ZNF132 was explored among
the tumor and normal tissues in the BC data of TCGA

(http://cancergenome.nih.gov/) [22]. Meanwhile,
ZNF132 expression and clinical outcome datas were also
obta ined from the Oncomine™ database (www.
oncomine.org) [23] and UALCAN platform (http://
ualcan.path. uab.edu/) [24]. Furthermore, the mRNA ex-
pression of ZNF132, along with other clinic-pathological
data, was downloaded from the Xena platform (https://
xenabrowser.net/).

Clinical samples
Nineteen pairs of clinical samples including BC and
normal adjacent tissues were collected from the First
Affiliated Hospital of Xi’an Jiaotong University from
January 2019 to March 2019. These patients did not re-
ceive any therapeutic intervention and signed an in-
formed consent before surgery. All patients were finally
histologically diagnosed by two pathologists based on
World Health Organization (WHO) criteria. Ethical ap-
proval was provided by the First Affiliated Hospital of
Xi’an Jiaotong University Ethics committee.

RNA extraction and quantitative RT-PCR
RNA was extracted according to a previous protocol
[25]. qRT-PCR was performed using the Bio-Rad CFX
Manager detection system to assess the mRNA expres-
sion of ZNF132 between BC and normal tissues. The
SYBR protocol followed the parameters: 95 °C for 30 s,
38 cycles of 5 s at 95 °C and 30 s at 55 °C. The primers
used are as follow: ZNF132: forward: 5′-CCACAGTG
TGATGCTGGAAAA CC-3′, reverse: 5′-GCTTTC
TTGGTGGAAGGATCTGC-3′ and 18 s rRNA: forward:
5′-CGCCGCTAGAGGTGAAATTC-3′, reverse: 5′-
CTTTCGCTCTGGTCCGTCTT-3′. The mRNA expres-
sion of the ZNF132 was normalized to 18S rRNA cDNA.

Immunohistochemistry (IHC)
BC tissues were fixed in 4% formaldehyde at room
temperature for 48 h in preparation. The ZNF132 anti-
body (BIOSS, Beijing, China; cat. no. bs-7150R, 1:200 di-
lution) was used for IHC detection. After incubation
overnight at 4 °C, the analysis of ZNF132 staining in BC
tissues was performed by two pathologists independ-
ently. The staining intensity was defined according to
the following criteria: negative, weak, moderate or strong
intensity.

Cell lines and drug treatments
Human breast cancer cell lines MDA-MB-231, MCF7,
MDA-MB-453, HCC1937, T47D and DU4475 were
used. All cell lines in this study were authenticated by
STR analysis in Genesky Co.Ltd. (Shanghai, China) and
were excluded the mycoplasma contamination using
One-step Quickcolor Mycoplasma Detection Kit
(Shanghai Yise Medical Technology Co., Ltd). Cells were
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cultured in suitable medium with 10% FBS at 37 °C with
5% CO2 concentration. Assumption that 5-aza-2′-deox-
ycytidine (5-Aza-dC), DNA methyltransferase (DNMT)
inhibitor, restores the expression of ZNF132 both
mRNA and protein level is yet to be proved. Therefore,
the test groups were treated with 5 μM 5-Aza-dC
(Sigma-Aldrich) and control groups were treated with
the vehicle. When the cell density was up to 80%, RNA
was extracted using TRIzol® protocol. qRT-PCR was per-
formed using the Bio-Rad CFX Manager detection sys-
tem based on the previous description.

Diagnostic and prognostic significance
Clinic-pathological datas from TCGA dataset were
divided into different subgroups according to Age (≥60
/< 60 years), Her2 (Positive/Negative), ER (Positive/
Negative), PR (Positive/Negative), Tumor size (T2–4/
T1), Lymph node metastasis (Yes/No), Distant metasta-
sis (Yes/No), Clinical stage (II-IV/I) and Expression of
ZNF132 (High/Low). Cox proportional hazard regres-
sion models were utilized to detect the correlation be-
tween these factors and the prognosis of patients with
BC. The Kaplan-Meier plotter (http://kmplot.com/) was
used to assess the prognosis value of ZNF132 in BC pa-
tients including Relapse Free Survival (RFS) and Overall
Survival (OS). Furthermore, a reciever operating charac-
teristic curve (ROC) was plotted to determine the ability
of ZNF132 expression in distinguishing the difference
between BC tissues (n = 1104) and adjacent non-tumor
tissues (n = 114).

Bioinformatic and DNA methylation analysis
ZNF132 genetic alteration and its impact on the progno-
sis of BC patients were explored using the cBioPortal
OncoPrint (http://www.cBioPortal.org/index.do). Gene
Set Enrichment Analysis (http://www.linkedomics.org/)
[26] was used to predict potentially biological processes
and pathways. In addition, DNA methyltransferases
(DNMTs) 1, 3A and 3B and ZNF132 methylation ex-
pression including different methylation sites between
the BC (n = 790) and normal adjacent samples (n = 98)
from the TCGA database were evaluated to identify the
downregulated mechanisms of ZNF132 in BC. Median
value of ZNF132 levels was used to divide BC patients
(n = 1104) into ZNF132high and ZNF132low subgroups.
The methylation level of ZNF132 verified by MethHC
(http://methhc.mbc.nctu.edu.tw/php/index.php). The re-
lationship between the methylation level of different
CpG island sites and gene expression was explored by
correlation analysis.

DNA preparation
Human breast cancer cell lines were routinely cultured
in RPMI 1640 or DMEM medium with 10% FBS at

37 °C. When the cell density is about 80%, genomic
DNA was extracted from 6 breast cancer cell lines.
Briefly, cells were lysed with 1% sodium dodecyl sulfate
(SDS) and 0.5 mg/ml proteinase K at 48 °C for 24 h.
DNA was subsequently extracted by standard phenol/
chloroform protocol, and dissolved in TE buffer, subse-
quently stored at − 80 °C.

Sodium bisulfite treatment
A mixture of 4 μg genomic DNA, 10 μg salmon sperm
DNA and 0.3M NaOH was collected. Water was used
to top up the final volume to 20 μl. The mixture was in-
cubated at 50 °C for 20 min to denature the DNA. Next,
the mixture was transferred into 500 μl of solution con-
taining 3M sodium bisulfite (Sigma, Saint Louis, MO)
and 10mM hydroquinone (Sigma, Saint Louis, MO) and
incubated at 70 °C for 4 h. DNA was then purified using
the Wizard DNA Clean-Up System (Promega Corp.,
Madison, WI). After purification, DNA was followed by
ethanol precipitation, dry and dissovled in distilled
water.

Methylation-specific PCR (MSP) assay
Prepare a final 20 μl reaction mixture including 50 ng
bisulfite-treated DNA, 16.6 mM ammonium sulfate, 67
mM Tris (pH 8.8), 2 mM MgCl2, 200 μM dNTP, 200 nM
primers, and 0.5 U platinum Taq DNA polymerase
(Invitrogen Technologies, Inc., CA). The PCR procedure
was as follows: 4 min denaturation at 95 °C, then 45 s
denaturation at 95 °C, 45 s anneal at 55 °C and 45 s ex-
tension at 72 °C. This step was repeated for 35 cycles
and finally there was an extension at 72 °C for 5 min.
The reaction products were presented in sed on a 1.2%
agarose gel and visualized under UV illumination using
an ethidium bromide stain along with a positive control and
negative control. The primers used are as follow: methyla-
tion forward primer: 5′-GTGTAGGGATCGTTATCGC-3′,
methylation reverse primer: 5′-AAACGCGTAAC GCTA
ACTC-3′ and unmethylation forward primer: 5′-TGGGTG
TAGGGATTGTTATTGT-3′, unmethylation reverse pri-
mer: 5′-CATAACACTAACTCCACTTTCAAA-3′.

Western blot analysis
Cellular proteins including MCF10A, MDA-MB-231,
MCF7, MDA-MB-453, HCC1937, T47D and DU4475
was extracted by the previous description. Anti-ZNF132
antibody (1:2000 dilution) were purchased from BIOSS.
Inc. Anti-GAPDH antibody (1:40000 dilution) was
purchased from Abgent. Inc. the protein bands were vi-
sualized using Western Bright ECL detection system
(Advansta, CA).
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DNA methylation and clinical characteristics analysis
The DNA methylation of ZNF132 and clinical character-
istics in TCGA was analyzed by MethSurv (https://biit.
cs.ut.ee/methsurv/) [27]. The prognostic values and ex-
pression levels of CpG methylation in ZNF132 were
explored.

Statistical analysis
All statistical analyses were performed using SPSS
18.0 (IBM Corp., Armonk, NY, USA) and Graphpad
Prism 5.0 software. The association between ZNF132
expression and clinical characteristics was analyzed
using the Chi-square test. Univariate and multivariate
analyses based on the COX regression model were
performed to detect the association between clinical
variables and the prognosis of BC. Moreover, the
ROC curve was used to evaluate the diagnostic cap-
ability between BC and adjacent normal tissue. Stu-
dent’s t-test was used to assess methylation

differences of CpG island sites between BC and adja-
cent normal tissue. P-value < 0.05 was considered to
indicate a statistically significant difference.

Results
Expression of ZNF132 is downregulated in BC
We first examined mRNA expression of ZNF132 in
BC and adjacent noncancerous tissues using TCGA
database and Oncomine database. As shown in Fig. 1a
and b, ZNF132 was significantly downregulated in BC
compared with normal control. The same trend was
obtained in different types of breast cancer using
UALCAN platform (Fig. 1c). This finding was further
supported using the qRT-PCR (Fig. 1d) and immuno-
histochemical analysis (Fig. 1e). The protein levels of
ZNF132 in breast cancer cell lines and normal breast
epithelial cell line MCF-10A were examined. The re-
sult showed a moderate or slight decrease in MCF7
and HCC1937 cells as compared to MCF-10A. Finally,

Fig. 1 Expression analysis of ZNF132 in BC. a ZNF132 was downregulated in 1104 BC tissues and 114 matched pairs of BC tissues compared with
adjacent normal tissues based on the TCGA database. b Data from the Oncomine 4.5 database also revealed that mRNA expression of ZNF132
was significantly reduced in BC tissues. c ZNF132 expression was reduced in different BC molecular subgroups, including luminal A, luminal B,
HER2-positive, Triple negative BC. Data were presented as mean ± SD. ***, P < 0.001 for comparison with the control. d qRT-PCR assay was
performed to assess the mRNA expression of ZNF132 in 19 cases of BC tissues. e Immunohistochemistry analysis of ZNF132 in BC and adjacent
normal tissues (× 20). f ZNF132 expression was determined using Western blot analysis in six BC cell lines and normal breast epithelial cells. GAPD
H was used as internal control
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we attempted to analyze the association of ZNF132
expression with patient clinicopathological features
using TCGA dataset. Chi-square test showed that the
expression of ZNF132 was significantly associated
with HER2 status (P = 0.001), ER status (P = 0.000),
PR status (P = 0.000), tumor size (P = 0.006) and
lymph node metastasis (P = 0.003) (Table 1).

ZNF132 was a prognostic factor and diagnostic marker in
BC
The result from the Kaplan-Meier plotter revealed
that low ZNF132 expression was significantly associ-
ated with a shorter RFS time in BC(Fig. 2,a p=2.3E-
14)Univariate COX regression analysis confirmed that
some clinical features including age, tumor size,
lymph node metastasis, distant metastasis and clinical
stage were significantly associated with OS in BC pa-
tients (Table2). However, there was no statistical sig-
nificance between the expression of ZNF132 and the
prognosis of BC (HR =1.129, P = 0.587) using multi-
variate analysis (Table3). Moreover, an area under the
curve (AUC, representing the accuracy of differenti-
ation) of 0.887 suggested that the level of ZNF132
has sufficient sensitivity and specificity to identify the
difference between BC and adjacent normal tissues
(Fig. 2b).

Bioinformatic analysis of ZNF132
The result from cBioPortal revealed that 6% (58/960)
of BC exhibited ZNF132 alteration including missense
mutation (2/960), amplification (19/960), deep

Table 1 Clinical association between ZNF132 expression and
clinicopathological variables in BC patients

ZNF132 expression χ2 test
P- value

Correlation

Variable Number Low High r P-value

Age

≤ 60 611 289 321 0.053 −0.046 0.123

>60 493 263 231

HER2

Negative 652 292 360 0.001 −0.135 0.000

Positive 114 70 44

ER

Negative 179 111 68 0.000 0.209 0.000

Positive 601 266 335

PR

Negative 255 157 98 0.000 0.236 0.000

Positive 522 216 306

Tumor size

T1 282 121 161 0.006 −0.125 0.000

T2-T4 819 429 390

Lymph node metastasis

No 516 420 465 0.003 −0.056 0.064

Yes 568 118 81

Distant metastasis

No 964 464 450 0.233 −0.044 0.170

Yes 22 14 8

Clinical stage

I 183 80 103 0.058 −0.084 0.006

II--IV 899 462 437

Fig. 2 Prognostic and diagnostic value of ZNF132. a Survival analysis of ZNF132 in BC showed that low ZNF132 expression was associated with a
reduced RFS using Kaplan-Meier Plotter (n = 3951). b An AUC value of 0.887 revealed a moderate diagnostic value (P < 0.001)
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deletion (6/960), mRNA upregulation (13/960) and
mRNA downregulation (18/960) (Fig. 3a). Prognosis
analysis was performed to explore the influences with
and without ZNF132 alteration. The result showed a
statistically significant difference existed for OS but
not for DFS (Fig. 3b). The analysis from GSEA
showed that ZNF132 participated in mediating mul-
tiple biological processes including cilium
organization, cilium or flagellum-dependent cell mo-
tility, synaptic transmission, glutamatergic,

microtubule bundle formation, mitochondrial gene ex-
pression, mitochondrial respiratory chain complex as-
sembly, ribonucleoprotein complex biogenesis,
translational initiation etc. (Fig. 3c). The biological
pathways of ZNF132 contained the regulation of cell
cycle, glycolysis, cholesterol biosynthesis, ubiquitin
proteasome pathway, TCA cycle (Fig. 3d). Cyclin E1
(CCNE1) and Alpha-enolase (ENO1) are located at
the core position of the cell cycle and glycolysis regu-
lation gene sets. The correlation analysis indicated

Fig. 3 Bioinformatic analysis of ZNF132. a A total of 6% (58/960) of GC cases exhibited ZNF132 alteration. b OS analysis of BC patients with and
without ZNF132 alteration. c Potential biological processes and biological pathways in BC were identified by GSEA analysis. d ZNF132 expression
was negatively correlated with the cell cycle and glycolysis pathway
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that ZNF132 expression was negatively associated
with the cyclin E1(Fig. 4a)and ENO1 level (Fig. 4b).

Hypermethylation of ZNF132 in BC
Aberrant DNA methylation serves as an important
mechanism for downregulation of gene expression
and its process involves the cooperative effect among
methyltransferases DNMT1, 3A and 3B. Firstly, the
expression of DNMT1, DNMT3A and DNMT3B was
analyzed in the BC tissues (n = 1104) using TCGA
dataset. As shown in Fig. 5a, the 3 DNA methyl-
transferases showed higher expression in the
ZNF132low group as compared to ZNF132high group.
Result from MethHC [28] (http://methhc.mbc.nctu.
edu.tw/php/index.php) also demonstrated that the
methylation level of ZNF132 was significantly higher
in BC tissues than the normal sample (Fig. 5b). The
analysis of different CpG island methylation sites
based on the TCGA database also revealed the same
trend (Fig. 5c). The ZNF132 methylation level was
negatively correlated with its gene expression (Fig.
5d). ZNF132 methylation was detected in a panel of
breast cancer cell lines using MSP assay. As shown
in Fig. 5f-g 5-Aza-dC could restore the mRNA and
protein levels of ZNF132 in partial cell lines includ-
ing MDA-MB-231, MCF7 and HCC1937 as compared
to the untreated normal controls.

ZNF132 methylation was correlated with prognosis and
clinicopathological features of BC
The investigation from MethSurv (https://biit.cs.ut.ee/
methsurv/) showed that BC patients with higher
ZNF132 methylation had a shorter survival time
(Fig. 6a; P = 1.802E-04). Survival analyses of different
methylated regions also demonstrated a similar trends
(Fig. 6a; cg12042695, P = 0.00038; cg19776201, P =
0.041; cg24366702, P = 0.029; cg00868383, P = 0.0023;

cg03735888, P = 0.00024). UALCAN was used to
evaluate the impact of aberrant methylation on the
clinicopathological features of BC patients. The ana-
lysis showed that high methylation levels of ZNF132
were associated with older age and advanced tumor
stage in BC patients as compared to low methylation
group. The same trend was obtained in Asian regions
and male patients (Fig. 6b).

Discussion
Breast cancer is an aggressive malignant tumor in fe-
males. The common metastasis locations are: lungs,
bone and brain. BC causes approximately 522,000 deaths
yearly [1]. However, the specific mechanism of BC is still
unclear. Currently, the causes of BC involve many events
including genetics and epigenetics modification. Epigen-
etic changes include DNA promoter methylation, gene
mutation and deletion in tumorigenesis. In the past de-
cades, DNA methylation has been demonstrated to be a
promising early diagnostic biomarker for BC. However,
useful markers in practice have not been completely
identified.
Zinc finger protein is an important family of tran-

scription factors. Majority of human zinc finger pro-
teins contain the KRAB domains. KRAB domains
has been proved to act as a transcriptional repressor
by interacting with KAP1 and subsequently recruit-
ing histone-modifying proteins [21, 29, 30]. ZNF132,
a member of the zinc finger protein family, is only
reported to be downregulated by promoter methyla-
tion in ECSC and PC [31, 32]. However, its diagnos-
tic and prognostic values have not been elucidated
in BC until now. This study is the first one to sys-
tematically explore the clinical significance of
ZNF132 in BC.
This paper indicates that ZNF132 has a significantly

lower expression in BC tissues than adjacent normal
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tissues both in mRNA and protein level. This implied
that ZNF132 can serve as a tumor suppressor in BC.
This was in agreement with the study of ZNF132 in
ECSC and PC. Larger samples need to be collected to
provide more powerful evidence to verify the role of
ZNF132 in BC. In addition, the ROC curve revealed
that ZNF132 displayed a significant diagnostic value
for BC (AUC =0.887, P <0.001). Lower ZNF132 ex-
pression correlates with worse prognosis of BC.
ZNF132 cant be a promising diagnostic and prognos-
tic marker for BC. However, as demonstrated in
Table 2 and Table 3, univariate and multivariate ana-
lysis failed to provide independent prognostic

information for ZNF132 expression. The possible rea-
sons are summarized as follows: a). A series of mixed
factors were involved in the prognosis of BC. The
common factors were only listed in the present study.
b). Samples in this study based on the TCGA data-
base were insufficient to clarify the correlation be-
tween ZNF132 expression and prognostic value.
Therefore, large-scale prospective study would be ne-
cessary to confirm the value of ZNF132 in future.
Moreover, analysis from Kaplan-Meier plotter re-
vealed that low ZNF132 expression was associated
with a shorter RFS for patients of BC but absent in
OS. Therefore, ZNF132 expression can detect BC

Fig. 5 Aberrant methylation of ZNF132 in BC. a Expression of 3 DNA methyltransferases (DNMT1, DNMT3A and DNMT3B) in ZNF132High and
ZNF132Low group (n = 1104). b MethHC analysis demonstrated that the methylation level of ZNF132 in BC tissues was significantly higher than
the normal sample. c Methylation level of ZNF132 in different CpG sites between BC tissues and matched normal tissues. d ZNF132 methylation
level was negatively correlated with its gene expression. e Promoter methylation of ZNF132 in BC cell lines was determined using the MSP assay.
In vitro methylated DNA as a positive control for methylated gene (Pos); Bisulfite-modified normal leukocyte DNA as a positive control for
unmethylated gene (Neg); Mk, DNA marker; M, methylated gene; U, unmethylated gene; 231, MDA-MB-231; MCF7; 1937, HCC1937; T47D; 453,
MDA-MB-453; 4475, DU4475. f mRNA level of ZNF132 was partially restored by 5-Aza-dC including MDA-MB-231, MCF7, HCC1937, and MDA-MB-
453. g The protein level of ZNF132 was partially restored by 5-Aza-dC, including MDA-MB-231, MCF7, and HCC1937. Ctr, Control; 5-Aza, 5-Aza-Dc.
Statistically significant differences were indicated: *P < 0.01, **P < 0.001, ***P < 0.0001
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recurrence. Based on tumor heterogeneous charac-
teristics, BC is classified according to several
molecular subgroups: luminal A, luminal B, human
epidermal growth factor receptor 2 (HER2), normal
and basal-like based on immunohistochemical

evaluation of estrogen receptor (ER), progesterone
receptor (PR), HER2 and proliferation marker Ki-67.
Analysis based on TCGA database revealed that
downregulated ZNF132 was correlated with the ma-
lignant phenotype of BC. This included positive
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HER2 status, larger tumor sizes, distant metastasis
and advanced clinical stage, indicating ZNF132 sup-
presses the progression of BC by inhibiting the
growth, invasion, and metastasis of tumor cells.
ZNF132 expression was positively associated with ER
and PR status. Further investigation is needed to de-
termine whether combined detection of ZNF132 to-
gether with other molecules would be valuable in
improving prognosis assessment.
The first investigation from cBioPortal showed that

approximately 6% BC patients exhibited ZNF132 al-
terations. The mRNA downregulation was the pre-
dominant type of alteration. This could contribute to
the downregulation of ZNF132 in BC. This helped
recognize the potential mechanisms of ZNF132 in BC.
In addition, the analysis based on GSEA demonstrated
that ZNF132 participated in a variety of important
biological processes and pathways. CCNE1 and ENO1
are located at an important position in these bio-
logical processes. Cyclin E1 (CCNE1) belongs to the
highly conserved cyclin family and forms a complex
with CDK2 whose activity is required for cell cycle
G1/S transition. CCNE1 has been reported to upregu-
lated in various human cancer including breast [33],
bladder [34] and ovarian [35]. CCNE1 mediates pre-
mature S-phase entry, ineffective DNA replication and

genomic instability. Alpha-enolase (ENO1) is a prom-
inent glycolytic enzyme. ENO1 was upregulated in
multiple cancers and its overexpression was involved
in tumor cell proliferation and metastasis such as gli-
oma [36], gastric [37], pancreatic [38], colorectal [39],
BC [40] etc. ZNF132 expression was negatively associ-
ated with CCNE1 and ENO1 level based on the cor-
relation analysis. Therefore ZNF132 might inhibit the
progression of BC by regulating the expression of
ENO1 and CCNE1.
Aberrant promoter methylation permanently inacti-

vate tumor-associated genes, particularly tumor sup-
pressor genes [41]. In this study, ZNF132 methylation
level was higher in BC tissue than that in normal tis-
sues. Moreover, 3 DNA methyltransferases were over-
expressed in the ZNF132low group. Methylated
modification of ZNF132 was detected in 6 BC cell
lines. 5-Aza-dC treatment restores the mRNA and
protein levels of ZNF132 in some cell lines including
MDA-MB-231, MCF7 and HCC1937. However, 5-
Aza-dC failed to restore the expression of ZNF132
between the mRNA and protein levels in the T47D
cell. Besides, the MDA-MB-453 cell failed to restore
ZNF132 expression at the protein level. Moreover, an
opposite trend was obtained in DU4475. The most
likely reason is that the ZNF132 gene may undergo
other epigenetic modifications including transcription
and post-transcriptional regulation. Finally, methyla-
tion analysis in 10 CpG island sites including
cg169294963, cg11618529, cg07878486, cg00868383,
cg24366702, cg00547077, cg13877915, cg03735888,
cg12042659 and cg19776201 indicated that these sites
were hypermethylated in BC sample. This suggested
that DNA methylation in these sites inactivates
ZNF132 gene transcription. Clinical samples analysis
provided strong evidence between promoter methyla-
tion status and expression of ZNF132 in BC. There-
fore, ZNF132 hypermethylation act as an independent
risk factor in BC patients.

Conclusion
In conclusion, this research demonstrated the expres-
sion, diagnostic ability and prognostic significance of
ZNF132 based on the TCGA database. Aberrant hyper-
methylation of ZNF132 mediated its silence in BC.
Therefore, ZNF132 could be used as a potential target
for diagnosis and prognostic evaluation in BC.

Abbreviations
TCGA: The Cancer Genome Atlas; ZNF132: Zinc Finger Protein 132; AUC: An
area under the curve; ROC: Receiver operating characteristic curve;
OS: Overall survival; RFS: Relapse-free survival; DFS: Disease-free survival;
BC: Breast cancer; GSEA: Gene Set Enrichment Analysis; MSP: Methylation-
specific PCR

Table 2 Univariate analysis of prognostic factors of BC

Variable Hazard ratio 95%CI P-value

Age(>60/≤60) 1.928 (1.402,2.652) 0.000

HER2(Positive / Negative) 1.402 (0.592,1.834) 0.886

ER(Positive/Negative) 1.018 (0.659,1.573) 0.937

PR(Positive/Negative) 0.938 (0.637,1.379) 0.744

Tumor size(T2-T4/T1) 1.500 (1.020,2.206) 0.040

Lymph Node metastasis(Yes/No) 2.200 (1.542,3.140) 0.000

Distant metastasis(Yes/No) 4.749 (2.840,7.940) 0.000

Clinical stage(II-IV/I) 2.249 (1.337,3.783) 0.002

ZNF132 expression(High/Low) 0.829 (0.602,1.143) 0.252

Table 3 Multivariate analysis of prognostic factors of BC

Variable Hazard ratio 95%CI P-value

Age(>60/≤60) 2.278 (1.453,3.571) 0.000

HER2(Positive / Negative) 0.804 (0.405,1.597) 0.533

ER(Positive/Negative) 1.015 (0.507,2.032) 0.966

PR(Positive/Negative) 0.618 (0.330,1.154) 0.131

Tumor size(T2-T4/T1) 1.238 (0.548,2.800) 0.608

Lymph Node metastasis(Yes/No) 1.630 (0.959,2.770) 0.071

Distant metastasis(Yes/No) 3.427 (1.665,7.055) 0.001

Clinical stage(II-IV/I) 1.140 (0.386,3.369) 0.813

ZNF132 expression(High/Low) 1.129 (0.728,1.753) 0.587
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