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ZW10 interacting kinetochore protein may serve as a
prognostic biomarker for human breast cancer:
An integrated bioinformatics analysis
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Abstract. ZW10 interacting kinetochore protein (ZWINT)
is an essential component for the mitotic spindle checkpoint
and has been reported to be upregulated in numerous types
of human cancer. Nonetheless, its role in breast cancer
(BC) remains unclear. Herein, it was demonstrated that the
expression of ZWINT was significantly higher in BC than in
normal breast tissues, on the basis of integrated analysis of
bioinformatics studies, cancer database analyses and immu-
nohistochemical detection. Elevated ZWINT levels were
associated with a number of clinicopathological characteristics
in patients with BC. These characteristics include: i) Positive
human epidermal growth factor receptor 2 expression;
ii) triple-negative BC; iii) younger age; iv) basal-like subtype;
and v) greater Scarff-Bloom-Richardson grades. Additionally,
prognostic analysis indicated that shorter relapse-free survival,
overall survival and metastatic relapse-free survival may be
associated with high ZWINT expression. A total of 16 path-
ways associated with high ZWINT expression, including Myc
targets V1/2, DNA repair and mitotic spindle pathways, were
identified using Gene Set Enrichment Analysis. In addition, a
positive correlation between cyclin-dependent kinase 1 (CDK1)
and ZWINT mRNA expression was identified by co-expres-
sion analysis. The present study suggested that ZWINT may
serve as an effective prognostic biomarker for BC. In addition,
ZWINT may be implicated in the CDK1-mediated initiation
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and progression of BC. However, further research is required
to understand the role of ZWINT in BC.

Introduction

Breast cancer (BC) is a common malignancy among women.
According to recent cancer statistics, ~2.1 million women
worldwide were diagnosed with BC and ~627,000 individuals
died from the condition in 2018 (1). The prognosis of patients
with BC has substantially improved in recent decades owing
to the rapid advancement in diagnostic methods and individu-
alized treatments. Nevertheless, this disease poses a severe
threat to female health (2,3). Routine diagnosis and treatment
are rarely effective in certain patients due to the intratumor
heterogeneity of BC. Therefore, the identification of novel
and more reliable molecular biomarkers for the prediction of
outcomes and targeted treatments for BC is crucial.

As part of the kinetochore complex, ZW10 interacting
kinetochore protein (ZWINT) is required for the mitotic
spindle checkpoint (4). The majority of studies have proposed
that ZWINT acts as a structural protein, which is part of
the inner kinetochore scaffold and recruits zeste white 10,
which is also a centromere protein, to the kinetochore (5,6).
Upregulation of ZWINT has been observed in numerous types
of cancer, including ovarian and hepatocellular cancer, as well
as glioblastoma, and is indicative of a worse prognosis (7-9).
ZWINT depletion has been demonstrated to attenuate cell
proliferation in 293-T and BC MCF-7 cells via Terf/tripartite
motif containing 17 (TRIM17) signaling (10). In addition,
abnormal expression of ZWINT has been reported to be
associated with chromosomal instability and poor clinical
outcomes in certain types of cancer (11). Furthermore, down-
regulated expression of ZWINT, mediated by the inhibition
of cyclooxygenase-2, has been reported to impede the prolif-
eration of prostate cancer cells via prostaglandin E receptor-1
signaling (12). These results suggested that ZWINT may serve
an essential role in cancer progression and development.

Since the expression and clinical implication of ZWINT
have not been comprehensively investigated in human BC, the
current study examined the significance of ZWINT expres-
sion in human BC via bioinformatics analysis. The aim of
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the present study was to evaluate the expression profile, roles
and accuracy of ZWINT as a biomarker for the long-term
prognostic prediction of BC through pooling and analyzing
currently available data.

Materials and methods

Tissue specimens and immunohistochemistry (IHC). BC
and adjacent normal breast tissue specimens were collected
from 62 patients who had been treated at the Tongji Hospital,
Tongji Medical College of Huazhong University of Science
and Technology (Wuhan, China) between September 2016
and June 2018. The patients that participated in the study had
not received chemotherapy, radiotherapy, targeted therapy
or other treatment prior to surgery. All patients in this study
were women and were aged between 28 and 77 years (median
age, 47 years). Written informed consent was obtained from
all patients and the experimental protocol was approved by
the Ethics Committee of Tongji Hospital, Tongji Medical
College of Huazhong University of Science and Technology.
The collected specimens were immediately fixed with 10%
neutral formaldehyde for 12 h at room temperature. The fixed
specimens were paraffin-embedded and cut into 4 ym thick
sections. THC was conducted using Polink-2 plus® Polymer
HRP Detection system (cat. no. PV-0023; BIOSS) according
to the manufacturer's instructions. Sections were incubated
with the primary antibody against ZWINT (cat. no. bs-7852R,;
BIOSS;1:200) at 4°C overnight, and with horseradish
peroxidase-conjugated anti-rabbit immunoglobulin G (cat.
no. bs-0295D-HRP; BIOSS; 1:500) at 37°C for 20 min. The
specimens were examined using an Olympus BX-51 micro-
scope (Olympus, Corporation; magnification, x200) by two
experienced pathologists. Results were scored according to
the staining intensity and the percentage of positive cells on a
3- and 4-point scale. Staining intensity was graded as follows:
0, negative; 1, weak; 2, moderate; or 3, strong. The ratio of
stained positive cells was scored as follows: 0, no staining;
1, <25%:; 2, 26-50%; 3, 51-75%; and 4, >75%. The total score
was calculated as the sum of the intensity and percentage
scores. Additionally, for semi-quantitative analysis, a score <4
was considered to indicate low ZWINT expression and a score
>4 high ZWINT expression.

Gene Expression Profiling Interactive Analysis (GEPIA)-based
cancer data analysis. GEPIA (http://gepia.cancer-pku.cn/)
analysis based on The Cancer Genome Atlas (TCGA) and the
Genotype-Tissue Expression, which contains a large number
of RNA sequencing data for cancer and normal tissues, was
conducted to examine the mRNA expression levels of ZWINT
in BC and adjacent normal tissues (13).

Oncomine database analysis. Data regarding the transcription
levels of ZWINT in BC were retrieved from the Oncomine
database (https://www.oncomine.org/), a cancer research
database that contains a large number of datasets and samples,
on the basis of microarray and high-throughput sequencing.
A fold change >2, P<1x10* and genes ranking in the top
10%, with simultaneous data restricted to mRNA were set as
significance cut-off levels. Four datasets [TCGA Breast (14),
Curtis Breast (15), Ma Breast (16) and Richardson Breast (17)]
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were used to analyze the differential expression of ZWINT in
multiple pathological types of BC and normal breast tissue.

Expression levels of ZWINT and clinical outcomes of BC.
mRNA expression of ZWINT in different types of molecular
and clinicopathological BC, and its association with prognosis
were evaluated by employing Breast Cancer Gene-Expression
Miner (version 4.1; bc-GenExMiner) which is a mining tool
and a web source of published BC genomic data (18,19). A
P-value indicating statistically significant differences among
groups (age, nodal status, ER, PR, Her-2, SBR grade, triple
negative status and basal-like status) was generated using
Welch's test followed by the Dunnett-Tukey-Kramer's test.
Moreover, Kaplan-Meier Plotter (https://kmplot.com/), which
is an online database that contains data from 5,143 patients
with BC, 2,437 patients with lung cancer, 1,816 patients
with ovarian cancer, 1,065 patients with gastric cancer and
364 patients with liver cancer combined with relapse-free
survival (RFS) and overall survival (OS) data (20), was used
to assess the relationship between the transcription levels of
ZWINT and OS or RFS among patients with BC. Specifically,
clinical samples were divided into high expression and low
expression groups in terms of the median expression value of
ZWINT. Subsequently, the log rank P-value and hazard ratio
(HR) with 95% confidence interval (CI) were calculated. In
addition, the impact of ZWINT on metastatic relapse-free
survival (MRFS) and the risk of metastatic relapse (MR) of
BC patients were evaluated in all cohorts in bc-GenExMiner
pooled by means of univariate Cox regression model, and
were illustrated with a Kaplan-Meier curve and a forest plot,
respectively.

Mutation and copy number variation (CNV) analysis of
ZWINT. Mutations of ZWINT were evaluated using the
Catalogue of Somatic Mutations in Cancer (COSMIC) data-
base, which is a comprehensive resource of somatic mutations
identified in numerous types of human cancer (21,22). The
distribution of various mutations was included and presented in
the form of a pie chart. In addition, the cBio Cancer Genomics
Portal (cBioPortal) (http://cbioportal.org) database was used
to examine the alteration frequency of ZWINT mutations
and CNVs in BC (23,24). The following data were used in
cBioPortal: i) Breast Cancer [MSK, Cancer Cell 2018 (25)]
ii) Breast Cancer [METABRIC (26)] iii): Breast [BCCRC
2012 (27)] iv): Breast [Broad 2012 (28)] v): Breast [Sanger (29)]
vi) Breast [TCGA (30)] vii): Breast [BCCRC Xenograft (31)];
viii) BRCA [INSERM 2016 (32)].

Gene set enrichment analysis (GSEA). The functional role of
ZWINT was determined by performing GSEA. GSEA acts
as a computational tool to evaluate whether a pre-defined
set of genes demonstrates statistically significant, consis-
tent differences between two biological states, including
phenotypes (33). In the present study, the original mRNA
sequencing data of BC were downloaded from TCGA
and the samples were sorted in terms of ZWINT expres-
sion levels. A hundred samples were divided into high or
low categories (50 samples in each category) based on the
ZWINT expression levels, in order to annotate phenotype
and the ‘Hallmarks’ gene set from the Molecular Signatures
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Table I. ZW10 interacting kinetochore protein expression in different subtypes of breast carcinoma.

Subtype Cancer Normal P-value Fold change Rank (%) Source of raw data (ref)
Invasive Breast Carcinoma 76 61 3.19x10% 5.133 1
Invasive Lobular Breast Carcinoma 36 61 1.47x107'8 4373 1 TCGA (14)
Invasive Ductal Breast Carcinoma 389 61 2.73x10* 5.989 1
Invasive Ductal Breast Carcinoma 1556 144 3.04x101 2.809 1
Invasive Breast Carcinoma 21 144 1.09x10® 2313 1
Invasive Lobular Breast Carcinoma 148 144 3.80x10% 2.253 1
Invasive Ductal and Invasive Lobular 90 144 4.24x10% 2.564 1 Curtis et al (15)
Breast Carcinoma
Medullary Breast Carcinoma 32 144 5.66x10" 2.789 1
Mucinous Breast Carcinoma 46 144 3.96x10" 2.208 2
Breast Carcinoma 14 144 8.10x10° 2.547 3
Tubular Breast Carcinoma 67 144 2.45x102 2.087 3
Invasive Ductal Breast Carcinoma 9 14 6.50x10° 3.553 2 Ma et al (16)
Ductal Breast Carcinoma In Situ 9 14 3.74x107 3.787 2
Ductal Breast Carcinoma 40 7 9.56x10° 7.593 6 Richardson et al (17)
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Figure 1. ZWINT is upregulated in BC. (A) mRNA expression of ZWINT in BC and normal breast tissues (GEPIA database). The red square and letter T
correspond to tumor tissues, while the blue square and letter N correspond to normal tissues. (B and C) Protein expression of ZWINT was analyzed by IHC
(n=62). (D) Total ZWINT IHC scores are displayed in a histogram. "P<0.05 and ""P<0.0001. BC, breast cancer; IHC, immunohistochemistry; ZWINT, ZW10
interacting kinetochore protein.

Database (MSigDB h.all.v6.2.symbols.gmt) was used for  Co-expression and correlation analysis. The ‘coexpression
enrichment analysis. False discovery rate <0.25 and nominal  analysis’ module of Oncomine database was used to investigate
P-value <0.05 were set as cut-off criteria. the co-expressed genes of ZWINT in BC. The feature of ‘gene
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Figure 2. ZWINT mutations in BC. Pie charts demonstrating the (A) distribution and (B) percentage of the substitution types of ZWINT in BC based on results
from the COSMIC database. (C) Genomic alteration frequency and (D) the somatic mutation types of ZWINT in BC was analyzed by searching the cBio
Cancer Genomics Portal database. BC, breast cancer; ZWINT, ZW10 interacting kinetochore protein.

correlation analysis’ of the cBioPortal and bc-GenExMiner
was used to verify the co-expression of ZWINT and CDK1
in BC, and linear (Pearson) and/or nonparametric (Spearman)
correlation coefficients were calculated to assess the correla-
tion intensity between these two genes. P<0.05 was considered
to be statistically significant.

Statistical analysis. IHC data were analyzed using SPSS soft-
ware (version 21.0; IBM Corp.). A Wilcoxon matched-pairs
signed rank test was conducted to compare BC tissues

and adjacent normal tissues, and data are presented as the
median + interquartile range. Fisher's exact test was used
to analyze the association between ZWINT expression and
clinicopathological characteristics. Moreover, data from the
be-GenExMiner database were used to analyze the mRNA
expression of ZWINT in terms of clinicopathological char-
acteristics with Welch's test and the Dunnett-Tukey-Kramer's
test. The MRFS and MR of BC patients were estimated by the
univariate Cox regression. P<0.05 was considered to indicate a
statistically significant difference.
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Figure 3. Relationship between ZWINT expression and (A) age and (B) SBR grading in patients with breast cancer. The differences among groups were
evaluated using Welch's test to generate a P-value, in combination with the Dunnett-Tukey-Kramer's test. SBR, Scarff Bloom and Richardson; ZWINT, ZW10

interacting kinetochore protein.

Results

ZWINT expression in human BC. The mRNA expression
profile of ZWINT in BC was studied by searching GEPIA
and the Oncomine database. Elevated ZWINT expression
was identified in BC tissues compared with normal tissues
(Fig. 1A). Furthermore, the results demonstrated that ZWINT
mRNA was significantly overexpressed in mucinous, medul-
lary, invasive lobular and invasive ductal breast carcinoma
compared with the normal breast tissues (Table I). In addi-
tion, IHC analysis confirmed that ZWINT expression was
higher in BC tissues compared with adjacent normal breast
tissues (Fig. 1B-D).

ZWINT mutations in human BC. COSMIC database analysis
identified two types of ZWINT mutations in BC, missense and
synonymous substitutions (Fig. 2A). For substitution mutations,
the data revealed that C>A and G>A mutations accounted
for 25 and 75% of the ZWINT coding strand, respectively
(Fig. 2B). cBioPortal was applied to assess the genomic altera-
tion frequency of ZWINT in BC and the results revealed that
ZWINT genomic alteration exceeded 5%, including amplifica-
tion, mutation and deep deletion (Fig. 2C). A total of three
locations of ZWINT mutation, including E18K, A117S and
A151E, were found in cBioPortal database (Fig. 2D).

Association between ZWINT expression and different clini-
copathological indicators. In bc-GenExMiner, the mRNA
expression of ZWINT among groups of patients with different
clinicopathological parameters was assessed using Welch's
test followed by the Dunnett-Tukey-Kramer's test. The mRNA
expression levels of ZWINT were significantly increased
in patients aged 24-40, compared with those aged 41-69

Table II. Clinicopathological characteristics and the mRNA
expression levels of ZWINT in patients with BC according to
the be-GenExMiner analysis.*

Variables Number mRNA expression P-value
Nodal status 0.7048
Negative 2426 -
Positive 1480 -
ER (IHC) <0.0001
Negative 1388 Increased
Positive 3675 -
PR (IHC) <0.0001
Negative 804 Increased
Positive 1249 -
HER?2 (IHC) 0.0216
Negative 1409 -
Positive 201 Increased
Triple-negative status <0.0001
No 3831 -
Yes 374 Increased
Basal-like status <0.0001
None-basal-like 3904 -
Basal-like 1048 Increased

*ZWINT mRNA expression data are derived from bc-GenExMiner
and the P-value is from Welch's test, which was followed by the
Dunnett-Tukey-Kramer's test. bc-GenExMiner, Breast Cancer
Gene-Expression Miner; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; IHC, immunohistochemistry; N,
nodal status; PR, progesterone receptor; ZWINT, ZW10 interacting
kinetochore protein.




2168

A 204026_s_at

HR=1.73(1.39-2.15)
logrank P =5.4x107

08
1

0.6
1

Probability
04
1

(o]
O’ -

Expression

— low
(=] A
o - — high
1 I 1 T 1 T
0 50 100 150 200 250 300

Number at risk Time (months)

low 701 588 288 79 14 2
high 701 495 188 50 7

—_
oo

LI et al: BIOINFORMATICS ANALYSIS OF ZWINT

B 204026_s_at

51 -1.88)
x10-18

HR = 1.68 (1
logrank P < 1

Probability

Expression

o | — low

o 4 — high

T T T

I T
0 50 100 150 200 250
Time (months)

Number at risk
low 1977
high 1974

1432 637 135 14 1
1087 438 106 13 2

Figure 4. Relationship between the expression of ZWINT and overall and relapse-free survival of patients with BC. (A) Overall and (B) relapse-free survival
of the patients with BC were computed using the Kaplan-Meier Plotter web tool. BC, breast cancer; CI, confidence interval; HR, hazard ratio; ZWINT, ZW10

interacting kinetochore protein.

Table III. ZWINT expression in subgroups as detected by
immunohistochemistry.

ZWINT expression
Variables Number (n=62) Low High P-value
Age (years) 0.0063
<40 38 8 30
>40 24 14 10
Nodal status 0.2884
Negative 37 11 26
Positive 25 11 14
ER 0.2891
Negative 32 9 23
Positive 30 13 17
PR 0.0008
Negative 38 7 31
Positive 24 15 9
HER2 0.0277
Negative 40 10 30
Positive 22 12 10
Triple-negative status 0.0018
No 44 20 24
Yes 18 2 16

ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; N, nodal status; PR, progesterone receptor; ZWINT,
ZW 10 interacting kinetochore protein.

(P<0.0001) and 70-93 (P<0.01). Nevertheless, no statistical
difference was observed between patients aged 41-69 and aged

70-93 (P>0.1; Fig. 3A). Additionally, no significant differences
were found between patients with positive nodal status and
those with negative status (P=0.7048; Table I1). Furthermore, in
terms of classical molecular types of BC, patients with estrogen
receptor (ER)™ or progesterone receptor (PR)" (P<0.0001 for
both) and human epidermal growth factor receptor 2 (HER2)*
(P=0.0216) status had higher ZWINT expression levels than
their respective opposite status (Table II). Triple-negative BC
(TNBC), an aggressive type of BC, has been identified to
lack expression of PR, ER and HER?2 (34). The expression of
ZWINT was found to be significantly upregulated in patients
with TNBC (P<0.0001; Table II). Additionally, patients
with basal-like features had significantly increased ZWINT
expression compared with patients without basal-like traits
(P<0.0001; Table II). Moreover, in terms of Scarff Bloom and
Richardson (SBR) grades, patients with a more advanced SBR
grade exhibited higher ZWINT expression (SBR3 > SBRI,
P<0.0001; SBR2 > SBR1, P<0.0001; SBR3 > SBR2, P<0.0001;
Fig. 3B). In addition to these results, IHC indicated significant
differences in the protein expression of ZWINT between
various age groups, PR and HER2 expression groups, and
TNBC status groups (all P<0.05), whereas there was no statis-
tically significant difference between groups with different
node status or ER expression status (both P>0.05; Table III).

ZWINT expression and the prognosis of patients with BC.
According to Kaplan-Meier Plotter analysis, higher ZWINT
expression was associated with a shorter OS (HR=1.73; 95%
CI=1.39-2.15; P=5.4x107) and a shorter RFS (HR=1.68; 95%
CI=1.51-1.88; P<1x107'%) (Fig. 4). Gene prognostic analysis was
conducted with bc-GenExMiner, which involved the integra-
tion of the accessible annotated genomic resources in order to
explore the association between ZWINT expression and meta-
static relapse-free survival (MRFS). As presented in Fig. 5A,
increased ZWINT expression levels were related to shorter
MRFS (HR=1.66; 95% CI=1.46-1.89; P<0.0001). Moreover, a
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Table I'V. Association between ZW 10 interacting kinetochore protein expression and predefined gene signatures, as determined

by Gene Set Enrichment Analysis.

Name Size ES NES NOM P-value FDR g-value
HALLMARK_MYC_TARGETS_V1 198 0.740607  2.01761 0 0.007663
HALLMARK_DNA_REPAIR 140 0.55583 2.001272 0 0.004239
HALLMARK_MITOTIC_SPINDLE 198 0.616344 1.98359 0 0.003048
HALLMARK_MTORCI1_SIGNALING 196 0.63402 1.968746 0.001957 0.003571
HALLMARK_MYC_TARGETS_V2 58 0.755216 192142 0.001965 0.005123
HALLMARK_UNFOLDED_PROTEIN_RESPONSE 108 0492682  1.888622 0.009653 0.00677
HALLMARK_SPERMATOGENESIS 73 0.607111 1.791163 0.00813 0.015301
HALLMARK_G2M_CHECKPOINT 196 0.822451 1.774046 0 0.016042
HALLMARK_E2F_TARGETS 199 0.865591 1.763097 0 0.01676
HALLMARK_OXIDATIVE_PHOSPHORYLATION 198 0.550228 1.748484 0.052731 0.017751
HALLMARK_GLYCOLYSIS 181 0430354  1.544676 0.040619 0.083129

ES, enrichment score; FDR, false discovery rate; NES, normalized enrichment score; NOM, nominal.
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Figure 5. Association of ZWINT expression and the MRFS of patients with BC (Breast Cancer Gene-Expression Miner). (A) Relationship between ZWINT
expression and MRFS of patients with BC was estimated by employing the Kaplan-Meier survival analysis. (B) Forest plots demonstrating the univariate Cox
regression of ZWINT expression and the risk of MR. BC, breast cancer; MR, metastatic relapse; MRFS, metastatic relapse-free survival; ZWINT, ZW10

interacting kinetochore protein.

higher risk of metastatic relapse was observed in patients with
elevated ZWINT expression (HR=1.34; 95% CI=1.26-1.43;
P<0.0001; Fig. 5B).

Molecular mechanisms and co-expression of ZWINT in BC.
Increased ZWINT expression was found to be related to
worse prognosis in patients with BC. Nonetheless, the under-
lying molecular mechanisms remain to be explored. In order
to evaluate whether the expression levels of ZWINT were
related to known gene signatures, GSEA was performed
with BC RNA-sequencing data from TCGA database. GSEA
revealed that 11 hallmark pathways were upregulated in

the high ZWINT expression group, indicating that ZWINT
expression was positively associated with these pathways
(Table I'V). Most of these pathways are implicated in cellular
metabolism, biosynthesis and cell damage repair processes,
including Myc targets V1/2, DNA repair, mitotic spindle,
G2M checkpoint and E2F targets (Fig. 6). In addition,
co-expression analysis was performed using the Oncomine
database to further study the regulation of ZWINT. In total,
124 co-expression genes were filtered out in a cohort of 289
patients with BC (Fig. 7A) (35). The gene with the greatest
correlation score, cyclin-dependent kinase 1 (CDK1), is
considered to serve an important role in the regulation of
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Figure 6. Association between ZW10 interacting kinetochore protein expression and predefined gene sets by Gene Set Enrichment Analysis in The Cancer
Genome Atlas database. (A) MYC targets V1; (B) MYC targets V2; (C) DNA repair; (D) mitotic spindle; (E) G2M checkpoint; (F) E2F targets. ES, enrichment
score; FDR, false discovery rate; NOM, nominal.

the cell cycle process and has been confirmed to be abnor-  studies (36-40). A positive correlation was confirmed between
mally upregulated in several types of cancer by numerous ZWINT and CDK1 mRNA expression in the METABRIC
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Figure 7. Co-expression analysis of ZWINT in BC. (A) Co-expression genes of ZWINT were assessed using the Oncomine database. Correlation between
ZWINT and CDK1 mRNA expression in BC was analyzed using (B) cBio Cancer Genomics Portal and (C) Breast Cancer Gene-Expression Miner. BC, breast
cancer; CDKI1, cyclin-dependent kinase 1; ZWINT, ZW10 interacting kinetochore protein.

database by employing cBioPortal (Spearman's correla-
tion=0.80; Pearson's correlation=0.79; Fig. 7B). Data mining
in be-GenExMiner further verified the positive correlation
between ZWINT and CDK1 mRNA expression (Fig. 7C).
These results indicated that ZWINT could be involved in
biosynthesis, cell cycle and damage repair processes, and
may be related to CDK1 signaling pathways.

Discussion

Previous studies have examined the expression and roles of
ZWINT in multiple types of cancer (7-9,11,12). Endo et al (10)
demonstrated that the interaction of ZWINT with Terf/TRIM17
resulted in its degradation and the consequent regulation of cell
proliferation in BC MCF-7 and 293-T cells. Miller et al (41)
identified a total of 62 genes, including ZWINT, whose expres-
sion levels were markedly changed in BC after short-term
therapy with letrozole, indicating that ZWINT was potentially
involved in estrogen regulation. However, the expression profile
of ZWINT and its effect on BC prognosis remain unexplored.

In the present study, the expression profile of ZWINT
in BC was initially evaluated by IHC and GEPIA. Both the
mRNA and protein expression levels of ZWINT were found
to be elevated in BC tissues, suggesting that it may serve an
oncogenic role in BC. The Oncomine database search revealed
that the transcriptional expression of ZWINT was significantly
upregulated in mucinous, medullary, invasive lobular and inva-
sive ductal breast carcinoma. Furthermore, increased ZWINT
expression was found to be significantly associated with HER2
positivity, a basal-like subtype of breast carcinoma, TNBC
and increased histological grades according to SBR grading.
Moreover, significant associations were observed between
increased ZWINT mRNA expression and negative expression
of ER/PR as well as younger age of the patients. Previous
studies have demonstrated that BC in young women (BCYW)
has distinctive clinicopathological characteristics compared
with BC in post-menopausal women (42,43). Specifically,
BCYW is often of a higher grade, is more aggressive, lacks
endocrine receptor expression and has a higher proportion
of HER2* and triple-negative histology (44-46). The present
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study demonstrated that ZWINT mRNA expression was
higher in BCYW than in BC in older patients, suggesting that
ZWINT may serve an important role in the progression of BC,
particularly in BCYW. Furthermore, IHC detection revealed a
close association between ZWINT expression and the age of
patients, PR and HER?2 status, and TNBC in BC. Nevertheless,
the results were partly in disagreement with the findings of
the be-GenExMiner. For instance, no association was found
between ZWINT expression and ER status in the study
cohort, which may be due to the relatively small sample size,
and ethnic or geographical differences. Kaplan Meier-plotter
analysis revealed that high ZWINT expression was related
to unfavorable OS and RFS. Additionally, data mining with
bc-GenExMiner demonstrated that high ZWINT expression
was strongly associated with increased risk of metastatic
relapse. These findings suggested that ZWINT may serve as a
biomarker for the prognosis of BC.

To explore the role of ZWINT in BC, GSEA was
performed. This analysis demonstrated that higher expres-
sion of ZWINT was closely associated with cell cycle-related
pathways, including Myc targets V1/2, DNA repair, mitotic
spindle, G2M checkpoint and E2F targets. It is generally
believed that aberrant cellular proliferation is a hallmark of
malignancies and tumor cells tend to exhibit altered expres-
sion of genes that directly modulate their cell cycle (47).
This process occurs either via mutations in the upstream
signaling pathways or as a consequence of genetic impair-
ments in genes encoding cell cycle-related proteins (48). As a
proto-oncogene, Myc encodes a nuclear phosphoprotein and
is involved in cell cycle progression, apoptosis and cellular
transformation (49). Myc is rigorously controlled in normal
cells, whereas it is aberrantly expressed in the majority of
types of human cancer (50). Notably, the internal interaction
between Myc and the E2F family of transcription factors
in BC has been reported by several studies. For instance,
Fujiwara et al (51) generated a hybrid mouse model and
demonstrated that Myc-induced breast tumor latency was
significantly decreased in E2F1 knockout mice and increased
in E2F2 and E2F3 knockout mice. A follow-up study, however,
revealed that lack of E2F1 or E2F3 significantly postponed
tumor onset in both ErbB2- and Myc-triggered breast tumori-
genesis, whereas lack of E2F2 promoted breast tumorigenesis
induced by Myc overexpression (52). The present results
demonstrated that in addition to recognized involvement in
the mitotic spindle checkpoint, ZWINT may participate in the
signaling pathways of Myc and E2F in BC. Nevertheless, given
the complexity of the cell cycle, the precise role of ZWINT
in BC could not be determined. To further investigate the
molecular mechanism of ZWINT in BC, co-expression and
correlation analyses were performed. It was demonstrated that
ZWINT may be closely associated with the CDK1 signaling
pathways in BC. Importantly, CDK1 has been observed to
serve an essential role in tumor initiation and progression
in different types of carcinomas (40,53,54). Ablation of the
CDKI1 gene induced resistance to NRAS-G12V-induced
tumorigenesis in liver cells (55). Moreover, CDK1 inhibition
in combination with mitogen-activated protein kinase kinase
inhibition synergistically increased the apoptotic rate of
colorectal cancer cells and decreased clonogenic survival as
compared with monotreatment (56). These results suggested

LI et al: BIOINFORMATICS ANALYSIS OF ZWINT

that ZWINT may promote tumor formation and progression
by modulating CDK1 expression in BC. Further studies are
warranted to determine the relationship between ZWINT and
CDK1 in BC.

In summary, the present study identified that ZWINT was
commonly upregulated in BC and may aid prognostic predic-
tion in patients with BC. ZWINT may serve as an independent
prognostic biomarker for BC; however, further research is
required to substantiate the findings of the present study.
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