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Background: To search for genes with high sensitivity and to explore its application value related to 
clinical prognostic prediction, so as to provide important foundation for the preventive intervention, early 
diagnosis, treatment and prognosis evaluation for breast cancer. 
Methods: Tissue samples from ten clinical breast cancer patients were collected to search for the common 
mutant genes among various samples, and to explore the enrichment degree of mutant genes at both disease 
and signaling pathway levels using the whole exome sequencing (WES). Subsequently, targets genes with 
changes in expression levels that showed high correlations with mutation were screened from the above 
common genes using The Cancer Genome Atlas (TCGA) database. On this basis, differences in the mutation 
and expression levels of the screened target genes between breast cancer tissues and para-carcinoma tissues, 
as well as their correlations with patient survival were analyzed using the gene expression and mutation data 
in TCGA database, together with the clinical information. Finally, the potential regulatory pathways and 
potential downstream targets of the target genes were predicted through gene set enrichment analysis (GSEA) 
using Multi-Experiment Matrix (MEM) software. 
Results: A total of 23 common mutant genes were discovered from the tissue samples from ten breast 
cancer patients, which were mostly enriched in the cancer, PI3K/Akt and cAMP signaling pathways. Among 
these 23 genes, only the changes in the expression levels of ZNF384 and PDE4DIP had displayed over 15% 
consistency with mutation. Besides, it was discovered through TCGA database analysis that, the expression 
level of ZNF384 gene in breast cancer tissues with ZNF384 mutation was far higher than that in those with 
no ZNF384 mutation. Moreover, such gene mutation and high expression had shown significantly positive 
correlation with the patient survival (P<0.05). In addition, GSEA indicated that, tissues with high ZNF384 
expression were associated with enrichments related to cell cycle signaling pathway and mitosis metaphase 
pathway, while this series of effects might be correlated with its regulation on the level and activity of its 
downstream gene CXCL14. 
Conclusions: ZNF384 mutation and up-regulated ZNF384 expression level in breast cancer tissues is 
significantly positively correlated with patient survival. Therefore, ZNF384 can serve as a molecular marker 
for the diagnosis and prognostic prediction of breast cancer as well as a potential therapeutic target.
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Introduction

The latest statistics suggest that breast cancer has become 
one of the greatest threats to women’s health worldwide, 
and its age of onset shows a younger trend (1,2). In China, 
the breast cancer burden is increasing rapidly accompanied 
by the elevation of its global proportion. Different from the 
moderate morbidity and decreased mortality in developed 
countries, the morbidity and mortality of breast cancer 
in China present an obvious increasing trend during the 
past several decades (3,4). Moreover, the survival rate of 
breast cancer in China is also lower than that in developed 
countries. In a word, the situation of breast cancer diagnosis, 
treatment and prevention is extremely serious (5,6). At the 
moment, research on the breast cancer prognosis-related 
markers remains in the initial stage. Some studies have 
reported that molecular markers such as miRNA-21 (7), 
miRNA-210 (8), CXCR4 (9), ALDH1A1 (10) and BRCA1/
BRCA2 (11), are correlated with the prognosis for breast 
cancer, nonetheless, the precise underlying mechanism 
remains unclear. Thus, genetic markers should be further 
discovered and verified in much more studies, so as to 
explore their application value related to clinical prognosis, 
consequently providing important foundation and thinking 
for the preventive intervention, early diagnosis, treatment 
and prognostic evaluation of breast cancer.

This study had first reported the correlation of the 
survival of breast cancer patients with ZNF384, the fusion 
gene that was extensively reported to be involved in the 
genesis, development and malignant transformation of 
multiple leukemia subtypes (12,13), through the combined 
application of whole exome sequencing (WES) of clinical 
samples and multiple bioinformatics analysis approaches. 
Besides, the potential downstream molecular mechanism 
was also explored. Our results preliminarily verified that 
ZNF384 could serve as the molecular marker for diagnosis 
and prognosis judgement of breast cancer, which might 
potentially be a promising therapeutic target. 

Methods 

Source of clinical patients, WES and analysis

Tissue samples were collected from ten breast cancer 
patients treated by surgical operation in Department of 
Breast Surgery, Women’s Hospital of Zhejiang University 
School of Medicine with the approval of the Ethics 
Committee. The collected samples were sent to Beijing 
Novogene Science and Technology Co., Ltd for WES 

and subsequent analyses. The quality requirements of the 
sequencing data were as follows, average Q30 of >80% and 
error rate of <0.1%. Requirements for data analysis: (I) 
variation sites with the depth of <10× should be filtered; (II) 
SNP sites in the dbSNP database should be eliminated, but 
the variations in COSMIC database should be preserved; 
(III) sites in intergenic region, non-coding region, intron 
region and synonymous mutation should be removed; and 
(IV) variation sites in genomic repeat region should be  
ruled out.

Gene enrichment analysis

KEGG signaling pathway and disease level enrichment 
analysis: DAVID bioinformatics tools were adopted 
for enrichment analysis for the common mutant genes 
discovered from the multiple samples in WES (14).  
Meanwhile,  the target genes were input into the 
database for further gene set analysis. At the same time, 
corresponding gene identifiers were selected, the human 
genome-wide was ticked as the background, “Functional 
annotation tool” was selected as the analytical tool, and the 
KEGG signaling pathway and disease level analysis was 
selected from the results. 

GSEA enrichment analysis (15): the GSEA3.0 software 
was adopted for analysis. The c2.Cp.Kegg.V6.1.symbols.
gmt dataset from MsigDB database was downloaded from 
GSEA website. Subsequently, the expression profile data 
stratified according to high and low expression, as well 
as the property files were conducted enrichment analysis 
according to the default weighted enrichment statistical 
method, and the force fitting frequency was set as 1,000.

Excavation of co-expression genes 

The Multi-Experiment Matrix (MEM) software (16) was 
selected, the gene names were input, and the Affymetrix 
GeneChip Human Genome U133 Plus 2.0 dataset was 
selected for subsequent analysis.

The Cancer Genome Atlas (TCGA) data analysis

Breast cancer clinical data (including gene expression in 
cancer and para-carcinoma tissues, mutation level data and 
patient survival data) were downloaded from the TCGA 
database (17). The consistency analysis between gene 
expression level and mutation was performed using the 
cBioPortal software. Measurement data were analyzed using 
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the SPSS 17.0 statistical software, while the Graphpad 
prism 6 software was adopted for plotting.

Data statistics

Data analysis was performed using SPSS 17.0 statistical 
software, and the Graphpad 6.0 software was used for 
plotting. Measurement data were expressed as mean ± 
SD, comparisons between two samples were analyzed 
using t test, one-way analysis of variance (ANOVA) was 
employed for comparisons among multiple samples, and 
Log-rank (Mantel-Cox) test was adopted for survival 
analysis. Difference with P<0.05 was deemed as statistically 
significant. 

Results 

Screening of common mutant genes in tissue samples from 
clinical breast cancer patients

Tissue samples were collected immediately after resection 
from ten breast cancer patients admitted and treated in the 
Oncology Department in our hospital for WES, quality 
control and analysis. Our results suggested that, there 
were 23 common mutant genes among these samples. 
The common mutant genes existing in all the 10 samples 
were CCDC6, CCND3, CREB3L1, CREB3L2, MAML2, 
POT1, RECQL4 and CLTCL1. The common mutant 
genes in 9 samples were PBRM1, PCM1, ZNF384 and 
SETBP1. The common mutant genes in 8 samples were 
MAP3K1, AKAP9 and FGFR4. The common mutant 
genes in 7 samples were KDR and PTCH. The common 
mutant genes in 6 samples were CIITA and PDE4DIP. 
The common mutant genes in 5 samples were ALDH2, 
CDC42EP1, CEBPA and TMPRSS2. Afterwards, we 
applied the DAVID bioinformatics tools for functional 
annotations of these 23 genes. The results (Figure 1A,B)  
suggested that, most of these genes were enriched in 
multiple disease and signaling pathways such as breast 
cancer, liver cancer, lung cancer, head and neck cancer, 
endocytosis, hepatitis, PI3K/Akt and cAMP pathways. 

ZNF384 was a potential predictive marker for the 
prognosis of breast cancer patients

To further confirm the changes in molecular pathological 
level and patient survival resulted from the mutations of the 
above 23 genes, the cBioPortal software was first selected for 

the consistency analysis between gene expression level and 
mutation of data extracted from the TCGA database (18).  
The results (Figure 1C,D) indicated that, among the 
23 genes, only 2 genes showed high correlations and 
consistency between the expression changes and mutation 
(over 15%), which were ZNF384 and PDE4DIP. Afterwards, 
the breast cancer samples in TCGA database were analyzed. 
The results indicated that only ZNF384 mutation was 
correlated with the overall survival (OS, P=0.0352) and 
disease-free survival (DFS, P=0.0489) of breast cancer 
patients (Figure 2A,B,C,D). These findings revealed that, 
ZNF384 gene mutation in breast cancer tissues and cells 
might change its gene expression level to delay the course 
of disease and extend patient survival. 

Then, the expression levels of ZNF384 gene among 
breast cancer tissues and paracancerous tissues with and 
without ZNF384 gene mutation were further compared. 
The results (Figure 2E) demonstrated that the expression 
level of ZNF384 gene in breast cancer tissues with ZNF384 
mutation was far higher than that with no ZNF384 
mutation (P<0.005), while no difference was observed 
between breast cancer tissues without ZNF384 gene 
mutation and normal tissues (P>0.005). These findings 
suggested that high ZNF384 expression was markedly 
correlated with mutation. Next, we analyzed the published 
microarray datasets through the Kaplan-Meier Plotter 
database (212369_at) (19). The results (Figure 2F,G,H)  
discovered that ,  h igh ZNF384 express ion could 
outstandingly prolong the OS (HR =0.68, P=2.1×10−10), 
distal metastasis-free survival (HR =0.68, P=0.0019), and 
post-progression survival (HR =0.75, P=0.045). The above 
results proved that, ZNF384 mutation could up-regulate 
its expression level and extend the survival of breast cancer 
patients, which was thereby a potential predictive marker 
for the prognosis of breast cancer patients. 

ZNF384 might regulate the CXCL14-mediated cell cycle 
and mitosis related pathways to exert the downstream effect

To further dig out the mechanism by which ZNF384 
regulated the breast cancer process and affected patient 
survival, we carried out GSEA enrichment analysis of 
ZNF384 gene. The results (Figure 3) revealed that, samples 
with high ZNF384 expression were mainly enriched in 
the gene sets such as cell cycle (P=0.0031, FDR =0.075, 
enrichment score =−0.312), mitosis (P=0.021, FDR =0.131, 
enrichment score =−0.362) and mitochondrial pathway 
(P=0.0019, FDR =0.062, enrichment score =−0.431). 
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Figure 1 Disease (A) and KEGG (B) term analysis of 23 common mutant genes among multiple samples in WES analysis. The Rich factor 
shows the degree of enrichment, which was calculated by the formula: (the number of selected genes in a term/total number of selected 
genes)/(the total number of genes in a term of the database/the total number of genes in the database). The Node size represents the number 
of selected genes, and color represents the P value of the enrichment analysis. The mutation (C) and expression (D) profile of 23 common 
mutant genes among multiple samples in TCGA (Provisional) cohort. WES, whole exome sequencing; TCGA, The Cancer Genome Atlas.

Disease
P

at
hw

ay

P
at

hw
ay

GeneNumber

RichFactor RichFactor
0.000     0.025      0.050     0.075 0.01    0.02   0.03    0.04

GeneNumber
4
6
8
10

2
3
4
5

P value P value
0.05
0.04
0.03
0.02
0.01

0.08
0.06
0.04
0.02

KEGG

"Carcinoma, Hepatocellular"

Breast Cancer

Lung Cancer

Bladder Cancer

Head and neck Cancer

Alzheimer's disease

Thyroid Cancer

Esophageal adenocarcinoma

Bone Mineral Density

Colorectal Cancer

Tobacco Use Disorder

Waist Circumference

hsa04151:PI3K-Akt signaling pathway

hsa05161:Hepatitis B

hsa05016:Huntington's disease

hsa04024:cAMP signaling pathway

hsa05203:Viral carcinogenesis

hsa04962:Vasopressin-regulated 
water reabsorption

hsa04144:Endocytosis

hsa05030:Cocaine addiction

Truncating Mutation (putative driver)
Amplification

Deep deletion

mRNA upregulation

mRNA downregulation

Protein upregulation

Protein downregulation

No alterations

RECQL4 26%
ZNF384 18%
PDE4DIP 19%
MAP3K1 11%
POT1 8%
CIITA 8%
PCM1 8%
CCDC6 8%
CCND3 8%
CDC42EP1 7%
TMPRSS2 7%
CREB3L2 7%
MAML2 6%
AKAP9 6%
FGFR4 6%
SETBP1 5%
PBRM1 6%
PTCH1 5%
CEBPA 6%
CLTCL1 5%
CREB3L1 5%
KDR 5%
ALDH2 5%
Genetic Alteration

RECQL4
ZNF384

PDE4DIP
MAP3K1

POT1
CIITA

PCM1
CCDC6
CCND3

CDC42EP1
TMPRSS2
CREB3L2

MAML2
AKAP9
FGFR4

SETBP1
PBRM1
PTCH1
CEBPA

CLTCL1
CREB3L1

KDR
ALDH2

Expression Heatmap –3 3     No data

A B

C

D



783Translational Cancer Research, Vol 8, No 3 June 2019

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2019;8(3):779-787 | http://dx.doi.org/10.21037/tcr.2019.04.16

Figure 2 Only ZNF384 gene mutation is correlated with survival of patients with breast cancer (TCGA database). The survival curve 
comparing the patient with mutation (red) and without mutation (blue) was plotted from TCGA database. Log-rank (Mantel-Cox) test was 
adopted for survival analysis, and a difference of P<0.05 was deemed as statistically significant. Overall survival (OS) and disease free survival 
curve of PDE4DIP was shown in (A) and (B) respectively, and survival curve of ZNF384 was shown in (C) and (D). ZNF384 gene expression 
is correlated with survival of patients with breast cancer. (E) Comparison of the expression levels of ZNF384 gene among breast cancer 
tissues and pa-ra-carcinoma tissues with and without ZNF384 gene mutation from TCGA database, and a difference of P<0.05 was deemed 
as statistically significant. OS (F), distal metastasis-free survival (G) and post-progression survival (H) were compared between higher (red) 
and lower (black) expression of ZNF384 through the Kaplan-Meier Plotter database (212369_at), and a difference of P<0.05 was deemed as 
statistically significant. ***, P<0.001. TCGA, The Cancer Genome Atlas.

On this foundation, we then searched for the co-
expression gene clusters with ZNF384 using the MEM 
software in order to further explore the downstream target 
gene of ZNF384. Moreover, we found out genes whose 
expression levels in breast cancer tissues were correlated 

with ZNF384 mutation from the gene clusters through 
analyzing the TCGA database (Figure 4A). The results 
(Figure 4B,C,D,E) indicated that only the expression level 
of CXCL14 was markedly changed in breast cancer tissues 
with ZNF384 mutation (down-regulated, P<0.05). All 

PDE4DIP

With alteration
Without alteration

With alteration
Without alteration

With alteration

Without alteration

0                    100                  200                  300

0                    100                  200                  300 0                    100                 200                 300 Normal       Unalternate      Alternate

Tumor

212369_at 212369_at

HR=0.75 (0.57-0.99)

Log-rank P=0.045
HR =0.68 (0.53-0.87)

Log-rank P=0.0019

HR =0.68 (0.61-0.77)

Log-rank P=2.1e-10

Expression Expression Expression

0          50        100      150       200      250 0         50       100      150       200      250      300 0            50           100         150          200 
Time (months) Time (months) Time (months)

Number at risk
Low  1,002     544      234        62         10          2
High  2,949   1,975     841       179        17          1

Low  1,298    901      432       126      17          1         0
High   448     339       160        39       10         1         0

Low   293          62           18            6              2
High  121          36            13           3              0

Number at risk Number at risk

P
ro

ba
bi

lit
y

P
ro

ba
bi

lit
y

P
ro

ba
bi

lit
y

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0
Low
High

Low
High

Low
High

n.s.

0                     100                  200                  300
Time (months)Time (months)

Time (months) Time (months)

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

8000

6000

4000

2000

0

1.0

0.8

0.6

0.4

0.2

0.0

With alteration
Without alteration

PDE4DIP

O
ve

ra
ll 

su
rv

iv
al

O
ve

ra
ll 

su
rv

iv
al

Z
N

F3
84

 m
R

N
A

 e
xp

re
ss

io
n

D
is

ea
se

 fr
ee

 s
ur

vi
va

l

D
is

ea
se

 fr
ee

 s
ur

vi
va

l

Log-rank P=0.2120

Log-rank P=0.0352Log-rank P=0.0489

Log-rank P=0.4250

ZNF384 ZNF384

A B

C D E

F G H212369_at



784 Wan et al. ZNF384 is a prognostic predictor for breast cancer 

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2019;8(3):779-787 | http://dx.doi.org/10.21037/tcr.2019.04.16

Figure 3 Functional analysis of ZNF384. The GSEA enrichment map of gene sets with each node represents a gene set and an edge 
represents the proportion of shared genes between connecting gene sets. The representative enriched biological pathways and processes 
associated with risk score.
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these results indicated that ZNF384 might suppress the 
CXCL14-mediated cell cycle and mitosis related pathways 
to delay breast cancer progression and promote patient 
survival. 

Discussion 

Breast cancer is one of the most common malignancies, 
with both incidence and mortality ranking first in all female 
malignant tumors. In China, breast cancer has severely 
threatened female health, with the annual new cases 
account for 12.2% of the global new cases, and the number 

of deaths took up 9.6% (20). Therefore, it is of great 
significance to discover the novel genesis and development-
related molecular markers for us to enhance the diagnosis 
and treatment of breast cancer patients. 

ZNF384 gene encodes a transcription factor, which 
had also been reported to regulate the levels of several 
extracellular matrix genes (including MMP1, MMP3, MMP7 
and COL1A1) in multiple tumor types (21). Moreover, as 
a fusion gene, ZNF384 can fuse and rearrange with genes 
like EP300, CREBBP, ARID1B, SYNRG, EWSR1 and 
SMARCA2, and then regulates the downstream signaling 
pathways such as JAK/STAT3, mediating the genesis and 
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Figure 4 Downstream target gene exploration of ZNF384. (A) The network of genes co-expressed with ZNF384. We measured ZNF384 co-
expression using the Multi-Experiment Matrix (MEM) software. The Affymetrix GeneChip Human Genome U133 Plus 2.0 platform type 
was selected for further analysis. The top 25 genes were used to draw the network schematic. Comparison of the expression levels of SOX2 (B), 
TAT (C), CDK (D) and CXCL14 (E) gene among breast cancer tissues and para-carcinoma tissues with and without ZNF384 gene mutation 
from TCGA database, and a difference of P<0.05 was deemed as statistically significant. *, P<0.05.
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development of multiple leukemia subtypes. Most existing 
studies suggest that ZNF384 is indeed involved in the 
process of tumor genesis and development as an important 
signal molecule (12), however, its correlation with breast 
cancer has not been reported yet. It remains unclear 
whether ZNF384 can affect the genesis and development of 
breast cancer, or serve as a molecular marker for diagnosis 
and prognosis judgement, and a potential therapeutic target. 

Our research group first collected tissue samples from 
clinical breast cancer patients, and 23 common mutant 
genes from multiple samples were discovered through WES, 
including ZNF384, PDE4DI, MAP3K1, POT1 and PCM1 
and so on. Further enrichment analysis demonstrated that 
these genes were mainly enriched in cancer, PI3K/Akt and 
cAMP signaling pathways. Subsequently, the target genes 
(ZNF384 and PDE4DIP, with the consistency of over 15%) 
whose changes in expression levels show high correlations 
with mutation were screened from the above common genes 
through analyzing TCGA database by using cBioPortal. 
On this account, the gene expression and mutation data, as 
well as clinical information from the TCGA database were 
analyzed, the results revealed that the ZNF384 expression 
level in breast cancer tissues with ZNF384 mutation was 
far higher than that in the non-mutation tissues. Moreover, 
such gene mutation and high expression displayed 
significantly positive correlation with patient survival 
(P<0.05). Finally, gene set enrichment analysis (GSEA) was 
adopted, which showed that there were cell cycle signaling 
pathway-and mitosis metaphase signaling pathway-related 
gene enrichments in tissues with high ZNF384 expression 
and mutation. Besides, by using the MEM software, it was 
predicted that these pathophysiological effects mediated 
by ZNF384 mutation and high expression might be related 
to its regulation on the expression level and activity of its 
downstream gene CXCL14. 

This paper is the first report on the correlation between 
ZNF384 gene and the survival of breast cancer patients, 
which can not only serve as a molecular marker for 
diagnosis and prognostic prediction, but also a potential 
therapeutic target. 

Conclusions

Our findings suggested that overexpression and mutation of 
ZNF384 was associated with favorable prognosis in breast 
cancer patients, which can serve as a molecular marker 
for the diagnosis and prognostic prediction. Therefore, a 
thorough study into it is worth the effort.
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