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Background: The ZHX family has recently been in the spotlight as an integrator and an 

indispensable node in carcinogenesis, whose expression is frequently dysregulated in multiple 

cancers. The current study provides a novel investigation of the expression profiles of ZHX 

factors in breast cancer.

Materials and methods: The mRNA levels of ZHXs and follow-up periods in breast cancer 

patients were mined through the Oncomine, Cancer Cell Line Encyclopedia, bc-GenExMiner, 

cBioPortal and Kaplan–Meier plotter databases. In addition, ZHX3 protein expression was 

examined in 98 primary tumor samples by immunohistochemistry to investigate its association 

with clinicopathological parameters and patient outcomes.

Results: We found that the transcriptional levels of ZHX1, ZHX2 and ZHX3 were not sig-

nificantly altered in tumor tissues compared with those in nontumor tissues. ZHX2 and ZHX3 

mRNA levels were observed to be positively correlated with estrogen receptor and progesterone 

receptor expression, while ZHX2 mRNA levels were negatively associated with HER2 expres-

sion. Survival analyses revealed that high mRNA levels of ZHX2 and ZHX3 correlated with 

better overall survival in patients with breast cancer. Immunohistochemical analysis revealed 

that patients with decreased ZHX3 protein levels had poorer outcomes. Multivariate analysis 

exhibited that ZHX3 expression may serve as an independent high-risk prognostic predictor.

Conclusion: Dysregulated expression of ZHXs may be involved in the progression of breast 

cancer and could serve as a novel biomarker and potential target for breast cancer.

Keywords: ZHX, breast cancer, data mining, immunohistochemistry, prognosis

Introduction
As the top-ranking malignancy and the main reason for cancer death in women world-

wide, breast cancer has been established to be a complicated disease of many biological 

subtypes with various clinical, pathological and molecular characteristics.1–3 According 

to the expression status of estrogen receptor/progesterone receptor (ER/PR) and EGF 

receptor 2 (HER2), the molecular subtyping of breast cancer provides distinct predic-

tive/prognostic meanings and therapeutic clues.4 These studies suggest a more precise 

molecular classification of patients and allow us to more sufficiently know the clinical 

behaviors and therapeutic targets.5–7 However, irrespective of such advances in diagnosis 

and treatment for breast cancer, the confined success of the current therapeutic strate-

gies needs new molecular biomarkers with more reliable prediction of patient survival 

and novel molecular targets which are more promising for cancer therapy.

ZHX protein is a set of transcription factors containing two zinc-finger motifs 

and five homeobox DNA-binding domains and is localized in the cell nucleus.8–13 

Correspondence: Yanjie You; Feihu Bai
Department of gastroenterology, 
ningxia hui autonomous Region 
People’s hospital, 301 Zhengyuan north 
Road, Yinchuan 750021, ningxia hui 
autonomous Region, China
Tel/fax +86 951 592 0123
email youyanjie@163.com;  
baifeihu@sohu.com

Journal name: Cancer Management and Research
Article Designation: Original Research
Year: 2019
Volume: 11
Running head verso: You et al
Running head recto: Dysregulated ZHXs in breast cancer
DOI: http://dx.doi.org/10.2147/CMAR.S184340

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2019:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1200

You et al

From their identification, ZHX family members have been 

identified as transcriptional repressors through interacting 

with the α-subunit of the nuclear factor Y (NF-YA) and 

forming homodimers and heterodimers with each other.9–13 

Increasing evidence has revealed that ZHX factors are major 

transcriptional mediators involved in the events including 

development and differentiation of hematopoietic cells, 

maintenance of neural progenitors and osteogenic differ-

entiation of mesenchymal stem cells.8,14,15 Dysregulation of 

ZHX factors has been found to be correlated with initiation 

and progression of diverse diseases such as neurological, 

hematological and glomerular diseases.8,16,17 Data from the 

relevant studies also reveal that ZHXs may be involved in 

the progression of many cancer types.8 The crucial roles of 

the ZHX family in cancer initiation and progression derived 

from in vitro and in vivo assays give the reason for the ZHX 

members as biomarker candidates that may be utilized for 

cancer diagnosis, survival prediction and therapeutic surveil-

lance. Yet, despite such great potential, ZHXs have been so 

far mostly unknown in breast cancer. In the current study, 

we employed multiple approaches to examine the expres-

sion patterns of ZHX family members in breast cancer and 

to examine their prognostic values and possible therapeutic 

implications, using both in silico data-mining approaches 

and immunohistochemical analysis.

Materials and methods
Bioinformatics analyses
The mRNA expression status of ZHXs in different cancer 

types was examined using the Oncomine cancer microarray 

online database (www.oncomine.org).18 When the mRNA 

levels of ZHXs in cancer tissues were compared with those 

in normal tissues, we defined the cutoffs as 0.01 and 2 for 

P-values and fold changes, respectively.

The mRNA levels of ZHXs in several cancer cell lines 

were examined using the Cancer Cell Line Encyclopedia 

(CCLE) database (http://portals.broadinstitute.org/ccle). The 

CCLE database is an online encyclopedia of data collection 

of gene expression, copy numbers and massively parallel 

sequences from more than 1,000 human cancer cell lines.

Breast Cancer Gene-Expression Miner v4.0 (bc-GenEx-

Miner v4.0) contains 36 genomic datasets with annotation 

and three unique functions for statistical data mining.19 The 

expression and prognostic modules were utilized to compare 

the expression of target genes with clinical criteria and assess 

their prognostic values for breast cancer.

The prognostic impacts of mRNA levels of ZHXs were 

assayed using the Kaplan–Meier plotter online database 

(www.kmplot.com), which contains gene expression and 

patients’ outcome information from 5,143 clinical breast 

cancer patients.20,21 To investigate the overall survival (OS) 

and relapse-free survival (RFS) of breast cancer patients, 

clinical samples were divided into two groups on the basis 

of median gene expression (high vs low expression) and 

assessed by a Kaplan–Meier survival plot.

The impacts of genomic alterations of ZHXs containing 

gene mutations and copy number variance on the OS and 

disease-free survival (DFS) of breast cancer patients were 

calculated using cBioPortal online database (www.cbioportal.

org).22,23 A breast invasive carcinoma dataset (The Cancer 

Genome Atlas [TCGA], provisional) containing pathological 

and prognostic data from 1,105 breast cancer patients was 

chosen for this analysis.

Patients and tissue specimens
Ninty-eight formalin-fixed paraffin-embedded specimens 

were collected from patients with breast cancer (median age, 

53 years; range, 29–88 years) which were randomly collected 

from the Affiliated Cancer Hospital of Shantou University 

Medical College. All patients underwent curative surgery 

without any preoperative treatment including chemotherapy 

or radiotherapy between 2006 and 2007. The median follow-

up period was 60 months (range, 43–111 months) from the 

date of surgery. During the follow-up period, 40 (40.8%) 

patients had died because of disease recurrence and distant 

metastasis. Tumor tissues (n=20) and their adjacent noncan-

cerous tissues (n=20) were immediately snap frozen in liquid 

nitrogen and stored at −80°C until Western blot analyses. 

These specimens were harvested from another cohort of 

breast cancer patients who underwent surgery at the same 

hospital between May 2010 and July 2012.

Tumor grade and stage were identified according to the 

American Joint Committee on Cancer (AJCC) pathological 

TNM classification, sixth edition. The clinicopathological 

parameters are summarized in Table 1. No patients had 

received any preoperative treatment including chemotherapy 

or radiotherapy. Written informed consents were acquired 

prior to tissue sample collection according to the principles in 

the Declaration of Helsinki. The current study was approved 

by the institutional review board (# 04–070) of the Affiliated 

Cancer Hospital of Shantou University Medical College.

Western blot analysis
This procedure has been described previously.24,25 Sixty 

micrograms of proteins from each sample was subjected 

to SDS-PAGE and then transferred to a polyvinylidene 
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difluoride (PVDF) membrane (EMD Millipore, Billerica, 

MA, USA). After 1-hour incubation in blocking buffer 

(Tris-buffered saline with 0.1% Tween and 5% nonfat dry 

milk), the membranes were incubated with a rabbit ZHX3 

antibody (Abcam, Cambridge, MA, USA; dilution, 1:500) 

and a horseradish peroxidase-conjugated secondary antibody 

against rabbit IgG (Abcam; dilution, 1:1,000). Signals were 

captured with the enhanced chemiluminescence system fol-

lowing the manufacturer’s instructions (Amersham Pharma-

cia, Piscataway, NJ, USA). The membranes were reprobed 

with an anti-actin monoclonal antibody (Abcam; dilution, 

1:1,000) to assure the equal loading of each sample. The 

intensity of ZHX3 was quantified using a Bio-Rad Quantity 

One quantitation software, with the ratio between the tumor 

and the paired noncancerous tissues of less than twofolds, 

suggesting downregulated ZHX3 expression.

immunohistochemistry and evaluation
Immunohistochemical analysis of ZHX3 protein expression 

was performed using a standard EnVision complex method 

as described previously.24–27 Following deparaffinization, 

rehydration and antigen retrieval, 4 µm sections cut from 

formalin-fixed paraffin-embedded specimens were incubated 

with a rabbit polyclonal anti-ZHX3 antibody (Abcam; dilu-

tion, 1:200). Immunohistochemical staining was conducted 

by an EnVision antibody complex (anti-mouse/rabbit) 

method in conjunction with an EnvisionTM Detection kit 

(ZSGB-BIO, Beijing, China) with 3,3′-diaminobenzidine as 

the chromogen substrate. Nuclei were counterstained with 

hematoxylin. Sections immunostained with rabbit IgG as the 

primary antibody were used as negative controls.

Table 1 Datasets of ZHX family members in breast cancer (Oncomine database)

Gene Dataset Normal (cases) Tumor (cases) Fold change t-test P-value

ZhX1 Ma 4 Breast (14) Ductal breast carcinoma in situ (9) 1.347 2.150 0.027
 Curtis Breast (144) invasive breast carcinoma (21) 1.064 2.209 0.018
  Breast (144) invasive breast carcinoma (1,556) 1.026 2.247 0.013
  Breast (144) Tubular breast carcinoma (67) 1.062 3.372 4.73e-4
ZhX2 TCga Breast (61) invasive lobular breast carcinoma (36) 1.202 3.114 0.001
  Breast (61) invasive ductal breast carcinoma (389) 1.117 2.820 0.003
  Breast (61) invasive breast carcinoma (76) 1.136 2.351 0.010
  Breast (61) Mixed lobular and ductal breast carcinoma 1.510 2.613 0.019
ZhX3 Ma 4 Breast (14) invasive breast carcinoma in situ (9) 1.337 2.000 0.035
 TCga Breast (61) invasive ductal breast carcinoma (389) 1.317 4.649 6.83e-6
  Breast (61) invasive breast carcinoma (76) 1.256 3.392 4.83e-4
  Breast (61) invasive ductal and lobular carcinoma (3) 1.389 6.499 0.009

Abbreviation: TCga, The Cancer genome atlas.

Ten random microscopic fields per slide at a magnifica-

tion of ×400 were evaluated by two independent observers 

who were blinded to the clinical information. ZHX3 staining 

was assessed using the semi-quantitative approach, which 

combines the staining intensity and percentage of positive 

cells. The mean percentage of positively stained cells was 

scored as follows: 0%–5% (0); 5%–25% (1); 26%–50% (2); 

51%–75% (3) and 76%–100% (4). Staining intensity was 

categorized as follows: absent (0); weak (1); moderate (2) 

and strong (3). The multiplication of staining intensity and 

percentage of positive cells was used as the final staining 

score. For statistical evaluation, the tumor samples with a 

final staining score of <3 were classed as negative ZHX3 

expression and those with scores ≥3 as positive ZHX3 

expression.

statistical analyses
Statistical analysis was performed using SPSS 17.0 statisti-

cal software package (SPSS Inc., Chicago, IL, USA). The 

statistical significance of differences in numerical data was 

calculated using Student’s t-test. The differences in the 

expression levels of ZHXs were correlated with different 

clinical variables through Fisher’s exact test or Pearson chi-

squared test, whichever was appropriate. OS was defined as 

the time from diagnosis to the date of last contact or of death 

from any cause. Survival curves were generated using the 

Kaplan–Meier method with a log-rank test. The prognostic 

impacts of clinicopathological variables were analyzed by 

univariate and multivariate regression analyses with a Cox 

hazard model. P<0.05 (two-tailed) was considered to indicate 

a statistically significant difference.
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Ethics approval and consent to 
participate
Signed informed consent was obtained from the patients prior 

to tissue sample collection. The study protocol conformed to 

the ethical guidelines outlined in the Declaration of Helsinki 

and was approved by the Institutional Review Board (no. 

07-170) of Ningxia Hui Autonomous Region People’s Hospital.

Results
Transcriptional levels of ZhX family 
members in breast cancer
To overview the transcriptional expression differences of ZHXs 

between cancer tissues and normal tissues in several cancer 

types, we set out to perform an online examination using the 

Oncomine database. As shown in Figure 1, a total of 308, 434 

and 416 unique analyses were included for ZHX1, ZHX2 and 

ZHX3, respectively. ZHX1 mRNA levels were downregulated 

in cancer tissues compared to that in normal tissues in three 

studies, whereas two analyses indicated an upregulated ZHX1 

expression. Downregulation and overexpression of ZHX2 were 

observed to be equal in amounts based on 22 studies. Compared 

with normal tissues, ZHX3 expression was reduced in cancer 

tissues as demonstrated in seven unique analyses and was 

increased in three datasets. Regarding breast cancer, unfortu-

nately, only two studies revealed lower expression of ZHX3. 

We next examined their expression profiles in breast cancer 

tissues compared with those in normal tissues from 12 datasets. 

However, no obvious difference was observed according to the 

defined criteria for the fold changes, despite their significant 

P-values (Table 1). Moreover, CCLE database analysis revealed 

that the mRNA expression levels of ZHX1, ZHX2 and ZHX3, 

in breast cancer cells, listed in the 9th, 7th and 17th position 

among all cancer types, respectively (Figure 2).

Relationship between mRna levels of 
ZhXs and clinicopathological parameters 
in breast cancer
We next examined the correlation between the mRNA expres-

sion levels of ZHX factors and clinicopathological variables 

in patients with breast cancer using the bc-GenExMiner 

online database. As summarized in Table 2, no significant 

difference was observed between patients aged ≤51 years 

and >51 years. Patients showing positive nodal status had 

lower ZHX3 mRNA levels than those showing negative nodal 

status. ER expression was observed to be correlated with 

elevated ZHX2 and ZHX3 expression, while HER2 expres-

sion was found to be correlated with lower ZHX1 mRNA 

expression levels. In addition, we found that ZHX2 and ZHX3 

Figure 1 Transcriptional levels of ZhX family members in different cancer types 
and cancer cell lines.
Notes: This graphic was obtained from Oncomine (www.oncomine.org) indicates 
the numbers of datasets with significant overexpression (red) or downexpression 
(blue) of ZhXs at transcriptional levels in cancer tissues compared with those in 
corresponding normal tissues. Cell color was determined by the best gene rank 
percentile for the analyses within the cell, and the gene rank was analyzed by the 
percentile of target genes in the top of all genes measured in each research.
Abbreviation: Cns, central nervous system.

Analysis type by cancer
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Significant unique analyses
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mRNA levels were significantly decreased in triple-negative 

breast cancer (TNBC) patients. Of note, according to Scarff, 

Bloom and Richardson (SBR) grade status classification, 

there was a significant association between more advanced 

SBR grade and higher mRNA level of ZHX1 and lower 

mRNA level of ZHX3, respectively (Figure 3).

increased ZhX2/3 mRna levels 
associate with better Os in breast cancer
The prognostic impacts of ZHXs on patient survival were 

characterized using the Kaplan–Meier plotter survival analy-

sis. We observed that high ZHX1 mRNA levels predicted a 
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Figure 2 ZhXs were distinctively highly expressed in breast cancer cell lines from Cancer Cell line encyclopedia analysis.
Notes: The mRna expression levels of ZhX1 (A), ZhX2 (B) and ZhX3 (C) in breast cancer cells, ranks in the 9th, 7th and 17th among all cancer cell types (shown in 
red frame).
Abbreviations: CMl, chronic myelocytic leukemia; nsC, non-small cell; DlBCl, diffuse large B cell lymphoma; aMl, acute myelocytic leukemia; na, not applicable.
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shorter OS for breast cancer patients (Figure 4A). By contrast, 

high expression of ZHX2 and ZHX3 was significantly cor-

related with better OS of breast cancer patients (Figure 4B 

and C). Patients with high ZHX3 mRNA expression also 

exhibited a favorable RFS (Figure 4D). In particular, sub-

analysis revealed that high expression of ZHX2 and ZHX3 

was correlated with better OS in luminal A subtype breast 

cancer separately (Figure 4E and F).

association between genetic alterations 
of ZhX factors and patient survival
Genetic alterations of ZHXs occurred in 678 (17%) of 

4,077 patients with invasive breast carcinoma (Figure 5A). 

After analyses by Kaplan–Meier plot and log-rank test, no 

significant relationship was found between OS and DFS in 

the breast cancer patients with or without the alterations in 

ZHXs (Figure 5B–G).

Table 2 Datasets of ZHX family in breast cancer from bc-genexMiner v4.1

Variables ZHX1 ZHX2 ZHX3

n mRNA P-value n mRNA P-value n mRNA P-value

age (years)          
≤51 868 – 0.3985 1,361 – 0.5445 1,392 – 0.2618

>51 1,764 –  2,142   2,210 –  
nodal status          

negative 1,322 – 0.6801 2,447 – 0.5825 2,493 – 0.0145
Positive 1,141 –  1,509 –  1,562 ↓  

eR (ihC)          
negative 985 – 0.7029 1,525 – 0.0012 1,559 – <0.0001
Positive 2,487 –  3,923 ↑  3,988 ↑  

PR (ihC)          
negative 635 – 0.8158 946 – 0.0014 946 – <0.0001
Positive 1,009 –  1,439 ↑  1,439 ↑  

heR2 (ihC)          
negative 671 – 0.0185 1,409 – 0.1462 1,409 – 0.4722
Positive 160 ↓  201 –  201 –  

Triple-negative 
status (ihC)

         

not 2,625 – 0.3568 4,099 – 0.0008 4,164 – <0.0001
TnBC 197 –  374 ↓  374 ↓  

Abbreviations: eR, estrogen receptor; ihC, immunohistochemistry; PR, progesterone receptor; TnBC, triple-negative breast cancer.

Figure 3 Correlation of mRna expression of ZhX factors with sBR grade status.
Notes: Global significant differences of ZHX1 (A), ZhX2 (B) and ZhX3 (C) between groups were assessed by Welch’s test to generate P-values, along with Dunnett–
Tukey–Kramer’s tests for pairwise comparison when a global significant difference exists.
Abbreviation: sBR, scarff, Bloom and Richardson.
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ZhX3 expression is an independent 
prognostic factor in breast cancer
In support of the abovementioned findings, we further deter-

mined whether ZHX3 protein expression is downregulated 

in tumors vs noncancerous tissues. Figure 6 shows the repre-

sentative results in a cohort specimen (n=20) by Western blot 

analysis. Seventy percent (14/20) of tumor specimens had 

significantly lower ZHX3 protein levels than their matching 

adjacent noncancerous tissues. We then examined the expres-

sion profile of ZHX3 in 98 formalin-fixed paraffin-embedded 

specimens by using immunohistochemistry. We observed 

positive ZHX3 immunostaining in the nucleus of tumor cells 

in 45.9% (45/98) of breast cancer samples tested (Figure 7). 

We found that negative ZHX3 expression was associated with 

lymph node metastasis, advanced tumor stage, poor differen-

tiation and positive ER expression (Table 3). Kaplan–Meier 

survival analyses showed that patients with positive ZHX3 

expression exhibited a better OS than those without ZHX3 

expression (Figure 8). On univariate analysis, lymph node 

Figure 4 Prognostic value of mRna levels of ZhX factors in breast cancer patients (Os and RFs in Kaplan–Meier plot).
Notes: The impact of ZhX1 (A), ZhX2 (B) and ZhX3 (C) on Os of breast cancer patients. (D) The impact of ZhX3 on RFs of breast cancer patients. (E) The impact of 
ZhX2 on Os in luminal a subtype. (F) The impact of ZhX3 on Os in luminal a subtype.
Abbreviations: Os, overall survival; RFs, relapse-free survival.
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metastasis, advanced tumor stages and ZHX3 expression 

were associated with an unfavorable OS (Table 4). After 

adjustment for the prognostic variables obtained in univariate 

analyses, only lymph node metastasis and ZHX3 expression 

maintained the independent significance in multivariate 

analysis (Table 4). Altogether, our results suggest that ZHX3 

expression is an independent prognostic indicator for breast 

cancer patients.

Discussion
The development of microarray techniques promotes the 

research levels relating to studies of RNA and DNA and it has 

also become a key tool for cancer biological and biomedical 

research.28 In the current study, we analyzed the expression 

pattern and prognostic impacts of different ZHX factors in 

breast cancer using in silico analysis and immunohistochemi-

cal studies. Our results indicate that dysregulation of ZHXs is 

involved in tumor progression and that the expression of ZHXs 

may be associated with the outcomes of breast cancer patients.
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Figure 5 genetic alterations of ZhX gene expression and their association with patient survival in breast invasive carcinoma (cBioPortal).
Notes: (A) Oncoprint in cBioPortal represented the proportion and distribution of samples with alterations in ZHX factors. The figure was cropped on the right to exclude 
samples without alterations. (B–D) Kaplan–Meier plots comparing Os in cases with/without ZhX1 (B), ZhX2 (C) and ZhX3 (D) alterations. (E–G) Kaplan–Meier plots 
comparing DFs in cases with/without ZhX1 (E), ZhX2 (F) and ZhX3 (G) alterations.
Abbreviations: DFs, disease-free survival; Os, overall survival; TCga, The Cancer genome atlas.
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ZHX1, the first identified factor of this family, has been 

proposed as a tumor suppressor in many cancer types.29–33 

However, two recent studies suggested that ZHX1 may 

serve as an oncogene in glioblastoma and cholangiocarci-

noma.34,35 Upregulated ZHX1 expression in tumor specimens 

compared with that in normal tissues has been found to be 

correlated with reduced survival of cancer patients.34,35 The 

observations in glioblastoma and cholangiocarcinoma are 
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consistent with our findings, ie, patients with high ZHX1 

expression showed significantly prolonged OS than those 

with low ZHX1 expression. In addition, we found that 

ZHX1 mRNA level was significantly upregulated in patients 

with higher SBR grade, which predicted fast-growing 

and spreading tumors. It has been reported that ZHX1 is 

a downstream molecule of cytokines and enables cells to 

respond to the changing environment.36 We inferred that 

this disparity, at least in part, may be due to the complexity 

of tumor microenvironment and the intrinsic differences in 

each type of tumors.

ZHX2 and ZHX3, forming heteromeric complexes 

with ZHX1, have been noted in the transcriptional sup-

pression of cancer markers in normal hepatocytes.37 It has 

been also found that silencing ZHX2 expression by gene 

promoter methylation is an epigenetic event in hepatocel-

lular carcinoma and the overexpression of ZHX2 inhibits 

proliferation and enhances the chemosensitivity of hepa-

tocellular carcinoma cells.38–40 HBV has been reported to 

repress ZHX2 expression and facilitate the proliferation 

of hepatocellular carcinoma via activating miR-155 and 

conversely, ZHX2 restricts HBV replication via epigenetic 

and non-epigenetic manners.41,42 These results suggest the 

tumor suppressor functions of ZHX2. However, another 

report revealed that ZHX2 protein expression was observed 

only in cancer tissues and associated with advanced clinical 

stage and metastasis of hepatocellular carcinoma.43 Another 

recent study showed downregulated ZHX3 expression and 

upregulated ZHX2 expression in renal cell carcinoma, and 

the expression levels of ZHX1 and ZHX3 were significantly 

associated with pathological stage.32 Decreased ZHX2 

expression has also been found to be correlated with an 

unfavorable outcome in multiple myeloma.44 In the current 

study, despite no significant change found in the mRNA 

levels of ZHX2/3 in cancer tissues compared with normal 

tissues, we observed that high ZHX2/3 mRNA expression 

was associated with better OS in patients with breast can-

cer. Further, our analyses revealed that high mRNA levels 

of ZHX2/3 were also correlated with a favorable OS in 

patients with luminal A subtype breast cancer. We do not 

have any clues for this disparity, but the correlation between 

ZHX2/3 and positive ER expression in breast cancer might 

be a possible explanation. It has been established that loss 

of ER-alpha in breast cancer patient is associated with 

Figure 6 ZhX3 protein levels were determined by Western blot analysis in primary breast cancer tissues (C) vs matching adjacent noncancerous tissues (n).
Notes: a quantitative analysis of ZhX3 expression normalized by β-actin is shown in the right panel (n=20). **P<0.01.

ZHX1

1

N C

N C

N C

N C

N C

N C

N C

N C

2.0

1.5

1.0

0.5

0.0

**

N C

2 3 4

8765

GAPDH

ZHX1

GAPDH

Figure 7 Representative immunohistochemical staining for ZhX3 in breast cancer.
Notes: (A) strong staining of ZhX3 in breast cancer tissue. (B) Moderate staining of ZhX3 in breast cancer tissue. (C) Weak staining of ZhX3 in breast cancer tissue. 
Original magnification, ×400.
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poor outcome, promoted recurrence after treatment and 

increased metastasis.45 Moreover, in support of the results 

by data  mining approaches, our analysis of immunohisto-

Table 3 associations between ZhX3 expression and clinicopathological features in breast cancer

Variables No. of patients ZHX3 expression P-value

Negative, n (%) Positive, n (%)

age (years)  
<45 45 22 (48.9) 23 (51.1) 0.417

≥45 53 31 (58.5) 22 (41.5)
T (primary tumor)

T1/T2 47 26 (55.3) 34 (44.7) 0.842
T3/T4 51 27 (52.9) 11 (47.1)

n (regional lymph nodes)
n0 61 27 (44.3) 34 (55.7) 0.014
n1–n3 37 26 (70.3) 11 (29.7)

stage of tumors
i/ii 79 37 (46.8) 42 (53.2) 0.004
iii/iV 19 16 (84.2) 3 (15.8)

histological type
non-ductal 23 12 (53.2) 11 (47.8) 0.510
Ductal 75 41 (54.7) 34 (45.3)

Differentiation  
Well/moderate 60 27 (45.0) 33 (55.0) 0.037
Poor 38 26 (68.4) 12 (31.6)

eR status
negative 47 34 (72.3) 13 (27.7) 0.001
Positive 51 19 (37.3) 32 (62.7)

PR status
negative 29 20 (69.0) 9 (31.0) 0.076
Positive 69 33 (47.8) 36 (52.2)

heR2 status
negative 59 30 (50.8) 29 (49.2) 0.535
Positive 39 23 (59.0) 16 (41.0)

Abbreviations: eR, estrogen receptor; PR, progesterone receptor.

Figure 8 Kaplan–Meier survival curves with univariate analyses (log-rank) according 
to the expression status of ZhX3 in patients with breast cancer.
Note: The OS of patients with ZHX3-positive tumors was significantly higher than 
that of patients with ZhX3-negative tumors (P=0.037).
Abbreviation: Os, overall survival.
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chemistry identified strongly correlated tendency between 

decreased ZHX3 protein expression and an unfavorable OS. 

We  conclude that ZHX3 protein expression may serve as 

a prognostic predictor for breast cancer.

There are still a few limitations regarding the results of 

the current study. Further validation including physiological 

and molecular mechanism will enhance our understanding 

of the clinical behavior of ZHXs. In addition, only in silico 

analysis was performed to detect the mRNA levels and the 

prognostic impacts of this family. Their protein expression 

profile may be required for more description. It also should be 

understood in the context of the gene expression as prognostic 

biomarkers in breast cancer included in MammaPrint, the 

integrative clusters, and others. Therefore, the exact function 

of ZHXs in tumors should be further examined in cancer 

initiation and progression.

Conclusion
Collectively, in the current study, we comprehensively exam-

ined the expression status and prognostic impact of ZHX fac-

tors in breast cancer. Our findings contribute to the systematic 
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Table 4 Univariate and multivariate Cox proportional hazard model for the survival of breast cancer patients

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

age (years)     
≥45 vs <45 1.886 (0.626–5.684) 0.260   

Tumor size     
T3/T4 vs T1/T2 2.840 (0.892–9.040) 0.447   

lymph node metastasis     
n1–n3 vs n0 4.343 (1.263–14.933) 0.020 4.40 (1.238–15.673) 0.022

stage of tumors     
iii/iV vs i/ii 2.572 (1.238–5.342) 0.011   

histological type     
Ductal vs non-ductal 1.985 (0.878–4.489) 0.100   

eR status     
Positive vs negative 0.737 (0.285–1.906) 0.530   

PR status     
Positive vs negative 0.559 (0.214–1.458) 0.235   

heR2 status     
Positive vs negative 1.765 (0.661–4.716) 0.257   

ZhX3 expression     
negative vs positive 2.749 (1.065–7.097) 0.037 3.663 (1.371–9.784) 0.010

Abbreviations: eR, estrogen receptor; PR, progesterone receptor.

understanding of the biological functions of ZHXs in breast 

cancer as well as provide the evidence that the members of 

this family can be utilized as new  prognostic biomarkers 

and promising molecular targets for breast cancer treatment.
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request.
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