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A B S T R A C T

Aims: Triple-negative breast cancer (TNBC) is a special subtype of breast cancer that lacks receptor expression
and is difficult to cure. Epigenetic regulators have been suggested as targets for cancer therapy in recent years.
Our previous study indicated that the chromodomain-helicase-DNA-binding protein 4 (CHD4) is a prognostic
biomarker of TNBC and therapeutic target in patients with TNBC. However, the exact mechanisms regulated by
CHD4 are still unclear.
Methods: In this study, we compared differences in gene expression in parental and CHD4-deficient cells by next-
generation sequencing and Ingenuity Pathway Analysis.
Key findings: We found that β1 integrin is a downstream target gene of CHD4, which could be transcriptionally
regulated by CHD4 in TNBC cells. Consistent with in vitro data, immunohistochemistry revealed that co-ex-
pression of β1 integrin and CHD4 was significantly associated with metastatic state, recurrence, and survival
status in TNBC patients. It also showed a positive correlation between β1 integrin and CHD4 in vivo.
Significance: This is the first study to suggest that CHD4 regulates β1 integrin in TNBC. Overall, CHD4-β1 in-
tegrin axis could potentially be a predictive marker in patients with TNBC and the use of β1 integrin inhibitors
may be a therapeutic option for TNBC patients with high CHD4 expression.

1. Introduction

Breast cancer is a heterogeneous disease and one of the leading
causes of death among women worldwide [1]. Diverse biological
characteristics lead to different responses to treatments in patients with
breast cancer [2]. In clinical diagnosis, estrogen receptor, progesterone
receptor, and human epidermal growth factor receptor 2 are con-
ventionally used biomarkers for classifying breast cancer types and
drug selection [2,3]. Most breast cancer subtypes express these bio-
markers; however, one subtype, triple-negative breast cancer (TNBC),
shows a lack of biomarker expression and accounts for 15–20% of all
breast cancer cases [4,5]. Previous studies indicated that TNBC is more
aggressive, more resistant to chemo-/radio-therapies, has higher me-
tastatic and recurrent rates, and has shorter overall survival than other
subtypes [6]. In addition to surgery, chemotherapies, such as cell pro-
liferation inhibitors, DNA alkylating agents, and p53 inhibition drugs,

are the most common treatments for patients with TNBC [7]. However,
chemotherapy typically fails after 3–5 years of treatment because of
drug resistance and recurrence. Therefore, new treatment strategies for
patients with TNBC are needed.

Several recent studies have suggested relationships between
genomic and epigenetic factors and the pathogenesis of various dis-
eases, including cancer (Wee et al., 2014). Additionally, epigenetic
factors were also suggested to participate in regulating the tumor-
igenesis, plasticity, and heterogeneity of cancer cells by mediating re-
versible changes at the chromatin level [8,9]. Therefore, investigating
these epigenetic regulators or identifying the relative molecules and
signaling pathways mediated by these epigenetic regulators may reveal
new candidates for developing next-generation anti-cancer drugs.
Chromodomain helicase DNA-binding protein 4 (CHD4), the largest
subunit of the nucleosome remodeling and histone deacetylase com-
plex, is indispensable in controlling homologous recombination repair
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to maintain genome stability (Pan et al., 2012). Previous studies sug-
gested that CHD4 is also associated with several oncogenic effects, in-
cluding inducing abnormal stem cell renewal, blunting differentiation,
and altering cell-cycle control (D'Alesio et al., 2016, Xia et al., 2017).
Thus, deficiencies in CHD4 may have therapeutic implications for
cancer treatment. Our previous study also indicated that CHD4 could
mediate the metastatic ability of TNBC cells and it also could be a
prognostic biomarker in TNBC patients (Hou et al., 2017, Luo et al.,
2018). However, no drugs that directly target CHD4 have been devel-
oped and the downstream genes and relative signaling pathways
mediated by CHD4 remain unclear.

Advancements in technology have enabled rapid sequencing of DNA
or RNA by next-generation sequencing (NGS). This method has been
used for gene expression profiling, chromosome counting, detection of
epigenetic changes, molecular analysis, and identification of new bio-
markers, among other applications, which may lead to the development
of personalized medicine [10]. Therefore, the aim of this study was to
explore the downstream genes and novel signaling pathways involved
in CHD4 activation using NGS and bioinformatics tools. The results of
our study may lead to the development of drugs for treating TNBC
patients with high levels of CHD4 expression.

2. Materials and methods

2.1. Cell culture

MDA-MB-231, MDA-MB-468, Hs578T, and 4T-1 TNBC cell lines
(ATCC, Manassas, VA, USA) were used in this study. Cells were cultured
in Dulbecco's modified Eagle medium (Thermo Fisher Scientific,
Waltham, MA, USA) containing 10% fetal bovine serum (Hyclone,
Logan, UT, USA) at 37 °C in 95% humidified air with 5% CO2 and an-
tibiotics.

RNA extraction, genome-wide transcriptome characterization, and
expression profiling by RNA-sequencing.

Total RNA from parental and stable knockdown CHD4 (shCHD4)
4T-1 cells were extracted by Trizol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer's protocol. The quality of the ex-
tracted RNA was evaluated by OD260/OD280 absorbance ratio and
RNA integrity was evaluated by 18S/28S quality using BioTek's Epoch
Multi-Volume Spectrophotometer System (Epoch Biosciences Inc.) and
nucleic acid agarose gels, respectively. After extracting total RNA,
subsequent analyses were performed by Genewiz Company (AllBio
Science, Inc., Taipei, Taiwan). mRNA from parental and shCHD4 cells
were considered as differentially expressed when a fold-change>2.0
was observed and fragments per kilobase of transcript per million
(FPKM) > 0.2 for mRNA was observed. Using FPKM>0.2 as the
threshold for RNA-seq decreased the numbers of false-positive results/
negative detection and increased the confidence in the measured ex-
pression level.

2.2. Ingenuity Pathway Analysis (IPA)

IPA (Ingenuity Systems, Inc., Redwood City, CA, USA) is a web-
software based on numerous types of literature reviewed and updated
by experts. This software can be applied for the analysis, integration,
and interpretation of data derived from “omics experiments” [11].
Functions analysis, canonical pathways, upstream analysis, and net-
works are the main results obtained when using the IPA tool. IPA also
helps users to generate network graphics and further analyze a specific
network. Additionally, IPA software provides tools for causal analysis,
which helps users to generate hypothetical signaling pathways from the
results of gene datasets and comparison of data.

2.3. RNA interference transfection

Short interfering RNA (siRNA) for human CHD4 (J-009774-05), β1

integrin (L-004506-00), and negative control siRNA were purchased
from Dharmacon (Lafayette, CO, USA). Cells were transfected with
nontargeting or specific siRNA using Lipofectamine 2000 and Opti-
MEM (Invitrogen) according to the manufacturer's instructions. Specific
RNA interference expression plasmids for human and mouse CHD4 and
control shRNA were purchased from the National RNAi Core Facility
(Academia Sinica, Taiwan). The sequences of CHD4 and luciferase were
used as described in our previous study [12].

2.4. Quantitative real-time polymerase chain reaction (q-PCR)

Total RNA extraction and q-PCR protocols were performed as pre-
viously described [13]. Briefly, total RNA was extracted using Trizol
reagent (Invitrogen) and reverse-transcribed using SuperScript III re-
verse transcriptase (Invitrogen) according to the manufacturer's pro-
tocol. Synthesized cDNA was used as a template for PCR amplification
with primers for human CHD4, human β1 integrin, human GAPDH,
mouse CHD4, mouse β1 integrin, and mouse GAPDH (Table 1). Quan-
titative real-time PCR was performed in a 20-μL reaction volume using
the standard protocols provided with the Roche LightCycler 480 II
system (Basel, Switzerland). CHD4 and β1 integrin gene expression
were determined as follows: ΔCT=CT (target gene)− CT (GAPDH)
and ΔΔCT= ΔCT (experimental group)− ΔCT (control group).

2.5. Antibodies

β1 integrin (#9699) and GAPDH (#2118) were purchased from Cell
Signaling Technology (Danvers, MA, USA). CHD4 (GTX124186) and β1
integrin (GTX128839) was purchased from GeneTex International
Corporation (Irvine, CA, USA).

2.6. Western blotting

Protein extraction and immunoblotting were performed as pre-
viously described [14]. Briefly, the cells were lysed by M-PERTM
mammalian protein extraction buffer (Thermo Fisher Scientific) and
centrifuged at 15,000 g, and then cellular debris was removed. Ex-
tracted proteins were quantified, denatured, separated by sodium do-
decyl sulfate polyacrylamide gel electrophoresis, transferred to a ni-
trocellulose membrane, and immunoblotted with the indicated
antibodies.

2.7. Human specimens

Formalin-fixed, paraffin-embedded blocks of tissues from 51 TNBC
patients were collected from the Department of Pathology, Kaohsiung
Medical University Hospital, Kaohsiung city, Taiwan. Institutional
Review Board approval for the use of these tissues was given by the
Research Ethics Committee of the Kaohsiung Medical University
Hospital (IRB: KMUHIRB-E(I)-20150181 and KMUHIRB-E(II)-

Table 1
Specific primers used in real-time PCR analysis (mouse and human).

Name Primer Sequence(5′-3′)

mouse-CHD4 FW TCCTCTGTCCACCATCATCA
RV ACCCAAGATGGCCATATCAA

mouse-ITGB1 FW CTGCTCTAAAATTGAGATCAGGA
RV TCCATAAGGTAGTAGAGATCAATAGGG

mouse-GAPDH FW TGCCCCCATGTTTGTGATG
RV TGTGGTCATGAGCCCTTCC

human-CHD4 FW GGTTTTGGTTCCAAGCGTAA
RV CTCCTCCTCGCCTTTCTTTT

human-ITGB1 FW GAAGGGTTGCCCTCCAGA
RV GCTTGAGCTTCTCTGCTGTT

human-GAPDH FW AAGGCTGGGGCTCATTTGC
RV GCTGATGATCTTGAGGCT
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20150086). Data were analyzed anonymously, and therefore no addi-
tional informed consent was required. All methods were performed in
accordance with approved guidelines of the Kaohsiung Medical
University Hospital.

2.8. Immunohistochemistry (IHC) staining

IHC staining was performed as previously described (Yin et al.,
2016). Briefly, blocks of tissue embedded in paraffin were cut into 4-
μm-thick sections, de-paraffinized and rehydrated, immersed in a pH
6.0 retrieval solution (DAKO, Carpinteria, CA, USA), and autoclaved at
121 °C for 10min for antigen retrieval. After incubation in 3% hydrogen
peroxide (Sigma, St. Louis, MO, USA) for 10min to block endogenous
peroxidase activity, the samples were incubated with primary anti-
bodies at room temperature for 1 h, followed by application of the
DAKO REAL™ EnVision™ Detection System for 1 h. Finally, the sections
were incubated with 3′,3-diaminobenzidine for 5min, counterstained
with Mayer's hematoxylin, mounted, and analyzed.

2.9. Scoring

CHD4 and β1 integrin expression was scored as described previously
[15,16]. Briefly, the samples were scored based on the intensity of the
signal (0, 1+, 2+, and 3+) and proportion of positive cells (0: ≤10%,
1: 10–25%, 2: 25–50%, 3:> 50%). The staining index was calculated as
the product of the signal intensity and positive cell proportion. Scores
≤4 and ≥ 6 were defined as low and high expression, respectively.

2.10. Statistical analysis

CHD4 and β1 integrin expression in patients with TNBC as de-
termined by IHC staining and compared using the Chi-square test. To
evaluate the feasibility of using the expression of these proteins as
prognostic markers for patients with TNBC, survival curves were ana-
lyzed using the Kaplan-Meier method. Cox proportional hazards model
was used to evaluate univariate and multivariate comparisons of overall
survival with the clinicopathological variables. Two-tailed Student's t-
test was used to compare differences between groups. A P-value<0.05
was considered to indicate statistically significant differences between
groups. All statistical analyses were performed by using SAS 9.3 soft-
ware (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Identification of differentially expressed genes between normal and
shCHD4 4T-1 tumor cells

Differentially expressed genes in the parental and shCHD4 4T-1 cells
are displayed as a volcano plot in Fig. 1A. The results of cuff-diff ana-
lysis revealed 540 significant differentially expressed genes. There were
283 genes up-regulated and 257 genes down-regulated in shCHD4 4T-
1 cells (Fig. 1B). Clustering analysis was conducted to calculate and
classify the data according to similarity so that samples or genes with
similar expression patterns could be grouped. This can assist in pre-
dicting the function of unknown genes and whether they participate in
the same cellular pathway. Fig. 1C shows the results of cluster analysis
of differentially expressed genes in parental and shCHD4 4T-1 cells.
Log10 (FPKM + 1) values were used for clustering. Highly expressed
genes are shown in red, while genes expressed at low levels are shown
in blue. The clustering analysis performed in shCHD4 4T-1 cells iden-
tifies a series of differentially expressed genes were ranked in
Supplemental Table 1.

3.2. Dysregulated signaling pathway in CHD4 depression is associated with
integrin signaling pathway

Previous studies suggested that CHD4 is an oncogene involved in
epigenetic suppression of multiple tumor suppressor genes [17]. To
identify novel signaling pathways involved in CHD4 activation, the IPA
approach was applied to analyze the 257 down-regulated genes in
shCHD4 4T-1 cells. Our results showed that more than 500 signaling
pathways participated in CHD4-related pathways. According to the P-
value and Z-score from the IPA data, Table 2 shows the top 10 signaling
pathways affected by CHD4 depression. Previous studies suggested that
integrin signaling pathways mediate tumor cell survival, progression,
motility, and drug resistance [18]. Therefore, we focused on the role of
CHD4 in the integrin signaling pathway.

3.3. Knockdown of CHD4 decreases gene and protein expression of β1
integrin in mouse and human TNBC cells

To investigate if the β1 integrin protein is modulated by CHD4 in
TNBC cells, we used mouse 4T-1 and human MDA-MB-231 TNBC cells
to investigate gene and protein expression of CHD4 and β1 integrin. q-
PCR showed that β1 integrin gene expression decreased after knock-
down of CHD4 in both TNBC cells (Fig. 2A). However, knockdown of β1
integrin did not affect CHD4 gene expression (Fig. 2B). Western blotting
revealed that β1 integrin protein expression decreased after knockdown
of CHD4 in both TNBC cells (Fig. 2C). However, knockdown of β1 in-
tegrin did not affect CHD4 protein expression (Fig. 2D). In addition, this
decrease in β1 integrin protein expression as a result of CHD4 knock-
down was also observed in other human TNBC (MDA-MB-231 and
HS578T) cells (Fig. 2E). Therefore, CHD4 may be the upstream med-
iator of β1 integrin. Our results also indicated that knockdown of CHD4
decreased vimentin, β-catenin, and Snail expression (Fig. 2C), similar to
the results of our previous study showing that CHD4 mediates the
epithelial-mesenchymal transition (EMT) in human and mouse TNBC
cells. Overall, downregulation of β1 integrin protein expression may be
as a result of gene regulation by CHD4.

3.4. β1 integrin is an important molecule regulated by CHD4 in mouse
TNBC cells

Integrins are glycoprotein receptors that sense and respond to cell-
microenvironment stress. In mammalian cells, 18 α and 8 β subunits
can assemble into 24 different types of integrin [16]. According to
several previous studies, β1 integrin plays important roles in regulating
cell proliferation, motility, mortality, and drug resistance in several
different types of cancer. Therefore, it is important to identify the up-
stream regulator mediating β1 integrin. In our NGS data, β1 integrin is
not only involved in integrin signaling but also in several other path-
ways, which are modulated by CHD4 (Table 2). In addition, systemic
analysis suggested that CHD4 upregulates the expression of β1 integrin
by interacting with candidate proteins including Snail1, Notch1,
SMARCA4, JUN, VCAM1, BRD4, CD4, IL-4, MYC, and Snail2 (Fig. 3).
These data indicate that CHD4 functions as a transcription activator in
regulating the expression of the β1 integrin gene.

3.5. Relationships among CHD4, β1 integrin, and several
clinicopathological parameters in patients with TNBC

Previous studies indicated that CHD4 and β1 integrin can be used as
prognostic markers in patients with TNBC [15,16]. In this study, NGS
and in vitro data indicated that β1 integrin is mediated by CHD4.
However, whether the CHD4-β1 integrin axis is important in patients
with TNBC remains unclear. We investigated the relationships among
CHD4, β1 integrin, and co-expression of CHD4 and β1 integrin with
other clinicopathological parameters from patients with TNBC by IHC
staining. Fig. 4A shows high expression [(a) and (b) respectively] and

F. Ou-Yang, et al. Life Sciences 238 (2019) 116963

3



low expression [(c) and (d) respectively] of CHD4 and β1 integrin in the
same patients. Consistent with the NGS and in vitro data, CHD4 and β1
integrin (P=0.049) were positively correlated in 51 patients with
TNBC (Table 3). Table 4 shows that CHD4, β1 integrin, and co-ex-
pression of CHD4 and β1 integrin were significantly associated with
metastasis, recurrence, and death. Kaplan-Meier analysis also showed
the average overall survival duration was 27.8 ± 13.6 months in pa-
tients with co-expression of CHD4 and β1 integrin (Fig. 4B). This value
was significantly lower than other groups which had an average sur-
vival duration of 47.2 ± 30.1 months (p=0.0016). Fig. 4C shows that
co-expression of CHD4 and β1 integrin (27.8 ± 13.6 months) resulted
in the shortest survival duration amongst the groups (β1 in-
tegrin + CHD4-: 35.7 ± 15.1 months; β1 integrin- CHD4+:
36.9 ± 23.0 months; β1 integrin- CHD4-: 58.5 ± 31.5 months).
Univariate and multivariate Cox regression analyses (Table 5) revealed
that the overall survival (p= 0.0038, p= 0.006) and nodal stage
(p=0.0007, p=0.0015) of patients was significantly associated with
co-expression of CHD4 and β1 integrin. Overall, these data indicate that
co-expression of CHD4 and β1 integrin are important independent
predictors of overall survival in patients with TNBC.

3.6. β1 integrin expression accompanies with CHD4 expression in TNBC
patients

To further identify the relationship between CHD4 and β1 integrin
in TNBC patients, the Ualcan and Oncomine databases were used. Data
from Ualcan database indicated that CHD4 was positive correlated with
β1 integrin (Pearson: 0.37, p < 0.05) (Fig. 5A). From Oncomine da-
tabase, one dataset indicated that CHD4 and β1 integrin expression was
significant higher in TNBC patients and basal-like subtype breast pa-
tients, and CHD4 is highly correlated with β1 integrin (r= 0.69)
(Fig. 5B). Another dataset indicated that CHD4 is highly correlated with
β1 integrin especially in TNBC patients (r= 0.398) (Fig. 5C). These

above-mentioned results were similar with our results. Therefore, β1
integrin appears to be an important molecule regulated by CHD4 in
patients with TNBC.

4. Discussion

Although TNBC accounts for a minority of all breast cancer cases, it
is the most difficult to treat. The lack of specific biomarkers, few
therapeutic options, and slow development of new anti-cancer drugs
may explain why TNBC patients have low survival rates. Therefore,
identifying new targets for diagnosis, prognosis, and drug development
are important issues in treating TNBC. Previous studies demonstrated
that CHD4 is involved in several oncogenic effects of many cancers
[17,19–23]. Additionally, CHD4 interacts physically and functionally
with other core subunits of nucleosome remodeling and histone dea-
cetylase complexes to maintain the silencing of tumor suppressor gene
expression [24]. Our previous studies also indicated that CHD4-medi-
ated p21 and E-cadherin suppression can induce chemoresistance and
metastasis in BRCA-proficient breast cancer [12,15]. However, to date
no anti-cancer drugs have been developed that target CHD4. Thus, it is
necessary to search for other downstream molecules or preclinical
drugs, which may cause similar effects to CHD4 deficiency.

In the search for molecules or pathways mediated by CHD4, we
found that the integrin signaling pathway was affected by CHD4
knockdown. Interestingly, β1 integrin was not only involved in integrin
signaling but also in many other pathways among several genes regu-
lated by CHD4, indicating that β1 integrin could be an important mo-
lecule mediated by this epigenetic regulator. Knockdown of CHD4 in-
hibited gene and protein expression of β1 integrin, while knockdown of
β1 integrin gene did not affect the protein expression of CHD4, sug-
gesting that CHD4 is an upstream mediator of β1 integrin (Fig. 2). Ten
possible mediators were found to be involved in modulating β1 integrin
by CHD4 through IPA data analysis (Fig. 3). Previous studies indicated

Fig. 1. Differentially expressed genes in
parental and shCHD4 4T-1 cells. (A) The
different gene expression in parental and
shCHD4 cells from RNA sequencing dis-
played as a volcano plot. Red marks re-
present up-regulated genes and blue marks
represent down-regulated genes in shCHD4
4T-1 cells. (B) A total of 540 significant dif-
ferentially expressed genes were obtained
from Cuff-diff analysis. Among these, 283
significantly up-regulated and 257 sig-
nificantly down-regulated genes were iden-
tified in shCHD4 cells. (C) The total number
of genes (540) is presented as a heat map.
Red column shows high levels of gene ex-
pression while blue column shows low levels
of gene expression through cluster analysis.
The regions of different colors (purple,
green, light and dark blue) represent dif-
ferent clusters. Genes with similar expres-
sion patterns are within the same cluster and
close to each other, and they may have si-
milar functions or participate in the same
biological processes. (For interpretation of
the references to color in this figure legend,
the reader is referred to the Web version of
this article.)
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that most of these mediators, such as Snail, BRD4, Notch, and Myc,
could directly or indirectly bind to CHD4 to silence several tumor
suppressor genes and regulate oncogenic functions. Several studies
have indicated that β1 integrin could also be regulated by these mo-
lecules [25–31]. However, the dominant mediators and exact

mechanism mediated by CHD4-β1 integrin axis in TNBC require further
analysis. Surprisingly, CHD4 could also mediate β1 integrin through
several immune response factors (Fig. 3). Therefore, this signaling
transduction may be applied to immunotherapy in cancer treatment
[32,33].

Fig 2. β1 integrin protein expression is modulated through gene regulation by CHD4 in TNBC cells. (A) CHD4 knockdown decreased expression of β1 integrin
in 4T-1 and MDA-MB-231 cells. (B) β1 integrin knockdown did not significantly affect protein expression of CHD4. (C) Knockdown of CHD4 decreased β1 integrin
and several EMT-related proteins (such as vimentin, β-catenin, and Snail) expression. (D) Knockdown of β1 integrin did not affect CHD4 protein expression. (E)
Knockdown of CHD4 decreased β1 integrin protein expression in MDA-MB-468 and Hs578T cells.

Fig. 3. Candidate proteins involved in CHD4-mediated β1 integrin signaling pathways analyzed by IPA Results from IPA suggest that several candidate
proteins, including Snail1, Notch1, SMARCA4, JUN, VCAM1, BRD4, CD4, IL-4, MYC, and Snail2, participate in the regulation of CHD4-β1 integrin signaling
pathways.
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Previous studies indicated that β1 integrin and its related signaling
transduction affect cell proliferation, migration, invasion, survival, and
drug resistance to contribute to the malignant characteristics.
Additionally, high expression of β1 integrin is associated with poor

outcomes in several types of cancer (Blandin et al., 2015, Sun et al.,
2018, Yao et al., 2007). Disruption of β1 integrin may suppress tumor
cell migration, intravasation, and anchorage-independent growth.
Several studies have indicated that β1 integrin is a potential prognostic
biomarker in TNBC [16,34–37], and some preclinical trials support the
idea that β1 integrin antagonists are promising chemotherapeutics for
inhibiting tumor growth and metastasis [38–40]. However, whether β1
integrin antagonists can be further applied in TNBC patients with high
CHD4 expression remains unclear. Therefore, the correlations between
co-expression of CHD4 and β1 integrin and several clinicopathological
factors were evaluated. Our clinical data indicated that CHD4 was po-
sitively correlated with β1 integrin (Table 3), and this result was similar
with several datasets from Ualcan and Oncomine databases (Fig. 5).

Fig. 4. Evaluation of CHD4-β1 integrin axis as a prognostic marker in TNBC patients. (A) Representative immunostaining images of CHD4 and β1 integrin
expression in TNBC tissues (original magnification and high power insert are at 200x and 400x magnification, respectively). Expression of CHD4 and β1 integrin was
classified as high ((a) and (b), respectively) or low ((c) and (d), respectively) according to staining observed in the nucleus and cytoplasm. (B) Kaplan-Meier survival
curves for TNBC patients. Survival was significantly associated with co-expression of CHD4 and β1 integrin. (C) Kaplan-Meier survival curves for TNBC patients in
four groups (co-expression of CHD4 and β1 integrin, expression of CHD4, expression of β1 integrin, and low expression of CHD4 and β1 integrin). Survival was
significantly associated with co-expression of CHD4 and β1 integrin.

Table 3
Association of CHD4 and β1 integrin expressions in TNBC tissues.

CHD4, n (%) P-value

high low

β1 integrin High 14(27.46) 6(11.76)
Low 13(25.49) 18(35.29) P=0.049
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Table 4
Relationship between CHD4 expression and clinicopathological characteristics of TNBC patients (n=51).

Parameters n CHD4-, n (%) CHD4+, n (%) P-value Integrin β1-, n (%) Integrin β1+, n
(%)

P-value aOther groups, n (%) CHD4+/Integrin β1+, n (%) P-value

Total 51 24(47.06) 27(52.94) 31(60.78) 20(39.22) 37(72.55) 14(27.45)
Age
≤40 yrs 45 22(91.67) 23(85.19) 0.4733 29(93.55) 16(80.00) 0.1426 35(94.59) 10(71.43) 0.0219a

> 40 yrs 6 2(8.33) 4(14.81) 2(6.45) 4(20.00) 2(5.41) 4(28.57)
Size
≤2.0 cm 20 8(33.33) 12(44.44) 0.4172 13(41.94) 7(35.00) 0.6204 15(40.54) 5(35.71) 0.7527
>2.0 cm 31 16(66.67) 15(55.56) 18(58.06) 13(65.00) 22(59.46) 9(64.29)
Grade
I/II 19 11(45.83) 8(29.63) 0.2322 11(35.48) 8(40.00) 0.7447 15(40.54) 4(28.57) 0.4301
III 32 13(54.17) 19(70.37) 20(64.52) 12(60.00) 22(59.46) 10(71.43)
Tumor stage
T1 23 11(45.83) 12(44.44) 0.9207 16(51.61) 7(35.00) 0.2444 18(48.65) 5(35.71) 0.4074
T2/T3 28 13(54.17) 15(55.56) 15(48.39) 13(65.00) 19(51.35) 9(64.29)
Nodal stage
N0 30 14(58.33) 16(59.26) 0.9465 20(64.52) 10(50.00) 0.3038 23(62.16) 7(50.00) 0.4309
N1/N2/N3 21 10(41.67) 11(40.74) 11(35.48) 10(50.00) 14(37.84) 7(50.00)
Metastatic stage
M0 37 21(87.50) 16(59.26) 0.0241a 26(83.87) 11(55.00) 0.0241a 31(83.78) 6(42.86) 0.0035a

M1 14 3(12.50) 11(40.74) 5(16.13) 9(45.00) 6(16.22) 8(57.14)
Recurrence
Absent 46 24(100.00) 22(81.48) 0.0264a 31(100.00) 15(75.00) 0.0034a 37(100.00) 9(64.29) 0.0001a

Present 5 0(0.00) 5(18.52) 0(0.00) 5(25.00) 0(0.00) 5(35.71)
Survival status
Survival 35 21(87.50) 14(51.85) 0.0062a 26(83.87) 9(45.00) 0.0035a 29(78.38) 6(42.86) 0.0147a

Death 16 3(12.50) 13(48.15) 5(16.13) 11(55.00) 8(21.62) 8(57.14)

a Other groups: means the groups excepting CHD4+/Integrin 1+ (include CHD4-/Integrin 1-, CHD4-/Integrin 1+, and CHD4+/Integrin 1- groups).

Table 5
Univariate and multivariate logistic analysis of clinicopathological independent prognostic factors for survival of breast cancer patients (n= 51).

Factors Univariate Multivariate

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

CHD4 expression
Low 1.0 0.0059* 1.0 0.0007*
High 5.928(1.672–21.020) 11.818(2.848–49.039)
Age
≤40 yrs 1.0 0.5151 1.0 0.4935
>40 yrs 0.510(0.067–3.869) 0.475(0.056–4.000)
Tumor stage
T1 1.0 0.0114* 1.0 0.0407*
T2/T3 5.123(1.446–18.150) 5.123(1.072–24.484)
Nodal stage
N0 1.0 0.0007* 1.0 0.0022*
N1/N2/N3 13.088(2.965–57.768) 5.123(1.072–24.484)
Tumor recurrent
Absent 1.0 0.0025* 1.0 0.4694
Present 6.162(1.892–20.066) 0.607(0.157–2.348)
β1 integrin expression
Low 1.0 0.0024* 1.0 0.0111*
High 6.052(1.891–19.367) 4.547(1.413–14.634)
Age
≤40 yrs 1.0 0.5151 1.0 0.7660
>40 yrs 0.510(0.067–3.869) 0.730(0.092–5.791)
Nodal stage
N0 1.0 0.0007* 1.0 0.0025*
N1/N2/N3 13.088(2.965–57.768) 10.379(2.278–47.287)
CHD4/Integrin coexpression
Other groups 1.0 0.0038* 1.0 0.0060*
CHD4+/Integrin+ 4.697(1.647–13.396) 4.525(1.541–13.290)
Age
≤40 yrs 1.0 0.5151 1.0 0.5775
>40 yrs 0.510(0.067–3.869) 0.554(0.069–4.421)
Nodal stage
N0 1.0 0.0007* 1.0 0.0015*
N1/N2/N3 13.088(2.965–57.768) 11.509(2.544–52.072)
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This positive correlation was significant in TNBC and basal like type
than other groups. Prior studies reported that about 71% of TNBC were
found to be basal-like while 77% of basal-like cancers were TNBC
[41,42]. Previous studies also suggested that CHD4 and β1 integrin

could be prognostic markers in TNBC patients [15,16,19,43]. Thus, the
role of CHD4 and β1 integrin should be more important in TNBC than in
other subtypes of breast cancer. Co-expression of CHD4 and β1 integrin
was significantly associated with metastasis, recurrence, and death, and

Fig. 5. β1 integrin expression accompanies with CHD4 expression in TNBC patients. (A) Positive correlation between CHD4 and β1 integrin (ITGB1) was
evaluated by the UALCAN database in TCGA breast cancer samples. (B) Positive correlation between CHD4 and β1 integrin in TNBC patients and in basal-like breast
cancer patients was evaluated by one dataset from Oncomine database. (C) Positive correlation between CHD4 and β1 integrin is significant in TNBC patients
compared to non-TNBC patients from Oncomin database.

Fig. 6. Receiver operating characteristic (ROC) curve analysis of CHD4, β1 integrin, and co-expression of CHD4 and β1 integrin. (A) The ROC curve and the
area under the curve (AUC) calculated for CHD4 expression. (B) The ROC curve and the AUC calculated for β1 integrin expression. (C) The ROC curve and the AUC
calculated CHD4-β1 integrin co-expression.
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may be a significant predictor of overall survival (Table 4 & Table 5).
Furthermore, co-expression of CHD4 and β1 integrin showed sig-
nificantly higher positive correlation (r= 0.74) with survival than
CHD4 (r= 0.73) and β1 integrin (r= 0.72) by receiver operating
characteristic curve analysis (Fig. 6). Thus, this CHD4-β1 integrin axis
has clinicopathological and prognostic significance in TNBC patients,
implying that β1 integrin antagonists could be further applied in high
CHD4 expression TNBC patients.

5. Conclusions

In summary, this is the first study to show that CHD4 tran-
scriptionally regulates expression of β1 integrin in TNBC cells. In ad-
dition, CHD4-β1 integrin axis could potentially be a predictive marker
in patients with TNBC and the use of β1 integrin inhibitors may be a
therapeutic option for TNBC patients with high CHD4 expression.
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