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Aim: To investigate the expression of barrier-to-autointegration factor 1 (BANF1) and its
prognostic significance in triple-negative breast cancer (TNBC).

Methods: BANF1 immunohistochemical detection was performed in 60 TNBC specimens
and 30 normal control tissues. Real-time PCR was performed to assess the expression of
BANF1 gene in TNBC tissues and their correlations with proliferation and metastasis.
Kaplan-Meier survival analysis was used to assess the effect of BANF1 expression on the
relapse-free survival (RFS) of TNBC patients. Univariable and multivariable Cox propor-
tional hazards regression model analysis was used to confirm independent prognostic factors.
Results: Expression of BANF1 in TNBC was significantly higher than that of the normal
control group (p<0.001), and it was related to the status of lymph node metastasis and TNM
staging (p<0.05), and not related to age and tumor size (p>0.05). BANF1 expression has
a positive correlation with MKI67 and MTA1 expression (p<0.01). Univariable analysis
showed that expression of BANF1, the status of lymph node metastasis and TNM stage were
related to the relapse-free survival (RSF) of TNBC patients (p<0.001, p=0.001, p=0.013,
respectively). Multivariable Cox regression indicated that the status of lymph node metas-
tasis was an independent prognostic factor for TNBC patients (p<0.001). The survival curve
suggested that the survival times for TNBC patients with high BANF1 expression have no
difference compared with that for the low-expression patients (p>0.05).

Conclusion: Expression of BANF1 may play a role in the occurrence and development of
TNBC. Lymph node metastasis was the only independent prognostic factor predicts a poor
prognosis.
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Introduction

Triple-negative breast cancer (TNBC) is a highly aggressive form of breast cancer
that lacks targeted therapy options, which lacks estrogen receptor (ER) and proges-
terone receptor (PR) expression and are negative for human epidermal growth
factor receptor 2 (HER2) overexpression;' moreover, TNBC does not respond to
hormonal or anti-HER2 therapies and currently lacks targeted therapy options.
Patients diagnosed with TNBC after chemotherapy have poorer outcomes than
patients with other breast cancer subtypes.” Barrier-to-autointegration factor 1
(BANF1) is a highly conserved DNA-binding protein that forms homodimers and
has a variety of functions associated with the maintenance of the intact cellular
genome, which regulates gene expression, participates in the formation of karyotin
structures and is associated with cell mitosis,” indicating its vital role in the process

of malignant transformation of cells. The present study was designed to investigate
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the expression profile of BANF1 in TNBC and its relation-
ship with clinical-pathological characteristics and to
explore the relationship between BANF1 and the prog-
nosis of patients with TNBC by survival analysis.

Materials and Methods
Clinical Data

Sixty TNBC specimens and 30 corresponding non-
cancerous tissues (normal tissues) from patients admitted to
the Department of Pathology of the First Hospital of
Zhengzhou University from 2012 to 2013 were selected.
None of the patients were treated with radiotherapy or che-
motherapy before surgery and those with incomplete data
were excluded. Patients enrolled were approved by the ethics
committee of the First Affiliated Hospital of Zhengzhou
University. All pathological data were reviewed and joint
diagnoses were made by two senior pathologists. Follow-up
data were available for all patients up to January 2017, with
a follow-up time ranging from 1 to 60 months. Of the
patients, 35 survived, 21 died and 4 were unknown.

Methods

Immunohistochemistry was performed to assess BANF1
expression in TNBC and non-cancerous tissues. Paraffin-
embedded breast tissue samples were cut at a thickness of
5 mm and then mounted on coated microscope slides.
Briefly, antigen retrieval was conducted via immersion of
the slides in the citrate-EDTA buffer, followed by heating
in a microwave oven for 2 min at high power and 20 min
at low power. Non-specific staining was blocked using
5% goat serum. After blocking, 50 mL of the primary
antibody (BANF1) was applied to each section overnight
at 4°C. A mouse IgG isotype control antibody was used
at the same concentration as the primary antibodies. On
the day after incubation with the secondary antibody,
sections were incubated with DAB until the desired stain-
ing developed. Interpretation of immunohistochemical
results Microscopic results revealed that BANF1 protein
was expressed in the nucleus of tumor cells. A count of
positive-stained cells was performed and staining inten-
sity was observed, and the percentage of positive cells
was calculated (negative=0, 1-10% of positive cells=1,
11-50%=2, 51-80%=3, 81-100%=4) and the staining
intensity of positive cells was determined (negative=0,
weak positive=1, positive=2, strong positive=3). The pro-
duct of the percentage and the intensity was used to
determine the level of expression: <4 was an indicator

of low expression or no expression and >4 as high
expression.

Real-time PCR was performed to assess the expres-
sion of BANF1 gene in TNBC and their correlations
with proliferation and metastasis. The total RNA was
extracted using TRIzol reagent from tissues and then
reverse-transcribed using a PrimeScript RT Master Mix
Synthesis Kit for mRNAs. The relative expression levels
of mRNAs were quantified using Maxima SYBR Green
qRT-PCR Master Mix (2x) in a Real-Time PCR system.
The expression level of B-ACTIN was used as endogen-
ous controls, and the fold changes were calculated using
the 274" method. The primer sequences are listed as
follows: BANFI1, F: TGGCTGAAAGACACTTGTGG,
R: CACTCTCGAAGGCATCCGAAG; MKI67, F: ACA
ACAGGAGGAGGAAGTGCT, R: TTGACCTAGACGC
GGGGAT; MTAL, F: AGCTACGAGCAGCACAACGG
GGT, R: CACGCTTGGTTTCCGAGGAT and B-ACTIN,
F: CGTGGGCCGCCCTAGGCA CCA, R: TTGGCTTA
GGGTTCAGGGGGG.

Statistical Analysis

Statistical analyses were performed using Statistical
(SPSS  22.0).
Categorical data were compared with Pearson chi-

Package for the Social Sciences
square test or Fisher exact test whenever appropriate,
and continuous variables were compared with indepen-
dent-samples #-test or Mann—Whitney U-test. Kaplan-
Meier survival analysis, with the log-rank test, was
used to assess the effect of BANFI expression on the
(RFS) of TNBC patients.

Univariable and multivariable Cox proportional hazards

relapse-free  survival
regression model was used to analyze the association
between the clinical factors and overall survival.

A P value <0.05 was considered statistically significant.

Results
Difference in Expression of BANFI
Protein Between TNBC and Normal

Tissues

BANF1 was expressed in 49 cases of the 60 TNBC tissues
to a certain degree (Figure 1), and 5 in cases of the 30
normal tissues with weakly positive expression. The cor-
responding rates were 81.6% and 16.6%. The difference
between the two groups was statistically significant
(/> = 35.208, p<0.001).
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Figure | Expression of BANFI protein in TNBC tissues. (A) Low expression. (B)
High expression. EnVision x200.

Relationship Between Over-Expressed
BANFI and Clinical Pathological Data in
TNBC

Table 1 shows that the expression of BANF1 protein
was related to lymph node metastasis and TNM
staging (p<0.05), not related to age and tumor size
(p>0.05).

Relationship Between BANFI and Marker

of Proliferation and Metastasis

Figure 2 shows that BANF1 mRNA was overexpressed in
TNBC, and had a positive correlation with markers of
proliferation and metastasis (MKI67 and MTAIL, all
p <0.05).

Table | Relationship Between BANF| Expression and Clinical
Pathological Features

Clinicopathological Case(n) | BANFI %2 p value
Parameter Expression
High | Low/
Loss
Age (years) 60
<45 25 17 8 0.170 0.681
>45 35 22 13
Tumor Size (cm)
<2 28 18 10 0.012 0914
>2 32 21 11
Lymph Node Metastasis
Yes 32 28 4 15.259 | 0.000
No 28 I 17
TNM Stage
1&Il 19 16 3 4510 0.034
& 1Iv 41 23 18

Survival Analysis

The survival curve suggested that the survival times for
TNBC patients with high BANF1 expression have no dif-
ference compared with that for the low-expression patients
(p>0.05, Figure 3A). To supplement the observation made
with our patient dataset, evaluation of the relationship of
gene expression and survival was carried out with publicly
available datasets using KM Plotter.* The results indicated
no significant differences between high and low BANF1
gene expression on relapse-free survival (RFS) of TNBC
patients (p>0.05, Figure 3B). Subsequently, the survival of
patients with TNBC correlates with the expression of
BANFI1, lymph node metastasis and TNM stage (p<0.05)
by univariable analysis; however, lymph node metastasis
was the only independent prognostic factors for patients
with TNBC by multivariable Cox proportional regression
model (p<0.05, Table 2).

Discussion

TNBC has an aggressive nature, and patients diagnosed
with TNBC lack targeted therapy options.” Surgical
removal of the primary tumor is a common practice in
TNBC treatment. However, postsurgical metastasis poses
an immense setback in cancer therapy. Thus, the develop-
ment of potential therapeutic targets is urgently needed. In
recent years, an increasing number of studies had focused
on understanding the molecular and biological character-
istics of TNBC. In this study, we investigated the expres-
sion of BANF1 in TNBC and explored the effects of
prognostic significance in TNBC tissues. We found that
BANF1 was over-expressed in TNBC tissues and related
to lymph node metastasis and TNM staging, indicating
that expression of BANf]l may be one of the main causes
of the occurrence and development of TNBC. However,
our survival analysis results suggested that no significant
differences between high and low BANF1 gene expression
on relapse-free survival (RFS) of TNBC patients, which
indicates that BANF1 has an impact on prognosis together
with other factors, but is not an independent prognostic
factor by itself.

Members of the BAF complex family have a variety of
functions associated with the maintenance of the intact
cellular genome, which are reported to play essential
roles in carcinogenesis and cancer progression.”’ As an
important part of the lamina, BANF1 encodes a highly
conserved BAF protein consisting of 89 amino acids and
binding to double-stranded DNA with high-affinity.
BANF1 is located at the core of chromatin and participate
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Figure 2 Expression of BANFI in TNBC and their correlations with proliferation and metastasis. (A) BANFI gene is overexpressed in TNBC (*p <0.05). (B, C) BANFI

expression has a positive correlation with MIK67 and MTAI expression (p <0.01).
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Figure 3 Relationship between BANF| expression and TNBC relapse-free survival (RFS). (A) Survival analysis was carried out with our patient dataset, n=56. (B) Survival

analysis was carried out with publicly available datasets using KM Plotter, n=256.

in completing the nuclear membrane reformation, indicat-
ing that BANF1 plays an important role in cell mitosis.®
We can regulate numerous cellular activities, including
protein dimerization, its binding to DNA, and subcellular
localization of the protein, via regulating of BAF
phosphorylation.” It has been reported that BANF1 may
be a target for the treatment of tumors with a specialized
inhibitor aimed at BAF phosphorylation mediated by vac-
cinia-related kinase 1.'° Shen has reported that BANF1
was an early-stage cancer decision markers and drivers of
hepatocellular carcinoma.'' In addition, Li reported that

BANF1 expression is increased in gastric cancer and asso-
ciated with the poor prognosis of patients, which was
a novel biomarker for gastric cancer.'?

Our experimental results showed that the expression of
BANF1 was significantly increased in TNBC tissues, indi-
cating that BANF1 plays an important role in the carcino-
genesis of TNBC. BANF1 protein was not only highly
expressed in TNBC, but also related to the clinical-
pathological parameter, such as the status of lymph node
metastasis and TNM stage, which indicated that the pro-
gression of TNBC may be related to the expression of
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Table 2 Univariable and Multivariate Cox Regression Analysis for Screening Prognostic Factors
Clinicopathological Factors Univariable Cox Regression Analysis Multivariable Cox Regression Analysis
p value 95% CI p value HR 95% CI
BANFI Expression
High vs. low/loss 0.000 0.193-0.568 0.074 3.105 0.237-5.610
Age
<45 vs. >45 0.347 0.791-1.413 0.167 1.301 0.221-1.993
Lymph Node Metastasis
Yes vs. No 0.001 0.291-0.769 0.000 0.320 0.171-0.638
TNM Stage
1& VS Il & IV 0.013 0.502-0.814 0.059 2.803 0.690-4.871
BANf1. What is more, BANF1 mRNA was overexpressed
References

in TNBC and had a positive correlation with markers of
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In summary, BANF1 was over-expressed in clinical
TNBC tissues, and was associated with the status of lymph
node metastasis and TNM stage. Additionally, the results of
the present study confirmed that BANF 1 probably correlates
with the occurrence and development of TNBC and might
be a potential molecular therapeutic target for TNBC.
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