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Negative feedback loop between ZBTB7A
and TGF-f in breast cancer
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Abstract. Zinc finger and BTB domain containing 7A
(ZBTB7A) is aberrantly expressed in breast cancer, but the
involvement of ZBTB7A in breast cancer remains controver-
sial. Transforming growth factor-p (TGF-f) is a pleiotropic
cytokine which promotes breast cancer metastasis. ZBTB7A
and TGF-f are important factors in tumor development.
However, the association between ZBTB7A and TGF-f in
breast cancer remains unknown. The results of the present
study revealed that TGF-B1 induced the expression of ZBTB7A
via the phosphoinositide 3-kinase-protein kinase B signaling
pathway in human breast cancer cells, and ZBTB7A inhibited
the expression of TGF-f1 through indirectly suppressing the
promoter activity of TGF-p1. Furthermore, no significant
correlation between the expression of ZBTB7A and TGF-p1
were identified in breast cancer tissues using tissue microarray
assay and human cancer genomics analysis. These results
have identified a negative feedback loop between ZBTB7A
and TGF-f signaling, suggesting ZBTB7A as a potential
modulator of breast cancer metastasis. Thus, the results of the
present study suggested that ZBTB7A is a potential prognostic
biomarker for breast cancer.

Introduction
Zinc finger and BTB domain containing 7A (ZBTB7A), also

known as FBI, LRF or OCZF, is a member of the poxvirus
and zinc finger/broad-complex, tramtrack and bric-a-brac
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and Kruppel family of transcriptional repressors, which serve
essential functions in cell transformation and malignancy (1).
Previous studies have revealed that ZBTB7A is implicated
in the pathogenesis of several types of cancer, including
non-small cell lung and ovarian carcinomas, gliomas, and
T-cell and B-cell lymphomas (2-5). ZBTB7A is considered
to be an oncogene, but a previous study indicated that it may
also serve as a tumor suppressor in certain types of cancer,
including prostate cancer and melanoma (6,7). Although
ZBTB7A is overexpressed in human breast cancer (8), the
involvement of ZBTB7A in breast cancer remains unclear.

Transforming growth factor-§ (TGF-f) is a ubiquitous
cytokine known to possess pleiotropic but context-dependent
effects on cell growth, differentiation and immune modula-
tion (9-11). TGF-f has three isoforms in mammals: TGF-f31,
-p2 and -B3, of which TGF-f1 is the most active, accounting
for 90% of body cell lines (12). Regarding the pathogenesis of
breast cancer, TGF-f31 exhibits a tumor-inhibiting effect in the
early stage, but as the tumor develops, this inhibition is often
reversed thereby promoting the development of tumors (13). It
was revealed that TGF-p1 facilitates the metastasis of tumor
cells by affecting the tumor microenvironment, enhancing
invasion and suppressing immune cell function (14). The
epithelial-mesenchymal transition (EMT) is the primary way
by which cells obtain tumor invasion and metastasis ability,
and TGF-p1 is an essential factor known to induce the EMT
of cells (15-18). The association between TGF-f31 and tumor
development makes TGF-B1 a potential target for cancer
therapy aimed at inhibiting tumor metastasis.

ZBTB7A and TGF-f1 are important factors in tumor devel-
opment. Furthermore, previous studies have suggested that
ZBTB7A is involved in the fine-tuning of TGF-B1 expression
in atherosclerosis (19), and that TGF-$1 suppresses ZBTB7A
expression in human bladder cancer cells (20). Therefore, the
present study aimed to determine the association between
ZBTB7A and TGF-f1 in breast cancer cells and tissue.

Materials and methods

Cell culture. 293T and human breast cancer MCF-7 cells
(American Type Culture Collection, Manassas, VA, USA)
were maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% heat-activated fetal bovine
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serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), 2 mM glutamine, 100 U/ml penicillin and 100 pg/ml
streptomycin at 37°C with 5% CO,.

Plasmid construction. The ZBTB7A-expressing plasmid
was generated through inserting the encoding region into
a pcDNA3.1 expression vector (Invitrogen; Thermo Fisher
Scientific, Inc.) at the site of the HindIII restriction enzyme.
The ZBTB7A primers used were as follows: Forward, 5'-CTT
AAGCTTGCCACCATGGCCGGCGGCGTGG-3' and
reverse, 5'-GTCAAGCTTTTAGGCGAGTCCGGCTGTGAA
GTTAC-3". TGF-f1 promoter was subcloned into the pGL4.10
basic plasmid (Promega Corporation, Madison, W1, USA) at the
Kpnl and Hind1lI restriction enzyme sites to drive luciferase
expression. The amplification primers used were as follows:
TGF-p1 PP1 (702 bp) forward, 5'-GTTGGTACCACAGTG
GTCAAGAGCACA-3" and reverse, 5-GTTAAGCTTTGG
GTCGGCAGGGGGTTTT-3'; TGF-p1 PP2 (512 bp) forward,
5-GTTGGTACCGCTCAGTAAAGGAGAGCA-3' and reverse,
5-GTTAAGCTTTGGGTCGGCAGGGGGTTTT-3.

Transient transfection and luciferase activity assay. Transient
gene delivery was performed to assess the effect of ZBTB7A
on TGF-B1 promoter activity in 293T and MCF-7 cells, as
described previously (21,22). Briefly, 1x10° cells were mixed
with TGF-f1 promoter constructs (0.75 pg), ZBTB7A expres-
sion vector (0.75 ug) and Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) Cells transfected with a
pcDNA3.1 expression vector, rather than ZBTB7A, were used
as negative control. Cell extracts were prepared 48 h following
transfection using a 1X lysis buffer (Promega Corpora-
tion), and a 10 ul aliquot of the supernatant was mixed with
50 ul Luciferase Assay reagent (Promega Corporation) and
analyzed using a microplate luminometer. Luciferase activity
was normalized using a Renilla luciferase internal control.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and semi-quantitative RT-PCR. For RT-qPCR,
total RNA was extracted from 2x10° 293T or MCF-7 cells as
indicated using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Isolated RNA was reverse transcribed using
the RevertAid First Strand cDNA Synthesis kit (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
following primers were used: ZBTB7A forward, 5-CATCTG
CGAGAAGGTCATCC-3' and reverse, 5'-TGTCCTGCC
TGGTGAAGC-3'; TGF-pI forward, 5-ACAATTCCTGGC
GATACCTC-3" and reverse, 5"TAAGGCGAAAGCCCT
CAAT-3"; GAPDH forward, 5“TGACTTCAACAGCGACAC
CCA-3' and reverse, 5'-CACCCTGTTGCTGTAGCCAAA-3'.
Quantitative measurement of target gene mRNA levels was
performed using the ABI Prism 7900 Sequence Detection
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The data were analyzed using the 2424 method (23). The
thermocycling conditions maintained were as follows: 95°C
for 10 min, followed by 40 cycles of 95°C for 10 sec and 60°C
for 60 sec. For each reaction, 100 ng cDNA and SYBR-Green
(Takara Bio, Inc., Otsu, Japan) were used. All samples were
run in triplicate and reported as target gene expression levels
relative to GAPDH. For semi-quantitative RT-PCR, RNA was
extracted and reverse transcribed as described above. The
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following primers were used: ZBTB7A forward, 5-TCCCGT
TCCCCGACCACAGCA-3' and reverse, 5-ATCTGCCGG
TCCAGGAGGTCG-3'"; B-actin forward, 5'-ATCTGGCAC
CACACCT-3" and reverse, 5'-CGTCATACTCCTGCTT-3".
The expected PCR products of ZBTB7A and f3-actin were 361
and 837 bp, respectively. The PCR products were then visual-
ized on 1.5% Tris-borate-EDTA (TBE) agarose gels stained
with ethidium bromide.

Western blot analysis. A total of 2x10° MCF-7 cells were first
starved in serum-free DMEM for 24 h at 37°C and stimulated
with 20 ng/ml TGF-p1 (Merck KGaA, Darmstadt, Germany)
at 37°C for different amounts of time (0-6 h). Subsequently,
the cells were harvested by centrifugation at 500 x g for
10 min at room temperature, and total protein was extracted
using lysis buffer (Beyotime Institute of Biotechnology,
Shanghai, China). Protein concentration was evaluated using
a BCA Protein Assay kit (cat. no. PO012; Beyotime Institute
of Biotechnology) according to the manufacturer's protocol,
and 30 pg total protein per lane was separated using 10%
SDS-PAGE and transferred onto polyvinylidene difluoride
membranes. The membranes were blocked with 5% non-fat
dry milk for 1 h at room temperature, followed by incuba-
tion with various primary antibodies at 4°C overnight. The
primary antibodies were against ZBTB7A (cat. no. 175918;
dilution, 1:1,000; Abcam, Cambridge, MA, USA), protein
kinase B (Akt) and anti-phosphorylated Akt (cat. nos. 4691
and 4060; dilution, 1:500; Cell Signaling Technology, Inc.,
Danvers, MA, USA). Loading variations were normalized
against B-actin, which was identified using the anti-f3-actin
antibody (cat. no. 4970; dilution, 1:1,000; Cell Signaling
Technology, Inc.). Membranes were subsequently washed
three times with PBST (pH 7.4). The membranes were
then incubated for 1 h at room temperature with horse-
radish peroxidase (HRP)-conjugated secondary antibodies
(cat. no. AP-132P; dilution, 1:5,000; Merck Millipore,
Darmstadt, Germany). Subsequently, the membranes were
incubated with Enhanced Chemiluminescence Western Blot-
ting Detection Reagent (Beijing ComWin Biotech Co., Ltd.,
Beijing, China) according to the manufacturer's instructions,
and the blots were visualized by exposure to X-ray films in
the dark. Densitometric analyses were conducted using Scion
Image software (version 4.1; Scion Corporation, Frederick,
MD, USA), normalizing against $-actin.

Immunofluorescent staining. MCF-7 cells were washed twice
with PBS. Following fixation with 4% paraformaldehyde for
20 min at room temperature, cells were permeabilized with
0.2% Triton X-100 for 30 min at room temperature. Immunoflu-
orescent staining was performed as described previously (24).
DNA was stained using DAPI (Sigma-Aldrich; Merck
KGaA). The ZBTB7A (cat. no. 175918; Abcam) and TGF-31
(cat. no. 130348; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) antibodies were used at a dilution of 1:300 and incu-
bated for 2 h at room temperature. Following this, they were
washed three times with PBS, and then incubated for 1 h at
room temperature with fluorescein isothiocyanate-conjugated
secondary antibodies (cat. no. BA1101; dilution, 1:100; Boster
Biological Technology Co., Ltd., Wuhan, China). Cells were
examined using a confocal laser scanning microscope and
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images were produced using the QImaging system (QCAP-
TURE PRO 7; Surrey, BC, Canada) using a 10X oil-immersion
objective (magnification, x100).

Electrophoretic mobility shift assay (EMSA). Nuclear extract
was extracted from MCF-7 cells using a Nuclear Extraction kit
(Applygen Technologies, Inc., Beijing, China). Biotin-labeled
TGF-p1 probes were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). The sequences were as follows: Probe 1
wild-type, 5'-CTGTTTGCGGGGCGGAGC-3' and mutant,
5'-CTGTTTGCAAAACGGAGC-3'; probe 2 wild-type,
S"TTCCTGGGTGGGGCCGGGGGCGGCT-3" and mutant,
S"TTCCTGGGTAAAACCAAAAACGGCT-3'. EMSA was
performed using a LightShift Chemiluminescent EMSA kit
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. Briefly, biotin-labeled probes (100 or 200 fM)
and 20 ug nuclear extract prepared from the MCF-7 cells were
incubated for 20 min at room temperature. Free probes were
separated from DNA-protein complexes using electropho-
resis on a native 6% polyacrylamide gel in 0.5X TBE buffer.
Following electrophoresis, the DNA was transferred to a
positively charged nylon membrane, cross-linked and detected
using the chemiluminescence reagent. IgG (cat. no. A7016;
Beyotime Institute of Biotechnology) was used as a negative
control of ZBTB7A.

LY294002 inhibition experiment. MCF-7 cells with or without
pretreatment with 10 yM or 25 yM LY294002 (Calbiochem,
Merck Millipore, Darmstadt, Germany), a PI3K inhibitor, for
0.5 h were cultured in the presence of 20 ng/ml TGF-f1 for 6 h
at 37°C. Cells were harvested, and ZBTB7A mRNA expression
was analyzed using semi-quantitative RT-PCR, and ZBTB7A
protein expression was determined using immunofluorescence
assays (magnification, x100) and western blotting.

Tissue microarray and human cancer genomics analysis. A
tissue microarray (BR2086; US Biomax, Inc., Rockville, MD,
USA) consisting of 185 breast cancer samples was used. These
samples were histologically interpretable and were analyzed
for the correlation between ZBTB7A and TGF-f1. Immu-
nohistochemical staining was performed as detailed in our
previous study (25). The tissues were blocked with 1% bovine
serum albumin (Roche Diagnostics, Basel, Switzerland) at
room temperature for 1 h. Rabbit polyclonal antibody directed
against ZBTB7A (cat. no. 175918; dilution, 1:50; Abcam) and
mouse monoclonal antibody against TGF-f31 (cat. no. 130348;
dilution, 1:25; Santa Cruz Biotechnology, Inc.) were used.
In addition, ZBTB7A mRNA data for breast cancer were
downloaded from the Bittner breast data set on Oncomine
(www.oncomine.org; Thermo Fisher Scientific, Inc.). This
dataset was used for correlation analysis between ZBTB7A
and TGF-B1 expression levels. The correlation analysis was
performed using GraphPad Prism software (version 5.0;
GraphPad Software, Inc., La Jolla, CA, USA). Spearman's
rank correlation coefficients were generated to determine the
degree of the correlation.

Statistical analysis. All experiments were performed =3 times,
and the results were expressed as the mean + standard
deviation unless otherwise stated. GraphPad Prism software
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(version 5.0) was used for statistical analysis. Comparisons
between two groups were performed using the two-tailed
Student's t-test. Comparisons among multiple groups were
performed using one-way analysis of variance with post hoc
intergroup comparisons using the Tukey test. Spearman's
rank-correlation coefficients were used to assess the correla-
tion between ZBTB7A and TGF-fB1 expression levels. P<0.05
was considered to indicate a statistically significant difference.

Results

TGF-B1 induces the expression of ZBTB7A in MCF-7 cells.
First, the effect of TGF-f1 on the expression of ZBTB7A
was evaluated in MCF7 cells. RT-qPCR analysis results
demonstrated that the ZBTB7A mRNA expression levels
were significantly upregulated following TGF-f1 treatment,
in a time-dependent manner, compared with untreated cells
(Fig. 1A). Similarly, western blot analysis and immunofluores-
cence assay results revealed that ZBTB7A protein expression
levels were significantly increased following TGF-f}1 treat-
ment, in a time-dependent manner, compared with untreated
cells (Fig. 1B and C). These data supported the notion that
TGF-p1 induces the expression of ZBTB7A in MCF-7 cells.

TGF-f1 induces the expression of ZBTB7A via the phos-
phoinositide 3-kinase (PI3K)-Akt signaling pathway. The
PI3K-Akt signaling pathway is an important pathway in terms
of tumor proliferation, invasion and metastasis, and it is known
to be a non-classical pathway which involves TGF-f signaling.
Therefore, the involvement of the PI3K-Akt signaling pathway
in TGF-Pl-induced ZBTB7A expression was determined.
TGF-f1 was demonstrated to increase the expression of
phosphorylated Akt without altering the expression of total
Akt (Fig. 2A). Furthermore, when TGF-f31 treatment was
combined with the PI3K inhibitor LY294002, the mRNA and
protein expression levels of ZBTB7A decreased compared
with TGF-f1 treatment alone (Fig. 2B-D). These results
indicated that the PI3K-Akt signaling pathway may, at least in
part, be responsible for TGF-f1-induced ZBTB7A expression
in breast cancer cells.

ZBTB7A inhibited the expression of TGF-f1 in 293T and
MCEF-7 cells. To determine the effect of ZBTB7A on TGF-f1
expression, 293T and MCF7 cells were transfected with
the ZBTB7A expression plasmid (Fig. 3A). As presented in
Fig. 3B and C, the ectopic expression of ZBTB7A in 293T
and MCF7 cells led to significant downregulation of TGF-f1
mRNA and protein expression compared with the control
cells. These results indicated that ZBTB7A is a modulator of
TGF-p1 expression and signaling in 293T and MCF7 cells.

ZBTB7A suppresses the promoter activity of TGF-f1
indirectly. The mechanism by which ZBTB7A regulates
the expression of TGF-f1 was further investigated. The
promoter region of TGF-f1, containing 702 bp upstream of
the transcription start site, was cloned and used to drive the
expression of the luciferase reporter in 293T and MCF-7 cells
(PGL4.10-TGF-B1 PP1, -702-+1). Deletion of the 5' end of the
TGF-p1 PP1 promoter generated the 512 bp fragment upstream
of the transcription start site (PGL4.10-TGF-1 PP2, -512-+1).
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Figure 1. TGF-f1 induces the expression of ZBTB7A in MCF-7 cells. (A) MCF-7 cells were treated with 20 ng/ml TGF-f1 for the indicated time points (0-6 h).
RNA was extracted and subjected to reverse transcription-quantitative polymerase chain reaction anaylsis. ZBTB7A mRNA expression was normalized using
p-actin as a control. ZBTB7A mRNA expression was significantly increased following =1 h of TGF-f}1 treatment. (B) Representative western blot analysis
using a primary antibody directed against ZBTB7A. Changes in ZBTB7A protein expression were quantitated and normalized to f3-actin. (C) Representative
images from the immunofluorescence assay (magnification, x100). The mean fluorescence intensity of ZBTB7A was quantitated using a confocal laser scan-
ning microscope. ZBTB7A protein expression was significantly increased following =1 h TGF-f1 treatment. Data are presented as the mean + standard
deviation following three independent experiments. “P<0.05, “P<0.01, ““P<0.001 vs. 0 h. TGF-1, transforming growth factor-1; ZBTB7A, zinc finger and

BTB domain containing 7A.
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Figure 2. TGF-B1 induces the expression of ZBTB7A via the PI3K-Akt signaling pathway. (A) MCF-7 cells were treated with 20 ng/ml TGF-f1 for 0-6 h, and
then cells were harvested and the indicated proteins were analyzed using western blotting. MCF-7 cells with or without pretreatment with 10 M or 25 uM
LY294002, a PI3K inhibitor, for 0.5 h were cultured in the presence of 20 ng/ml TGF-f1 for 6 h. Cells were harvested, and ZBTB7A mRNA expression was
analyzed using (B) semi-quantitative RT-PCR, and ZBTB7A protein expression was determined using (C) immunofluorescence assays (magnification, x100)
and (D) western blotting. TGF-f1, transforming growth factor-f1; ZBTB7A, zinc finger and BTB domain containing 7A; PI3K, phosphoinositide 3-kinase;

Akt, protein kinase B; p-, phosphorylated.



ONCOLOGY LETTERS 14: 1403-1410, 2017

A

< 293T cells

P=

e

o0 2001 i

ik

B2 450,

58

gg 100-

oo

EI<J = 50

<

= 0-

x Control

= ZBTB7A
B

Y 293T cells

L

& 1.5

= -

g S 10 \

25

o

88 05

qJ o

<

£ 00

= Control ZBTB7A
@

293T cells
TGF-B1 Merged

DAPI

- B

Control

- -

1407

- MCF-7 cells
I~
[ua]
m 500 i
NT
£ 4001
c QO
oo
0 3004
%“5

v 4
£2 200
=
o 1004
<
= 0
DEC Control ZBTB7A
o MCF-7 cells
o
L 1.5-
O',__‘ ek
=3
= 1.0+
oist
25
gg 0.5-
e]
q)\_l
$ 0.0-
74 Control ZBTB7A
=

MCF-7 cells
TGF-B1 DAPI Merged
o - - -

Figure 3. ZBTB7A inhibits the expression of TGF-B1 in MCF-7 and 293T cells. (A) ZBTB7A mRNA levels were elevated by introduction of the ZBTB7A
expression plasmid. MCF-7 and 293T cells were transfected with pcDNA3.1 (control) and ZBTB7A expression plasmids for 24 h, followed by reverse tran-
scription-quantitative polymerase chain reaction analysis of (A) ZBTB7A and (B) TGF-f1 mRNA expression. (C) The immunofluorescence assay revealed
that TGF-f1 protein expression was repressed by ZBTB7A (magnification, x100). Nuclei were stained with DAPI. Data are presented as the mean + standard
deviation following three independent experiments. "P<0.05, “P<0.01, ““P<0.001 vs. control. ZBTB7A, zinc finger and BTB domain containing 7A; TGF-f1,

transforming growth factor-f31.

The luciferase assay demonstrated that ZBTB7A significantly
inhibited the promoter activities of TGF-f1 PP1 and TGF-f1
PP2, suggesting that the -512-+1 fragment of the TGF-{1
promoter is an important regulation site for ZBTB7A in 293T
and MCF-7 cells (Fig. 4A). ZBTB7A is a transcriptional factor,
so it was hypothesized that ZBTB7A may suppress TGF-{1
promoter activity through directly binding to the promoter of
TGF-B1 PP2. To confirm this hypothesis, two probes within
the -512-+1 fragment of TGF-f1 promoter sequence were
utilized for EMSA. Unexpectedly, no specific shifted band
with the anti- ZBTB7A antibody was observed in the EMSA
assay (Fig. 4B). This suggested that ZBTB7A suppressed the
promoter activity of TGF-f1 in an indirect manner, leading to
the downregulation of TGF-f1 in MCF-7 cells.

Correlation between ZBTB7A and TGF-f1 expression in
breast cancer tissue. To further identify the association
between ZBTB7A and TGF-f1 expression in breast cancer, a
tissue microarray (BR2086), consisting of 185 breast cancer
cases, was used. No significant correlation (r=-0.077; P=0.296;
Table I) was identified between the expression of ZBTB7A
and TGF-f1 upon analysis of the human breast cancer tissue
microarray, regardless of breast cancer types. To determine
the association between ZBTB7A and TGF-f1 expression,
the mining Bittner breast data set on Oncomine was also
used. In agreement with the results of the tissue microarray,
no significant correlation (r=-0.001; P=0.982) was identified
between the mRNA expression levels of ZBTB7A and TGF-f31
in breast cancer tissue (335 cases; data not shown). These data
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mobility shift assay was performed. IgG was used as a negative control. Data are presented as the mean + standard deviation following three independent
experiments. “P<0.001, with comparisons indicated by lines. ZBTB7A, zinc finger and BTB domain containing 7A; TGF-p1, transforming growth factor-p1;
IgG, immunoglobulin G; Comp-probe, unlabeled competitive probe; mProbe, unlabeled mutant probe; Ab, antibody.

Table I. Correlation between ZBTB7A and TGF-31 expression
in breast cancer.

ZBTB7A
expression, n (%)
Spearman's

Variable n - + R P-value
TGF-p1 -0.077 0.296
expression

- 104 5(4.8) 99(95.2)

+ 81 7(8.6) 74(91.4)

ZBTB7A, zinc finger and BTB domain containing 7A; TGF-f1,
transforming growth factor-p1.

suggested that there was no significant correlation between the
expression of ZBTB7A and TGF-f1 in breast cancer tissue.

Discussion

Embryonic fibroblasts (MEF) from ZBTB7A-null mice are
resistant to cellular or viral oncogene-induced carcinogenic

transformation. On the other hand, ectopic expression of
ZBTB7A makes MEF cells susceptible to oncogenic trans-
formation (26). These results suggest an important function
for ZBTB7A in carcinogenesis. ZBTB7A is considered to be
an oncogenic transcription factor in multiple types of cancer,
including in colorectal and oral cancer (27,28). However,
previous studies have revealed that ZBTB7A may also act
as a tumor suppressor through the transcriptional repression
of glycolysis in colon cancer (29), suppression of melanoma
cell adhesion molecule in melanoma (7), and inhibition of
a SRY-box 9-dependent pathway for tumor invasion and
the bypassing of cellular senescence in prostate cancer (6).
Therefore, ZBTB7A has dual but context-dependent effects on
tumor formation and development. ZBTB7A has been demon-
strated to be aberrantly expressed in breast cancer tissue (8). It
is thus important to elucidate whether the elevated expression
of ZBTB7A in breast cancer functions as an oncogene, or as a
compensatory tumor suppressor gene.

Initial studies on TGF-f3 concerned its ability to induce
malignant behavior in normal fibroblasts (30), which led
to the idea that TGF-f3 was an essential promoting factor in
tumorigenesis. However, TGF-f§ was later demonstrated to
possess profound growth suppressive effects on numerous cell
types, including epithelial cells (31). Thus, TGF-f3 possesses
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pleiotropic but context-dependent effects on tumor transfor-
mation. In the early stage of breast cancer, TGF-f suppresses
tumor formation, but in the late stage of breast cancer it
promotes tumor development (13). Notably, TGF-f3 signaling
was demonstrated to be activated in bone metastases from
patients with breast cancer (32). Abnormal upregulation of
TGF-f is positively correlated with the progression, angio-
genesis and metastasis of breast cancer, resulting in adverse
clinical outcomes in the late stage of the disease (33). TGF-p1
is known as the predominant isoform in breast tissue and cells,
thus, TGF-p1 was selected for the present study.

ZBTB7A and TGF-p1 possess dual, but context-dependent
effects on tumor formation and development. Furthermore,
ZBTB7A has been demonstrated to be a potential transcrip-
tional regulator of TGF-B1 expression in human atherosclerotic
arteries (19). In addition, TGF-f31 suppresses ZBTB7A expres-
sion in human bladder cancer cells (20). In the present study, the
association between ZBTB7A and TGF-31 was investigated in
breast cancer. First, the effect of TGF-f31 on ZBTB7A expres-
sion was evaluated, which revealed that TGF-f1 significantly
induced the expression of ZBTB7A through the PI3K-Akt
signaling pathway in MCF-7 cells. TGF-f1 has been reported
to suppress ZBTB7A expression in human bladder cancer cells,
which is inconsistent with the results of the present study in
breast cancer cells. The inconsistency may be explained by
the context-dependent function of TGF-f1 and ZBTB7A
in different tumor stages and tumor types, as described in
previous studies (2-7,9-11). Next, the effect of ZBTB7A on
TGF-f1 expression was evaluated, and it was revealed that the
ectopic expression of ZBTB7A led to significant downregula-
tion of TGF-1 mRNA and protein expression levels in MCF-7
and 293T cells. The potential mechanisms of ZBTB7A-induced
TGF-p1 expression were further evaluated, and ZBTB7A
was demonstrated to inhibit the promoter activity of TGF-31
PP1 (-702-+1 fragment) and TGF-1 PP2 (-512-+1 fragment),
suggesting that ZBTB7A regulates the transcription of TGF-31
through the fragment of -512-+1 within TGF-B1 promoter
sequences. However, the EMSA assay confirmed that ZBTB7A
did not bind to the TGF-f1 promoter directly, indicating that
ZBTB7A may suppress the promoter activity of TGF-p1 indi-
rectly.

Taken together, the results of the present study suggested
a negative feedback loop between ZBTB7A and TGF-f1 in
breast cancer cells. To further confirm the results obtained
from the cell model, a tissue microarray with 185 breast cancer
samples was used, and the association between ZBTB7A and
TGF-p1 expression was assessed. No significant correlation
between the expression of ZBTB7A and TGF-f1 in breast
cancer tissue was identified from the clinical data. The results
of the tissue microarray were further confirmed using the
Bittner breast data set in Oncomine, with 335 breast cancer
cases. The results obtained from clinical analysis supported
the existence of the negative feedback loop between ZBTB7A
and TGF-B1 in breast cancer, resulting in the balance and
homeostasis of ZBTB7A and TGF-f1 expression.

In conclusion, to the best of our knowledge, this is the first
study to reveal a negative feedback loop mechanism between
ZBTB7A and TGF-f1 in breast cancer, which may aid in
understanding the pleiotropic functions of ZBTB7A in the
TGF-p signaling network and in breast cancer progression.
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