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Abstract. Breast cancer is the leading cause of cancer death in women worldwide. The etiology of the
disease is not yet clear. We know that MKL1 and STAT3 play an important part in the development and
progression of breast cancer. CAAPI is a ubiquitous and highly conserved protein that is closely related to
the apoptotic process of tumors. However, the definitive transcriptional mechanism of the CAAP1 gene is
still unclear. In our study, we constructed a luciferase reporter plasmid for the human CAAP1 gene
promoter. Then one or both of the two overexpression vectors of MKL-1 and STAT3 were co-transfected
into MCF-7 cells with CAAP1 promoter plasmid, and we then tested activation of the CAAP1 promoter by
luciferase reporter assay. The results show that compared with the transfected pcDNA3.1 group, MKL1 can
evidently increase the transcription activity of the CAAP1 gene promoter, while the STAT3 group can
slightly upregulate the transcription activity of the CAAP1 gene promoter. Our research will further reveal
the relationship between CAAP1 and the occurrence and development of breast cancer cells, and provide a
new idea and direction for the cures of breast cancer.

1 Introduction

Breast cancer is the most common malignant tumor that
occurs in breast epithelial tissue[1]. Breast cancer has a
high mortality rate and has become a common tumor that
threatens the physical and mental health of women[2].
The etiology of its onset is not yet clear. Using current
diagnostic tools, early detection of breast cancer remains
a challenge. At present, more attention is paid to the
study of overexpression or abnormal activation of related
proteins in the onset, development, and metastasis of
breast cancer. CAAP1 (casapase activity and
apoptosisihibite 1) is a very conserved and ubiquitously
expressed protein[3,4]. It is a potential factor for
apoptosis-related signaling by interfering with the
activation of caspase-10, while caspase-10 also regulates
the production of the caspase-3/9 couple back
amplifying cycle to effectively activate the
mitochondrial death pathway, which has a huge
relationship with the occurrence and development of
tumor cells[5,6].

The cardiac protein family and myocardial
transcription factor MKL1 are coactivators of serum
response factor (SRF)[7]. MKLI1 binds to SRF and
activates promoter transcription by combining with SRE,
also called CARG cassette[8]. Studies have shown that
MKLI1 is involved in the metastasis and invasion of
mammary cancer cells and is a cancer-promoting
factor[9,10].

Signal transduction and activator of transcription 3
(STAT3) is widely expressed in a variety of cells and
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participates in the regulation of physiological functions
and pathological processes such as cell growth process,
malignant transformation process, and cell apoptosis[11,
12]. Over-activation of STAT3 promotes proliferation,
apoptosis and migration of breast cancer cells, and can
also lead to malignant transformation of normal breast
cells[13-15]. It has been demonstrated that there may be
direct protein interactions between MKLI and
STAT3[16,17].

In this study, we successfully amplified the CAAP1
promoter luciferase reporter gene by PCR from the
human genome and inserted into a pGL-3 promoter
vector. We then co-transfered the CAAP1 promoter
plasmid and one or both of the human MKL1 and human
STAT3 expression plasmids to human MCF-7 cells, and
detected the activation of the CAAP1 promoter using the
luciferase reporter gene method. The results show that
transfection of each expression vector can promote the
transcription activity of CAAP1, and when the two
vectors are co-transfected, the activity effect can be
improved. Our research will further reveal the molecular
mechanisms of the development and progression of
breast cancer cells and provide a theoretical basis for the
cures of breast tumor.

2 Materials and Methods

2.1 Culture of Cells
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Human breast cancer cell line MCF-7 was purchased
from ATCC(American Type Culture Collection). MCF-7
cells were cultured in Dulbecco's Modified Eagle's
Medium (DMEM) (GIBCO) containing 10% fetal
bovine serum (FBS) at 37°C in a 5% CO2 incubator.

2.2 Plasmid Construction

The human genomic DNA was abstracted from human
MCF-7 cell line. PCR amplification of the CAAPI
promoter fragment (-2428 to +66) with the following
primers: F: 5'-
ACAGGCTAGCATGTTATAGGACCATCAGG-3"; R:
5'-AGATCTCGAGAGGAAAGTCCGCTGTCTC-3'".
The mutant promoter of CAAP1 (binding site with
MKL1) primer sequences were as follows: forward: 5'-
TACAAGGATCGAAGTCAAGTGGGGCCTGGGGG
AAGACAGTTTTCCTAGGG-3"' and reverse: 5'-
CCCCACTTGACTTCGATCCTTGTAAGGTAAATCC
TGGGGCTGAGCCCACT-3'". The mutant promoter of
CAAPI1 (binding site with STAT3) primer sequences
were as follows: forward: 5'-
GAGTTCGTAGTCGCTCAGGGGTCTTCAGACTGA
GTAGCATCAGTGACCCC-3' and reverse: 5'-
AAGACCCCTGAGCGACTACGAACTCAGCACAAG
AATGCACTTTCTACCTC-3".

Predenatured at 95°C for 5 minutes, denatured at
95°C for 1 minute, annealed at 54°C for 20 seconds, and
extended at 72°C for 2 minutes. The PCR reaction was
carried out for 32 cycles, run on 1% agarose gel and
stained with ethidium bromide, and finally the PCR
product was visualized under UV transmission. The PCR
products of CAAP1 and pGL3-promoter vector plasmid
were assimilated with restrictive enzymes Nhe I and Xho
I for 2 hours at 37°C. The assimilated CAAP1 fragment
and the pGL3-promoter vector were then blended with 4
pL T4 ligase buffer and 2 pL. T4 DNA ligase, ligated
overnight at 16°C, and it was transformed into E. coli.
After 12 hours, single colonies were selected and
brought up in LB containing ampicillin. The
recombinant plasmid was abstracted and verified..The
expression plasmids of STAT3 and MKL1 were vacant
with pcDNA3.1; the primers for pcDNA3.1-STAT3
were as follows: forward 5'-
CAGGATCCTGGCTCAGTGGAACCAGCT-3' and
reverse 5-GACACTCGAGGGTCAATGGTATTGCTG-
3'; The primers for pcDNA3.1-MKL1 were as follows:
forward 5-CAGGATCC
ATGACTCTACTGGAACCTG-3' and reverse 5'-
ACACTCGAGCTACAAGCAGGAATCCCAG-3'.

2.3 Transfection

MCF-7 cells were inoculated in 24-well plates at a
density with 1x10° cells/well. The cells were transfected
with 0.2 pg of the CAAP1 promoter luciferase reporter
plasmid and 0.4pg of the MKLI1 or/and STAT3
expression plasmid. 0.8 pg of pcDNA3.1 vector
transfected cells were used as negative control.

2.4 Luciferase reporter assay

After 24~48 hours of transfection, luciferase activity was
measured by synergistic TM  4(Bioteck). The
transfection efficiency was measured by the general
protein concentration of every luciferase assay. All
experimental plasmids and different preparations of
breast cancer cells performed at least three times,
yielding qualitatively similar results. The data in each
experiment was three times the mean+tstandard deviation
of the representative experiment.

3 Result

3.1 The CAAP1 Promoter Contained Pivotal
Binding Sites

Through software target predictions, the CAAPI
promoter contains several pivotal sites situated at base
pairs 799 to 809 (5'-CCAATTTAAG-3"), 2139 to 2148
(5'-TTCTCAGAA-3").
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Fig. 1. The CAAP1 promoter contained pivotal binding sites.

3.2 Construction of luciferase reporter plasmid
for CAAP1 promoter gene

To test whether the PCR of the CAAPI promoter is
correct, we performed agarose gel cataphoresis. In Fig.
2(A), the two bands appeared at 2494 bp, which is the
CAAPI gene promoter’s PCR product (2428 bp
upstream to 66 bp downstream).

We then assimilated these PCR products with
restriction enzymes Nhe I and Xho I and ligated these
fragments into the pGL3-promoter vector. The
recombinant plasmid was then extracted and purified and
subjected to agarose gel cataphoresis. The result of
agarose gel cataphoresis in Fig. 2(B) is a recombinant
plasmid.

To wverify the accuracy of these plasmids, we
assimilated these plasmids with two clone endonucleases
and subjected to agarose gel cataphoresis. As a result in
Fig. 2(C), these recombinant plasmids were chopped in
two bands. The third lane contains two bands of 5000 bp
and 2494 bp representing the pGL3-promoter vector and
the CAAP1 gene promoter part, respectively. We then
further confirmed the accuracy of the luciferase reporter
plasmid for the CAAP1 gene promoter by sequencing.
Fig. 2(D) and 2(E) show the results of DNA sequence
alignment and the structure of the recombinant plasmid,
which indicate that the Iluciferase reporter plasmid
containing the CAAP1 promoter was successful.
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Fig. 2. Construction of luciferase reporter plasmid for CAAP1
promoter gene. (A) Agarose gel cataphoresis pattern of the
PCR products of the CAAP1 fragment. (B) Agarose gel
cataphoresis pattern of recombinant plasmid. (C) Enzyme
digestion to verify the agarose gel cataphoresis pattern of the
recombinant plasmid. (D) Comparison of the results of
sequencing of recombinant plasmids. (E) Schematic diagram of
the structure of the luciferase reporter plasmid containing the
CAAP]1 promoter.

3.3 Luciferase Assay

MCEF-7 cells were transfected with MKL1 and STAT3
and CAAP1 promoter for 48 hours and then reported for
luciferase reporter gene analysis. As shown in Fig. 3(A),
MKL1 showed an obvious effect on enhancing the
transcription activity of the CAAP1 promoter compared
to the control group. Upregulation of transcriptionally
active STAT3 is not particularly evident. Co-transfection
of MKL1 and STAT3 can also evidently promote the
transcription activity of the CAAP1 promoter. Compared
with the control group, there were statistically significant
differences in data between groups(P < 0.001). To verify
whether CAAPI is a direct target of MKL1 and STATS3,
we carried out site-directed mutagenesis of the luciferase
reporter gene containing the wild-type CAAP1 promoter
(CAAP1-WT-luc) to construct a CAAPl promoter
mutant (CAAP1-mut-MKL1-luc) with mutant MKL1
binding site, a CAAP1 promoter mutant (CAAP1-mut-
STAT3-luc) with mutant STAT3 binding site and a
CAAPI promoter mutant (CAAPI1-mut-luc) with two
binding sites. These luciferase plasmid vectors were co-
transfected into MCF-7 cells with MKL1, STAT3 or
pcDNA3.1. The data show that MKL1 or STAT3
significantly increased the activity of the CAAP1-WT-
luc luciferase plasmid, but had no effect on the activity
of the CAAP1-mut-luc luciferase plasmid in Fig. 2(B) (P
< 0.001). Taken together, these results demonstrate that
MKLT1 and STAT3 promote CAAP1 expression in MCF-
7 cells by directly targeting the CAAP1 promoter.
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Fig. 3. (A) The relative luciferase activity of CAAP1 by co-
transfected with MKL1 and STAT3 and CAAP1 promoter. (B)
Relative luciferase activity of CAAP1 after mutation of MKL1

and STAT3 binding sites.

4 Conclusion

Breast cancer is the main cause of cancer death in
women worldwide, and surgery is still an early primary
cures option before cancer metastases develop, and can
lead to good patient outcomes[16,17]. However, most
patients are usually diagnosed with breast cancer in the
late stages of the disease and usually when the tumor has
successfully metastasized to other parts of the
body[18,19]. Using current diagnostic tools, early
detection of breast cancer remains a challenge. Therefore,
this requires finding updated, more accurate predictors to
help provide better diagnosis and prognosis of breast
cancer. CAAPl is an anti-apoptotic protein that is
induced by the activation of cysteine proteases and then
cleaves key protein substrates resulting in cell death.
Studies have reported that CAAP1 often has mutations
or deletions in tumors[7,20]. However, the definitive
transcriptional mechanism of the CAAP1 gene is still
unclear.

Previous studies have demonstrated that there may be
direct protein interactions between MKL1 and STAT3,
and they are all closely related to the development of
breast cancer[4,17]. Through the target prediction
software, we found that there are specific binding sites
for MKL1 and STAT3 in the CAAP1 promoter sequence,
which indicates MKL1 and STAT3 may directly bind to
the promoter of the CAAPl gene to regulate its
expression.

In this study, we successfully constructed the
luciferase reporter gene for the CAAP1 promoter. We
then tested activation of the CAAP1 promoter in MCF-7
cells by transfecting the CAAP1 promoter with one or
both of the expression vectors of MKL1 and STAT3.
The results showed that MKL1 can evidently promote
the transcription activity of the CAAP1 promoter, and
STATS3 can slightly promote the transcription activity of
the CAAP1 promoter. Activation can be promoted when
co-transfecting expression vectors for MKL1 and
STAT3. We then mutated the binding sites of MKL1 and
STAT3 on the CAAP1 promoter, and the results showed
that MKL1 and STAT3 can promote the transcriptional
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activity of the wild-type CAAP1 promoter, but not the
transcriptional activity of the mutant CAAP1 promoter.

Our next step is to demonstrate the binding site of
MKL1 and STAT3 to the CAAP1 promoter by CHIP
assay in MCF-7 cell line. In addition, more new
discoveries of transcriptional regulation can reveal the
occurrence and development of breast cancer cells. Our
research can also offer some idea and thinking for the
cures of breast cancer.
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