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Abstract: Breast cancer is considered to be the most common malignancy in women. Treatment
of breast cancer has been focused on molecular targeted therapy, and anticancer peptides are
considered to be some of the most promising candidate drugs. In the current study, we used
mRNA-peptide display technology to screen antibreast cancer peptides and identified a novel
peptide, SA12, which showed significant activity in the inhibition of proliferation and induction
of apoptosis in SKBr-3 breast cancer cells. The mechanism by which SA12 peptide triggers
apoptosis was further investigated using a pull-down assay, reverse transcription-polymerase
chain reaction, and Western blotting analysis. The results demonstrated that this peptide could
interact with tumor-associated proteins MECP2 and CDC20B, which further induced apoptosis
of tumor cells via the mitochondrial pathway involving the Bcl-2 family and related caspases.
We propose that the novel SA12 peptide has the potential to provide a new strategy for the
development of targeted therapy in breast cancer.
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Introduction

Breast cancer is considered to be the most common malignancy in women. Although
significant progress has been made in the last two decades, breast cancer remains one
of the leading causes of death in females worldwide.!”* Breast cancer is a complicated
process involving multiple factors which are critical in cell signal pathways, so designing
drugs that can target factors related to survival of cancer cells is an important strategy
in the treatment of breast cancer.® Considerable progress has been made in targeted
therapy for breast cancer, especially the use of monoclonal antibodies, thereby increas-
ing the cure rate and prolonging survival in patients with the disease.** However, the
cure rate for breast cancer remains unsatisfactory, and development of new and more
effective targeted therapy regimens remains need to be continue undoubtedly.

Since peptide ligands are able to bind to their receptors with high affinity, specificity,
and saturation characteristics, peptide drugs have attracted more and more attention in
targeted therapy for cancer.”® Further, anticancer peptides which specifically target to the
oncoprotein are considered to be broad spectrum, high efficiency, low side effects, and
other advantages in targeted therapy.’ For discovery of novel anticancer peptides, in vitro
peptide selection using mRNA displays enables the screening and directed evolution of
new peptide drugs from constructed libraries.!®!! In this technology, mRNAs are covalently
attached to their encoded peptides via a puromycin molecule, an analog of the 3 end of
aminoacyl-tRNA, which can enter the ribosomal A site to bind covalently to the C-terminal
end of the encoded peptide in the ribosomal P site, resulting in stable conjugation of a
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genotype and the corresponding phenotype.'>'* The covalently
conjugated phenotype-genotype model in the mRNA display
is highly stable, so specific selection under diverse conditions
is becoming possible, avoiding attenuation of the library and
increasing the success rate of peptides selection.' This technol-
ogy was developed for construction of a peptide library for the
discovery of new peptide ligands and novel anticancer peptide
drugs for testing in preclinical experiments.

In this study, we constructed an mRNA-peptide display
library and used total protein from SKBr-3 breast cancer cells
as bait to screen for specific antibreast cancer peptides. One of
the captured peptides (SA12) demonstrated a significant role
in the inhibition of proliferation and induction of apoptosis
in SKBr-3 cells, which was closely related to changes in the
bioactivity of their target proteins, MECP2 and CDC20B.
Further, the signal pathway of apoptosis induced by SA12
was revealed to be the mitochondrial pathway, involving the
Bcl-2 family and related caspases. The novel SA12 peptide
could potentially be a new candidate or strategy for develop-
ment of targeted therapy in breast cancer.

Materials and methods
Construction of mMRNA-peptide display

library

A complementary DNA (cDNA) library encoding dodeca-
peptides was constructed as previously described!® but with
several improvements. The cDNA library consisted of short
cassettes encoding 12 amino acids arranged in a random
manner. The 77 promoter gene for activating the transcrip-
tion process and a Flag tag gene encoding eight amino acids
as the invariant region for the purpose of purification were
introduced into the sequence upstream of the expression
cassette. The cDNA library was transcribed by T7 RNA
polymerase (Promega, Madison, WI, USA), after which a
puromycin oligonucleotide linker was added to the 3" end by
using T4 RNA ligase (New England Biolabs UK Ltd, Hitchin,
UK). The puromycin-terminated mRNA was then translated
in vitro, yielding a library of dodecapeptides linked via the
puromycin moiety to their encoding mRNAs. These mRNA-
display peptides were then purified on oligo-(dT),, cellulose,
and the mRNA portion was reverse transcribed into cDNA,
resulting in a library consisting of different displayed dode-
capeptides. The library was then confirmed by polymerase
chain reaction (PCR) and agarose gel electrophoresis.

Selection of breast cancer-associated
protein binding peptides

Total protein from an SKBr-3 cell line was prepared using
radio-immunoprecipitation assay lysis buffer (1% NP-40,

0.1% sodium dodecyl sulfate, 0.5% sodium deoxycholate,
150 mM NaCl, and 10 mM Tris-HCI) containing a 1/100
phenylmethanesulfonyl fluoride solution for selection of
breast cancer-associated protein binding peptides from the
library, and then immobilized onto the polystyrene surface.
The mRNA-peptide display library was added and incubated
with immobilized SKBr-3 total protein for 20 minutes,
washed thoroughly, and then enzymolyzed the combined
mRNA-peptide fusion with RNase H. The cDNA released
in the supernatant were then reverse transcribed and ampli-
fied by PCR to complete the first round of selection, and
then six subsequent rounds were carried out for selection
of higher affinity peptides. The supernatant from the last
round of selection was amplified by PCR, and the PCR
products were purified and cloned into a PMD18-T vector
and sequenced.

Peptide sequencing and synthesis

Amino acid motifs on peptides that bond to the breast cancer
protein were determined via their encoding cDNA. The final
peptide, SA12, and an SA12 peptide labeled with fluorescein
isothiocyanate (FITC-Ahx-SA12) were then synthesized
and further characterized by GL Biochem Ltd (Shanghai,
People’s Republic of China) using electrospray ionization-
mass spectrometry detection to confirm the molecular weight
before subsequent bioactivity assays. The peptides were thor-
oughly dissolved in dimethyl sulfoxide under ultrasound and
vortex for 5 times alternately, and then diluted in Dulbecco’s
Modified Eagle’s Medium to the required concentrations, with
a consequent dimethyl sulfoxide content of less than 0.1%.

Cell lines and cell culture

The SKBr-3 cell line was initially purchased from the
American Tissue Culture Collection (Rockville, MD, USA)
and preserved by our laboratory. The cells were maintained
in high-glucose Dulbecco’s Modified Eagle’s Medium
(Gibco, Waltham, MA, USA), supplemented with 10% fetal
calf serum (HyClone, Logan, UT, USA) and 1% glutamine
(Invitrogen, Waltham, MA, USA), and incubated in a
humidified atmosphere with 5% CO, at 37°C.

Fluorescence-labeled SA|2 peptide
internalization assay

Internalization of SA12 peptide was detected by the
fluorescence-tagged peptide FITC-Ahx-SA12. SKBr-3 cells
were seeded into six-well plates at a density of 5x10° cells/
well and cultivated for 24 hours. The FITC-Ahx-SA12 peptide
solution was then added into the wells at a final concentration
of 80 uM with fresh Dulbecco’s Modified Eagle’s Medium
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and maintained for 30 minutes or one hour. After incubation,
the culture medium was discarded and the cells were washed
twice with phosphate-buffered saline. Photographs were taken
using a fluorescence microscope (Olympus, Tokyo, Japan) in
a dark room.

Cell viability assay

Cell viability was determined by 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. SKBr-3
cells were seeded into 96-well plates at a density of 5x10°
cells/well and maintained in the incubator for 24 hours. The
medium was then replaced with the novel SA12 peptide in
Dulbecco’s Modified Eagle’s Medium at concentrations of
80 nM, 800 nM, 8 uM, or 80 uM. The LL12 peptide (Leu-
Phe-Val-Ser-Leu-Leu-Arg-Ile-Phe-Pro-Leu-Leu), which
was confirmed to be inactive in previous experiments at a
concentration of 80 UM was used as the negative control
and solvent only was set as the blank control. The cells were
subjected to MTT assay after treatment for 24, 48, 72, and
96 hours. The medium was replaced with 100 uL of 0.05%
MTT, and the plate was incubated for a further 4 hours at
37°C. After incubation, the reaction was stopped by addition
of 150 uL of dimethyl sulfoxide per well for 10 minutes.
Finally, absorbance was determined on a microreader (Bio-
Rad, Hercules, CA, USA) at 490 nm. The percentage cell of
weated! Do) X100%. The cell
proliferation curve was plotted using the percentage of cell

viability was calculated as (A control
viability at each time point. All experiments were performed
three times and the mean value was used.

Annexin V-FITC/PI apoptosis detection
SKBr-3 cells treated with SA12 peptide at a concentration
of 80 uM for 6, 18, 24, 36, and 48 hours, respectively, were
collected and subjected to Annexin V-FITC/propidium
iodide (PI) staining using an apoptosis detection kit
(Keygen, Nanjing, People’s Republic of China) following
the manufacturer’s instructions. SA12 was replaced with
solvent only for the control group. The apoptosis rate was
then analyzed with WinMDI software (Scripps Institute, La
Jolla, CA, USA) on a FACSCalibur™ system (BD Biosci-
ences, San Jose, CA, USA).

TUNEL assay

Coverslips placed in six-well plates were seeded with SKBr-3
cells at a density of 5x10° cells/well. After 24 hours of incuba-
tion, the medium was replaced with SA12 peptide in Dulbec-
co’s Modified Eagle’s Medium at a concentration of 80 uM
for 24, 36, and 48 hours, respectively. A TUNEL (terminal
deoxynucleotidyl transferase dUTP nick end labeling) assay

was performed using an in situ cell apoptosis detection kit
(Keygen) as described by the manufacturer. TUNEL-positive
cells were observed and photographed using a phase-contrast
microscope (Olympus). TUNEL-positive cells were counted
on the illustrations, and at least 500 total cells were examined
in each experimental group.

In vitro pull-down and mass

spectrometry analysis

Total protein was extracted from the SKBr-3 cells using
RIPA lysis buffer as described above. The purified total
protein was then added into a tube containing SA12 pep-
tide that was preconjugated onto superparamagnetic beads
with a Dynabeads M-270 carboxylic acid kit as described
by the manufacturer (Invitrogen). The mixture was incu-
bated with tilting and rotation for 30 minutes to capture the
target protein, after which the tube was then placed on the
magnetic particle concentrator for 4 minutes. The super-
natant was then pipetted off, and magnetic beads on the
tube wall was collected and washed three times using 1 mL
of phosphate-buffered saline containing 0.1% Tween-20.
Loading buffer for sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) was added into the washed
beads and the mixture was boiled for 5 minutes to obtain the
captured proteins.

The captured proteins were separated by 12% SDS-PAGE
and stained with Coomassie blue. Visible bands were sub-
jected to in-gel digestion and analyzed in a quadrupole time-
of-flight mass spectrometer equipped with a nanoelectrospray
source (Beijing Proteome Research Center, Beijing, People’s
Republic of China). The acquired data were searched against
human proteins in the UniProt database. Subsequently, West-
ern blotting analysis was performed for further evidence of
interanction between SA12 and the targeted protein using
antibody of determined proteins.

RT-PCR analysis

Total RNA was extracted from SKBr-3 cells (treated
or not treated with 80 uM SA12) using TRIzol reagent
(TaKaRa, Dalian, People’s Republic of China), and 1 pug
of RNA from each sample was used for cDNA synthesis
using a Primerscript RT kit (TaKaRa) according to the
manufacturer’s instructions. PCR amplification was then per-
formed using the primer pairs listed in Table 1. The reverse
transcription-polymerase chain reaction products were then
electrophoresed through 1.5% agarose gel and signals were
quantified by densitometric analysis using a Multilmage™
light cabinet (Alpha, San Leandro, CA, USA). The S-actin
mRNA expression level was used for the inner control.
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Table | Primer sequences used in reverse transcription-  goat anti-mouse immunoglobulin G and goat anti-rabbit
polymerase chain reaction analysis immunoglobulin G (Zhongshanjinqiao, Beijing, People’s
Gene Primer Republic of China).
NF-xB Sense 5-TGAAGATGTGAAGCTGCAGCTG-3’
Antisense 5-TTGCGGAAGGATGTCTCCAC-3’ [ .
istical analysi
PI3K Sense 5-AACTCTGGGGATGACCTGGA-3’ Stat stical ana )’S S L
Antisense 5-ATCCTCACAACACTGGCGGA-3’ The data are expressed as the mean * standard deviation.
Akt Sense 5-AGACCTTTTGCGGCACAC-3’ Statistical evaluation of the data was performed by one-way
Antisense 5-GTGCTGCCACACGATACC-3 analysis of variance. Date comparisons were conducted by
P53 a 3 . ,
sen?e > AT,GGAGGAGCCGCAG 3 i the one-sample or paired-samples Student’s #-test. A P-value
Antisense 5-TGACTGCTTGTAGATGG-3 . o o
PTEN Sense 5'-ACCATAACCCACCACAGC-3’ less than 0.05 was considered to be statistically significant.

Antisense 5-GTCGTGTGGGTCCTGAAT-3’
Bcl-2 Sense 5-GGAGAGGGTCACAAATCCTAAA-3’
Antisense 5-TGCCACAGAGTTATTCCATCAA-3’

Mcl-1 Sense 5-TGCCGCTGCTGGAGTTGGT-3’

Antisense 5-TTACAGTAAGGCTATCTTATTAGAT-3’
Bax Sense 5-ATGGGCTGGACATTGGACTT-3’

Antisense 5'-AGGGCAGAAGGCACTAATCAAG-3’
Bak Sense 5-ATGGCTTCGGGGCAAGGC-3’

Antisense 5-TCATGATTTGAAGAATCTTCGTACC-3’
P-actin Sense 5-GACTTAGTTGCGTTACACCTTTC-3’

Antisense 5-GACTTAGTTGCGTTACACCTTTC-3’

Abbreviations: NF-xB, nuclear factor kappa B; PI3K, phosphatidylinositol-4
5-bisphosphate 3-kinase; PTEN, phosphatase and tensin homolog.

Western blotting analysis

Cells treated or not treated with 80 UM SA12 for 48 hours
were washed twice with phosphate-buffered saline and
lysed on culture dishes using RIPA lysis buffer. Total pro-
tein was separated by 12% SDS-PAGE and transferred to
a polyvinylidene difluoride membrane. The membrane was
blocked by incubation with TBST (Tris-buffered saline,
0.1% Tween-20) containing 5% (w/v) non-fat dried milk
for one hour at room temperature, and then immunoblotted
overnight at 4°C. After washing three times with TBST,
the membrane was incubated with horseradish peroxidase-
conjugated secondary antibody for 2 hours. Signals were
visualized by electrochemiluminescence. The B-actin protein
expression level was used for the inner control. The blot-
ting bands were semiquantified using Gel-Pro Analyzer 4
software. The primary antibodies used in this experiment
were goat anti-human MECP2, rabbit anti-human CDC20B,
mouse anti-human P53, rabbit anti-human phosphatase and
tensin homolog (PTEN), rabbit anti-human cytochrome-c,
mouse anti-human Bax, rabbit anti-human Bak, rabbit anti-
human caspase-3, rabbit anti-human caspase-8, rabbit
anti-human caspase-9, mouse anti-human Bcl-2, mouse
anti-human B-actin, and mouse anti-human Mcl-1 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA). The second-
ary antibodies were horseradish peroxidase-conjugated

Results
Generation of mRNA-peptide display
library

The cDNA library encoding dodecapeptides was constructed
as described in the Materials and methods section. The
library consisted of short expression cassettes encoding
12 amino acids arranged randomly with the 77 promoter
upstream of the expression cassette, and a Flag tag gene
encoding eight amino acids followed in the downstream
of 77 promoter for the purposes of purification. The final
fusion cDNA library was confirmed by PCR, and the agarose
gel electrophoresis result showed that the size of the fusion
cDNA was consistent with the predicted value of 110 base
pairs (Figure 1).

Selection of breast cancer cell-associated
protein binding peptides

We used total protein from SKBr-3 cells as the target for
selection of breast cancer cell-associated protein binding
peptides. The mRNA-peptide display library was screened
with immobilized SKBr-3 total protein followed by reverse
transcription and PCR to amplify the sequences for six
rounds of biopanning. After subsequent selection and
sequencing, several binding peptides were finally obtained
via triplet codes. The antitumor activity of these peptides was
identified in a preliminary experiment, and a dodecapeptide
designated as SA12 (Ser-Val-Pro-Leu-Phe-Asn-Phe-Ser-
Val-Tyr-Leu-Ala; patent ZL201310060261.8, People’s
Republic of China) was further characterized as having
excellent bioactivity in tumor suppression. As shown in the
electrospray ionization-mass spectrometry report for SA12,
the molecular weight was found to be 1,357.27 ((M+H]"),
which was conjugated with a H*, and 1,379.94 ([M+Na]*),
which was conjugated with an Na*, both of which were
identical to the predicted molecular weight for SA12 of
1,356.60 (Figure 2).
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Lane 2

Lane 1

2,000 base
pairs

100 base
pairs

Figure | Molecular weight of complementary DNA on agarose gel electrophoresis.
Lanes | and 2 represent the DNA ladder marker and polymerase chain reaction
product of the complementary DNA, respectively. The band of the polymerase
chain reaction product is located at around |10 base pairs in the panel, which is
consistent with the predicted value.

SA12 peptide internalized and localized

at the nucleus in SKBr-3 cells

To analyze the distribution of the SA12 peptide when it
interacted with SKBr-3 cells, we synthesized a fluorescence-
labeled SA12 peptide, FITC-Ahx-SA12. The SKBr-3 cells
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were treated with FITC-Ahx-SA12 at a concentration of 80
UM, and fluorescence was observed under a fluorescence
microscope (Olympus). The results showed that slight fluo-
rescence (Figure 3C) appeared in the field of vision as early
as 30 minutes after treatment with FITC-Ahx-SA12; clear
localization was present in the cell nucleus region within
60 minutes after treatment, but there was only minor localiza-
tion in the cytoplasm (Figure 3D). These results indicate that
the SA12 peptide could be rapidly internalized, and its intra-
cellular localization in SKBr-3 cells was in the nucleus.

SAI12 inhibited proliferation of SKBr-3
cells in a time-dependent manner

In the current study, we tested the effect of SA12 on the
proliferation of SKBr-3 cells using MTT assays. SKBr-3
cells were incubated with SA12 peptide at different con-
centrations for 24, 48, 72, and 96 hours, and the ability of
SA12 to inhibit cell proliferation increased with increas-
ing concentrations of SA12, with the strongest inhibition
observed at 80 uM (P<<0.05). Compared with the control
group, incubation with SA12 at a concentration of 80 uM
resulted in 27.61%, 40.15%, 43.19%, and 46.8% inhibition
of cell proliferation at 24, 48, 72, and 96 hours, respectively,
whereas the negative control peptide, LL12, did not show
any effect on cell viability at the same concentrations or at
any time point (Figure 4). These results show that the SA12
peptide could suppress proliferation of SKBr-3 cells in a
time-dependent manner.

1,357.27

Molecular weight: 1,356.60

[M+H]"
1,358.53
[M+Na]*
1,379.94
1,381.52
1,395.12
1,328.11 438.
43858 1 475.54 1,541.10 1718.35
' .1,601.20 ©7 7% 1,836.48 1,906.35 1,928.71
m/z

1,300

1,400

1,600 1,600 1,700 1,800 1,900

Figure 2 Electrospray ionization-mass spectrometry results for the SA12 peptide. The molecular weight of the detected peptide was 1,357.27 ([M+H]*) which is conjugated
with a H*, and 1,379.94 ([M+Na]*), which is conjugated with a Na* in the graph, and both are identical to the predictive value of 1,356.60 for the SAI2 peptide.

Abbreviations: M, molecular weight; H, proton; Na, sodium.
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Figure 3 SAI2 peptide internalized and located at the nucleus in SKBr-3 cells [200x; the upright tangle in (D) is 400x]. The (A) and (C) cell panels represent the 30-minute
time point, while (B) and (D) represent 60 minutes after treatment with the fluorescent peptide FITC-Ahx-SA12 at a concentration of 80 uM. The white arrow in (D)
indicates localization in the nucleus. Compared with the control groups (A, B), slight fluorescence in the field of vision (C) appeared as early as 30 minutes, and a clear
localization pattern at the cell nucleus region emerged within 60 minutes (D), while there was only minor localization in the cytoplasm.

Abbreviation: FITC, fluorescein isothiocyanate.

SA12 induced apoptosis of SKBr-3 cells

To reveal the mechanism of inhibition of proliferation, we
investigated the role of SA12 in inducing apoptosis in SKBr-3
cells. SKBr-3 cells were treated with SA12 peptide and then

3 120%

=

c

8 100% ——380 nM

- —=— 800 nM

o o ——8uM

E\i 80% —a— 80 uM
3 ——NC

2 60%

%

S 40%

8 20%

Time (hours)

Figure 4 MTT results for SA|2-treated SKBr-3 cells. SA12 was replaced with LLI12
at a concentration of 80 UM in the NC group. SKBr-3 cells were incubated with
SAI12 peptide at different concentrations for 24, 48, 72, and 96 hours; the effect
of SAI2 on inhibition of proliferation increased with increasing concentrations of
SA12, and the strongest inhibition was observed at 80 uM (P<<0.05). Compared with
the control group, incubation with SA12 80 UM resulted in 27.61%, 40.15%, 43.19%,
and 46.8% inhibition of cell proliferation at 24, 48, 72, and 96 hours, respectively,
whereas the NC peptide LLI2 did not show any effect on cell viability at the same
concentrations.

Abbreviation: NC, negative control; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide.

subjected to Annexin V-FITC/PI staining apoptosis assay
by flow cytometry. As shown in Figure 5, the apoptosis rate
in SKBr-3 cells increased slightly from 6 hours to 18 hours
when the cells were treated with SA12 at a concentration
of 80 uM, while apoptosis was significantly induced at the
24-hour time point using the 80 UM concentration. Com-
pared with the control groups, the apoptosis rate in SKBr-3
cells treated with SA12 80 uM for 24, 36, and 48 hours
increased up to 12.73%, 14.91%, and 18.01%, respectively
(Figure 5). The apoptotic cells presented mainly as both
Annexin V-FITC-positive and PI-positive, indicating that the
inducing and promoting effect of the SA12 peptide in SKBr-3
cells was mainly in the late phase of apoptosis.

We also used the TUNEL assay to confirm induction
of apoptosis by SA12 in the SKBr-3 cell line. SKBr-3 cells
seeded on coverslips were treated with SA12 at a concentra-
tion of 80 uM for 24, 36, and 48 hours, and then subjected
to TUNEL assay as described in the Materials and methods
section. Photographs of TUNEL assay were obtained from
the microscope. Compared with the controls, the percentage
of TUNEL-positive cells increased by 16.55% when treated
with SA12 80 uM for 24 hours, by 18.90% when treated for
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36 hours, and by 29.81% when treated for 48 hours (Figure
6). These results are consistent with the results of the Annexin
V-FITC/PI staining apoptosis assay, confirming that treatment
with SA12 ata dose of 80 uM for over 24 hours significantly
induced apoptosis in SKBr-3 cells. This is also consistent
with the tendency seen in the MTT assay, ie, repression of
cell viability by SA12 in a time-dependent manner.

SAI2 interacted with MECP2
and CDC20B directly in vitro

To identify the intracellular targets of the novel anti-tumor
peptide SA12, we carried out pull-down assays on SKBr-3
cells. Total protein from SKBr-3 cells was added to SA12
peptide conjugated on superparamagnetic beads to per-
form the in vitro pull-down experiments, and the resulting
magnetic beads were boiled in protein loading buffer and
separated by SDS-PAGE (Figure 7A). Major protein bands
from pull-down fractions separated by SDS-PAGE were
subjected to mass spectrometry analysis; obvious interact-
ing proteins were obtained and identified as MECP2 and
CDC20B, and both of these two proteins were found to be

G
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tumor-associated proteins. To confirm the above results,
we carried out Western blotting experiments using the pull-
down fractions and polyclonal antibodies against these two
proteins. A protein band around 52.4 kDa was clearly visible
in the anti-MECP2 immunoblot, and a major protein band
around 52.8 kDa was observed in the anti-CDC20B immu-
noblot, but no visible band was present in the LL.12 captured
group (Figure 7B). These results provide further evidence
that SA12 interacted with the target proteins, MECP2 and
CDC20B, directly in vitro.

SA 12 upregulated expression of P53

and PTEN tumor suppression proteins

Given that apoptosis is usually correlated with the tumor
suppression proteins P53 and PTEN, we investigated
whether the apoptosis induced by SA12 was involved in the
changes in P53 and PTEN expression. As shown in Figure 8,
an obvious accumulation of P53 and PTEN was found in
the RT-PCR and Western blotting assays. Compared with
the control group, gene expression levels of P53 and PTEN
were increased by 95.34% and 42.53%, respectively, in the

O Control
@ SA12 treated

24 36

Time (hours)

Figure 6 TUNEL staining of SKBr-3 cells treated by SA12 at a concentration of 80 uM for different time periods (200x).
Notes: (A-C) represent the control groups and (D-F) represent the groups treated with SA12 for 24, 36, and 48 hours, respectively. Compared with the control group,
the percentage of TUNEL-positive cells increased by 16.55% when treated with SA12 for 24 hours (D) and 18.90% for 36 hours (E), then reached 29.81% when treated for

48 hours (F).

Abbreviation: TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
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A Marker  Pull-down Input Negative Flowthrough

Figure 7 Coomassie blue staining (A) and Western blotting analysis (B) of pull-down
fractions captured by the SAI2 peptide. (A) The captured protein is seen clearly
in the panel for 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis.
(B) The protein band around 52.4 kDa is clearly visible in the anti-MECP2
immunoblot, and a major protein band around 52.8 kDa is observed in the anti-
CDC20B immunoblot in the SAI2 captured group, whereas no visible band is
present in the LLI2 captured group.

Notes: “Marker” indicates the protein ladder marker; “Pull-down” indicates the
pull-down group; “Input” indicates the input group; “Negative” indicates the negative
control group; “Flowthrough” indicates the flowthrough group; the arrow represents
the bands of target protein; +, pull-down group; —, negative control group.

SA12-treated SKBr-3 cells at a concentration of 80 uM
for 48 hours. Moreover, protein expression levels of P53
and PTEN were increased by 183.49% and 153.92%,
respectively (P<<0.05), which suggest that the apoptosis-
inducing effect of SA12 was exactly associated with P53
and PTEN protein expression, although other tumor sup-
pressor genes that might be involved in this process should
be further explored.

To investigate whether the phosphatidylinositol-4
S-bisphosphate 3-kinase (PI3K)/PTEN/Akt pathway was
involved in the apoptosis process induced by SA12, we
analyzed gene expression levels of nuclear factor kappa B,
PI3K, Akt,and PTEN by RT-PCR, and found that expression
of mRNA for nuclear factor kappa B, PI3K, and Akt was
downregulated, while PTEN was upregulated in SKBr-3
cells treated with SA12 at a concentration of 80 uM for
48 hours compared with the control group (Figure 8).
These results suggest that apoptosis induced by SA12 was
also associated with these members of the PI3K/PTEN/Akt
signal pathway.

SA12 induced apoptosis via the

mitochondrial pathway

To identify the mechanism of apoptosis induced by the SA12
peptide, we carried out RT-PCR assays with SA12-treated
SKBr-3 cells. Results of RT-PCR showed that the proapop-
totic genes Bax and Bak were upregulated by 258.6% and
143.3%, respectively, when treated with SA12 at a concen-
tration of 80 uM for 48 hours compared with the control
group, while the antiapoptotic genes Bcl-2 and Mcl-1 were
downregulated by 43.4% and 70.28%, respectively (P<<0.05,
Figure 8A and C, respectively).

To obtain further evidence as to whether the extrinsic
pathway or mitochondrial pathway was involved in the
apoptosis process induced by SA12, we performed Western
blotting using the polyclonal antibodies of the anticaspase
family and anti-Bcl-2 family proteins related to cell apopto-
sis. As shown in Figure 8B and D, Bax and Bak expression
levels were upregulated by 90.29% and 64.11%, respec-
tively, in treatment with SA12 at a concentration of 80 uM
for 48 hours. Moreover, release of cytochrome-c into the
cytosol and activation of caspase-9 and caspase-3 were
increased by 120.38%, 145.19%, and 79.63%, respectively,
while Bel-2 and Mcl-1 were downregulated by 37.73% and
44.09% (P<<0.05). In contrast, there was no visible change
in caspase-8. These results indicate that the mitochondrial
pathway was the primary apoptosis pattern caused by the
novel peptide SA12.

Discussion

Peptides offer certain advantages when used as drugs,
including high biological activity, high specificity, and low
toxicity.!” Thus, peptides have been developed as promising
therapeutic agents in the treatment of cancers.® In the current
study, we developed a novel peptide designated as SA12,
which exhibited significant potency in the inhibition of pro-
liferation and induction of apoptosis in SKBr-3 breast cancer
cells, using mRNA-peptide display technology. Further, we
confirmed that the SA12 peptide interacted with MECP2 and
CDC20B proteins in SKBr-3 cells.

Cell proliferation and apoptosis are important in tumor
progression, which is also related to complicated signal-
ing pathways. Although CDC20B has not been widely
investigated, both MECP2 and CDC20B are considered to
be crucial in tumor progression.'®2° MECP2 was the first
identified member of the methylated DNA binding proteins
and is an important regulatory factor in gene expression,
and has been classically described as a global transcrip-
tion repressor.?! As a transcriptional repressor, MECP2
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Figure 8 Reverse transcription-polymerase chain reaction (A, C) and Western blotting (B, D) analysis of SA12-treated SKBr-3 cells. Data are shown as the relative value of gene/
[-actin and protein/B-actin. (A, C) Compared with the control groups, the gene expression of P53, PTEN, Bax, and Bak was upregulated by treatment with SA 12 at a concentration
of 80 uM for 48 hours, while NF-8, PI3K, Akt, Bcl-2, and Mcl-| were downregulated (P<<0.05). (B, D) Compared with the control groups, protein expression of P53, PTEN, Bax, and
Bak was upregulated; moreover, the release of cytochrome-c into the cytosol and activation of caspase-9 and caspase-3 were increased by treatment with SA|2 at a concentration
of 80 uM for 48 hours, while Bcl-2 and Mcl-1 were downregulated (P<<0.05), which is consistent with the reverse transcription-polymerase chain reaction results.
Abbreviations: NF-xB, nuclear factor kappa B; PI3K, phosphatidylinositol-4 5-bisphosphate 3-kinase; PTEN, phosphatase and tensin homolog.
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contains two functional domains, ie, a methylated DNA
binding domain and a transcriptional repression domain,
both of which are involved in the regulation of transcrip-
tion activity, especially for tumor suppressor genes, thus
plays an important role in the development of cancer.!*?!
Hypermethylation of tumor suppression gene promoter in
CpG islands region is critical in the progression of carcino-
genesis.”? MECP2, through binding to the methylated CpG
of the gene 5’ flanking sequence, prevents formation of a
gene transcriptional complex, and silences the tumor sup-
pressor genes. On the other hand, when MECP2 binds to
the methylated CpG, the histone is deacetylated by histone
deacetylase which is bound on MECP?2 structurally, leading
to conformational changes in chromatin and transcriptional
repression, and inhibition of expression on tumor suppres-
sor genes.” Progression of breast cancer involves multiple
genetic events which can activate dominant-acting onco-
genes and disrupt the function of specific tumor suppressor
genes.” When SKBr-3 breast cancer cells were treated with
the SA12 peptide, repression of tumor cell proliferation
was observed. The mechanism was explained as that when
SA12 interacted with MECP2, the binding ability of MECP2
to the methylated CpG of the tumor suppressor gene was
blocked, resulting in termination of transcription repression
and re-expression of tumor suppressor genes. Although more
research is needed to reveal the complicated effect of SA12
on MECP2, SA12 is considered to play an important role
in the re-activation of tumor suppressor genes prevented
by MECP2 protein.

The expression levels of tumor suppressor genes like P53
and PTEN are crucial in the fate of tumor cells. Mutation or
deletion of P53 and PTEN are found to be involved in the
development of a variety of tumors, including breast cancer.?*
P53 is described as a transcription factor regulating down-
stream genes important in cell cycle arrest, DNA repair, and
apoptosis,? so mutation or loss of P53 in many cancers leads
to genomic instability, impaired cell cycle regulation, and
inhibition of apoptosis. PTEN was identified as one of tumor
suppressor genes frequently deleted or mutated in various
primary cancers, including brain, prostate, and breast can-
cer.?® In this study, expression levels of P53 and PTEN were
elevated in SKBr-3 cells after treatment with SA12 peptide,
the mechanism was explained as the inhibition of MECP2
on the transcription of P53 and PTEN were prevented by
SA12, leading to re-expression of P53 and PTEN, and finally
corrected unbalance between tumor suppressor genes and
oncogenes in tumor cells. Additionally, the PI3K/PTEN/Akt
signal cascade has been shown to play a critical role in the
initiation and progession of carcinogenesis,””** we observed

that treatment with SA12 peptide also influences the expres-
sion of PI3K and Akt, so the PI3K/PTEN/Akt pathway also
contributes to the inhibition of breast cancer cells by SA12.

Apoptosis occurs through two main pathways lead-
ing to activation of the death signal, ie, the extrinsic or
cytoplasmic pathway and the intrinsic or mitochondrial
pathway.*° The apoptosis pathway evoked by SA12 in
SKBr-3 cells was shown to be the mitochondrial pathway,
and both Bcl-2 family and related caspases are proven to be
involved in this process. The Bcl-2 family is one of the
most important regulators of the mitochondrial apoptosis
pathway, and includes proapoptotic members such as Bax,
Bak, Bad, Bcl-Xs, Bid, Bik, Bim, and Hrk, and antiapop-
totic members such as Bcl-2, Bcl-XL, Bel-W, Bfl-1, and
Mcl-1.3132 Proapoptotic members of the Bcl-2 family act
as promoters of apoptosis, whereas antiapoptotic members
act as repressors by blocking the release of cytochrome-
¢.? The subsequent effects are mainly dependent on the
balance of Bcl-2 and Bax,” and the final step leading to
execution of the death signal is the activation of a series of
proteases known as caspases.****> When treated with SA12,
proapoptotic members (Bax and Bak) were increased, while
antiapoptotic members (Bcl-2 and Mcl-1) were decreased,
all of which might be caused by SAl12-activated expres-
sion of P53 and PTEN genes. The imbalance of Bax/Bcl-2
promoted additional release of cytochrome-c, which con-
tributes to the activation of caspase-9 and the subsequent
activation of caspase-3. Thus, the mitochondrial pathway
is considered to be responsible for the apoptosis induced
by the novel peptide SA12.

Conclusion

In summary, we have successfully developed a novel peptide
of SA12 that can inhibit proliferation and induce apoptosis
in SKBr-3 cells through interaction with the MECP2 protein.
We propose that SA12 has potential for development as a
drug candidate for the targeted treatment of breast cancer.
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