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ABSTRACT

Breast cancer, as a malignant tumor with easy metastasis and poor prognosis, threatens the health of women around
the world. Increasing studies have shown that the Bcl-2 family of apoptosis-related proteins is often expressed
abnormally in breast cancer. The Bcl-2 homology 3 (BH3) mimetic peptide can bind and neutralize Bcl-2, preventing
its binding to the apoptosis "effector" proteins Bak and Bax, thereby promoting the apoptosis process. However,
there is a lack of effective intracellular delivery system for BH3 to exert its biological activity. Therefore, this study
utilized an activatable supercharged polypeptide (ASCP) tumor-targeted delivery platform based on pH and
protease response to achieve the targeted release of BH3 at the tumor site. Ultimately, intracellular delivery of BH3
was achieved and induced apoptosis of breast tumor cells, preventing the development of breast cancer.
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1. Introduction

Breast cancer is the most common malignant tumor in women and one of the five most common cancers in the
world. Clinically, breast cancer is mainly classified based on the presence or absence of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) expression (1,2). According to
the data released in 2019, breast cancer accounted for 30 % of newly diagnosed malignant tumors in females, and
led to 15 % of female deaths from cancer (3).

Over the past three decades, significant advances have been made in our understanding of the role of the B-cell
lymphoma 2 (Bcl-2) family in apoptosis and cancer (4). The Bcl-2 family includes pro-apoptotic BH3 proteins (Bid,
Bim, Puma, Noxa, Bad, Bmf, Hrk and Bik), anti-apoptotic proteins (Bcl-2, Bcl-XL, Bcl-W, Mcl-1 and A1) and effector
pro-apoptotic proteins (Bax, Bak and Bok) (5-7). Through structural analysis of Bcl-2 family proteins, it was found
that the hydrophobic groove interaction formed between them through the BH domain (8, 9). Overexpression of
anti-apoptotic proteins (such as Bcl-2) promotes its binding to pro-apoptotic proteins (such as Bax or Bak) and
inhibits the polymerization of pro-apoptotic proteins on the mitochondrial membrane, thereby preventing the
release of cytochrome c and Initiation of apoptosis (10, 11). Therefore, the Bcl-2 protein plays a central role in
preventing apoptosis and helps breast cancer cells escape the apoptotic process.

Recently, an increasing number of Bcl-2 homology 3 (BH3) mimics have been developed, which bind and
neutralize Bcl-2, preventing Bcl-2 binding to the apoptotic “effector” proteins Bak and Bax, thus promoting the
apoptotic process (12). At the same time, since Bcl-2 is overexpressed in about 75 % of breast cancer, BH3 mimetic
peptide are also considered as candidate drugs for the treatment of breast cancer (13, 14). Currently, there are many
BH3 mimetics entering clinical research, among which Venotoclax/ABT-199 has been approved by the FDA for the
treatment of chronic lymphocytic leukemia (CLL) (15, 16).

Despite the excellent efficacy of BH3 mimetics, there are still two issues that urgently need to be addressed
(17). First, most of the BH3 mimics currently studied are one of the domains in pro-apoptotic effector proteins,
which must cross the cell membrane to be active. Therefore, efficient intracellular delivery systems are needed to
achieve transmembrane delivery of BH3. In addition, BH3 mimetics can only reduce systemic toxicity and increase
the therapeutic window dose if they are active at the tumor site. Therefore, a tumor-targeted delivery system is
needed to achieve targeted delivery of BH3.

In this study, we used activatable supercharged polypeptide (ASCP), a tumor-targeted intracellular delivery
platform, to deliver the BH3 mimetic peptide (STKKLSECLKRIGDELDSNM), restore cell apoptosis, and prevent the
development of breast tumors (17, 18). The delivery platform consists of a charge shielding sequence CSS, an MMP-
2 protease cleavage site, and a cell penetration module SCP. By fusion and expression of ASCP and BH3 mimetic
peptide into ASCP-BH3 protein, low pH & protease response was achieved while also completing intracellular
delivery of BH3 mimetic peptide, ultimately inducing apoptosis of breast cancer cells. In summary, this study
provides a new method for tumor-targeted delivery of BH3 mimetic peptides and provides a strategy for the
treatment of breast cancer.

2. Materials and methods

2.1 Purification of ASCP-BH3 fusion protein

GenScript (China) was entrusted to complete the gene synthesis of ASCP-BH3. After the plasmid derived from
the pET-28a (+) vector were transformed into Escherichia coli BL21(DE3) cells (Cat# C504-02, Vazyme, China),
protein expression was induced using 1 mM IPTG (Cat# ST098-1g, Beyotime, China) at 26 °C for 12 h. ASCP-BH3
was separated by Niz+ affinity chromatography column (Cat# 17524801, Cytiva, USA). Unbound protein was
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removed by removal solution (20 mM Tris, 500 mM Nacl, 20 mM Imidazole), while ASCP-BH3 was eluted by elution
solution (20 mM Tris, 500 mM Nacl, 150 mM Imidazole). The buffer system of ASCP-BH3 was replaced with PBS
through a desalting column (Cat# 29048684, Cytiva, USA).

2.2 Characterization of ASCP-BH3 fusion protein

Western Blot: HIS antibody was used as the primary antibody (dilution of 1:10000, Cat# 66005-1-Ig,
ProteinTech, China) and HRP-goat anti-mouse antibody (dilution of 1:10000, Cat# SA00001-1, ProteinTech, China)
was used as the secondary antibody. After incubating the secondary antibody, immediately clean the fiber
membrane with TBST, use DAB as the substrate in a dark environment, and develop color for 5 min. Finally, after
washing with PBS, record the photos of the color development.

RP-HPLC: The C18 chromatographic column was used to detect the purity of ASCP-BH3 fusion protein. The
detection wavelength of the liquid chromatograph was set to 214 nm, and the flow rate was 1 ml/min. The mobile
phases were double distilled H,0 and acetonitrile, and were added with 0.065 % (v/v) TFA. The elution gradient
was from 5 % (v/v) acetonitrile to 70 % (v/v) acetonitrile in 30 min.

2.3 Cell lines

MCF-7, human breast cancer cell was obtained from American type culture collection (ATCC, Cat# HTB-22ATCC,
USA). MCF-10A, human normal breast cell was obtained from American type culture collection (ATCC, Cat# CRL-
10317, USA). MCF-7 and MCF-10A cells were cultured in high-glucose DMEM (Cat# 12100046, Gibco, USA) with 10 %
fetal bovine serum (FBS) (Cat# 10099141C, Gibco, USA). MCF-7 and MCF-10A cells were cultured in a cell culture
incubator (5 % CO2, 37 °C).

2.4 Cellular uptake of ASCP-BH3 fusion protein

ASCP-BH3 was incubated with fluorescein isothiocyanate (FITC, Cat# HY-66019, MedChemExpress, China) for
24 h (4 °C) and free FITC was removed through a desalting column. After incubating ASCP-BH3 (5 uM) and MCF-7
cells for 24 h, the average fluorescence intensity of the cells was detected by flow cytometry. Before using confocal
microscopy for detection, we need to culture 1x105 MCF-7 cells in a small dish and incubate ASCP-BH3 (5 pM) with
the cells for 24 h. After cells were fixed with paraformaldehyde, using DAPI (dilution of 1:10000, Cat# C1002,
Beyotime, China) as the nuclear dye.

Lysosomal staining: ASCP-BH3 (5 puM) and MCF-7 cells were co-incubated for 24 h. Then, add Lyso-Tracker
(dilution of 1:10000, Cat# C1046, Beyotime, China) and incubate for 30 min. Finally, Lyso-Tracker was removed and
MCF-7 cells were observed using a laser confocal microscope.

2.5 Cell proliferation assay

After MCF-7 or MCF-10A were cultured in a 96-well plate for 12 h, different concentrations of ASCP-BH3 and
MCF-7/MCF-10A cells were incubated for 24 h. Add CCK-8 detection solution (dilution of 1:20, Cat# C0037,
Beyotime, China) to each well, react at 37 °C for 30 min, and detect the absorbance of each well at 450 nm.

2.6 Clonogenic assay

MCF-7 cells were cultured in 6-well plates (500 cells/well), and subsequent experiments were performed 3
days later. Add BH3 peptide (5 uM, 2 days) and ASCP-BH3 (5 uM, 2 days) to the 6-well plate respectively. After
removing the cell culture supernatant, polymethylmethacrylate (Cat# P0099, Beyotime, China) was added to fix the
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cell spots. Use crystal violet staining solution (Cat# C0121, Beyotime, China) to stain cell spots.

2.7 Detection of apoptosis by flow cytometry and JC-1

Flow cytometry: After MCF-7 cells were cultured in a 24-well plate for 12 h, ASCP-BH3 (5 uM, 24 h) was added
to the wells. Subsequently, the cell supernatant was removed and all cells were collected. Then, the Annexin V-
FITC/PI Apoptosis Detection Kit (Cat# A211-01, Vazyme, China) was used to determine apoptosis. 5 uL. Annexin V-
FITC and 5 pL PI were incubated for 15 min at 4 °C. Add Binding Buffer, and the sample was detected in a flow
cytometer within 1 h.

JC-1: MCF-7 cells were treated using ASCP-BH3 (5 pum) for 24 h. Then, cells were treated 30 min under 37 °C
using JC-1 (10 pug/mlL, Cat# C2005, Beyotime, China). After washing with PBS, red and green fluorescence was
observed by laser confocal microscope.

2.8 Animal Care

All nude mice were housed in individual ventilated cages (IVCs) and kept in a 12 h light-dark cycle, at a
temperature of 25 °C and a relative humidity of 50%.

2.9 In Vivo Anti-Tumor Efficacy of ASCP-BH3

MCEF-7 cells (1x10¢/mouse) were injected subcutaneously into mice, and they were randomly divided into
groups when they grew to 100 mms3. Saline, BH3 peptide, and ASCP-BH3 (once every two days, 0.25 mg/mouse)
were injected into mice through the tail vein (100 pL/mouse). During this period, mouse tumor volume (V =1/2 x
L x W2 (L, length; W, width of tumor)) and mouse body weight were recorded every two days. The mice were
sacrificed on day 21, and tumor tissues were obtained. AiFang Biology (China) was commissioned to carry out Ki67
staining analysis of tumors.

2.10 ASCP-BH3 Biological Toxicity Assay

Saline, BH3 peptide and ASCP-BH3 (once every two days, 0.25 mg/mouse, 100 pL/mouse) were injected into
mice, respectively. After three consecutive injections, the blood and liver tissues of the mice were obtained. Liver
tissues were fixed in 4 % paraformaldehyde and embedded in paraffin and stained with Hematoxylin-eosin staining
(H&E) for immunohistochemical analysis (Servicebio Inc, China). Blood Biochemical Indexes: The red blood cell
count (RBC), white blood cell count (WBC), platelet count (PLT), and hemoglobin count (HGB) commissioned
Servicebio Inc (China) to conduct testing. Hepatorenal toxicity was evaluated by aminotransferase (ALT) and
aspartate aminotransferase (AST) Kits.

2.11 Data and Statistical Analysis

Statistical analysis was performed using GraphPad Prism 8.1. The data are presented as the means * SD (n=3).
Statistical analysis was performed using a one-way ANOVA.

3. Result

3.1 Construction and Characterization of ASCP-BH3

Tumor is an extremely heterogeneous tissue with multiple proteases within it and an acidic microenvironment
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(19).In view of the above characteristics, we designed the protease MMP-2 response site and the shielding sequence
(CSS) that can achieve charge conversion in an acidic environment, and cooperated with the cell penetration module
(SCP)to achieve targeted release of active substances at the tumor site (this system is called ASCP) (18). Next, we
fused BH3 and ASCP and expressed them in Escherichia coli BL21(DE3). ASCP-BH3 was purified through Ni2+ affinity
chromatography column, and a highly pure fusion protein was obtained (Figure 1A & Figure 1B). Its properties were
identified by Western Blot, and the results showed that the fusion protein contained the expected purified His tag
(Figure 1C). The results of RP-HPLC showed that ASCP-BH3 with higher purity (>90 %) was obtained through
purification (Figure 1D).
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Figure 1. Expression and characterization of ASCP-BH3 fusion protein. (A) SDS-PAGE identified ASCP-BH3 through
Ni2+ affinity chromatography column purification process. 1-5: Marker, Control, E.coli after IPTG processing,
Ultrasonic disruption of supernatant, Ultrasonic disruption of precipitate; 6-8: Unbound protein; 9-11: Target
protein. (B) SDS-PAGE identified desalted ASCP-BH3 fusion protein. (C) Western Blot identified the properties of
the fusion protein ASCP-BH3. (D) RP-HPLC identified the purity of fusion protein ASCP-BH3.

3.2 Cellular uptake and microenvironmental response of ASCP-BH3

In order to verify the tumor microenvironment responsiveness of ASCP-BH3, we first measured the cellular
uptake efficiency of ASCP-BH3 (FITC label) under the conditions of pH 7.4, pH 6.5, and pH 6.0 through flow
cytometry. The results showed that in MCF-7 breast cancer cells, the cellular uptake efficiency of ASCP-BH3 at pH
6.0 was much greater than that at pH 7.4 (Figure 2A). At the same time, with the addition of MMP-2 enzyme, the
cellular uptake efficiency of ASCP-BH3 further increased (Figure 2B). In summary, ASCP-BH3 can efficiently achieve
transmembrane transport under MMP-2 enzyme and acidic environment.

In addition, the results taken by laser confocal microscopy showed that ASCP-BH3 was localized in the
cytoplasm after entering the cells (Figure 2C&D). At the same time, lysosomes were stained by Lyso-Tracker, and
ASCP-BH3 showed a significant localization difference from lysosomes (Figure 2E&F). This shows that after ASCP-
BH3 enters the cytoplasm, it can achieve effective lysosomal escape and help BH3 exert its biological activity.
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Figure 2. Cell uptake efficiency and Intracellular localization of ASCP-BH3 fusion protein. (A) Cellular uptake
efficiency of ASCP-BH3 fusion protein under three additions (pH 6.0, pH 6.5, pH 7.4). (B) Cellular uptake efficiency
of ASCP-BH3 after adding MMP-2 enzyme. (C) Confocal laser observation of intracellular localization of ASCP-BH3;
scale bars, 10 um. (D) Intracellular distribution fluorescence curve of ASCP-BH3. (E) Laser confocal observation of
the co-localization of ASCP-BH3 and lysosomes; scale bars, 10 um. (F) Colocalization curve of ASCP-BH3 and
lysosome.

3.3 ASCP-BH3 can effectively induce apoptosis

Because the Bcl-2 protein in tumor cells can bind to Bax and other proteins, it prevents tumor apoptosis (20-
22). The BH3 mimetic peptide can bind to Bcl-2 and prevent the binding of Bcl-2 to Bax, thereby initiating cell
apoptosis. Therefore, in order to verify whether ASCP-BH3 can cause cell apoptosis after entering cells, we co-
incubated ASCP-BH3 with MCF-7 cells for 24 hours. Through the cell viability measurement of MCF-7 cells, the
results showed that ASCP-BH3 can start to produce activity at a concentration of 1.25 pM and completely kill tumor
cells at a concentration of 20 uM (ICs0=4.25 pM) (Figure 3A). In addition, ASCP-BH3 has no obvious toxicity to
normal breast cells MCF-10A at the same concentration (Figure 3B).

In addition, since phosphatidylserine will turn the cell membrane from inside to outside during early apoptosis,
we examined this process by flow cytometry. The results show that compared with the BH3 peptide group, ASCP-
BH3 can effectively cause the eversion of phosphatidylserine (PS). At the same time, PI dye confirmed the cell death
process after apoptosis (Figure 3C&D). The changes of mitochondrial membrane potential in MCF-7 cells were
measured by JC-1(Figure 3E). The results showed that ASCP-BH3 could effectively reduce mitochondrial membrane
potential (Green) and induce mitochondria-mediated apoptosis (Figure 3E). In addition, clonogenic assay showed
that ASCP-BH3 can effectively inhibit the growth of MCF-7 tumor cells (Figure 3F&G).
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Figure 3. ASCP-BH3 can induce cell apoptosis. (A) CCK-8 was used to determine the killing activity of ASCP-BH3 at
different concentrations against MCF-7 and (B) MCF-10A. (C) Flow cytometry was used to measure cell apoptosis
induced by ASCP-BH3. (D) Proportion of PI* FITC* cells. (E) Changes in mitochondrial membrane potential (red: JC-
1 aggregates, normal; green: JC-1 monomers apoptosis); scale bars, 10 pm. (F) Clonogenic assay was used to
measure the proliferation inhibition of MCF-7 by ASCP-BH3 (5 days). (G) Counting of cell clone spots.

3.4 ASCP-BH3 can safely inhibit tumor growth

3.4.1 ASCP-BH3 can inhibit tumor growth in MCF-7 tumor-bearing mice

The anti-tumor activity of ASCP-BH3 in vivo was further studied through the MCF-7 subcutaneous
transplantation tumor model. After the mice were randomly divided into groups, they were injected with
physiological saline, BH3 peptide, and ASCP-BH3 (once every two days, 0.25 mg/mouse) through the tail vein. By
detecting the tumor growth curve, the results showed that ASCP-BH3 can effectively inhibit the growth of MCF-7
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tumors. On day 21, tumor volume was reduced by 70 % compared with the control group (1422.47 mm3 vs 414.56
mm3, P<0.0001) (Figure 4A). After the mouse tumors were peeled off, the measurement of the tumor weight further
showed that ASCP-BH3 can effectively inhibit the growth of tumors (Figure 4B&C). Furthermore, there was no
significant difference in mouse body weight between groups (Figure 4D).

Finally, the Ki67 immunohistochemistry results of mouse tumor tissues showed that the tumor proliferation
of mice in the ASCP-BH3 group was significantly retarded (Figure 4E&F). In summary, compared with the control

group, ASCP-BH3 can effectively target tumor tissue and prevent tumor development.

C

L >
(o)

5=
« -o- Saline — ok
£ o, | p<0.0001 . 2
£ = BH3 peptide -4 — Saline ) ® ® I
- <
© 1000- -+ ASCP-BH3 3 5
g s g BH3 peptide kl 2 -y 3
s 8 > 2-
_ o - >
5 500 £ ASCP-BH3 5 )
3 14
]
S L —— P
= o 0-
v L] 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
. N &
Time (day) & K &
%) 9
L ¥
D - E
—_ BH3 peptide ASCP-BH3
20 B . N
= >
=
D 154 i
; :
2 109 o saline
‘g 5« - BH3 peptide
-+ ASCP-BH3 s g
0 L] L] 1 T 1 T 1 L] T T 1
0 2 4 6 8 10 12 14 16 18 20 22
Time (day)
F ~ 150~
R
G ~ *** p=0.0002
Saline BH3 peptide ASCP-BH3 3 ~——
o
+ 100 % %
N~
e
x
o 50 .I‘
2
=
=
[
—_— — —_ x 0 T T l
& & q,&
& K OQ
of &
H AST ALT I & ¥
. wec RBC HGB PLT
ns ns 128 € 10 200 1500
100 100 ns ns 5 8 150
— —_ T, oy = = 1000
3 g s % g 6 3 <
= = % e 2 100 %
» 50 - 50 > =
< < a, S 4 T g 500
= 2 50 &
25 25 2
0 0 0 0 0 0
e ® O @ P ® . > & P R & F L ¢ F L
& &8 & ézg;‘“ 2 QJ)b cg‘éb 2 & (g'éb & & F 6"}\,5&‘2“ &°
< o &
&P &P & F & ¥ & ¥ ¥

Figure 4. ASCP-BH3 can inhibit tumor growth in MCF-7 tumor-bearing mice. (A) Changes in tumor volume. (B)
Tumor weight. (C) Photos of the tumor after dissection. (D) Body weight changes in mice. (E) Proliferation (Ki67)
of the tumors were analyzed; scale bars, 50 pm. (F) Relative number statistics of Ki67-positive cells. (G) H&E
staining of mouse liver tissue; scale bars, 50 um. (H) Contents of AST&ALT in mouse serum after administration of
different drugs. (I) Blood indicators (red blood cell count RBC, white blood cell counts WBC, platelet count PLT, and
hemoglobin count HGB) of the mice.
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3.4.2 Biosafety verification of ASCP-BH3

Compared with small molecule drugs, protein drugs are more biologically safe. Therefore, we also measured
the biological toxicity of ASCP-BH3 in terms of liver toxicity, tissue toxicity, and blood biochemistry. After
intravenously injecting ASCP-BH3 into the mice, the blood and liver tissues of the mice were obtained 3 days later.
HE staining results showed that ASCP-BH3 did not induce obvious liver inflammation (Figure 4G). By measuring the
levels of AST/ALT in serum, the results showed that ASCP-BH3 did not cause obvious liver damage (Figure 4H). At
the same time, there were no obvious abnormalities in various blood indicators (red blood cell count RBC, white
blood cell counts WBC, platelet count PLT, and hemoglobin count HGB) of the mice (Figure 41). In summary, ASCP-
BH3 is a safe and effective drug for the treatment of breast cancer.

4. Discussion

Approximately 75 % of primary breast cancers express high levels of Bcl-2. Bcl-2 is highly expressed in
approximately 85 % of ER-positive tumors, 50 % of HER2-positive tumors, and 40 % of triple-negative breast cancer
(TNBC) (1). Therefore, the search for new, more effective drugs, either as monotherapy or in combination with
standard treatments, remains an important direction in the treatment of patients with aggressive breast cancer.

In cells, the balance between survival and death is controlled by three members of the Bcl-2 family: multi-
domain anti-apoptotic proteins (Bcl-2, Bcl-XL, etc.), multi-domain pro-apoptotic proteins (Bax, Bak, etc.), and the
pro-apoptotic BH3-only protein group (Bid, Bim, etc.). Among them, pro-apoptotic proteins are apoptosis effectors,
pro-apoptotic BH3-only proteins are the initiating factors of apoptosis, and anti-apoptotic proteins promote cell
survival by inhibiting pro-apoptotic proteins (5-7). In healthy cells, anti-apoptotic proteins attach to and inhibit the
effector proteins Bax or Bak, blocking their polymerization on the mitochondrial surface and preventing the
initiation of apoptosis (10). Increasing evidence now suggests that Bcl-2, which is overexpressed in most ER-
positive tumors, is an excellent therapeutic target (23). Currently, therapies using Bcl-2 inhibitors are attracting
more and more attention from researchers. One of them is to use BH3 mimetic peptide to inhibit the anti-apoptotic
activity of Bcl-2 (24-26). However, BH3-bound Bcl-2 is located in the cytoplasm, therefore, BH3 requires an efficient
intracellular transport carrier (1).

In recent years, people have developed a series of technologies to mediate the entry of proteins or polypeptides
into cells. One type is to directly transport proteins into cells through physical delivery methods such as
microinjection, electroporation, ultrasound, and mechanical deformation. However, most of these methods are
invasive and require special equipment (27, 28). In addition, the instantaneous cell penetration produced by these
methods can also allow other proteins and biomolecules to enter cells, causing uncontrollable side effects. The other
type is carrier-based protein delivery. Currently commonly used carriers include cationic liposomes (29), high
molecular polymers (30, 31), nanoparticles (32), cationic peptides (33) and supercharged proteins (34) etc. Among
them, peptide/protein carriers have received widespread attention due to their good biocompatibility and
biodegradability.

In this study, we constructed an anion shielding sequence CSS that can neutralize the cationic peptide SCP
(18,35). Moreover, CSS can complete charge conversion at the tumor site and, under the action of MMP-2 enzyme,
remove the charge shielding of SCP. Ultimately, SCP can carry BH3 into the cytoplasm and complete the biological
process of promoting cell apoptosis. At the same time, in vivo experiments showed that ASCP-BH3 can effectively
inhibit the growth and proliferation of MC38 tumors. More importantly, the detection of AST/ALT levels in serum
showed that ASCP-BH3 had no significant toxicity to mice while killing tumors. In summary, the successful design
of ASCP-BH3 provides a new option for the treatment of breast cancer.

Cancer Insight | 2024 3(2) 89-99
97


https://www.anserpress.org/journal/CI
https://doi.org/10.58567/ci03020006
https://www.anserpress.org/journal/CI

Article Cancer Insight | 10.58567/ci03020006

Funding statement

This research received no external funding.

Conflict of interest

The authors claim that the manuscript is completely original. The authors also declare no conflict of interest.

Acknowledgments

Acknowledgments to anonymous referees' comments and editor's effort.

References

1.

D. Merino, S. W. Lok, J. E. Visvader, G. J. Lindeman. (2016). Targeting BCL-2 to enhance vulnerability to therapy in
estrogen receptor-positive breast cancer. Oncogene 35, 1877-1887. https://doi.org/10.1038/0onc.2015.287

2. N. Harbeck, M. Gnant. (2017). Breast cancer. Lancet 389, 1134-1150. https://doi.org/10.1016/S0140-
6736(16)31891-8

3. Xuerong Wangetal. (2021). Progress of Breast Cancer basic research in China. International Journal of Biological
Sciences 17(8), 2069-2079. https://doi.org/10.7150/ijbs.60631

4. R. W.]ohnstone, A. A. Ruefli, S. W. Lowe. (2002). Apoptosis: a link between cancer genetics and chemotherapy.
Cell 108, 153-164. https://doi.org/10.1016/S0092-8674(02)00625-6

5. T Miyashita, ]. C. Reed. (1993). Bcl-2 oncoprotein blocks chemotherapy-induced apoptosis in a human leukemia
cell line. Blood 81, 151-157. https://doi.org/10.1182/blood.V81.1.151.151

6. E. Wesarg et al. (2007). Targeting BCL-2 family proteins to overcome drug resistance in non-small cell lung
cancer. Int J Cancer 121, 2387-2394. https://doi.org/10.1002/ijc.22977

7. G.Gasparini et al. (1995). Expression of bcl-2 protein predicts efficacy of adjuvant treatments in operable node-
positive breast cancer. Clin Cancer Res 1, 189-198.

8. D. Westphal, G. Dewson, P. E. Czabotar, R. M. Kluck. (2011). Molecular biology of Bax and Bak activation and
action. Biochim Biophys Acta 1813, 521-531. https://doi.org/10.1016/j.bbamcr.2010.12.019

9. T T Renault, S. Manon. (2011). Bax: Addressed to Kkill. Biochimie 93, 1379-1391.
https://doi.org/10.1016/j.biochi.2011.05.013

10. G. Hacker, A. Weber. (2007). BH3-only proteins trigger cytochrome c release, but how? Arch Biochem Biophys
462, 150-155. https://doi.org/10.1016/j.abb.2006.12.022

11. C. M. Adams, S. Clark-Garvey, P. Porcu, C. M. Eischen. (2018). Targeting the Bcl-2 Family in B Cell Lymphoma.
Front Oncol 8, 636. https://doi.org/10.3389 /fonc.2018.00636

12. R. Li et al. (2007). Targeting antiapoptotic Bcl-2 family members with cell-permeable BH3 peptides induces
apoptosis signaling and death in head and neck squamous cell carcinoma cells. Neoplasia 9, 801-811.
https://doi.org/10.1593 /neo.07394

13. S.]. Dawson et al. (2010). BCL2 in breast cancer: a favourable prognostic marker across molecular subtypes and
independent of adjuvant therapy received. Br ] Cancer 103, 668-675. https://doi.org/10.1038/sj.bjc.6605736

14. S. R. Oakes et al. (2012). Sensitization of BCL-2-expressing breast tumors to chemotherapy by the BH3 mimetic
ABT-737. Proc Natl Acad Sci U S A 109, 2766-2771. https://doi.org/10.1073 /pnas.1104778108

15. A. ]. Souers et al. (2013). ABT-199, a potent and selective BCL-2 inhibitor, achieves antitumor activity while
sparing platelets. Nat Med 19, 202-208. https://doi.org/10.1038/nm.3048

16. D. Merino et al. (2018). BH3-Mimetic Drugs: Blazing the Trail for New Cancer Medicines. Cancer Cell 34, 879-

Cancer Insight | 2024 3(2) 89-99

98


https://www.anserpress.org/journal/CI
https://doi.org/10.58567/ci03020006
https://www.anserpress.org/journal/CI
https://doi.org/10.1038/onc.2015.287
https://doi.org/10.1016/S0140-6736(16)31891-8
https://doi.org/10.1016/S0140-6736(16)31891-8
https://doi.org/10.7150/ijbs.60631
https://doi.org/10.1016/S0092-8674(02)00625-6
https://doi.org/10.1182/blood.V81.1.151.151
https://doi.org/10.1002/ijc.22977
https://doi.org/10.1016/j.bbamcr.2010.12.019
https://doi.org/10.1016/j.biochi.2011.05.013
https://doi.org/10.1016/j.abb.2006.12.022
https://doi.org/10.3389/fonc.2018.00636
https://doi.org/10.1593/neo.07394
https://doi.org/10.1038/sj.bjc.6605736
https://doi.org/10.1073/pnas.1104778108
https://doi.org/10.1038/nm.3048

Article Cancer Insight | 10.58567/ci03020006

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

891. https://doi.org/10.1016/j.ccell.2018.11.004

A. A. Mateos-Chavez et al. (2019). Live Attenuated Salmonella enterica Expressing and Releasing Cell-Permeable
Bax BH3 Peptide Through the MisL Autotransporter System Elicits Antitumor Activity in a Murine Xenograft
Model of Human B Non-hodgkin's Lymphoma. Front Immunol 10, 2562,
https://doi.org/10.3389/fimmu.2019.02562

Y. E. Yang et al. (2023). A Versatile Platform for the Tumor-Targeted Intracellular Delivery of Peptides, Proteins,
and siRNA. Adv Funct Mater 33. https://doi.org/10.1002 /adfm.202301011

M. Jung, S. Ghamrawi, E. Y. Dy, J. J. (2022). Gooding, M. Kavallaris, Advances in 3D Bioprinting for Cancer Biology
and Precision Medicine: From Matrix Design to Application. Adv Healthc Mater 11, e2200690.
https://doi.org/10.1002/adhm.202200690

E. M. Kim et al. (2017). The p53/p21 Complex Regulates Cancer Cell Invasion and Apoptosis by Targeting Bcl-2
Family Proteins. Cancer Res 77, 3092-3100. https://doi.org/10.1158/0008-5472.CAN-16-2098

M. H. Kang, C. P. Reynolds. (2009). Bcl-2 inhibitors: targeting mitochondrial apoptotic pathways in cancer
therapy. Clin Cancer Res 15, 1126-1132. https://doi.org/10.1158/1078-0432.CCR-08-0144

C. Billard. (2012). Design of novel BH3 mimetics for the treatment of chronic lymphocytic leukemia. Leukemia
26,2032-2038. https://doi.org/10.1038/leu.2012.88

C. Curtis et al. (2012). The genomic and transcriptomic architecture of 2,000 breast tumours reveals novel
subgroups. Nature 486, 346-352. https://doi.org/10.1038 /nature10983

P. E. Czabotar, G. Lessene, A. Strasser, ]. M. Adams. (2014). Control of apoptosis by the BCL-2 protein family:
implications for physiology and therapy. Nat Rev Mol Cell Biol 15, 49-63. https://doi.org/10.1038/nrm3722

M. Q. Baggstrom et al. (2011). A phase II study of AT-101 (Gossypol) in chemotherapy-sensitive recurrent
extensive-stage small cell lung cancer. ] Thorac Oncol 6, 1757-1760.
https://doi.org/10.1097/]T0.0b013e31822e2941

M. A. Anderson, D. (2014). Huang, A. Roberts, Targeting BCL2 for the treatment of lymphoid malignancies. Semin
Hematol 51, 219-227. https://doi.org/10.1053/j.seminhematol.2014.05.008

M. Chiper, K. Niederreither, G. Zuber. (2018). Transduction Methods for Cytosolic Delivery of Proteins and
Bioconjugates into Living Cells. Adv Healthc Mater 7, €1701040. https://doi.org/10.1002/adhm.201701040
S.Du, S. S. Liew, L. Li, S. Q. Yao. (2018). Bypassing Endocytosis: Direct Cytosolic Delivery of Proteins. ] Am Chem
Soc 140, 15986-15996. https://doi.org/10.1021/jacs.8b06584

J. A. Zuris et al. (2015). Cationic lipid-mediated delivery of proteins enables efficient protein-based genome
editing in vitro and in vivo. Nat Biotechnol 33, 73-80. https://doi.org/10.1038/nbt.3081

I. Ekladious, Y. L. Colson, M. W. Grinstaff. (2019). Polymer-drug conjugate therapeutics: advances, insights and
prospects. Nat Rev Drug Discov 18, 273-294. https://doi.org/10.1038/s41573-018-0005-0

J. Lv, Q. Fan, H. Wang, Y. Cheng. (2019). Polymers for cytosolic protein delivery. Biomaterials 218, 119358.
https://doi.org/10.1016/j.biomaterials.2019.119358

S. Florinas et al. (2016). A Nanoparticle Platform To Evaluate Bioconjugation and Receptor-Mediated Cell
Uptake Using Cross-Linked Polyion Complex Micelles Bearing Antibody Fragments. Biomacromolecules 17,
1818-1833. https://doi.org/10.1021/acs.biomac.6b00239

S.Jafari, S. Maleki Dizaj, K. Adibkia. (2015). Cell-penetrating peptides and their analogues as novel nanocarriers
for drug delivery. Bioimpacts 5, 103-111. https://doi.org/10.15171/bi.2015.10

D. B. Thompson, R. Villasenor, B. M. Dorr, M. Zerial, D. R. Liu. (2012). Cellular uptake mechanisms and endosomal
trafficking of supercharged proteins. Chem Biol 19, 831-843. https://doi.org/10.1016/j.chembiol.2012.06.014
Q. Wang et al. (2021). Cytosolic Protein Delivery for Intracellular Antigen Targeting Using Supercharged
Polypeptide Delivery Platform. Nano Lett 21, 6022-6030. https://doi.org/10.1021/acs.nanolett.1c01190

Cancer Insight | 2024 3(2) 89-99

99


https://www.anserpress.org/journal/CI
https://doi.org/10.58567/ci03020006
https://www.anserpress.org/journal/CI
https://doi.org/10.1016/j.ccell.2018.11.004
https://doi.org/10.3389/fimmu.2019.02562
https://doi.org/10.1002/adfm.202301011
https://doi.org/10.1002/adhm.202200690
https://doi.org/10.1158/0008-5472.CAN-16-2098
https://doi.org/10.1158/1078-0432.CCR-08-0144
https://doi.org/10.1038/leu.2012.88
https://doi.org/10.1038/nature10983
https://doi.org/10.1038/nrm3722
https://doi.org/10.1097/JTO.0b013e31822e2941
https://doi.org/10.1053/j.seminhematol.2014.05.008
https://doi.org/10.1002/adhm.201701040
https://doi.org/10.1021/jacs.8b06584
https://doi.org/10.1038/nbt.3081
https://doi.org/10.1038/s41573-018-0005-0
https://doi.org/10.1016/j.biomaterials.2019.119358
https://doi.org/10.1021/acs.biomac.6b00239
https://doi.org/10.15171/bi.2015.10
https://doi.org/10.1016/j.chembiol.2012.06.014
https://doi.org/10.1021/acs.nanolett.1c01190

	1. Introduction
	2. Materials and methods
	2.1 Purification of ASCP-BH3 fusion protein
	2.2 Characterization of ASCP-BH3 fusion protein
	2.3 Cell lines
	2.4 Cellular uptake of ASCP-BH3 fusion protein
	2.5 Cell proliferation assay
	2.6 Clonogenic assay
	2.7 Detection of apoptosis by flow cytometry and JC-1
	2.8 Animal Care
	2.9 In Vivo Anti-Tumor Efficacy of ASCP-BH3
	2.10 ASCP-BH3 Biological Toxicity Assay
	2.11 Data and Statistical Analysis

	3. Result
	3.1 Construction and Characterization of ASCP-BH3
	3.2 Cellular uptake and microenvironmental response of ASCP-BH3
	3.3 ASCP-BH3 can effectively induce apoptosis
	3.4 ASCP-BH3 can safely inhibit tumor growth
	3.4.1 ASCP-BH3 can inhibit tumor growth in MCF-7 tumor-bearing mice
	3.4.2 Biosafety verification of ASCP-BH3


	4. Discussion
	Funding statement
	Conflict of interest
	Acknowledgments
	References

