ONCOLOGY REPORTS 44: 1875-1884, 2020

Knockdown of SERPINE]I reverses resistance of triple-negative
breast cancer to paclitaxel via suppression of VEGFA
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Abstract. Breast cancer (BC) has a poor prognosis and a
high number of visceral metastases. Serine protease inhibitor,
clade E member 1 (SERPINEI) is a molecule involved in
several human malignancies. However, it remains unknown if
SERPINE] plays arole in the development of taxane resistance
in TNBC cells. In the present study, the role and mechanism
of SERPINE] in the development of paclitaxel (PTX) resis-
tance in TNBC cells were investigated. A bioinformatics
analysis of gene expression profiles in PTX-resistant cells
indicated that SERPINEI was significantly associated with
PTX resistance. Furthermore, the levels of SERPINEI mRNA
and protein were higher in PTX-resistant cells with respect to
those in PTX-sensitive parent cells. Knockdown of SERPINE]
significantly inhibited cell survival and induced cell apoptosis
in vitro. In addition, SERPINE] silencing led to downregu-
lation of the key angiogenetic vascular endothelial growth
factor A (VEGFA). Furthermore, suppression of SERPINE]
markedly attenuated tumor growth in vivo. Collectively, these
findings indicated that SERPINE] significantly contributed
to the proliferation and apoptosis of TNBC cells by regu-
lating VEGFA expression. The present study demonstrated
SERPINE]I as an oncogene in PTX drug resistance of breast
cancer, and revealed that it may serve as a possible target for
treating BC.

Introduction

Triple-negative breast cancer (TNBC) is a subtype of breast
cancer in which estrogen receptor (ER) and the progesterone
receptor (PgR), as well as the epidermal growth factor
receptor 2 (HER2) are all negative (1). As one of the most
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aggressive breast cancer subtypes, TNBC accounts for 10-20%
of all malignant breast tumors, and frequently has a worse
prognosis and greater risks for recurrence and metastasis than
other types of breast cancer (2).

While the number of potential therapeutic agents being
tested in clinical trials with metastatic breast cancer patients
continues to increase, currently, chemotherapy is the standard
therapeutic strategy for TNBC (3,4). Paclitaxel (PTX), a
natural taxane diterpene, was initially isolated from the bark
of the Pacific yew (Taxus brevifolia), and is currently widely
used in chemotherapy for TNBC (5,6). PTX specifically binds
to and stabilizes the B-subunit of tubulin, thereby inhibiting
the disassembly of microtubules in dividing cells, resulting in
mitotic arrest and subsequent cell death (7,8). However, while
PTX is effective for treating several types of cancer, >50% of
patients with TNBC become resistant to chemotherapy, typi-
cally within 6 to 10 months (9,10). The frequent development
of PTX drug resistance in TNBC patients underscores the
importance of exploring the underlying mechanisms of PTX
resistance, and identifying the critical molecules involved in
this process. A better understanding of the mechanism for
PTX resistance may improve our ability to treat BC.

In the present study, the related signaling pathways and
genes in the process of PTX resistance in BC cell lines were
investigated. Notably, a serine protease inhibitor, clade E
member 1 (SERPINEI) was identified as a critical factor that
mediated PTX drug resistance in BC cells. SERPINE], also
known as plasminogen activator inhibitor, type 1 (PAI-1), acts
as a vital inhibitor of serine proteases that play important roles
in signal transduction, cell adhesion, and cell migration (11-13).
SERPINE]I also regulates urokinase and plasminogen activa-
tors that transform the pro-enzyme plasminogen to plasmin,
which subsequently promotes cellular invasion via activation
of matrix metalloproteinases and degradation of the extracel-
lular matrix (12). A high level of SERPINE]I has been revealed
to be associated with a poor prognosis of breast cancer (11).
However, whether SERPINE] plays a role in the development
of drug resistance in BC is unknown.

Materials and methods

Bioinformatics analysis. Gene expression datasets used for
bioinformatics analyses were downloaded from the Gene
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Expression Omnibus (GEO; https://www.ncbi.nlm.nih.
gov/geo/) (14) by importing the accession numbers GSE28784
and GSE90564. GSE28784 contains the gene expression data of
sensitive, docetaxel-resistant, and PTX-resistant MDA-MB-231
cells. GSE90564 is a gene expression profiling dataset
consisting of 5 BC cell lines (BT20, SUM149, MDA-MB-231,
MDA-MB-436, and MDA-MB-468), which are resistant to
PTX after being exposed to increased concentrations of PTX,
and their gene expression patterns were compared to those of
parental PTX-sensitive cells. We used the 151 genes that were
shared by both datasets to perform Gene Ontology (GO) (15)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analyses (16) for the purpose of identi-
fying gene functions and pathways related to PTX resistance.
Gene interaction analysis and Search Tool for the Retrieval of
Interacting Genes (STRING; https://string-db.org) were used
to analyze the functional associations between genes that may
be responsible for PTX resistance, and then to identify the core
regulatory genes on the list.

K-means clustering method. Based on the previous
studies (17,18), K-means clustering method was applied to
calculate the different clusters of the gene interaction network.

Cell line generation and cell culture. MDA-MB-231 and
MCEF-7 cells were obtained from the ATCC. Paclitaxel-resistant
cells were created as previously described (19,20). The parent
PTX-sensitive cells were continuously maintained in a pacli-
taxel containing medium in which the paclitaxel concentration
gradient was between 2 and 30 nM. Both cell lines were
grown in RPMI-1640 medium (Thermo Fisher Scientific, Inc.)
containing 1% penicillin/streptomycin and 10% fetal bovine
serum (Thermo Fisher, Scientific, Inc.). Cells were incubated
at 37°C and 5% CO,. For PTX cells, the culture medium
contained 30 nM paclitaxel.

MTT assay. Cells (1x10* cells/well) were plated into 96-well
plates. After culture for 24 h at 37°C, the original medium was
replaced with fresh medium containing 0, 0.1, 0.5, 1, 5, and
10 uM paclitaxel. After 48 h, the cells in each well were treated
with 20 ul of MTT (0.5 mg/ml), and incubation was continued
for an additional 4 h at 37°C, and then 100 pl of DMSO was
applied to dissolve the formazan in each well for 15 min at
37°C. Subsequently, the optical density (OD) was examined at
a wavelength of 492 nm using a plate reader (Thermo Fisher
Scientific, Inc.).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. The total RNAs were isolated from the
treated cells or clinical tissues using the TRIzol reagent (cat
no. 15596-026; Invitrogen; Thermo Fisher Scentific, Inc.).
The purified RNA was used as a template to carry out reverse
transcription using the Prime Script RT Master Mix Perfect
Real Time kit (Takara Biotechnology Co., Ltd.). Quantitative
analysis of target genes was performed using SYBR®
GreenER™ qPCR SuperMix (Invitrogen; Thermo Fisher
Scientific, Inc.) on an ABI 7700 system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions. The thermocycling procedures were as follows:
Incubation at 95°C for pre-denaturation for 2 min, followed by
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40 cycles with denaturation at 95°C for 22 sec, and annealing
at 59°C for 20 sec. The primer sequences used were as follows:
SERPINE] forward, 5-GCAAGGCACCTCTGAGAACT-3'
and reverse, 5-GGGTGAGAAAACCACGTTGC-3'". B-actin
was utilized for the standardization, and its primer sequences
were: Forward, 5'-AGAGCTACGAGCTGCCTGAC-3' and
reverse, 5'-AGCACTGTGTTGGCGTACAG-3'.

Western blot analysis. The antibodies in this experiment were
obtained from Proteintech. Treated cells were lysed in cell
lysis buffer containing 1 mM PMSF (Beyotime Institute of
Biotechnology) on ice for 15 min and centrifuged at 16,100 x g
for 5 min at 4°C. Next, 50-ug samples of total protein were
dispersed on 10% SDS-PAGE gels by electrophoresis and
transferred onto cut-out nitrocellulose membranes (Beyotime
Institute of Biotechnology). The membranes were blocked for
1 h with 5% skimmed milk at room temperature and incubated
with anti-SERPINEI antibody (cat. no. AO0637-1; 1:1,000 dilu-
tion; Boster Biological Technology), VEGFA (cat. no. BA0407;
1:500 dilution; Wuhan Boster Biological Technology Co.,
Ltd.), cleaved caspase-3 (product code ab32042; 1:500 dilu-
tion; Abcam), Bax (cat. no. A0O0183; 1:1,000 dilution; Wuhan
Boster Biological Technology Co., Ltd.) and B-actin (product
code ab8224; 1:1,000 dilution; Abcam) overnight at 4°C.
Subsequently, they were incubated with horseradish peroxi-
dase (HRP)-labeled secondary antibodies (1:1,000 dilution;
product code ab7090; Abcam) for 1 h at room temperature.
After incubation, the membranes were developed using chemi-
luminescent substrates (Beyotime Institute of Biotechnology).
The densitometric quantification of the bands were calculated
using the ImagelJ software (version 1.50b; National Institutes
of Health; http://imagej.nih.gov/ij/).

Gene knockdown with short hairpin RNAs (shRNAs). shRNA
(5'-CCGGCCTGAAGGTGAAGAACATCATCTCGAGATGA
TGTTCTTCACCTTCAGGTTTTTG-3") that specifically
targeted SERPINE] and control shRNA plasmids (5-CCGGCA
ACAAGATGAAGAGCACCAACTCGAGTTGGTGCTCTTC
ATCTTGTTGTTTTTG-3") were acquired from Sigma-Aldrich;
Merck KGaA. For transient transfection, the treated
MDA-MB-231/PTX and MCF-7/PTX cells (6x10° cells/well)
were plated into 6-well plates and cultured overnight at 37°C.
The adherent cells were then transfected with the shRNAs using
Lipofectamine 2000™ reagent (Thermo Fisher Scientific, Inc.)
according to the instructions supplied by the manufacturer.
Briefly, MDA-MB-231/PTX and MCF-7/PTX cells were trans-
fected with control and SERPINEI shRNA at concentration of
100 ng/ul for 5 min at room temperature. After being cultured
for 5 h at 37°C, the cells were washed with PBS and cultured
with fresh culture medium. Finally, the transfected cells were
cultured for an additional 48 h at 37°C prior to being treated or
harvested for further evaluation.

Flow cytometric assay. The treated MDA-MB-231/PTX and
MCF-7/PTX cells (1x10° cells/well) were double-stained with
an Annexin V-FITC/PI apoptosis detection kit (Hangzhou
Multi Sciences (Lianke) Biotech Co., Ltd.) according to the
manufacturer's instructions. The results were monitored by flow
cytometry (FACScan; BD Biosciences). The data was analyzed
usingthe CellQuest™ Prosoftware (version5.1; BD Biosciences).
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Early-stage apoptotic cells contained Annexin V-positive and
Pl-negative cells, while late-stage apoptotic cells included both
Annexin V-positive and PI-positive cells. All experiments were
performed independently in triplicate.

In vivo tumorigenic assay. A total of 30 male nude mice
(6 weeks old, 20.6+2.3 g) were provided from Department
of Laboratory Animals of Central South University, and the
housing conditions of the nude mice were as follows: 22+1°C
temperature, 50-60% humidity, 12-h light/dark cycle, and
ad libitum access to food and water. To evaluate the tumori-
genic capacity of BC cells and MDA-MB-231 cells, they were
first transfected with either the control shRNA construct or
shSERPINE] and then cultured to achieve a sufficient popula-
tion of SERPINEI-knockdown cells. Next, 5x10° cells were
harvested, re-suspended, and subcutaneously injected into
the 30 nude mice (5 mice in each group). The tumor growth
was periodically monitored by examining the tumor size.
At the end of the study, the mice were sacrificed after being
anesthetized with 1% pentobarbital sodium (i.p.) at a dose
of 50 mg/kg and then sacrificed by decapitation. Successful
anesthesia was considered mice breathing and with a heart-
beat, and mice that did not have a heartbeat or breath were
presumed euthanized. Then tumors were removed for further
evaluation. Animal experiments were approved by the Animal
Ethics Committee of Xiangnan University Affiliated Hospital
(approval no. 2019sydw0821).

Statistical analysis. All results were expressed as a mean
value + standard deviation (SD). Statistical analyses were
conducted using GraphPad Prism (version 6.0; GraphPad
Software, Inc.) or SPSS 14.0 (SPSS, Inc.). Unpaired Student's
t-test was used to analyze the differences between two groups.
One-way analysis of variance (ANOVA) with Tukey's post hoc
test was used for comparisons among three or more groups.
A P-value <0.05 was considered to indicate a statistically
significant difference. All experiments were repeated at least
three times.

Results

Genes and signaling pathways involved in PTX resistance
in BC cell lines. In order to identify common mechanisms
for PTX resistance among BC cells, two datasets that were
generated by comparing the gene expression patterns of
PTX-resistant cells with those of PTX-sensitive cells were
examined. A list of differentially expressed genes that may be
related to PTX resistance was generated for each dataset. A
Venn diagram revealed that 151 overlapping genes were differ-
entially regulated in both datasets (Fig. 1A). Pathway analysis
indicated that the differentially expressed molecules were
highly involved in TNF and NOD signaling (Fig. 1B), which
are pathways known to regulate cancer metastasis (21,22).
In addition, a subsequent annotation analysis also revealed
that these differentially expressed genes mainly participated
in multiple biological processes including cell migration
and chemotaxis (Fig. 1C). Next, based on the differentially
expressed genes, various genes with high core connectivity
were identified through the gene interaction network (Fig. 1D).
In addition, STRING was applied to reveal the interaction of
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SERPINEI-generated proteins, among which, it was observed
that SERPINE] exhibited close associations with several genes
(SMAD3, TGF-p1, VEGFA, PLAUR, PLG, PLAU, VTN,
ALB, PLAT and EGF) (Fig. 1E). To further examine the role
of SERPINE]I in the development of PTX resistance in TNBC
cells, SERPINE] expression in PTX-resistant and -sensitive
cells was evaluated. As revealed in Fig. 2A and B, two breast
cancer cell lines were revealed to develop PTX resistance, char-
acterized by increased ICs, to PTX, as demonstrated by their
higher survival rates when compared to their PTX-sensitive
parental cells after treatment with specific doses of PTX.
gqPCR results revealed that SERPINE] was highly expressed
in PTX-resistant cells (Fig. 2C and D), and was overexpressed
in the PTX-resistant cells when compared to the parental cells.
Notably, a concomitant increase in VEGFA expression in the
PTX-resistant cells was also detected (Fig. 2E).

Suppression of SERPINEI abolishes PTX resistance and
promotes BC cell apoptosis. Given that SERPINE] levels were
significantly increased in PTX resistant cells, it was investi-
gated whether knockdown of SERPINE] impaired resistance
of BC to PTX. A shRNA that specifically targeted SERPINE]
RNA was used to efficiently suppress SERPINE] expression in
MDA-MB-231 and MCF-7 PTX-resistant cells (Fig. 3A), and
it was determined that knockdown of SERPINE] significantly
inhibited the survival of PTX-resistant BC cells (Fig. 3B) with
attenuated the ICy, to PTX. Furthermore, a flow cytometric
analysis indicated that SERPINE] suppression significantly
induced apoptosis in large populations of both PTX-resistant
cell lines (Fig. 3C). Moreover, cleaved caspase-3 and Bax,
which are important markers of cell apoptosis activation (23),
were both significantly upregulated following SERPINE]
suppression (Fig. 4) in MDA-MB-231/PTX (Fig. 4A and C)
and MCF-7/PTX (Fig. 4B and D) cells.

Knockdown of SERPINEI suppresses the tumorigenic
capacity of PTX-resistant TNBC cells in vivo. To explore
how SERPINEI may regulate the survival of PTX-resistant
cells in vivo, PTX-resistant BC cells with or without
SERPINEI knockdown were inoculated into mice. Consistent
with the in vitro observations, the tumors generated by
SERPINEI-knockdown cells were significantly smaller than
those generated by the control cells (Fig. 5), indicating that
suppression of SERPINEI may be an effective strategy for
counteracting PTX-resistant BC cell proliferation in vivo.

VEGFA may mediate SERPINEI in promoting PTX resis-
tance. Since concomitant increases in VEGFA and SERPINE]
were detected in PTX-resistant BC cell lines, and given the
central role of VEGFA in promoting tumor angiogenesis
and growth (23-25), it was hypothesized that SERPINE]
may promote PTX resistance through induction of VEGFA.
To test this hypothesis, PTX-resistant cells with or without
SERPINE] knockdown were further treated with VEGFA.
Notably, it was revealed that VEGFA treatment abolished the
effect of SERPINE] suppression in regulating cell survival
(Fig. 6A and B), suggesting VEGFA induction as a poten-
tial mechanism for SERPINEI-regulated PTX resistance.
Consistent with this observation, the addition of VEGFA also
significantly prevented cells from entering apoptosis (Fig. 6C).
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Figure 1. Identification of signaling pathways and genes related to PTX resistance in breast cancer cell lines. (A) Venn diagram distribution of differentially
expressed genes from 2 arrays. As revealed, 518 genes were specifically differentially expressed in GSE28784 cells and 1,778 genes were specifically differ-
entially expressed in GSE90564 cells, while 151 genes were expressed in both datasets. (B) GO annotations and a functional pathway analysis of 151 genes
performed using GO-terms and KEGG. (C) Gene-set enrichment analysis of common differentially regulated genes from A. (D) Gene interaction network
constructed based on the shared gene list from A. Different colors represent different clusters as calculated using the K-means clustering method. Core genes
in the network were identified based on their edge connectivity number. (E) Gene interaction map related to SERPINE] generated using STRING. PTX,
paclitaxel; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and genomes; SERPINE]I, serine protease inhibitor, clade E member 1; STRING, Search
Tool for the Retrieval of Interacting Genes.
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Figure 2. SERPINE] is upregulated in PTX-resistant BC cell lines. (A) Survival curves for MDA-MB-231 PTX-resistant and -sensitive cells treated with
various concentrations of PTX. "P<0.05, “P<0.01. (B) Survival curves for MCF-7 PTX-resistant and -sensitive cells treated with various concentrations of PTX.
“P<0.01, “"P<0.001. Some points have no error bars because the standard deviation is too small in A and B. (C) SERPINEI mRNA levels in MDA-MB-231
PTX-resistant vs. -sensitive cells as assessed by RT-qPCR. ““P<0.001. (D) SERPINEI mRNA levels in MCF-7 PTX-resistant vs. -sensitive cells as assessed
by RT-gPCR. ""P<0.001. (E) SERPINEI protein expression in MDA-MB-231 and MCF-7 PTX-resistant vs. -sensitive cells as measured by western blotting.
“P<0.01. SERPINE]I, serine protease inhibitor, clade E member 1; PTX, paclitaxel; BC, breast cancer; RT-qPCR, reverse transcription-quantitative polymerase

chain reaction. "P<0.05, “P<0.01, “*P<0.001.

The ability of SERPINE]I to regulate VEGFA in TNBC cell
lines was also confirmed. As revealed in Fig. 6D, knockdown
of SERPINE] significantly decreased VEGFA expression in
both BC cell lines, indicating that SERPINEI acts to upregu-
late VEGFA in BC cells.

Discussion

Breast cancer, as a heterogeneous disease, possesses multifarious
molecular subtypes. The most well recognized BC markers are
hormonal receptors (ER, PGR, and HER?2), and breast cancers
that express specific receptors can be treated with drugs that

specifically target those receptor molecules (26-29). Conversely,
TNBC, which lacks specific receptors, has emerged as the most
aggressive BC subtype and is challenging to treat (30-35). To
date, no single treatment has proven to be effective in all BC
subtypes. Chemotherapeutic drugs are commonly used to treat
receptor-negative subtypes, and taxanes are considered to be the
first-line treatment for TNBC (36-38). However, treatment with
taxanes (such as PTX) usually leads to a short-lasting benefit due
to the development of PTX resistance (36,39). Therefore, gaining
a better understanding of the underlying mechanisms for BC PTX
resistance is critical for improving the efficacy of chemotherapy
and developing new strategies for the treatment of BC.



1880

ZHANG et al: SERPINE! PROMOTES TNBC RESISTANCE TO PACLITAXEL

=3 MDA-MB-231/PTX

0.6~ ™= MCF-7/PTX
A MDA-MB-231/PTX MCF-7/PTX c
- S _ 06
w W
o=
o o 0.4 4 *%
= C LI-I *h
_ i
factin | 42 kDa 2”02+
S 2 iy S 2 L 0.0
e < £ o = = O - c O -
@ 2 ] o o = W s =z4
wJ i ©zz zZ2
)] u W 0L n O
: 2 o« i
K 5 3 3
= <
w w
B MCF-7/PTX
MDA-MB-231/PTX
0.1 uM -
1004 : 100 0.5 uM
_ 0.5uM ® 1.0uM | 1C50=1.68 uM
&2 0.01 uM e e 0.01 uM
b ICs,=2.90 uM @ " 5.0 uM
E g 0.1 HM *H
T 501 IC5o=1.44 M 5.0 uM £ 50 *
2 2 ICu=1.70 uM
g 1.0uM 10.0 uM G .
2 -e- sh-NC o 3 - sh-NC
S -+ sh-SERPINE1 ** © . -+ sh-SERPINE1 10.0 uM
0 T T T L} L L] Ll T T 1
3 2 - 0 1 2 -3 2 -1 0 1 2
Log,q (concentration) Log,q (concentration)
C NG h-SERPINE] MDA-MB-231/PTX
S -
104 0TE% TS 104 0.8T% [Ty 30 9 - MCF_?'!PTX
ﬁ 9 ‘-°‘~ ek
o 10° 10 &2
5 )
A 402 10° S 20 4
Jus] c
2 1 10! § il
g 4 2
= 2 18515 0 : 2
- 10 @ J
1 10" 10° 10° 10° 10° 10" 102 10° 10* .g_ 10
a
10‘ . 10“ 1339% A% q
b
& 0 -
10° 10° :
& S L g1
R 10° 10° 5 & 5
5 : ;
1o’ 10" ® 7
. = =
00 LAl 206% 00 K'"'i:‘ - - GA5% o« »
10° 10" 107 10° 10* 10° 10" 10 10° 10°

Figure 3. Knockdown of SERPINEI suppresses PTX-resistant BC cell survival and promotes apoptosis. (A) Western blots revealing the levels of SERPINE]
protein in knockdown cells. “P<0.01. (B) Survival curves for MDA-MB-231 and MCF-7 PTX-resistant cells with/without SERPINEI suppression and treated
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detection of cell apoptosis among BC cells with/without SERPINEI suppression. "P<0.05, ““P<0.001. SERPINE]I, serine protease inhibitor, clade E member

1; PTX, paclitaxel; BC, breast cancer.

In the present study, SERPINE] was identified as
an important factor that mediates development of PTX
resistance in TNBC cells. SERPINE] expression was signifi-
cantly increased in PTX-resistant cells when compared
with PTX-sensitive cells. Overexpression of SERPINE] has
been reported to enhance the migration of cancer cells (40).
Although the genetic and environmental determinants of
SERPINE] expression are not fully understood, several

studies have suggested that SERPINE] levels can be regu-
lated by cytokines, growth factors, and hormones (41,42).
Higgins (43) reported that SERPINE] was localized at the
tumor invasive front, and its expression could be induced
by TGF-p1 during the early progression stage of squamous
cell carcinoma. Other findings suggested involvement of the
EGFR/MEK/Rho-ROCK signaling pathway in SERPINE]
induction (44).
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Figure 4. SERPINE] suppression induces apoptosis in PTX-resistant TNBC cells. (A) Levels of cleaved caspase-3 and Bax proteins in the control and
SERPINEI-knockdown MDA-MB-231 PTX-resistant cells. (B) Levels of cleaved caspase-3 and Bax proteins in the control and SERPINEI-knockdown
MCF-7 PTX-resistant cells. (C) Quantification of cleaved caspase-3 protein levels in the control and SERPINEI-knockdown PTX-resistant cells. ““P<0.01.
(D) Quantification of Bax protein levels in the control and SERPINE-knockdown PTX-resistant cells. “P<0.01. SERPINE]I, serine protease inhibitor, clade E
member 1; PTX, paclitaxel; TNBC, triple-negative breast cancer.
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Figure 5. Downregulation of SERPINE! decreases the tumorigenic capacity of PTX-resistant BC cells in vivo. (A) Image revealing the appearance of tumors
from mice that were inoculated with MDA-MB-231/PTX cells with or without SERPINE] knockdown. (B) Quantification of tumor volumes at the end of the
in vivo tumorigenic assays. “P<0.01. SERPINE]I, serine protease inhibitor, clade E member 1; PTX, paclitaxel; BC, breast cancer.

In PTX-resistant TNBC cells, it was revealed that knock-  programmed cell death (45). Conversely, studies revealed that
down of SERPINEI by shRNA significantly decreased cell ~SERPINEI deficiency promotes apoptosis in multiple cancer
survival and promoted cell apoptosis. Previous study indicated  types, which is consistent with our observation (45-47). The
that an increase of SERPINE] expression protects against  underlying mechanism for SERPINEI-mediated cell survival
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Figure 6. VEGFA is regulated by SERPINE] and mediates PTX resistance in BC cells. (A) Survival curves for MDA-MB-231 PTX-resistant cells with/without
SERPINEI suppression and supplemented with VEGFA. "P<0.05, “P<0.01. (B) Survival curves for MCF-7/PTX cells with/without SERPINEI suppression and
supplemented with VEGFA. Some points have no error bars because the standard deviation was too small in A and B. "P<0.05, “P<0.01. (C) Flow cytometric
evaluation of apoptosis among BC cells with/without SERPINE] suppression and treated with VEGFA. “P<0.01 vs. NC group; “P<0.01 vs. sh-SERPINEI
group. (D) Expression of VEGFA protein in BC cells with/without SERPINE] suppression and treated with VEGFA. “P<0.01. VEGFA, vascular endothelial
growth factor A; SERPINEI, serine protease inhibitor, clade E member 1; PTX, paclitaxel; BC, breast cancer.

may involve activation of the Akt and ERK signaling pathways
and suppression of Fas/FasL-dependent apoptosis (48). The
present study demonstrated that knockdown of SERPINE]
disrupted tumorigenesis, which suggests the value of targeting
SERPINEI to treat BC and prevent PTX drug resistance in vivo.

Several mechanisms may contributetoSERPINE[-mediated
cancer progression and PTX resistance. According to previous
studies, SERPINE] functions to prevent excessive degrada-
tion of the extracellular matrix, modulates cell adhesion, and
stimulates cell proliferation and angiogenesis (49,50). Tumor
growth and metastasis are heavily dependent on angiogen-
esis (51). Notably, PTX displays antiangiogenic activity via its

antiproliferative effect on activated endothelial cells, and that
effect is achieved by downregulating the levels of VEGF and
Ang-1 in tumor cells (52). It was hypothesized that PTX resis-
tance mediated by SERPINEI may involve a VEGF factor.
When SERPINE] expression was knocked down in BC cells,
VEGFA expression was significantly decreased, suggesting
that SERPINE] may function as an inducer of VEGFA in
order to promote PTX resistance in cancer cells. VEGFs are
known to play important roles in angiogenic processes that
are critical for tumor cell survival, proliferation, and migra-
tion (24). Loss of VEGFA expression was reported to increase
the sensitivity of colorectal cancer cells to 5-fluorouracil by
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inducing apoptosis (53,54). Humanized monoclonal antibodies
directed against VEGFA were used for antiangiogenic therapy
in the clinical treatment of cancer (55). Moreover, accumu-
lating evidence indicates that VEGFA plays an important
role in enhancing cancer cell resistance to chemotherapeutic
drugs by protecting cancer cells from the cytotoxic effects of
those agents (56). For example, the efficacy of nanoparticle
albumin-bound PTX (nab-PTX) in treating human breast
cancer was significantly enhanced by the concurrent admin-
istration of anti-VEGFA (57). Although potential mechanisms
must be further explored, studies have suggested the involve-
ment of apoptosis regulatory molecules and the PI3K/AKT
signaling pathway (58), which are associated with SERPINE]
function.

In conclusion, the present data demonstrated that increased
levels of SERPINEI expression contributed to the resistance of
BC to treatment with PTX. In addition, SERPINEI-mediated
drug resistance is mediated by an upregulation of VEGFA and
subsequent suppression of cell apoptosis. The present findings
also suggest SERPINE]I as a potential target for eliminating
PTX resistance during cancer treatment. However, certain
limitations still remain in the present study, such as the
specific mechanism of SERPINEI in BC with PTX resistance,
the influences of SERPINE] on the migration and invasion
abilities of BC with PTX resistance.
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