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Apatinib enhances the anti-tumor effect of paclitaxel via the
PI3K/p65/Bcl-xl pathway in triple-negative breast cancer

Jing Chen', Shuzhen Deng’, Yifan Zhang', Chaokun Wang', Xiaochen Hu', Dejiu Kong', Gaofeng Liang’,
Xiang Yuan', Yuanpei Li’, Xinshuai Wang'
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Background: Apatinib is a new generation of small molecule tyrosine kinase inhibitor, which can highly
selectively inhibit phosphorylation of vascular endothelial growth factor receptor 2 (VEGFR-2). This study
aimed to investigate the synergistic effects of apatinib and paclitaxel (PTX) on triple-negative breast cancer
(TNBC) in vivo and in vitro, and to explore the molecular mechanism of the PI3K/p65/Bcl-xl pathway.
Methods: In vitro, 3-(4,5-dimethylthiazol-2-Y1)-2,5-diphenyltetrazolium bromide (MTT) method, flow
cytometry (FCM), wound healing assay, and transwell matrix assay were conducted to measure the effects
of apatinib and PTX on cell viability, apoptosis, migration, and invasion in TNBC cell line MDA-MB-468.
Western blot (WB) was conducted to detect protein expression levels of PI3K, p65, and Bel-xl after the
application of apatinib and PTX. In vivo, MDA-MB-468 tumor-bearing nude mice were treated with
apatinib and PTX, and tumor growth was observed.

Results: In vitro, apatinib and PTX could synergistically suppress the cell viability, the combined group
had the most obvious effect. Apatinib and PTX could promote apoptosis and suppress migration and
invasion of TNBC cells. Apatinib could reduce the expression of p-PI3K, p65, and Bel-xl proteins (P<0.05).
In vivo, apatinib and PTX could inhibit tumor size and weight of model mice, and the combined agents had
a more significant effect.

Conclusions: Apatinib could enhance the anti-tumor effect of PTX on TNBC cells through the PI3K/
p65/Bcl-xl molecular pathway, and apatinib combined with PTX might be a promising option for TNBC
treatment.
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Introduction

Breast cancer (BC) is the most common malignancy among
women in the world. In most developing countries, the
incidence of BC has been on the rise for decades. In recent
years, with the change of lifestyle and environmental factors,
the incidence of BC is increasing in China, 3-8% patients
are diagnosed with metastatic breast cancer (MBC) at their
first physical assessment (1-3). With the development of
economy and change of lifestyle, the risk factors leading to
the occurrence and development of BC have permeated all
aspects of general human life and work. The incidence and
mortality rates of BC are expected to increase in tandem
with these risk factors. Using immunohistochemical method
BC can be divided into the following types: luminal A,
luminal B, HER-2 overexpression, and triple-negative (4-6).
Triple-negative breast cancer (TNBC) is defined as a
subtype of breast cancer in which estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth
factor receptor-2 (HER-2) are all negative, and TNBC
accounts for about 10.4-16.3% of the total BC (7). More
common in young and pre-menopausal women, TNBC
has an increased likelihood of being invasive and metastatic
(8,9). There is no obvious curative effect on TNBC with
endocrine therapy and anti-HER-2 drug therapy, and there is
currently no specific treatment. The main treatment options
include surgery, chemotherapy, and radiotherapy (10). Most
commonly, chemotherapy with paclitaxel (PTX), platinum,
and capecitabine comprises the main medical treatment
method (11-13). However, about 30-40% of TNBC patients
will display metastasis after therapy (14). Therefore, new
treatment methods are needed to improve patient outcomes
and prognosis.

Targeted therapy has recently gained attention due
to its high specificity and lower side effects compared
to traditional treatment methods. The growth of
malignant tumors is accompanied by the formation of
neovascularization, which plays an important role in
the absorption of nutrition (15). Vascular endothelial
growth factor (VEGF) and vascular endothelial growth
factor receptor (VEGFR) signaling are crucial to cell
proliferation and cancer progression (16). The proliferation
and migration of tumor cells is induced by VEGF in
combination with its receptor VEGFR (16-18), which
usually exists in endothelial cells. Evidence has shown that
VEGEFR-2 can exist in different tumor types including
Kaposi sarcoma, melanoma, ovarian cancer, head and neck
squamous cell carcinoma, and BC (19-21), and that it has
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the most specific effect on the angiogenesis of tumors.
Phosphorylation of VEGFR-2 will cause signal cascade
reaction, activate downstream molecular signal pathways,
and trigger subsequent cell proliferation and migration and
endothelial cell survival effects (3,22). Therefore, a research
hotspot has emerged around reducing the death rate of
TNBC patients by applying effective drugs for VEGFR-2.

Apatinib is a new generation of small molecule tyrosine
kinase inhibitor, which belongs to anti-vascular targeted
therapy drugs. It can highly selectively act on VEGFR-2
by inhibiting its phosphorylation (3,23), inhibit signal
transmission of downstream molecular pathways, and
cause apoptosis of tumor cells (24,25). Clinical tests (26,27)
have confirmed that apatinib can prolong overall survival
(OS) and progression-free survival (PFS) of patients with
advanced gastric cancer. In addition, in vitro studies on
related cell levels have shown that apatinib has the effects
of inhibiting proliferation and inducing apoptosis of BC
cell lines. Paclitaxel (PTX), the most widely used anticancer
drug, is applied for the treatment of various types of
malignant diseases. And PTX is frequently used as the first-
line treatment drug in breast cancer (BC) (28,29). The
anti-microtubule drug PTX is a traditional first-line drug
for BC. And the research of paclitaxel and apatinib is of
profound significance in the field of triple-negative breast
cancer research. Therefore, in this study, we investigated
the synergistic effects of apatinib and PTX on TNBC
in vivo and in vitro, and explored the molecular mechanism
of the PI3K/p65/Bcl-x] pathway. In this study, a protocol
was prepared before the study without registration. We
present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-805).

Methods

This study was approved by the Ethics Committee of the
First Affiliated Hospital, and College of Clinical Medicine
of Henan University of Science and Technology, in
compliance with the National institutes of Health Guide for
the Care and Use of Laboratory Animals.

Cell lines and reagents

Human TNBC MDA-MB-468 cells were obtained from
the Laboratory of Cancer Epigenetics of the First Affliated
hospital of Henan University of Science and Technology. A
total of 24 specific pathogen free (SPF) BALB/c nude female
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mice, aged 4-5 weeks, were purchased from Changzhou
Cavens Experimental Animal Co., Ltd. (Changzhou, Jiangsu,
China). Apatinib was provided by Hengrui Pharmaceutical
Co. Ltd. (Lianyungang, Jiangsu, China) Injections of PTX
were obtained from Yangzijiang Pharmaceutical Group
Co. Ltd. Dulbecco’s modified eagle medium (DMEM) was
purchased from Hyclone (Logan, UT, USA). The MTT
[3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromid] assay, and other chemicals were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Anti-PI3K, anti-p-
PI3K, anti-p65, and anti-Bcl-xl antibodies were purchased
from Bioss Antibodies (Beijing, China).

MTT assay

Cell viability and the cytotoxic effects of apatinib, PTX,
and apatinib combined with PTX against MDA-MB-468
cells were generally evaluated by MTT assay. Cells
were plated in 96-well flat-bottomed microtiter plates
(5x10° cells/well) overnight. The cells were then treated
with various concentrations of drugs as indicated for
another 48 h. Next, MTT working solutions were added
in each well and incubated for another 4 h before the
plate reading. The results are shown as the average cell
viability [(retreat = ODy,,0)/(OD conerot = ODyn) x 100%]
of triplicate wells.

Flow cytometry (FCM)

Annexin V and propidium iodide (PI) double staining was
used to evaluate the MDA-MB-468 cell apoptosis treated
with free apatinib and PTX, apatinib (2 pmol/L), PTX
(0.2 ymol/L) and the two drugs. In short, 1x10° MDA-
MB-468 cells were seeded into a 6-well plate overnight.
Cells were treated with various concentrations of drugs for
24 h respectively. The cells were then harvested and stained
with 10 pg/mL Annexin V-fluorescein isothiocyanate
(FITC)/PI (Pharmingen, CA, USA). Cells were stained with
50 pg/mL PI and 100 pg/mL RNase A and were protected
from light. Samples were evaluated by flow cytometer and
results were analyzed using the software Flow Jo v7.6.1
(https://www.flowjo.com/solutions/flowjo).

Wound bealing assay

An MDA-MB-468 wound healing model was established
to assess whether tumor cells had migration ability iz vitro.
As time passed, the cells were expected to grow and impact
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the scratch width. Migration distance was detected to
determine the migration and repair effect of MDA-MB-468
compared with phosphate buffered saline (PBS) group after
the application of apatinib and PTX. We selected 4 of the
6-well plates and MDA-MB-468 cells were inoculated into
the 4-well (1x10°/mL). A sterilizing gun head was used to
mark 3 cell scratches vertically and evenly. The 4-well were
respectively added with serum-free medium, serum-free
medium with 2 pmol/L of apatinib, serum-free medium
with 0.2 pmol/LPTX and the two drugs. Photos were
taken of the same site in each well at 0 and 48 h. Finally,
calculate the healing area of cells in different drug pores
were calculated, and the data were statistically analyzed. A
microscope (TE2000-U, Nikon, Tokyo, Japan) was used to

obtain images at 10x magnification.

Transwell assay

Complete medium was replaced with serum-free medium for
24-48 h to remove the influence of serum on the experimental
results, and the solid Matrigel glue was transferred to a
refrigerator at 4 °C. A total of 4 transwell cells were placed in
24-well plates. Matrigel glue at a concentration of 50 mg/L
and PBS were diluted according to a ratio of 1:5, the upper
chamber surfaces at the bottom of the transwell chamber
were coated one by one, and air-dried on ice for about 1 h.
The MDA-MB-468 cells were digested, centrifuged, and
resuspended with sterile PBS 3 times to remove the influence
of serum, and serum-free medium was added to limit the
cell density to 1x10°/mL. Cell suspension was added to the
bottom of the 4 cells, and 10’ cells were added to each well. A
combination of PBS, 2.0 pmol/L apatinib, 0.2 pmol/L PTX
and the two drugs were added to the 4 wells, respectively. After
24 h, the cells were fixed with formaldehyde for 1-2 h. They
were then placed at room temperature with 0.1% crystal violet
for 30 mins. After washing, the cells were observed under a
microscope. In each sample, 10 fields were randomly selected,
the number of cells passing through the matrix glue was
counted, the average value was calculated, and images were
taken. Images were obtained at 4x magnification under the

microscope (TE2000-U, Nikon, Tokyo, Japan).

Western blot (WB)

After specific treatment with free apatinib and PTX,
apatinib, PTX and the combined apatinib and PTX,
proteins were extracted using a lysis buffer from 1x10° cells
and the protein concentration was determined using the
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Bio-Rad Bradford protein assay (Nazareth Eke, Belgium).
Equal amounts of proteins from each sample (20 pg) were
denatured at 95 °C for 5 min and were subsequently loaded
onto a 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) gel. After separation, the
proteins were transferred onto polyvinylidene fluoride
(PVDF) membrane for 2 h at 400 mA. The transferred
membrane was incubated with the appropriate primary
antibodies including PI3K, p-PI3K, p65, Bel-xl, and B-actin
at 4 °C overnight. Next, the membranes were incubated
with horseradish peroxidase-labeled, isotype-specific
secondary anti-body (1:2,000) for 2 h at room temperature.
The immune complexes were detected by enhancement
with chemiluminescence substrate, and the level of proteins
was quantified using Quantity One software (Bio-Rad
Laboratories, Hercules, CA, USA). The gray value was
measured by Image] software (https://imagej.net/), and the
gray value/internal reference gray value of each strip was
calculated.

Animal studies in vivo

Female BALB/c nude mice were purchased from
Changzhou Cavens Experimental Animal Co. Ltd.
(Changzhou, Jiangsu, China). The nude mice were raised
in the SPF animal room of the First Affiliated Hospital
of Henan University of Science and Technology. Sterile
PBS solution was used to adjust the cell concentration to
5x10° cells/mL. The inoculation site was determined as the
junction of the right back and right forelimb of the mice.
When the tumor volume (length x width’/2) had reached
about 150 mm’, the mice were randomly divided into 4
groups by random number method with 6 mice in each
group based on general rules and treated with PBS, apatinib
(50 mg/kg/day) orally daily, and/or PTX (10 mg/kg/week)
by injection. And we marked the cage with a marker to
prevent confusion. The researchers ware aware of the group
allocation at the different stages of the experiment The day
after medication was set as D0, and the length and width
of the tumor and the weight of the mice were measured
on DO, D4, D7, D11, D14, D17, and D21. We calculated
the tumor volume (length x width’/2) and traced the data
in the line chart. We weighed the body weight of tumor
bearing nude mice by electronic balance and traced the data
in another line chart. The mental state, water intake, and
defecation of the mice were observed. On D21, the mice
were sacrificed by cervical dislocation and the tumors were
stripped for photographing, weighing, and length and width
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measurement. Blood samples were collected for routine
blood and biochemical testing. During the animal study,
the nude mice would be excluded from the experiment if
anyone of them died for any reason.

Statistical analysis

The experimental data were analyzed using the statistical
software SPSS version 19.0 (IBM Corp., Armonk, NY,
USA). Data are showed as mean standard error (SEM).
Comparisons between multiple groups of data were made
by one-way analysis of variance (ANOVA). Comparison
between the two groups was tested by independent sample
t-test. Statistical significance was considered at P<0.05.

Results

Apatinib and PTX synergistically inbibited the cell
viability in MDA-MB-468 cells

The MTT assay was performed to characterize the effect
of apatinib or PTX on the viability of MDA-MB-468
cells. As displayed in Figure 1A, both apatinib and PTX
exhibited significant cytotoxicity with half-maximal
inhibitory concentrations (IC50) of 20 and 2 pmol/L,
respectively. Compared with PTX, apatinib significantly
inhibited the cell viability in a concentration-dependent
manner (Figure 1B,C). The combined regimens could
reduce the survival rate of cells and significantly increase
the survival inhibitory effect. The cytotoxic effects were
strongest when both drugs were applied simultaneously, as
shown in Figure 1D. In addition, the combined index (CI)
values revealed that apatinib and PTX have synergistic
inhibitory effects on MDA-MB-468 cells (Figure 1E).
The bar graph showed that the higher the concentration
of apatinib under the same concentration of paclitaxel,
the lower the survival rate of MDA-MB-468 cells, and
the higher the concentration of paclitaxel under the same
concentration of apatinib, the lower the survival rate of
MDA-MB-468 cells, too (Figure 1F). The results showed in
Figure 1F were consistent with the results in Figure 1B,C.

Apatinib and PTX increased the apoptosis of MDA-
MB-468 cells

As displayed in Figure 2, the apoptosis rates of the PBS,
apatinib 2 pmol/L, and PTX 0.2 pmol/L groups were
2.49%=x0.50%), 18.02%x0.66%, and 27.57%=0.34%, and
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Figure 1 Anti-proliferative effects of apatinib and PTX on MDA-MB-468 cells. (A) Cell activity under 2 single drugs of apatinib and PTX.
(B) The combination of apatinib and PTX: the concentration of apatinib in each plate was diluted, the concentration of PTX in the 5
plates was 2, 1, 0.5, 0.25, and 0.125 pmol/L, respectively. (C) The combination of apatinib and PTX: the concentration of PTX in each
plate was diluted, the concentration of apatinib in the 5 plates was 20, 10, 5, 2.5, and 1.25 pmol/L, respectively. (D) Cell viability of the 2
monotherapies and 3 combined regimens. (E) The CI values of apatinib and PTX in the 3 combinations. (F) Histograms of the cell viability

of apatinib and PTX. PTX, paclitaxel; CI, combined index.

56.80+0.55%, respectively. These results indicated that
apatinib and PTX could increase the apoptosis of MDA-
MB-468 cells.

Apatinib and PTX decreased the wound bealing and
migration ability of MDA-MB-468 cells

The wound healing assay was employed to detect the
mobility of cells under the influence of different drugs. The
migration and wound healing ability of MDA-MB-468 cells
decreased under the action of apatinib and PTX. The healing
rates (%) were 50.69+3.53 in the PBS group, 32.97£2.87 in
apatinib 2 pmol/Lgroup, 41.64+2.72 in PTX 0.2 pmol/L
group, and 16.82+2.93 in the combined group (Figure 3).

Apatinib and PTX reduced the invasive ability of
MDA-MB-468 cells in vitro

The transwell assay was performed to detect the invasion
ability of cells in virro under the influence of apatinib
and PTX. As shown in Figure 44,B, the cell number

© Annals of Translational Medicine. All rights reserved.

of MDA-MB-468 cells passing through the well in the
PBS, apatinib (2 pmol/L), PTX (0.2 pmol/L) groups and
the combined group were 701.33+12.01, 197.67+21.03
(P<0.01), 313.33+13.05 (P<0.01), and 117.33+8.50
(P<0.01), respectively. These results indicated that apatinib
and PTX can reduce the invasive ability of MDA-MB-468

cells i vitro.

Apatinib down-regulated the expression of p-PI3K, p65,
and Bcl-x1 protein

WB was performed on the protein extracted from MDA-
MB-468 cells treated withPBS, apatinib (2 pmol/L), apatinib
(20 pmol/L), PTX (0.2 pmol/L), PTX (2 pmol/L) or the
combined group with 20 pmol/L apatinib and 2 pmol/L
PTX. The expression of PI3K, p-PI3K, p65, and Bel-xl
were examined. As displayed in Figure 54, the expression of
p-PI3K, p65, and Bcl-xl proteins were significantly down-
regulated by apatinib. The protein expression of PI3K
was not significantly different (P>0.05) in Figure 5B. PTX
down-regulated the expression of p-PI3K and Bel-xl protein
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Figure 2 Cell apoptosis analysis of apatinib and PTX. (A) The proportion of different cell apoptosis of different cell apoptosis phases (Q1:
necrotic cells; Q2: late apoptotic cells; Q3: early apoptotic cells; Q4: live cells) with free apatinib or PTX, apatinib 2 pmol/L, PTX 0.2 pmol/L
and the two drugs. (B) The percentage of cells in different cell apoptosis phases is expressed in the histogram, and the data are presented as

the mean and SE. PTX, paclitaxel; SE, standard error.

and up-regulated the expression of p65 protein (Figure 5B).
And the expression of p-PI3K, p65, and Bel-xl protein were
significantly down-regulated in the combined group with
20 pmol/L apatinib and 2 pmol/L PTX (Figure 5B).

Apatinib enbanced the anti-tumor effect of PTX in tumor
mice in vivo

A total of 24 female nude mice carrying a tumor all survived
after treatment with apatinib and PTX. There were 4 test
groups assigned by our researchers, namely PBS, PTX,
apatinib, and combined, and each group had 6 mice. There
were no exclusions during the animal study. Tumor volume
and weight, and mice body weight were observed during
the experiment. As shown in Figure 6, the tumor weights at
the endpoint of the experiment were 0.55+0.21 g in PBS,
0.100.15 g in PTX, 0.05£0.02 g in apatinib, and 0.02+0.01 g
in the combined group. Apatinib, PTX, and the combination
regimen could inhibit tumor growth, and the combined
group had the most obvious effect. Tumor volume of the PBS
group increased sharply during the experiment, but tumor

© Annals of Translational Medicine. All rights reserved.

volume of the other three experimental groups decreased
gradually after drug treatment, and the combined group
displayed the most significant decrease in tumor volume. The
body weight of mice in PBS group increased gradually, while
the weight in the other 3 medication groups increased at a
slower rate, and some weight loss was observed during the
experimental period. The appetite and activity decreased in
all groups except the PBS.

According to the results of routine blood and biochemical
tests in Table 1, both apatinib and PTX caused reductions in
white blood cells (WBC) index, and the reduction of WBC
index in the combined group was statistically significant
compared with the PBS group (P<0.05). The alanine
aminotransferase (ALT) and aspartate transaminase (AST)
results of the apatinib monotherapy group were lower than
those of the PBS group (P<0.05).

Discussion

The incidence and mortality of BC malignant tumor are
increasing year by year. The TNBC tumor type has a poor
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Figure 3 Effects of apatinib and PTX on damage repair in MDA-MB-468 cells. (A) Pictures of comparison of cell healing ability before and

after treatment (with free apatinib or PTX; with apatinib 1 pg/mL; with PTX 0.2 pg/mL). (B) Histogram of percentage of wound recovery
of PBS, apatinib 1 pg/ml, and PTX 0.2 pg/mL. Asterisks indicate significant differences when P values are <0.05 (*), <0.01 (**). PTX,

paclitaxel; PBS, phosphate buffered saline.

prognosis, difficult treatment, poor long-term efficacy,
which negatively impacts the quality of life of patients
(30,31). This study investigated the effect of apatinib which
selectively acts on VEGFR-2 apoptosis of TNBC based
on the PI3K/p65/Bcl-xl molecular pathway. We compared
apatinib with PTX, a traditional therapeutic drug, to further
explore the effect of apatinib on inhibiting the growth
and proliferation of TNBC tumors. After treatment with
apatinib and PTX, cell viability decreased. The combination
group was more potent than each single drug group, and
the combination of apatinib and PTX had a synergistic
effect on the survival inhibition of cancer cells. Apatinib and
PTX could promote apoptosis of TNBC MDA-MB-468
cells. The two drugs were shown to affect the repair ability
of cells after injury by decreasing cell movement and
migration ability. The invasion ability also decreased after
treatment with the two drugs. Iz vive, apatinib and PTX
inhibited tumor growth and slowed the rate of weight gain.
The tumor volume and weight in the combined group were

© Annals of Translational Medicine. All rights reserved.

smaller than the other three groups, indicating that the
combined treatment had the strongest inhibitory effect on
the growth of tumor cells. Concurrently, the mental state,
activity, and appetite of nude mice in the drug treatment
groups all decreased. The decrease in activity of nude mice
was attributed to their mental state on the one hand, and
it might also have been related to the tumor-burdened
state and gradual growth of tumors. The results of routine
blood and biochemical testing of the mice showed that the
combined group had the most obvious effect of reducing
WBC (P<0.05). The levels of ALT and AST were also
significantly decreased in the apatinib monotherapy group.
The above experimental results show the combined group
had the most significant therapeutic effect across many
experiments. These effects may be related to the inhibition
of downstream pathways caused by the interaction of
apatinib and VEGFR-2. In addition, studies have confirmed
that activation of the PI3K pathway may cause PTX
resistance. Inhibition of the PI3K pathway could therefore

Ann Transl Med 2021;9(12):1001 | https://dx.doi.org/10.21037/atm-21-805
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Figure 4 Effects of apatinib and PTX on cell invasion in MDA-MB-468 cells. (A) Pictures of invasive ability under different treatments (free
apatinib or PTX; apatinib 2 pmol/L; PTX 0.2 pmol/L; apatinib 2 pmol/L + PTX 0.2 pmol/L). (B) Histogram of number of invasive cells of
PBS, apatinib 2 pmol/L, PTX 0.2 pmol/L, and apatinib 2 pmol/L + PTX 0.2 pmol/L. Asterisks indicate significant differences when P values

are <0.05 (*), <0.01 (**). PTX, paclitaxel; PBS, phosphate buffered saline.
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Figure 5 Expression of PI3K, p-PI3K, p65, and Bcl-xl proteins of MDA-MB-468 cells. (A) The picture of western blot using protein
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Histogram of protein expression after treatment of apatinib and PTX in different concentrations. Asterisks indicated significant differences

when P values are <0.05 (¥), <0.01 (**). PTX, paclitaxel.

reduce PTX resistance (32,33), making the treatment effect
of apatinib combined with PTX more obvious.

WSB results showed the trend of protein expression after
drug administration at various concentrations. No significant
changes in PI3K expression were observed after the
application of apatinib at 0, 2, 20 pmol/L. The expressions

© Annals of Translational Medicine. All rights reserved.

of p-PI3K, p65, and Bcl-xl all showed decreasing trends.
Previous studies in human cholangiocarcinoma cells have
shown that VEGFR-2 can activate the PI3K/protein kinase B
(Akt) pathway to produce an anti-apoptosis effect (34). In this
study, apatinib, as a drug that specifically acts on VEGFR-2,
converted PI3K into PIP3 (the second signal-transmitting
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Figure 6 The synergistic therapeutic efficacy of apatinib and PTX in MDA-MB-468 TNBC xenograft model. (A) Tumors pictures obtained
on day 21 after treatment. (B) Tumor weight obtained on day 21 after treatment. (C) Tumor growth ratio curve of tumor bearing nude mice
treated with free apatinib or PTX, apatinib (50 mg/kg), PTX (10 mg/kg), or the combination of apatinib and PTX. (D) Change of body

weight of tumor bearing nude mice during 21 days of medication. PTX, paclitaxel; TNBC, triple negative breast cancer.

Table 1 Effects of drugs on routine blood and liver and kidney function in nude mice

Item Index
PBS PTX Apatinib PTX + apatinib
Blood routine WBC/(x10%) 4.95+0.83 4.17+0.71 4.39+0.57 3.62+0.25
RBC/(x10") 9.36+0.59 9.31+0.33 9.58+0.17 9.14+0.36
HGB/(g/L) 135.25+8.06 139.25+3.40 142.75+3.20 136.50+5.74
HCT/% 40.68+2.54 41.38+1.68 42.48+0.78 41.20+1.32
PLT/(x10°) 835.65+58.58 842.575+120.89 846.08+75.66 878.00+21.23
Blood biochemistry ALT/(U/L) 45.25+8.77 31.25+8.54 24.75+5.25 46.50+5.80
AST/(U/L) 192.75+26.40 190.00+29.44 119.00+28.65 124.00+10.68
UREA/(mmol/L) 9.58+3.21 5.95+3.11 14.06+5.46 6.71+£1.91
CREA/(mmol/L) 97.50+19.89 86.24+17.28 146.375+49.20 73.44+10.69
URCA/(umol/L) 247.25+96.73 185.00+51.96 243.75+97.76 167.75+£15.33

PTX, paclitaxel; PBS, phosphate buffered saline; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; PLT,
platelet; ALT, alanine aminotransferase; AST, aspartate transaminase; CREA, creatinine; URCA, uric acid.

messenger) after receiving signal stimulation through
specific binding with VEGFR-2 site. The action of PIP3
could activate Akt (PKB) and further inhibit nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB)

© Annals of Translational Medicine. All rights reserved.

from entering the nucleus (35-37). Inhibiting the activation
of NF-kB can reduce the expression of angiogenic factors
and angiogenesis (38). In addition, it can also inhibit and
reduce the expression of Bel-xl as expression of Bel-xl is also
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regulated at the transcription level. Transcription factor NF-
kB can regulate the common motif of the promoter region
of Bel-xl. Activation of NF-«B can promote the expression of
Bel-xl. The expression of Bel-xl decreases with the inhibition
of the expression of NF-«B. As an anti-apoptosis gene, the
decrease of Bcl-xl expression leads to cell apoptosis instead of
continuous growth and proliferation, thus inhibiting tumor
growth.

When PTX was administered at 0, 0.2, 2 pmol/L, the
expression PI3K did not change significantly. Expression
of p-PI3K showed a decreasing trend. Expression of p65
showed an increasing trend and Bel-xl expression showed
a declining trend. As a traditional drug for the treatment
of BC, PTX mainly inhibits tumor cells by binding tubulin
and inhibiting cell mitosis. It can inhibit the PI3K/Akt
signaling pathway, inhibit phosphorylation of PI3K to
p-PI3K, and down-regulate expression of p-AKT (39).
Studies have shown that PTX inhibits the PI3K/Akt
signaling pathway, which can increase the permeability
of mitochondrial inner membranes, accelerate the
disintegration of mitochondrial membrane potential,
and promote the release of a variety of apoptotic factors,
such as increasing the expression of Bcl-2 and increasing
cell apoptosis (40,41). This is consistent with the result
of WB that the expression of p-PI3K in BC cells treated
with PTX was reduced, as was the expression of anti-
apoptosis gene Bcl-xl, which belongs to Bel-2 family.
The increased expression of NF-xB p65 may be due to
the activation of NF-kB by PTX. Studies have shown
that PTX can activate NF-«kB and promote apoptosis in
solid tumors (42). Apatinib and PTX may have different
mechanisms of promoting cancer cell apoptosis, but
eventually they both inhibit the expression of anti-
apoptosis gene Bcl-xl, thus achieve the effect of inhibiting
tumor growth. To summarize, NF-xB and Bcl-xl play an
important role in the process of cell growth via the PI3K/
Akt pathway, and the molecular mechanisms are complex.
This study illustrated the possible role that apatinib
played to enhance the anti-tumor effect of PTX via the
PI3K/p65/Bcl-x]1 molecular mechanism in TNBC MDA-
MB-468 cells. This study had some limitations. The
results of cell experiments and nude mice experiments
confirmed the combination of apatinib and PTX may
produce a synergistic anti-tumor effect which provides
a basis for clinical application. However, the clinical
applicability depends on large-scale clinical trials to
further verify its effectiveness. With the development of
medicine, additional research is still required to explore

© Annals of Translational Medicine. All rights reserved.

Chen et al. Apatinib enhances the effect of paclitaxel in TNBC

other possible related molecular pathways and contribute
more value to the treatment of TNBC.

Conclusions

This study identified that apatinib could enhance the anti-
tumor effect of PTX via the PI3K/p65/Bcl-x] pathway, thus
impeding tumor growth of TNBC.
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