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Aims: Pyrotinib is a newly developed irreversible pan-ErbB receptor tyrosine kinase inhibitor
for treatment of human epidermal growth factor receptor 2 (HER2)-positive cancers, and clinic
trials of pyrotinib in treatment of HER2-positive gastric cancer (GC) are underway. Exosomes
are tiny vesicles secreted by cancer cells and take essential roles in the progression of carcinoma.
Whether pyrotinib application has any effect on the cancer cell-released exosomes has not been
studied. The aim of our work was to address if pyrotinib treatment impacts the effect of
HER2-positive GC cell-derived exosomes on endothelial cell (EC) progression.

Methods: Isolation of exosomes released by HER2-positive NCI-N87 and MKN45 lines
after pyrotinib treatment was performed. Then, human umbilical vein endothelial cells
(HUVECs) were incubated with different concentrations of exosomes to address their
proliferation by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophe-
nyl)-2H-tetrazolium (MTS). Effect of pyrotinib-treated exosomes at concentration of 10
pg/mL was compared to that without pyrotinib treatment over 96-hr time course.
Transwell assay and wound-healing assay were carried out by incubating with exosomes
released by NCI-N87 and MKN45 cells with/without pyrotinib treatment over 24-hr time
course. The aforementioned experiments were done under same conditions in order to
evaluate the combined effect of apatinib and pyrotinib on HUVEC motility and invasive
capacity.

Results: We showed that HUVEC proliferation, motility and invasive capacity were further
enhanced upon incubation with exosomes released by pyrotinib-treated GC cell lines,
compared to those without pyrotinib treatment. Significantly, this effect was counteracted
by the vascular endothelial growth factor receptor (VEGFR)-2 inhibitor apatinib which
inhibits EC progression.

Conclusion: Our study suggests that pyrotinib application on HER2-positive GC produces
stronger exosomes that promote the proliferation and motility of vascular ECs, and combina-
tion of pyrotinib with apatinib provides potentially better therapy.

Keywords: pyrotinib, HER2, gastric cancer, GC, exosome, human umbilical vein
endothelial cells, HUVEC, apatinib

Introduction
Human epidermal growth factor receptor 2 (HER2) family consists of four main
members, namely HERI/erythroblastic leukemia viral oncogene homolog 1
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(ErbB1), HER2/ErbB2, HER3/ErbB3 and HER4/ErbB4.'
All of them have a cysteine-rich extracellular ligand-
binding site, a trans-membrane lipophilic region and an
intracellular domain with tyrosine kinase catalytic
activity.” HERs locate to the cell surface as monomers.
But upon ligand binding to their extracellular domains,
they undergo homo- or heterodimerization and autopho-
sphorylation of tyrosine residues within the cytoplasmic
domain and initiates various downstream signaling path-
ways, resulting in cell proliferation, survival, differentia-
tion, angiogenesis and invasion.” It has been well studied
that HER2 takes essential roles in the pathogenesis of
many human cancers.' Enhanced expression of HER2
occurs in approximately 15-30% of breast cancers and
10-30% of gastric/gastroesophageal cancers, therefore ser-
ving as an important prognostic and predictive biomarker.*
To date, targeting HER2 provides an important strategy for
HER2-positive cancer therapy, and many anti-HER2 drugs
have been developed. They include HER2 antibody and its
derivative, such as trastuzumab® and pertuzumab;6 small
molecular tyrosine kinase inhibitors (TKIs), such as
lapatinib’” and afatinib;* and antibody—drug conjugates
such as trastuzumab-emtansine. '

Recently, a novel 3-cyanoquinoline derivative, pyrotinib,
has been developed by Jiangsu Hengrui Pharmaceutical
(Lianyungang, People's Republic of China) for treatment of
advanced solid tumors with enhanced expression of HER2."'
Pyrotinib is a pan-erbB/TKI inhibitor that can bind to and
inhibit EGFR (ErbB1/HER1) and ErbB2/HER2 with a half
inhibitory concentration (IC50) of 5.6 and
8.1 nM, respectively.'* China has recently approved the first

maximal

global conditional use of pyrotinib in combination with cape-
citabine for the treatment of HER2-positive, advanced or
metastatic breast cancer.'? In addition, Phase I and Phase II
development for use of pyrotinib in HER2-positive gastric
cancer (GC) is underway in China and the USA."
Evaluation on the efficacy and safety of pyrotinib in other
HER2-positive advanced solid tumors is also underway by
studies (NCT02834936, NCT03480256,
NCT02500199)."* Although promising in clinical trials, com-
prehensive studies on pyrotinib are in urgent need to help its

some other

application in target therapy.

Exosomes are small membrane-derived vesicles
secreted by various normal or cancer cell types.'* They
act as mediators of intracellular communication in both
localized and remote microenvironments to condition pre-

metastatic niche and metastasis development, therefore

taking essential roles in tumor proliferation and
metastasis.'> Exosomes contain mRNAs, microRNAs
(miRNAs) as well as proteins that can be transferred to
target cells, inducing various genetic and epigenetic altera-
tions, and they are continuously secreted into the sur-
rounding extracellular matrix and circulation through the
bodies with

membrane.'®'” Nevertheless, by now our knowledge that

fusion of multivesicular the plasma
how recipient cells recognize specific exosomal cargo
involved in cancer progression is rather limited. It has
been found that exosomes get involved in cell to cell
communication such as morphogen and RNA transport
between cells.'® In particular, cancer cells were shown to
secrete a large amount of exosomes to affect cancer cell
invasion and angiogenesis of the surrounding endothelial
cells (ECs)." In fact, the exosomes released by various
cancer cells affect the immunological response, metastasis
and niche formation of cancer cells as well as the angio-
genesis around the tumor."*

Pyrotinib is currently being tested in clinical trials for
HER2-positive GCs.'> Whether pyrotinib application can
alter exosomes released by these cancer cells remains an
interesting question. In the present study, we show that
exosomes derived from pyrotinib-treated HER2-positive
human GC cell lines, NCI-N87 and MKN45, have
enhanced ability to promote HUVEC proliferation and
increase their motility and invasiveness, compared to
those without pyrotinib treatment. Significantly, we
demonstrate that the increased progression of HUVEC
after incubation with these exosomes is counteracted by
angiogenesis-targeting apatinib,”® implicating a clinical
combination of pyrotinib and apanitib for treatment of
HER2-positive GCs.

Materials and methods

Cell culture and chemical treatment

The human GC cell line NCI-N87 was purchased from Procell
company (Wuhan, China) and MKN45 was purchased from
KeyGEN bioTECH (Jiangsu, China). The other cell lines,
including SGC7901, MGC-803, BGC823, AGS and human
umbilical vein endothelial cell (HUVEC),were maintained by
the laboratory. All cell experiments were approved by the
Ethics Committee of Beijing Friendship Hospital, Capital
Medical University. All the cell lines were cultured in
DMEM containing 10% FBS and grown in a humidified
incubator at 37°C with 5% CO,,as described before.?! For
pyrotinib treatment, NCI-N87 and MKN45 cells grown at
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80% confluence were washed using PBS, and then changed to
serum-free medium. The indicated concentration of pyrotinib
was added to the cells for another 72-hr incubation before
exosome extraction. For apatinib treatment, NCI-N87 and
MKN45 cells were incubated with 60 mg/mL apatinib
for 24 hrs.

Exosome isolation

Exosome extraction was carried out as described.”'*
Briefly, after the cells were treated by pyrotinib for 48
hrs, the medium was decanted, spinned at 2,000 X g for
10 mins to collect cells and then centrifuged again at
10,000 X g for 30 min to deplete cell debris. Exosomes
were further extracted using ultracentrifugation at 120,000
g for 60 mins and the pellets were resuspended using PBS.
After repeating two more times, the exosomes were finally
resuspended in PBS and stored at —70 °C for use. Exosome
concentration was determined using bicinchoninic acid
(BCA) method.

Transmission electron microscopy (TEM)
TEM was used to evaluate the formation of exosomes.
Briefly, after isolation, exosomes were first diluted in
PBS, then put on copper grids at room temperature (RT)
for 1 min, then the grids were fixed with 2% glutaralde-
hyde at RT for 5 mins, followed by rinsing with PBS three
times. The exosome samples were examined immediately
using a transmission electron microscope (Hitachi, Japan).

Immunofluorescence

To label exosomes, a PKH67 Green Fluorescent Cell Linker
Mini Kit (Sigma-Aldrich, St. Louis, MO, USA) was used
following manufacturer's instruction. Then, labeled exosomes
were incubated with HUVECs for 1224 hrs before immuno-
fluorescence was carried out following standard procedure.
Briefly, cells were fixed with 4% paraformaldehyde and per-
meabilized with 0.25% Triton X-100, blocked with 1% BSA
in Phosphate-buffered saline Tween 20 (PBST) and probed
with primary antibodies against PKH67 (Sigma-Aldrich).
Alexa Fluor 488-tagged secondary antibody (Cell Signaling,
Cambridge, UK) was used for detection.The nuclei were
stained with DAPI (Sigma-Aldrich) and imaged by a Leica
confocal microscope.

Nanoparticle tracking analysis

A NanoSight NS500 instrument (Nanosight, Malvern, UK)
equipped with 532 nm laser was used to measure particle size
distribution and concentration of extracted exosomes. The

particle Brownian motion was video-recorded at RT and nano-
particle tracking analysis was done using analytical software
version 2.3. For each tracked particle, at least 10 individual
measurements for 60 s, with a total of at least 5,000 tracks,
were collected.

Western blot analysis

Total protein extraction and western blot were performed as
described.' Briefly, total proteins were extracted and quanti-
fied using the BCA assay (Thermo Scientific, Waltham, MA,
USA). 20 pg proteins of each sample were separated by 10%
SDS polyacrylamide gels and transferred to the nitrocellulose
membrane. Then, it was blocked in TBST is the abbreviation
for TBS+Tween. TBS is a Tris HCl buffer salt solution
adjusted pH to 7.4 with IN HCI buffer with 5% fat-free
milk for half an hour at RT and incubated with primary
antibodies overnight at 4°C. The membranes were then incu-
bated with HRP-conjugated secondary antibody (1:5,000,
Immunoway, Cambridge, UK) at RT for 40 mins. The protein
signals were detected using chemiluminescence (Millipore,
Massachusetts, USA) and exposed to X-ray films. The pri-
mary antibodies used in this study are HER2 (1:1,000,
Immunoway), CD9 (1:1,000, Abcam, Cambridge, UK),
CD63 (1:1,000, Abcam), TSG101 (1:1,000, Abcam) and
GAPDH (1:1,000, Abcam).

Cell proliferation assay

Cell proliferation was determined using MTS method
described before.>! Briefly, HUVECs were seeded into
96-well plates (3x10° cells per well) and incubated 12 hrs
before the medium was changed to serum-free DMEM. Then,
the indicated concentration of exosomes was added to the
cells. After incubation of the indicated time, the MTS reagents
were added and the optical density was measured after 2 hrs.

Cell migration and invasion assays

Transwell assay was used to assess cell migration and wound-
healing assay was done to assess cell invasion as described.?!
For transwell assay, 1x10° HUVECs grown in serum-free
medium (0.5 mL) were seeded in the upper chamber, then
exosomes, apatinib or both were added. After 36 h the lower
chamber was loaded with 0.8 ml medium supplemented with
10% FBS. After another 36 hrs of incubation at 37°C with 5%
CO,, the migrated cells were stained by DAPI and then
photographed and counted. For wound-healing assay, 5x10°
HUVECs per well were plated on uncoated 6-well culture
dishes. After incubating 24 hrs at 37°C, the samples were
scratched using a pipette tip. Then, PBS was used to wash
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and remove the cell debris. The wounded cell samples were
then covered by serum-free medium before addition of exo-
somes, apatinib, or both. After incubating 0 hrs and 24 hrs,
images were taken and the migration rate was calculated.
These assays were performed three times.

Statistical analysis

All statistical analyses were performed using SPSS 13.0 soft-
ware. Data were shown as mean = SD, and the significance of
differences between two groups was determined by Student’s
t test. All the tests were carried out in two-sided way.

Results

Pyrotinib treatment changes exosomes
secreted by HER2-positive human GC
cells thereby enhancing EC proliferation
Pyrotinib is a novel irreversible pan-ErbB receptor tyrosine
kinase inhibitor developed for treatment of HER2-positive

cancers, and clinical trials are underway.'' Despite promis-
ing antitumor activity, little is known for the side effect of

pyrotinib on HER2-positive cancers, especially GCs. To
address this issue, we studied whether exosomes released
by pyrotinib-treated HER2-positive GC cells have distinc-
tive effect on HUVEC progression. First, using western
blot, we confirmed two GC cell lines, NCI-N87 and
MKN45, have higher HER2 protein level than other gastric
cell lines, including SGC7901, MGC-803, BGC823 and
AGS (Figure 1A). Then, we extracted exosomes released
by NCI-N87 and MKN45 cells after pyrotinib treatment by
differential ultracentrifugation. The isolated exosomes were
then confirmed under TEM, and round, alveolate-shaped
structures with diameter of 30—100 nm were observed
(Figure 1B). We also performed nanoparticle tracking ana-
lysis study on the isolated exosomes, and the results indi-
cated the quality in both size and concentration was good
for experiments (Figure 1C). To further verify the exosome
identity, we checked the exosomal markers including CD9,
TSG101 and CD63, with GAPDH as loading control, using
western blot. As shown in Figure 1D, CD9, TSG101 and
CD63 were detected in the isolated exosomes from both
NCI-N87 and MKN-45 cells. In addition, we could not
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Figure 1 Isolation of exosomes secreted from HER2-positive gastric cancer cells NCI-N87 and MKN45. (A) Detection of HER2 protein expression in different gastric
cancer cell lines by Western blot. (B) Representative electron microscopic images of exosomes released from NCI-N87 cells after pyrotinib treatment. Exosomes were
isolated 24 hrs after incubation with pyrotinib. (C) Nanoparticle tracking analysis of exosome extracted from pyrotinib-treated NCI-N87 cells. (D) Western blot analysis of
exosome marker proteins in human umbilical vein endothelial cells (HUVECs), extracted exosomes (exo) and HUVECs after exosome treatment (exo-treated HUVECs).

GAPDH was detected as loading control.
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detect these proteins in intact HUVECs, but after incubation
with exosomes, expression of these markers became detect-
able (Figure 1D). These data support that extraction of
exosomes is successful.

Next, we investigated if pyrotinib treatment changes the
exosome ability of enhancing HUVEC proliferation capacity.
To ensure successful intake of exosomes by HUVECs, we
labelled the NCI-N87 exosomes using PKH67 green fluores-
cence linker, and then we used them to transfect HUVECs and
checked under microscope; the results showed exosomes
(green) accumulated in the cytoplasm surrounding the nucleus
(blue), indicating successful transfection and intake of isolated
exosomes by HUVECs (Figure 2A). We incubated of 2,000
HUVECSs per well with different concentrations of exosomes
from both GC cells on a 96-well plate. Then, we determined
the proliferation of endothelial HUVECs by MTS assay.
HUVEC proliferation was significantly increased upon their
incubation with pyrotinib-treated exosomes at concentration

| ---

of 10 pg/mL or more, in contrast to ECs with no exosome
incubation (Figure 2B). Moreover, HUVEC proliferation
increased in a time-dependent manner over 96 hrs of incuba-
tion with exosomes and was further boosted by incubating
with exosomes from pyronitib-treated NCI-N87 and MKN45
cells (Figure 2C). Collectively, these data suggest that pyroti-
nib affects the cargo quality of GC cell-derived exosomes.

Exosomes derived from pyrotinib-treated

human GC cells stimulates EC migration
Then, wound-healing and transwell migration assays were
carried out to study the effect of exosomes from NCI-N87
and MKN45 cells on the cell motility HUVECs. For the
wound-healing assay,5x10° HUVECs per well were used by
resuspending them in the migration buffer that contained 10
ug/mL exosomes released by NCI-N87 and MKN45 cells
with/without pyrotinib treatment. Cells were photographed
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Figure 2 Effect of pyrotinib-treated NCI-N87 or MKN45 exosomes on proliferation of human umbilical vein endothelial cells (HUVECs). (A) Intake of exosomes by
HUVECs. Exosomes were labeled by PKH67, DAPI staining indicates nucleus. (B) Concentration-dependent effect of NCI-N87 or MKN45 exosomes on proliferation of
HUVEC cells. For each experiment, 3% 10> HUVECs and MTS method were used to determine the cell viability. Data indicate means + SD of three biological replicates. (C)
Time-dependent effect of NCI-N87 or MKN45 exosomes on proliferation of HUVECs. Cell viability assay of HUVECs after incubation with 10 pg/mL either NCI-N87 or
MKN45 exosomes for the indicated days. The experiment was performed similarly to that in B. Data indicate means + SD, Student’s t test; *P<0.05, **P<0.01.
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at 0 and 24 hrs after incubation under a time-lapse Olympus
IX51 microscope (Olympus corporation, Tokyo, Japan). As
shown by the micrographs (Figure 3A and C) and quantitative
results (Figure 3B and D), the wound-healing assay indicated
that incubation of HUVECs for 24 hrs with 10 pg/mL of
exosomes released by NCI-N87 and MKN45 cells without
pyrotinib treatment significantly promoted the motility of the
ECs by 70.23% (P=0.0045) and 68.32% (P=0.0079), com-
pared to HUVEC without exosome incubation. Moreover,
after incubation with exosomes originating from pyrotinib-
treated GC cells, the increase in HUVEC invasion capacity
was further enhanced more than threefolds (P=0.0019 and
P=0.0033, respectively). The difference between exosomes
with or without pyrotinib treatment is also significant, sug-
gesting pyrotinib incubation stimulated the exosome ability to
promote HUVEC mobility.

Results from transwell cell migration assay also confirmed
that the motility of HUVECs, 24 hrs after incubation with
10 pg/mL of exosomes secreted by NCI-N87 and MKN45
cells after pyrotinib treatment was significantly enhanced
(Figure 4A and C), compared to HUVECs incubated with
exosomes released by nontreatment GC cells. Compared to
ECs incubated with 10 pg/mL exosomes originating from
NCI-N87 and MKN45 cell lines without pyrotinib treatment,
HUVECSs incubated with the same concentration of exosomes
from pyrotinib-treated NCI-N87 and MKN45 cells were
migrating through the gluten gel by 30.01% (P=0.0159) and
28.25% (P=0.0135), respectively (Figure 4B and D).
Altogether, both the wound-healing and transwell migration
assay results suggest that the exosomes derived from pyrotinib-
treated GC cells can increase EC motility and migration

capacity.
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Figure 3 Effect of pyrotinib-treated NCI-N87 or MKN45 exosomes on human umbilical vein endothelial cells (HUVEC) migration. (A and C) Representative results of cell
migration assessed by scratch wound-healing assay. 10 pg/ml pyrotinib-treated NCI-N87 or MKN45 exosomes was incubated with 7x10° HUVECs for indicated time before
pictures were taken. Vertical white lines define the area lacking cells. Each experiment was performed in triplicate. Bars =100 um. (B and D) Migration distance calculated
for exosome with or without pyrotinib treatment as shown in (A and C), respectively. Data indicate mean + SD, Student’s t test; *P<0.05, **P<0.01.
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Figure 4 Effect of pyrotinib-treated NCI-N87 or MKN45 exosomes on motility of human umbilical vein endothelial cell (HUVEC). (A and C) Transwell migration assay of HUVEC
cells treated by NCI-N87 or MKN45 exosomes with or without pyrotinib treatment. 1x10° HUVECs were incubated with 10 pg/ml pyrotinib-treated NCI-N87 and MKN45
exosomes for 24 hrs, then migrated cells were stained with DAPI and imaged under microscope. For each experiment, 5 images were taken and 2 representative images were
shown. Bars =20 ym. (B and D) Migration cell number after exosome treatment as shown in (A and C). Data indicate mean + SD, Student’s t test; *P<0.05, **P<0.01.

Apatinib counteracts effects of exosomes
secreted by pyrotinib-treated GC cells on
HUVEC motility and migration

It has been reported that VEGFR-2 selective inhibitor apatinib
counteracts the promotive effect of GC cell-released exosomes
on EC survival.> Therefore, we asked whether the apatinib can
alter the effect of the pyrotinib-treated GC exosomes to pro-
mote HUVEC proliferation and migration capacity. As
described before,”' 60 pg/mL is the optimal apatinib concen-
tration at which the division of HUVECs incubated with exo-
somes from treated GC is reduced by half (IC50). Therefore,
we treated the HUVECs with 60 pg/mL apatinib for 24 hrs,
then incubated them with exosomes derived from either pyr-
otinib-treated GC cells or those without treatment. We asked if
apatinib can negatively affect the invasion properties of ECs
incubated with exosomes from pyrotinib-treated GC cell lines.
As expected, the difference in the migration capacity of

HUVECs between no exosome treatment and exosome

treatment was reduced in the presence of apatinib (Figure 5).
Importantly, ability of the ECs to proliferate upon incubation
with pyrotinib-treated exosomes was hindered, compared to
ECs incubated with exosomes extracted from nontreated GC
cell lines (Figure 5), as no obvious difference was detected.

Finally, the motility of HUVECS incubated with 20 pg/mL
exosomes from NCI-N87 and MKN45 cancer cells without
pyrotinib incubation showed no significant difference from the
motility of HUVECs in the no exosome control (Figure 6).
Despite significant difference being detected between incuba-
tion with pyrotinib-treated exosomes and no exosome
(P=0.042 and 0.033, respectively), apatinib reduced the moti-
lity of the ECs as no significant difference was detected
between incubations of exosomes with and without pyrotinib
treatment (Figure 6). Together, these results suggest that the
VEGFR-2 inhibitor apatinib conteracts pyrotinib-treated GC
cell exosome enhancement of the EC motility and invasion
capacities.
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assay. 7x10° HUVECs were first incubated with 60 pg/mL apaninib for 24 hrs, then with 20 pg/mL pyrotinib-treated NCI-N87 or MKN45 exosomes for indicated time
before pictures were taken. Vertical black lines define the area lacking cells. Each experiment was done in triplicates. Bars =100 pm. (B and D) Migration distance calculated

for treatments shown in (A and C), respectively. Data indicate means + SD.

Discussion
Overexpression of HER2 protein is found in various tumor
cells, and the signal transduction pathways it mediates have
a close connection with carcinogenesis and with tumor pro-
gression and the prognosis.' HER2 overexpression is also
found in GC and associated with a poor prognosis.

Targeted therapy for HER2-positive cancers is deeply
rooted in the current practice, and various TKI drugs have
been widely used in the context of molecular detection,**

but studies on changes in exosomes before and after TKI

treatment are lacking. Pyrotinib is a newly developed
irreversible pan-ErbB receptor tyrosine kinase inhibitor
for treatment of HER2-positive cancers, and several clin-
ical trials in treating HER2-positive GC are undergoing,
but comprehensive studies on pyrotinib effect on cancer
cells are quite urgent. In the present study, we examined
the changes of exosomes by pyrotinib treatment. We
showed exosomes extracted from either pyrotinib-treated
GC cells or those without treatment increase similarly EC
we find that

proliferation and invasion. Strikingly,
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images were taken and two representative images were shown. Bars =20 pm. (B and D) Migration cell number after treatment shown in (A and C), respectively. Data

indicate means + SD, Student’s t test; *P<0.05, **P<0.01.

exosomes derived from pyrotinib-treated GC cell lines
obviously stimulate EC proliferation in a dose- and time-
dependent manner (Figure 2). Moreover, 10 pg/mL of
exosomes released by pyrotinib-treated NCI-N87 and
MKN45 GC lines promote the EC motility and the inva-
siveness after 24 hrs of incubation (Figures 3 and 4).
Therefore, pyrotinib treatment stimulates secretion of
stronger exosomes to promote proliferation and migration
in GC cells, which is consistent to the previous report that
exosomes enhance HUVEC invasiveness.”"* In addition,
these results suggest that pyrotinib treatment may generate
similar tumor microenvironment that allows cancer cells to
survive and proliferate, which has a strong implication in
the current clinical trials as well as future application.
More attention should be paid to the therapeutic conse-
quences on tumor progression which probably give cancer
cells resistance to pyrotinib administration.

However, we also demonstrated this effect can be com-
pensated by combined usage with VEGFR-2 selective inhibi-
tor apatinib. As we showed in Figures 5 and 6, apatinib
application attenuates the increased migration and invasive-
ness of HUVEC:s after incubation with exosomes secreted by
pyrotinib-induced GC cells. Apatinib is the first approved oral
targeted agent applied to advanced GC patients.?® It has been
proved effective in inhibiting angiogenesis that is well known
for its ability to coordinate EC development and regenerate
new blood vessels during various cancer progression.'®*”2® In
fact, apatinib has been demonstrated to be safe and well-
tolerated in many case reports, and our work strongly indicated
that a combination of apatinib and pyrotinib provides an
improved strategy in target therapy. Therefore, our finding is
probably meaningful for decreasing cell death rates and
improving disease management, which awaits to be confirmed
in future clinical trials.
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Conclusion

In the current study, only cytology experiments have been
carried out, and it remains unknown whether these effects
exist in animals or even in human GCs. To know the
underlying mechanism may provide better guidance for
clinical application. For instance, determining changes in
exosome content may help to understand how GC cells
secrete these extracellular vesicles to mediate cell-to-cell
transfer from cancer to normal cells. Additionally, the
combinatory efficacy of pyrotinib with other developed
target therapy method for GC treatment is also worthy of
future studies. To conclude, the combination of apatinib
with pyrotinib should be further investigated as a new
strategy for the treatment of GC as well as other EGFR/
HER2-dependent cancers.
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