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ABSTRACT

Background: This research explored the effects of vinorelbine
combined with oxaliplatin on non-small cell lung cancer (NSCLC).
Materials and Methods: NSCLC cells were treated with vinorelbine,
oxaliplatin, and insulin-like growth factor-1 (IGF-1; phosphatidylinositol
3-kinase/protein kinase B (PI3K/AKT) pathway activator), and
transfected with ATP-binding cassette subfamily G member 2 (ABCG2)
overexpression plasmid and silenced ABCG2 (siABCG2). Cell viability
was detected by cell counting kit-8 assay, cell migration and invasion
by the transwell assay, and cell apoptosis by flow cytometry.
Levels of ABCG2, PI3K, phosphorylation (p)-PI3K, AKT, and p-AKT were
evaluated through gRT-PCR and western blot. Results: Co-treatment with
vinorelbine and oxaliplatin exerted synergistic effects in suppressing
the proliferation, migration, invasion, and the phosphorylation of PI3K
and AKT, and inhibiting ABCG2 expression while inducing apoptosis
in NSCLC cells. Overexpression of ABCG2 reversed these effects on
proliferation, migration, invasion, and apoptosis, while not affecting
the PI3BK/AKT pathway in NSCLC cells. IGF-1 inhibited the synergistic
effect of vinorelbine and oxaliplatin on the NSCLC cells. Moreover,
siABCG2 reversed the effects of IGF-1 on ABCG2 expression, and
other cellular functions mentioned above in NSCLC cells receiving
the co-treatment. Conclusion: A combination of vinorelbine with
oxaliplatin represses the proliferation, migration, and invasion of
NSCLC cells, and facilitates apoptosis via inhibition of the PI3K/AKT/
ABCG2 axis.
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INTRODUCTION

In the wake of rising morbidity and mortality, cancer has become a
major public health concern in China with the recent global cancer
statistics stating that approximately 4,587,129 new cancer cases
and 3,015,537 cancer deaths were reported in China in 2020.0"?
Furthermore, lung cancer accounted for a considerable proportion
of the cancer case-load, that is, 817,460 new lung cancer cases, in
2020 in China, making it one of the most common cancers. As the
most frequently diagnosed malignant tumor and the foremost cause
of cancer-associated fatality, lung cancer is generally classified into
two primary histological types, non-small cell lung cancer (NSCLC)
accounting for the majority (80-85%), and small cell lung
cancer (SCLC).®*! As compared to SCLC, NSCLC is characterized by
a slower rate of cell division and growth, as well as relatively late on-set
of metastasis, and the diagnoses in the majority of patients are usually
made at an advanced stage.**® Multiple factors, such as smoking, air
pollution, ionizing radiation genetics, and viral infection, are believed
to increase the risk of NSCLC.P!?! Traditionally, chemotherapy,
radiotherapy, and surgery are the standard treatment approaches for
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SUMMARY

e Combination of Vinorelbine with oxaliplatin achieved synergistic effects
on suppressing cell proliferation, migration, and invasion while inducing
apoptosis in NSCLC.

* Synergism of vinorelbine and oxaliplatin was achieved via PI3K/AKT/ABCG2
axis.

e PI3K/AKT/ABCG2 axis might serve as a target for NSCLC treatment.
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Abbreviations used: NSCLC = non-small cell lung cancer;

siABCG2 = silencing ABCG2; CCK = cell counting kit; SCLC = small
cell lung cancer; OD = optical density; gRT-PCR = Quantitative reverse
transcription-polymerase chain reaction; ABC = ATP-binding cassette;
ABCG2 = ABC subfamily G member 2.
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NSCLC, among which chemotherapy is the first-line treatment for
NSCLC and an inevitable choice for most patients.!*!%!

Vinorelbine, a fourth-generation semi-synthetic vinca alkaloid,
is a well-tolerated chemotherapeutic drug used to treat various
malignancies including NSCLC (having an effective rate of about
30%).1118) By binding to tubulin, vinorelbine can block the formation
of the mitotic spindle and arrest the cell cycle at the G2/M phase,
which eventually results in mitotic cell apoptosis.'”*! Owing to
its high selectivity for mitotic, instead of axonal microtubules,
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vinorelbine preferentially targets cells undergoing division or with
high proliferative ability,'7*"*! and lesser damage to normal cells
when used against tumor cells. Moreover, due to a broader anticancer
spectrum and requirement of a lower therapeutic dose than other
natural vinca alkaloids such as vincristine, vinorelbine has lower
overall drug toxicity.2*

As a third-generation platinum antitumor agent, following cisplatin
and carboplatin, oxaliplatin is a diaminocycloexane-platinum complex
demonstrating notable activity against different cancers including
NSCLC.?*#7 Like other platinum agents, oxaliplatin facilitates the
formation of a DNA adduct and inhibits DNA replication/transcription,
finally bringing aboutapoptosis.* With no or incomplete cross-resistance
against other platinum compounds, oxaliplatin has proven to be more
effective than cisplatin, which can achieve equivalent cytotoxicity with
fewer DNA adducts.?** Moreover, oxaliplatin is considered relatively safe
and manageable as it does not lead to nephrotoxicity, or gastrointestinal
and hematological toxicity, resulting in lesser vomiting and nephropathy
than cisplatin, and less myelosuppression than carboplatin.?2%3!
Currently, a combination of vinorelbine with oxaliplatin is being studied
in the clinical treatment of NSCLCP?; however, the specific mechanisms
underlying their action have not been elucidated.

Therefore, this research investigated the effects of vinorelbine
combined with oxaliplatin on NSCLC and further probed into the
underlying molecular mechanisms to offer novel insights into NSCLC
treatment.

MATERIALS AND METHODS

Cell culture

Human NSCLC cell lines, H1299 and A549, were procured from
American Type Culture Collection (ATCC; CRL-5803, CCL-185,
Manassas, VA, USA). The H1299 cells were cultured in the RPMI-1640
medium (30-2001, ATCC, USA), whereas the Kaighn’s Modified Ham’s
F-12 (F-12K) medium (30-2004, ATCC, USA) was utilized for incubation
of A549 cells; fetal bovine serum (FBS; 30-2020, ATCC, USA) was added
to all media in a final concentration of 10%. All cells were cultured in a
humidified atmosphere maintained at 37°C containing 5% CO,.

Cell treatment

Cells were divided into the following groups: control group (normal
culture), NVB group, OXA group and CDG group. The vinorelbine
(NVB) group cells were treated with 300 nM vinorelbine (KW-2307,
Selleck Chemicals, Houston, TX, USA),?* cells in the OXA group
were treated with 10 ug/mL oxaliplatin (NSC 266046; Selleck
Chemicals, USA),* and those in the CDG group were co-treated with
300 nM vinorelbine and 10 pg/mL oxaliplatin. Insulin-like growth
factor-1 (IGF-1; NIST2926, Sigma-Aldrich, St. Louis, MO, USA) in a
dose of 100 ng/mL served as an activator of the PI3K/AKT pathway.**

Cell transfection

In this research, the ABCG2-overexpression plasmid was constructed
based on the pcDNA3.1/+vector (V79020, Thermo Fisher Scientific,
USA), with the empty vector taken as the negative control (NC).
The silenced ABCG2 (siABCG2; siG09827124503-1-5), and its
negative control (siNC; siN0000001-1-10) were harvested from
RiboBioBiotechnology ~Co., LTD (Guangzhou, China). The
aforementioned plasmids or vectors were transfected into the A549
and NCI-H1299 cells using Lipo8000 (C0533, Beyotime Biotechnology,
Shanghai, China). After cells were digested with trypsin solution (C0205,
Beyotime Biotechnology, China), cells were seeded at a density of
4 x 10° cells/well in six well-plates and incubated until 80% confluence.
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Subsequently, 2.5 pg of plasmids or vectors, or 100 pmol small interfering
RNAs (siRNAs) were mixed with 125 uL of Dulbecco’s Modified Eagle
Medium (DMEM; PM150210, Procell Life Science and Technology,
Wauhan, China), and then 4 pL of Lipofectamine 8000 was added. For
siRNA transfection, the mixture was incubated at room temperature for
20 min; this step was not required for plasmid transfection. Lastly, the
mixture (125uL/well) was added to the plates and cells, followed by a
continuous culture at 37°C for 24 or 48 h.

Cell counting kit (CCK-8) assay

Cell viability was assessed by a CCK-8 kit (C0040, Beyotime
Biotechnology, China). After digestion with trypsin, 2000 cells
were seeded in each well of the 96 well-plates and cultured for 24 or
48 h, followed by the addition of the CCK-8 solution (10 pL/well).
After incubation at 37°C for another 1 h, a Synergy LX Multi-Mode
microplate reader (BioTek Instruments, Inc., Winooski, VT, USA) was
used to determine the optical density (OD) value at a wavelength of
450 nm.

Transwell assay

After getting trypsinized, the cells were washed with phosphate-buffered
saline (PBS; C0221A, Beyotime Biotechnology, China) and then
inoculated at a density of 1 x 10° cells/well in the upper chamber
of a 24-well transwell chamber (351184, Corning Incorporation,
Corning, NY, USA) pre-coated either without (for migration) or
with (for invasion) Matrigel (354234, Corning Incorporation, USA).
The upper chamber was filled with the serum-free medium, whereas
the lower chamber contained the medium with 10% FBS. After a
48-h culture at 37°C, the migrated or invaded cells were fixed using
4% paraformaldehyde (P1110, Solarbio Science and Technology,
Beijing, China) at 4°C for 30 min and stained using 0.1% crystal
violet (G1063, Solarbio Science and Technology, China) at room
temperature for half an hour, followed by observation under a NIB900
microscope (magnification: 250x; Yongxin Optics, Ningbo, China,
http://www.yxopt.com/en/index.php).

Flow cytometry assay

The Annexin V-FITC/PI apoptosis detection kit (CA1020, Solarbio
Science and Technology, China) was used to detect cell apoptosis. The
cells were trypsinized, collected, and rinsed by cold PBS, followed
by resuspended in 1 x binding buffer and centrifuged at 300 x g for
10 min. After removing the supernatant, cells were suspended ina 1 mL
of 1 x binding buffer and adjusted to a concentration of 1 x 10° cells/
mL. Subsequently, the 100 uL of cell suspension was mixed with 5uL
of Annexin V-FITC in the dark at room temperature for 10 min. Next,
5 uL of propidium iodide (PI) was added and the cells were cultured in
the dark at room temperature for another 5 min. Finally, 500 uL of PBS
was added and the results were analyzed through a Multiskan™ FC flow
cytometer (Thermo Fisher Scientific, USA).

Quantitative reverse transcription-polymerase
chain reaction (QRT-PCR)

The Total RNA of the cells was isolated using the TRIzol
reagent (15596026, Thermo Fisher Scientific, USA), and reverse
transcription was undertaken to synthesize cDNA by SuperScript” IV
First-Strand Synthesis System (18091050, Thermo Fisher Scientific,
USA). Then, ¢cDNA amplification was traced with TB Green Fast
qPCR Mix (RR430S, Takara Biomedical Technology, Beijing, China)
in a CFX96 Touch real-time PCR detection system (Bio-Rad,
Hercules, CA, USA) under predenaturation at 95°C for 30 s, as
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well as 40 cycles at 95°C for 5 s and 60°C for 10 s. The loading
control was glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
and the 242¢T relative quantification method was used for data
analysis.”™ The primer sequences (RiboBio, China) were listed as

follows: ABCG2: forward, 5-CAGGTGGAGGCAAATCTTCGT-3,
reverse, 5-ACCCTGTTAATCCGTTCGTTTT-3% GAPDH:
forward, 5-GGAGCGAGATCCCTCCAAAAT-3], reverse,

5-GGCTGTTGTCATACTTCTCATGG -3.

Western blot

Cells were added to the radioimmunoprecipitation assay (RIPA) lysis
buffer (C500007, Sangon Biotech, Shanghai, China) under centrifugation
at 12830 x g and 4°C for 5 min, and the supernatant was collected to
extract total protein from cells. Next, the protein concentration was
evaluated by bicinchoninic acid (BCA) assay (C503021, Sangon Biotech,
China). Equal amounts of marker (5 uL; PR1910, Solarbio Science and
Technology, China) and protein (45 pg) were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with
an SDS-PAGE preparation kit (C631100, Sangon Biotech, China) before
transferring the protein to membranes (88585, Thermo Fisher Scientific,
USA) blocked in 5% bovine serum albumin (BSA; E661003, Sangon
Biotech, China) at room temperature for 1 h or 5% non-fat milk at
room temperature for 90 min (for p-Akt). Subsequently, the membranes
were cultured with primary antibodies against ABCG2 (rabbit, 1:1000;
ab207732, Abcam, Cambridge, MA, USA), PI3K (1:1000; CY5355,
Abways, shanghai, China), p-PI3K (1:1000; CY6427, Abways, USA),
Akt (1:500; ab8805, Abcam, USA), p-Akt (1:500; ab38449, Abcam,
USA), and GAPDH (mouse, 1:1000; ab9484, Abcam, USA) at 4°C
overnight. After rinsing with Tris-buffered saline containing Tween
20 (TBST; C520009, Sangon Biotech, China), the membranes were
incubated with the corresponding secondary antibodies - goat
anti-rabbit IgG (ab205718, 1:2000; Abcam, USA) and goat anti-mouse
IgG (ab205719, 1:2000; Abcam, USA) at room temperature for 1 h.
Eventually, protein expression was visualized through eZwest Lite Auto
Western Blotting System (Genscript, Piscataway, NJ, USA) combined
with ECL luminescence reagent (C510043, Sangon Biotech, China); the
Image ] software (version 1.48, National Institutes of Health, Bethesda,
MD, USA) was used to analyze the data.

Statistical analysis

Data were presented as the means + standard deviation, and analyzed by
Graphpad 8.0 (GraphPad Software Inc., San Diego, CA, USA). Multiple
groups were compared using a one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test. A statistically significant difference was
accepted when the P value was < 0.05.

RESULTS

Synergistic effects of the combination of
vinorelbine with oxaliplatin in suppressing NSCLC
cell progression and PI3K/AKT/ABCG2 pathway
activation

As shown in Figure 1, the OD value, migration rate, and invasion rate
were appreciably reduced in both A549 and NCI-H1299 cells after
treatment with vinorelbine or oxaliplatin alone compared to the control
group (P < 0.05). Furthermore, these trends were more pronounced in
cells receiving the vinorelbine and oxaliplatin co-treatment (P < 0.05).
On the contrary, flow cytometry assay exhibited a notable elevation in
the apoptosis rate in A549 and NCI-H1299 cells treated with vinorelbine
or oxaliplatin alone when compared to the cells under normal culture;
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the apoptosis rate of cells receiving co-treatment was found to be higher
than those treated with individual drugs [P < 0.001, Figure 2a-d].
Besides, the protein levels of ABCG2, p-PI3K, and p-AKT in A549 and
NCI-H1299 cells declined in the NVB and OXA groups as compared
to the control group; a similar tendency was exhibited by the CDG
group cells when compared with the NVB or OXA groups [P < 0.001,
Figure 2e-h]. To summarize, the protein levels of PI3K and AKT varied
across the four groups, with p-PI3K/PI3K and p-AKT/AKT of both
cell lines reduced in the NVB and OXA groups when compared to the
control group; the decreasing levels were more obvious in the CDG
group [P < 0.05, Figure 2i-1].

ABCG2-overexpression reversed the effects of
vinorelbine plus oxaliplatin on the proliferation,
migration, invasion, and apoptosis of NSCLC cells

To investigate whether ABCG2 contributed to the functions of the
combination of vinorelbine and oxaliplatin, the ABCG2-overexpression
plasmid was transfected into the A549 and NCI-H1299 cells co-treated
with vinorelbine and oxaliplatin, after which the transfection efficiency
was tested by qRT-PCR. The results demonstrated that the ABCG2
mRNA level of the two cells receiving the co-treatment was lower than
that of the cells under normal conditions. Additionally, cells receiving
the vinorelbine-oxaliplatin co-treatment, along with transfection with
ABCG2-overexpression plasmid, had a significantly elevated ABCG2
mRNA level in comparison with cells receiving the co-treatment and
transfection with empty plasmid [P < 0.001, Figure 3a and b], indicating
a successful transfection.

The OD value, migration rate, and invasion rate of both A549 and
NCI-H1299 cells were declined in the CDG group when compared
with the control group [P < 0.001, Figure 3c-1], whereas these indexes
were raised in the CDG+ABCG2 group relative to the CDG+NC
group [P < 0.01, Figure 3c-1]. Additionally, the apoptosis rate was
increased in cells co-treated with vinorelbine and oxaliplatin,
whereas the protein levels of ABCG2, p-PI3K, p-AKT, p-PI3K/PI3K,
and p-AKT/AKT were reduced. Meanwhile, the ABCG2 protein
expression of cells co-treated with vinorelbine and oxaliplatin
and transfected with ABCG2-overexpression plasmid was higher
than that of cells co-treated with vinorelbine and oxaliplatin and
transfected with an empty plasmid. No statistically significant
differences regarding the p-PI3K, p-AKT, p-PI3K/PI3K, and p-AKT/
AKT levels were observed between the CDG+ABCG2 and CDG+NC
groups[P < 0.01, Figure 4].

Combination of vinorelbine with oxaliplatin
regulated the proliferation, migration, and apoptosis
of NSCLC cells via the PI3K/AKT/ABCG2 axis

Using the western blot analysis, we observed that the A549 and
NCI-H1299 cells in the CDG+IGF-1 group showed an upregulation
of ABCG2, p-PI3K, p-AKT, p-PI3K/PI3K, and p-AKT/AKT relative
to cells in the CDG group. Also, the protein level of ABCG2 was
lowered in the CDG+IGF-1 + siABCG2 group when compared with
the CDG+IGF-1 + siNC group. However, no obvious changes were
observed in the levels of p-PI3K, p-AKT, p-PI3K/PI3K, and p-AKT/
AKT between the CDG+IGF-1 + siABCG2 and CDG+IGF-1 + siNC
groups [P < 0.01, Figure 5a-h].

The CCK-8 assay revealed that the OD value was notably elevated in
A549 and NCI-H1299 cells co-treated with vinorelbine, oxaliplatin,
and IGF-1 as compared to those treated with vinorelbine and
oxaliplatin; the OD value of cells in the CDG+IGF-1 + siABCG2
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Figure 1: Combination of Vinorelbine with oxaliplatin achieved synergistic effects on suppressing the proliferation, migration, and invasion of NSCLC cells. (a
and b) OD value at 24 or 48 h of A549 (a) and NCI-H1299 cells (b) was detected by CCK-8 assay after treatment of vinorelbine and oxaliplatin. (c) Representative
images of A549 cell migration through Transwell assay after treatment of vinorelbine and oxaliplatin (scale: 50 um; magnification: x250). (d) The migration
rate of A549 cells was tested by Transwell assay after treatment of vinorelbine and oxaliplatin. (€) Representative images of NCI-H1299 cell migration through
Transwell assay after treatment of vinorelbine and oxaliplatin (scale: 50 um; magnification: x250). (f) The migration rate of NCI-H1299 cells was tested by
Transwell assay after treatment of vinorelbine and oxaliplatin. (g) Representative images of A549 cell invasion through Transwell assay after treatment of
vinorelbine and oxaliplatin (scale: 50 um; magnification: x250). (h) The invasion rate of A549 cells was tested by Transwell assay after treatment of vinorelbine
and oxaliplatin. (i) Representative images of NCI-H1299 cell invasion through Transwell assay after treatment of vinorelbine and oxaliplatin (scale: 50 um;
magnification: x250). (j) Invasion rate of NCI-H1299 cells was determined by Transwell assay after treatment of vinorelbine and oxaliplatin. * P < 0.05, **
P<0.01, *** P<0.001 vs. control group; “P < 0.05, "*P < 0.01 vs. NVB group; *P < 0.05, **P < 0.01 vs. OXA group. All experiments were repeated independently
at least three times. Data were performed as the means + standard deviation. NSCLC, non-small cell lung cancer; OD, optical density; CCK-8, cell counting
kit-8; NVB, the group treated with vinorelbine; OXA, the group treated with oxaliplatin

group was lower than that of the CDG+IGF-1 + siNC group [P < 0.05,
Figure 5i-j]. Similarly, the migration and invasion rates of A549
and NCI-H1299 cells in the CDG+IGF-1 group were higher than

those of the CDG group; however, these two rates declined in
the CDG+IGF-1 + siABCG2 group cells in contrast with the
CDG+IGF-1 + siNC group [P < 0.001, Figure 6]. The opposite results
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Figure 2: Combination of Vinorelbine with oxaliplatin achieved synergistic effects on inducing NSCLC cell apoptosis and inhibiting PI3K/AKT/ABCG2 pathway
activation. (a) Representative images of A549 cell apoptosis through flow cytometry assay after treatment of vinorelbine and oxaliplatin. (b) The apoptosis rate of
A549 cells was assessed by flow cytometry assay after treatment of vinorelbine and oxaliplatin. (c) Representative images of NCI-H1299 cell apoptosis through flow
cytometry assay after treatment of vinorelbine and oxaliplatin. (d) The apoptosis rate of NCI-H1299 cells was assessed by flow cytometry assay after treatment of
vinorelbine and oxaliplatin. (e) Protein bands of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in A549 cells during western blot after treatment of vinorelbine and oxaliplatin.
GAPDH was the loading control. (f) Protein levels of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in A549 cells were evaluated through western blot after treatment of
vinorelbine and oxaliplatin. GAPDH was the loading control. (g) Protein bands of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in NCI-H1299 cells during western blot after
treatment of vinorelbine and oxaliplatin. GAPDH was the loading control. (h) Protein levels of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in NCI-H1299 cells were evaluated
through western blot after treatment of vinorelbine and oxaliplatin. GAPDH was the loading control. (I and J) The levels of p-PI3K/PI3K (i) and p-Akt/Akt (j) in
A549 cells were determined through western blot after treatment of vinorelbine and oxaliplatin. GAPDH was the loading control. (k and I) The levels of p-PI3K/
PI3K (k) and p-Akt/Akt (I) in NCI-H1299 cells were measured through western blot after treatment of vinorelbine and oxaliplatin. GAPDH was the loading control. *
P<0.05,**P<0.01, ***P<0.001 vs. control group; "P < 0.05, ""P < 0.01, "*"P < 0.001 vs. NVB group; *P < 0.05, *P < 0.01, ***P < 0.001 vs. OXA group. All experiments
were repeated independently at least three times. Data were presented as the means + standard deviation. NSCLC, non-small cell lung cancer; p-, phosphorylation-;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NVB, the group treated with vinorelbine; OXA, the group treated with oxaliplatin
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Figure 3: Overexpression ABCG2 reversed the effects of vinorelbine combined with oxaliplatin on the proliferation, migration, and invasion in NSCLC cells. (a
and b) ABCG2 mRNA levels of A549 (a) and NCI-H1299 cells (b) were measured by qRT-PCR after treatment of vinorelbine and oxaliplatin and transfection of
ABCG2 overexpression plasmid. GAPDH was the loading control. (c and d) OD value at 48 h of A549 (c) and NCI-H1299 cells (d) was detected by CCK-8 assay
after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. (e) Representative images of A549 cell migration through
Transwell assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid (scale: 50 um; magnification: x250). (f)
The migration rate of A549 cells was tested by Transwell assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression
plasmid. (g) The migration rate of NCI-H1299 cells was tested by Transwell assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2
overexpression plasmid. (h) Representative images of NCI-H1299 cell migration through Transwell assay after treatment of vinorelbine and oxaliplatin
and transfection of ABCG2 overexpression plasmid (scale: 50 um; magnification: x250). (i) Representative images of A549 cell invasion through Transwell
assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid (scale: 50 um; magnification: x250). (j) Invasion
rate of A549 cells was detected by Transwell assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. (k)
Invasion rate of NCI-H1299 cells was examined by Transwell assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression
plasmid. (I) Representative images of NCI-H1299 cell invasion through Transwell assay after treatment of vinorelbine and oxaliplatin and transfection of
ABCG2 overexpression plasmid (scale: 50 um; magnification: x250). *** P < 0.001 vs. control group; **P < 0.01, **P < 0.001 vs. CDG+NC group. All experiments
were repeated independently at least three times. Data were described as the means + standard deviation. NSCLC, non-small cell lung cancer; qRT-PCR,
guantitative reverse transcription-polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OD, optical density; CCK-8, cell
counting kit-8; CDG, the group co-treated with vinorelbine and oxaliplatin; NC, the negative control for ABCG2 overexpression plasmid
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Figure 4: Overexpression ABCG2 reversed the effects of vinorelbine combined with oxaliplatin on NSCLC cell apoptosis and ABCG2 expression but did not
affect PI3K/AKT pathway. (a) Representative images of A549 cell apoptosis through flow cytometry assay after treatment of vinorelbine and oxaliplatin and
transfection of ABCG2 overexpression plasmid. (b) The apoptosis rate of A549 cells was assessed by flow cytometry assay after treatment of vinorelbine
and oxaliplatin and transfection of ABCG2 overexpression plasmid. (c) The apoptosis rate of NCI-H1299 cells was evaluated by flow cytometry assay after
treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. (d) Representative images of NCI-H1299 cell apoptosis through
flow cytometry assay after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. (e) Protein bands of ABCG2, PI3K,
p-PI3K, Akt, and p-Akt in A549 cells during western blot after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid.
GAPDH was the loading control. (f) Protein levels of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in A549 cells were evaluated through western blot after treatment of
vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. GAPDH was the loading control. (g) Protein bands of ABCG2, PI3K, p-PI3K, Akt,
and p-Akt in NCI-H1299 cells during western blot after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. GAPDH
was the loading control. (h) Protein levels of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in NCI-H1299 cells were evaluated through western blot after treatment
of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. GAPDH was the loading control. (i and j) The levels of p-PI3K/PI3K (i) and
p-Akt/Akt (j) in A549 cells were determined through western blot after treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression
plasmid. GAPDH was the loading control. (k and |) The levels of p-PI3K/PI3K (k) and p-Akt/Akt (I) in NCI-H1299 cells were detected through western blot after
treatment of vinorelbine and oxaliplatin and transfection of ABCG2 overexpression plasmid. GAPDH was the loading control. ** P < 0.01, *** P < 0.001 vs.
control group; *P < 0.01, **P < 0.001 vs. CDG + NC group. All experiments were repeated independently at least three times. Data were exhibited as the
means * standard deviation. NSCLC, non-small cell lung cancer; p-, phosphorylation-; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CDG, the group
co-treated with vinorelbine and oxaliplatin; NC, the negative control for ABCG2 overexpression plasmid
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Figure 5: Combination of Vinorelbine with oxaliplatin suppressed NSCLC cell proliferation via PI3K/AKT/ABCG2 axis. (a) Protein bands of ABCG2, PI3K, p-PI3K,
Akt, and p-Akt in A549 cells during western blot after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. GAPDH was the loading
control. (b) Protein levels of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in A549 cells were evaluated through western blot after treatment of vinorelbine, oxaliplatin,
and IGF-1 and transfection of siABCG2. GAPDH was the loading control. (c) Protein bands of ABCG2, PI3K, p-PI3K, Akt, and p-Akt in NCI-H1299 cells during
western blot after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. GAPDH was the loading control. (d) Protein levels of ABCG2,
PI3K, p-PI3K, Akt, and p-Akt in NCI-H1299 cells were evaluated through western blot after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection
of siABCG2. GAPDH was the loading control. (e and f) The levels of p-PI3K/PI3K (e) and p-Akt/Akt (f) in A549 cells were determined through western blot
after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. GAPDH was the loading control. (g and h) The levels of p-PI3K/PI3K (g)
and p-Akt/Akt (h) in NCI-H1299 cells were measured through western blot after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2.
GAPDH was the loading control. (iand j) OD value at 24 or 48 h of A549 (i) and NCI-H1299 cells (j) was detected by CCK-8 assay after treatment of vinorelbine,
oxaliplatin, and IGF-1 and transfection of siABCG2. * P < 0.05, ** P < 0.01, *** P < 0.001 vs. CDG group; *P < 0.05, **P < 0.01 vs. CDG + IGF-1 + siNC group. All
experiments were repeated independently at least three times. Data were displayed as the means + standard deviation. NSCLC, non-small cell lung cancer;
p-, phosphorylation-; siABCG2, silencing ABCG2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OD, optical density; CCK-8, cell counting kit-8; CDG,
the group co-treated with vinorelbine and oxaliplatin; siNC, the negative control for siABCG2
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Figure 6: Combination of Vinorelbine with oxaliplatin repressed NSCLC cell migration and invasion via PI3K/AKT/ABCG2 axis. (a) Representative images of
A549 cell migration through Transwell assay after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2 (scale: 50 um; magnification:
%x250). (b) Representative images of NCI-H1299 cell migration through Transwell assay after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection
of siABCG2 (scale: 50 um; magnification: x250). (c) The migration rate of A549 cells was tested by Transwell assay after treatment of vinorelbine, oxaliplatin,
and IGF-1 and transfection of siABCG2. (d) The migration rate of NCI-H1299 cells was tested by Transwell assay after treatment of vinorelbine, oxaliplatin,
and IGF-1 and transfection of siABCG2. (e) The invasion rate of A549 cells was tested by Transwell assay after treatment of vinorelbine, oxaliplatin, and
IGF-1 and transfection of siABCG2. (f) The invasion rate of NCI-H1299 cells was detected by Transwell assay after treatment of vinorelbine, oxaliplatin, and
IGF-1 and transfection of siABCG2. (g) Representative images of A549 cell invasion through Transwell assay after treatment of vinorelbine, oxaliplatin, and
IGF-1 and transfection of siABCG2 (scale: 50 um; magnification: x250). (h) Representative images of NCI-H1299 cell invasion through Transwell assay after
treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2 (scale: 50 um; magnification: x250). *** P < 0.001 vs. CDG group; **P < 0.001 vs.
CDG+IGF-1 + siNC group. All experiments were repeated independently at least three times. Data were shown as the means + standard deviation . NSCLC,
non-small cell lung cancer; siABCG2, silencing ABCG2; CDG, the group co-treated with vinorelbine and oxaliplatin; siNC, the negative control for siABCG2
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Figure 7: Combination of Vinorelbine with oxaliplatin promoted NSCLC cell apoptosis via PI3K/AKT/ABCG2 axis. (a) Representative images of A549 cell
apoptosis through flow cytometry assay after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. (b) Representative images of
NCI-H1299 cell apoptosis through flow cytometry assay after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. (c) The apoptosis
rate of A549 cells was assessed by flow cytometry assay after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. (d) The apoptosis
rate of NCI-H1299 cells was evaluated by flow cytometry assay after treatment of vinorelbine, oxaliplatin, and IGF-1 and transfection of siABCG2. ***
P <0.001 vs. CDG group; ***P < 0.001 vs. CDG+IGF-1+siNC group. All experiments were repeated independently at least three times. Data were expressed as

the means + standard deviation. NSCLC, non-small cell lung cancer; siABCG2, silencing ABCG2; CDG, the group co-treated with vinorelbine and oxaliplatin;
siNC, the negative control for sSiABCG2

were obtained during the detection of cell apoptosis rate [P < 0.001,

Figure 7].

DISCUSSION

Vinorelbine and oxaliplatin are common chemotherapeutic drugs
utilized in several malignant tumors, including NSCLC.!"* Although

868

the effectiveness of a combination of vinorelbine with oxaliplatin in the
treatment of NSCLC has been validated by many researchers,#2%4!
the underlying mechanisms of action remain unclear. We intended to
explore the effects of this combination on NSCLC by treating NSCLC
cells with vinorelbine and oxaliplatin in vitro. Similar to a previous
study about the combination of lenvatinib and vinorelbine in anaplastic
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thyroid cancer,! we observed that both drugs could repress cell
proliferation, migration, and invasion while promoting apoptosis, and a
combination of the two further enhanced these effects, which highlights
the synergistic activity of vinorelbine with oxaliplatin on NSCLC.
ATP-binding cassette (ABC) transporters, a group of molecules that
modulate the energy (from ATP-hydrolysis)-dependent transport of
multiple substrates across the cell membrane against a concentration
gradient, are widely acknowledged as responsible for the most common
mechanism underlying multidrug resistance.” As a member of that
group, ABC subfamily-G member-2 (ABCG2) has been reported to be
conducive to drug resistance via the outflow of intracellular drugs.****
Additionally, a previous study demonstrated that ABCG2 is activated
to mitigate apoptosis induced by endoplasmic reticulum (ER) stress in
oxaliplatin-resistant colorectal cancer cells.?”” Furthermore, it is worth
noting that the PI3K/AKT pathway mediates ABCG2 to participate
in the chemotherapeutic resistance of human multiple myeloma
and malignant pleural mesothelioma.l>*! The PI3K/AKT signaling
pathway plays a crucial role in cancer occurrence and advancement,
in which the phosphorylation of activated PI3K brings about AKT
activation, which in turn, affects the downstream targets to regulate
diverse cellular processes, such as proliferation, metastasis, and
survival.*>*#l Considering all these findings, it was logical to presume
that a combination of vinorelbine and oxaliplatin may enhance the
therapeutic effects by suppressing ABCG2 expression, which is probably
realized via inhibition of the PI3K/AKT pathway. In our experiments,
both vinorelbine and oxaliplatin inhibited activation of PI3K, AKT,
and ABCG2, and the inhibition was augmented when the cells were
co-treated with the two drugs. This implies that the PI3K/AKT/ABCG2
pathway may be associated with the synergism of vinorelbine and
oxaliplatin against NSCLC.

Furthermore, we investigated specific mechanisms underlying the
therapeutic effects of vinorelbine combined with oxaliplatin on
NSCLC based on the aforementioned hypothesis. To address this,
cells were co-treated with vinorelbine and oxaliplatin and transfected
with ABCG2-overexpression plasmid for validating the participation
of ABCG2. We observed that ABCG2 overexpression reversed the
effects of vinorelbine plus oxaliplatin in suppressing cell proliferation,
migration, and invasion, as well as promoting cell apoptosis in NSCLC,
which confirmed our hypothesis that vinorelbine plus oxaliplatin
exerted a synergistic by repressing ABCG2. Moreover, we found that the
overexpressed ABCG2 did not affect the combination therapy-induced
inhibition of the PI3K/AKT pathway, indicating that ABCG2 might
be the downstream gene for this signaling pathway. Based on these
findings, we further investigated the relationship between the PI3K/
AKT pathway, ABCG2, and the combination therapy by constructing
an ABCG2-silence model and treating the NSCLC cells co-treated
with vinorelbine and oxaliplatin with the PI3K/AKT pathway activator,
IGF-1. It was observed that the PI3K/AKT pathway can modulate the
protein level of ABCG2 in NCI-H929 cells, and its inhibition reverses the
protective effects of ABCG2 against chemotherapeutic agents in multiple
myeloma.”*”! Likewise, in our study, the results of western blot analysis
showed that the activation of the PI3K/AKT pathway positively regulated
ABCG2 levels in NSCLC cells, whereas the knockdown of ABCG2 did
not affect the PI3K/AKT pathway, confirming the recognition of ABCG2
as the downstream target for the PI3K/AKT pathway. In this study, we
found that the PI3K/AKT pathway regulated ABCG2 to mediate cell
proliferation, migration, invasion, and apoptosis during the action of
vinorelbine combined with oxaliplatin on NSCLC.
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CONCLUSION

In summary, the present research successfully determined the
synergistic effects of vinorelbine and oxaliplatin in suppressing NSCLC
cell progression and further probed into the specific mechanism of
action. It also demonstrated that the desired effects of the combination
therapy were achieved via inhibition of the PI3K/AKT/ABCG2 axis. This
research offers novel insights into the therapeutic effects of vinorelbine
combined with oxaliplatin on NSCLC and provides a new approach for
NSCLC treatment by targeting the PI3K/AKT/ABCG2 axis.
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