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Background: Anlotinib resistance is a challenge for advanced non-small cell lung cancer
(NSCLC). Understanding the underlying mechanisms against anlotinib resistance is of great
importance to improve prognosis and treatment of patients with advanced NSCLC.
Methods: RT-qPCR assay was used to assess the level of miR-136-5p in anlotinib-resistant
NSCLC cells and exosomes derived from anlotinib-resistant NSCLC cells. In addition, miR-
136-5p level in tumor tissues from patients who exhibited a poor response to anlotinib
therapy and patients who were therapy naive or patients who exhibited a positive response to
anlotinib therapy was detected by RT-qPCR assay.

Results: In this study, we found that high levels of plasma exosomal miR-136-5p is
correlated with clinically poor anlotinib response. In addition, anlotinib-resistant NSCLC
cells promoted parental NSCLC cell proliferation via transferring functional miR-136-5p
from anlotinib-resistant NSCLC cells to parental NSCLC cells via exosomes. Moreover,
exosomal miR-136-5p could endow NSCLC cells with anlotinib resistance by targeting
PPP2R2A, leading to the activation of Akt pathway. Furthermore, miR-136-5p antagomir
packaging into anlotinib-resistant NSCLC cell-derived exosomes functionally restored
NSCLC cell anlotinib sensitivity in vitro. Animal studies showed that A549/anlotinib cell-
derived exosomal miR-136-5p agomir promoted A549 cell anlotinib resistance in vivo.
Conclusion: Collectively, these findings indicated that anlotinib-resistant NSCLC cell-
derived exosomal miR-136-5p confers anlotinib resistance in NSCLC cells by targeting
PPP2R2A, indicating miR-136-5p may act as a potential biomarker for anlotinib response
in NSCLC.

Keywords: advanced non-small cell lung cancer, anlotinib resistance, exosome, microRNA

Introduction

Non-small cell lung cancer (NSCLC) is the most common type of lung cancer.'” In
addition, NSCLS is characterized by highly invasive behavior, resistance to che-
motherapy and poor prognosis.’ Despite advances in diagnosis and treatment
strategies, the prognosis of NSCLC patients remains unsatisfactory.””> Therefore,
deeper investigation into the exploration of novel therapies of NSCLC is particu-
larly important. Anlotinib is an orally administered multikinase inhibitor, which has
inhibitory effects on tumor growth and angiogenesis due to the inhibition of
vascular endothelial growth factor receptor (VEGFR) 1 to 3, stem cell factor
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receptor (c-kit), platelet-derived growth factor receptors
and fibroblast growth factor receptor 1 to 4.° In addition,
anlotinib is currently available as third-line regimen for
advanced NSCLC patients.® Significantly, anlotinib could
prolong progression-free survival and overall survival in
patients with NSCLC.® However, drug resistance in
NSCLC is inevitable. Therefore, it is urgent to investigate
the underlying mechanisms of anlotinib resistance in
patients with NSCLC and explore novel biomarkers to
predict anlotinib response.

Exosomes (50—150 nm) are nanosized membrane vesi-
cles that are actively released by a variety of cells and are
released into the extracellular milieu.”* In addition, exo-
somes have been found to be participating in cell-to-cell
communication by transmitting many bioactive molecules,
such as proteins, lipids, microRNAs (miRNAs).>'”
Evidence has shown that tumor cell-derived exosomes
play an important role in the development of cancer malig-
nancy via regulating drug resistance.'! However, whether
tumor cell-derived exosomes could confer drug resistance
in sensitive cells has not been fully investigated.

MiRNAs are a group of noncoding RNA molecules
that post-transcriptionally regulate gene expression by
interaction with the 3'-UTRs of target mRNAs.'>"* In
addition, miRNAs have shown to play pivotal roles in
several biological processes, such as cell proliferation,
metastasis and apoptosis.'* Chen et al found that miR-
136 could promote the proliferation and invasion of gastric
cancer cells by targeting PTEN.'> Shen et al reported that
overexpression of miR-136 could promote NSCLC cell
growth by targeting PPP2R2A.'® Meanwhile, it has been
shown that miRNAs participated in mediating the resis-
tance in human cancers.'” However, the roles of miR-136-
5p in anlotinib resistance in NSCLC are poorly illumi-
nated. Thus, in this study, we aimed to investigate the
role of exosomal miR-136 in the regulation of anlotinib
resistance of NSCLC.

Materials and Methods

Patient Samples

A total of 15 tumor tissue samples and 15 plasma samples
were collected from 5 patients with NSCLC from the
Affiliated Lianyungang Hospital of Xuzhou Medical
University and Shanghai Cancer Center at different stages,
including pre-therapy, positive response to anlotinib ther-
apy, poor response to anlotinib therapy. In addition, the
ethical approval was approved by the ethics committee of

the Affiliated Lianyungang Hospital of Xuzhou Medical
University. All patients had received gene mutation detec-
tion. Among 5 patients who received gene mutation detec-
tion, 3 cases were identified as EGFR mutation, while no
mutation was detected in the other 2 cases. Written
informed consent was obtained from all patients. Our
in accordance with the

research was conducted

Declaration of Helsinki.

RNA Sequencing

Exosomes were isolated from plasma samples using the
GETTM Exosome Isolation Kit (GeneExosome technolo-
gies). After that, total RNA was extracted from exosomes
using miRNeasy®™ Mini kit (Qiagen) according to the
manufacturer’s protocol. Sequencing libraries were pre-
pared from all samples using QIAseq miRNA Library
Kit. After that, the libraries were quantified by Agilent
Bioanalyzer 2100 and sequenced by Illumina HiSeq
sequencer (Illumina, San Diego, CA, USA). The prepared
sequences were then filtered and aligned using Bowtie tool
against the human miRNA sequences downloaded from
miRbase.

Function Enrichment Analyses

The target genes of differentially expressed miRNAs
(DEMs) were subjected to Gene Ontology (GO) enrich-
ment and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses
KOBAS."

using the online tool

Cell Culture and Cell Transfection

Human NSCLC cell lines A549 and NCI-H1975 were
purchased from American Type Culture Collection.
A549/anlotinib and NCI-H1975/anlotinib cells
obtained discontinuously by gradually increasing doses
of anlotinib (range from 5 to 80 uM). Briefly, A549 and
NCI-H1975 cells were exposed to anlotinib (5 uM), and
the medium was changed every day. When the cells were

were

harvested and then re-seeded and cultured in medium with
an increase anlotinib concentration. A549/anlotinib and
NCI-H1975/anlotinib cells were generated from parental
A549 and NCI-H1975 cells by gradually treating them
with increasing doses of anlotinib for more than 3 months.

A549, NCI-H1975, A549/anlotinib and NCI-H1975
/anlotinib cell lines were cultured in DMEM medium
supplemented with 10% FBS, 100 w/mL penicillin and
0.1 mg/mL streptomycin and maintained in a humidified
incubator containing 5% CO, at 37°C.
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Cells were transfected with miR-136-5p agomir (5°-
ACUCCAUUUGUUUUGAUGAUGGA-3’), miR-136-5p
antagomir  (5’-UCCAUCAUCAAAACAAAUGGAGU
-3’) and PPP2R2A siRNA1 (5-GCTCATACATA
TCACATCAACTCAA-3’) or PPP2R2A siRNA2 (5°-
TGCCCTCTGTGATAGACATTCTAAA-3’; Ribobio,
Guangzhou, China) using Lipofectamine 2000 transfection
reagent according to the manufacturer’s protocols.

Cell Counting Kit-8 (CCK-8) Assay

Cell viability was monitored using a CCK-8 assay kit
(Dojindo, Kumamoto, Japan). Cells were seeded onto 96-
well culture plates at a density of 5x10° cells/well and then
treated with CCK-8 (10 pL per well).
Subsequently, the absorbance was measured by measuring

reagent

the absorbance at 450 nm in a microplate reader.

Exosome Isolation and Characterization

Exosomes secreted by A549 and A549/anlotinib cells were
isolated by using the GETTM Exosome Isolation Kit
(GeneExosome technologies). The exosome samples
were detected on a ZetaView nanoparticle tracking analy-
sis (NTA) instrument. In addition, exosomes were identi-
fied by transmission electron microscopy (TEM) and
confirmed by the expression of exosome markers
TSG101 and CD81 and endoplasmic reticulum glucose-

regulated protein (Grp78).

Exosome Uptake

A549 and AS549/anlotinib cell-derived exosomes were
labeled with PKH26 dye for 30 min at 37°C to observe
the uptake of exosomes in A549 cells. Subsequently, the
internalization of exosomes was measured by a confocal
microscope. Nuclei were stained by DAPI. PKH26 fluor-
escence was excited at 551 nm and emitted at 567 nm.
Phalloidin fluorescence was excited at 488 nm and emitted
at 526 nm. DAPI fluorescence was excited at 405 nm and
emitted at 498 nm.

Co-Culture System

Cy3-labeled miR-136-5p was transfected into A549/anlo-
tinib cells. After that, the transfected A549/anlotinib cells
were seeded on a Transwell® polyester permeable sup-
ports. In addition, A549 cells were plated on the lower
chamber. After 24 h of incubation, cells were imaged
using a fluorescence microscope (Olympus). Cy3 fluores-
cence was excited at 551 nm and emitted at 567 nm.

Flow Cytometry Assay
For the cell apoptosis assay, cells were collected and
washed twice with cold PBS. After that, cells were incu-
bated with 10 uL of Annexin V-FITC and propidium
iodide (PI) for 30 min in darkness. Subsequently, apoptotic
cells were assessed by a flow cytometer (BD Biosciences).
For the cell cycle assay, cells were collected and fixed
in 70% ethanol for 30 min. After that, cells were treated
with RNase A for 20 min at 37°C and then stained for 30
min in darkness with 1 mg/mL PI. Subsequently, cell cycle
distribution was assessed using a flow cytometer.

Western Blot Assay

Total protein from NSCLC cells was quantified by the Pierce
BCA Protein assay kit. After that, proteins were subjected to
10% SDS-PAGE and then transferred onto PVDF mem-
branes. After blocking with 5% non-fat milk for 1 h, mem-
branes were incubated with primary antibodies against p-Akt
(cat. no. ab38449; 1:1000), Akt (cat. no.18785; 1:1000),
p-ERK (cat. no. ab201015; 1:1000), ERK (cat. no.
ab184699; 1:1000), BCL-2 (cat. no. ab182858; 1:1000),
XIAP (cat. no. ab229050; 1:1000), PPP2R2A (cat. no.
ab197194; 1:1000), B-actin (cat. no. 6276; 1:1000) at 4°C
overnight. Later on, membranes were incubated with the
corresponding HRP-labeled goat anti-rabbit secondary anti-
bodies at room temperature for 1 h. Subsequently, protein
bands were visualized using a chemiluminescence detection
kit (Thermo Fisher Scientific). All antibodies were procured
from Abcam (Cambridge, MA).

RT-gPCR Assay

Total RNA was isolated from cells using the TRIpure Total
RNA Extraction Reagent. Later on, total RNA was rever-
sely transcribed using EntiLink™ 1st Strand cDNA
Synthesis Kit (ELK Biotechnology). After that, real-time
PCR was run with StepOne™ Real-Time PCR System and
EnTurbo™ SYBR Green PCR SuperMix kit (ELK
Biotechnology). U6 was used as an internal reference of
miR-136-5p. Fold changes were calculated by using the
27T formula. U6: 5°- CTCGCTTCGGCAGCACAT-3’
(F); 5’>-AACGCTTCACGAATTTGCGT-3" (R). miR-136-
5p: 5-TCCATTTGTTTTGATGATGGACT-3> (F); 5’-
CTCAACTGGTGTCGTGGAGTC-3" (R).

EdU Staining Assay
Cell proliferation was measured by an EdU kit (Cell-Light
EdU Apollo567 In Vitro Kit; Ribobio). Cells were
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incubated with EdU for 2 h, fixed in 4% paraformaldehyde
and permeated with 0.3% TritonX-100 for 15 min. Later
on, cells were stained with Apollo dye, and then incubated
with Hoechst 33342 for 30 min. Subsequently, EdU-
positive cells were captured using a fluorescence micro-
scope. Apollo fluorescence was excited at 550 nm and
emitted at 567 nm. DAPI fluorescence was excited at
405 nm and emitted at 498 nm.

Dual-Luciferase Reporter Assay

The wild-type (WT) and mutated (MT) miR-136-5p target
in the PPP2R2A 3’-UTR were cloned into the pGL6-
miR-based luciferase reporter plasmids. Later on, A549
cells were co-transfected with the above recombinant plas-
mids and miR-136-5p agomir or its negative control using
Lipofectamine 2000 for 48 h. Subsequently, luciferase
activity was monitored using the Dual-Luciferase
Reporter Assay System (Promega Madison, WI) with

renilla luciferase activity as endogenous control.

Animal Study

BALB/c nude mice (4-week-old and 16-20 g in weight)
were purchased from the Experimental Animal Center of
Soochow University, and animals were maintained fol-
lowing the recommended procedures of National
Institutes of Health guide for the care and use of labora-
tory animals. A549 cells (107 cells) were subcutaneously
injected into left flank of nude mice. When the tumors
reach about 200 mm?®, animals were divided randomly
into 5 groups: control, PBS + anlotinib treatment,
(NSCLC-anlotinib-NC)-Exo + anlotinib treatment,
(NSCLC-anlotinib-miR-136-5p agomir)-Exo + anlotinib
treatment, or (NSCLC-anlotinib-miR-136-5p antagomir)-
Exo + anlotinib treatment groups. After that, PBS,
(NSCLC-anlotinib-NC)-Exo, (NSCLC-anlotinib-miR
-136-5p agomir)-Exo, or (NSCLC-anlotinib-miR-136-5p
antagomir)-Exo were directly injected into the tumors
twice a week for 3 weeks. In addition, mice were admi-
nistered anlotinib (4 mg/kg) by oral gavage for 2 weeks.
Tumor volume was calculated every week using the fol-
lowing formula: volume = 0.5 x length x width®. Later
on, the mice were euthanized at day 21, and the tumors
were removed and weighed. The APO-BrdU™ TUNEL
Assay Kit was used to evaluate cell apoptosis in tumor
tissues. Animal study was approved by the ethics com-
mittee of the Affiliated Lianyungang Hospital of Xuzhou
Medical University.

Statistical Analysis

Results were all exhibited as the mean + standard devia-
tion (S.D.). Differences between three or more groups
were analyzed by One-way analysis of variance
(ANOVA) and Tukey’s tests using GraphPad Prism soft-
ware (version 7.0). Differences between two groups were
analyzed by two-tailed Student’s #-test. The difference was
significant with a value of *P < 0.05. All data were
repeated in triplicate.

Results
NSCLC/Anlotinib Cell-Derived

Exosomes Increased NSCLC Cell

Proliferation and Anlotinib Resistance
To compare the viability between the anlotinib-sensitive
and anlotinib-resistant NSCLC cells, A549, A549/anloti-
nib cells and NCI-H1975, CCK-8 assay was used to detect
the viability of NCI-H1975/anlotinib cells that were grown
in medium containing with different concentrations of
anlotinib for 72 h. As indicated in Figure 1A and B,
anlotinib reduced the viability of A549, A549/anlotinib
cells, and NCI-H1975, NCI-H1975/anlotinib cells in
a dose-dependent manner. In addition, 20 uM anlotinib
induced about 74% and 76% growth inhibition of A549
and NCI-H1975 cells, respectively, whereas 20 uM anlo-
tinib induced about 15% and 10% growth inhibition of
A549/anlotinib and NCI-H1975/anlotinib cells (Figure 1A
and B). These data suggested that AS549/anlotinib and
NCI-H1975/anlotinib cells were resistant to anlotinib.
Next, we investigated whether functional factors
secreted by anlotinib-resistant NSCLC cells could affect
the viability of anlotinib-sensitive NSCLC cells. First,
A549 and NCI-H1975 cells were cultured in the CM
from AS549/anlotinib (A549/anlotinib-CM) and NCI-
H1975/anlotinib cells (NCI-H1975/anlotinib-CM), respec-
tively. The results of CCK-8 assay showed that A549/
anlotinib-CM and NCI-H1975/anlotinib-CM significantly
promoted the viability of A549 and NCI-H1975 cells,
respectively (Figure 1C). Additionally, cell viability rate
was markedly increased in A549 and NCI-H1975 cells
grown in A549/anlotinib-CM and NCI-H1975/anlotinib-
CM and subsequently treated with anlotinib, compared
with A549 and NCI-H1975 cells grown in A549-CM and
NCI-H1975-CM, respectively (Figure 1D). These data
indicated that anlotinib-resistant NSCLC cells-CM that
contained several functional

factors could promote

NSCLC cell proliferation and anlotinib resistance.
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Figure 1 NSCLC/anlotinib cell increased NSCLC cell proliferation and anlotinib resistance. (A) CCK-8 assay of A549 or NCI-H1975 cells treated with anlotinib (0, I, 2, 5,
10 or 20 pM) for 72 h. **P<0.01 compared with 0 uM group. (B) CCK-8 assay of A549/anlotinib or NCI-H|975/anlotinib cells treated with anlotinib (0, 20, 40, 80, 160 or
320 pM) for 72 h. ¥P<0.01 compared with 0 pM group. A549 cells were incubated in A549-CM or A549/anlotinib-CM for 3 days, NCI-H1975 cells were incubated in NCI-
H1975-CM or NCI-H1975/anlotinib-CM for 3 days, (C) CCK-8 assay was used to determine the viability of A549 and NCI-H 1975 cells; (D) CCK-8 assays were performed

to determine the anlotinib response of these cells. ¥*P<0.05, **P<0.01.

Exosomes are nanoparticles that play an important role
in cell-to-cell communication.'” We have found that anlo-
tinib-resistant NSCLC cells-CM could promote NSCLC
cell proliferation and anlotinib resistance. We next inves-
tigate whether anlotinib-resistant NSCLC cell-derived
exosomes contribute to this effect. Significantly, removing
exosomes from A549/anlotinib-CM through ultracentrifu-
gation or inhibiting the exosome secretion of AS549/anlo-
tinib-CM  through GW4869 suppressed the ability of
A549/anlotinib-CM to increase A549 cell viability and
anlotinib resistance (Figure 2A). These data showed that
A549/anlotinib cell-derived exosomes might play an
important role in mediating NSCLC cell proliferation and
anlotinib resistance; thus, we isolated exosomes from
A549-CM (A549-Exo) and AS549/anlotinib-CM (A549/
anlotinib-Exo) and confirmed their identity by NTA,
TEM and Western blot assays. As shown in Figure 2B
and C, A549-Exo and A549/anlotinib-Exo are small nano-
vesicles from 50 to 150 nm diameter and exhibited typical
cup-shaped structures. In addition, the specific surface
markers in exosomes, such as TSG101 and CDS81, were
positively expressed in these vesicles, whereas Grp78 was
negative expressed in these vesicles (Figure 2D). Thus,
A549-Exo and AS549/anlotinib-Exo
successfully.

To assess whether A549-Exo and A549/anlotinib-Exo
could be internalized by A549 cells, we labeled A549-Exo

were  isolated

and A549/anlotinib-Exo with PKH26 dye and added them
into A549 cell culture medium. As revealed in Figure 2E,
PKH26 dye was observed in A549 cells, suggesting that
A549-Exo and A549/anlotinib-Exo could be internalized
by A549 cells. Next, we investigated whether A549/anlo-
tinib-Exo could promote NSCLC cell proliferation and
anlotinib resistance. As shown in Figure 2F and G, the
results of CCK-8 and flow cytometry assays showed that
A549 cells incubated directly with AS549/anlotinib-Exo
displayed reduced sensitivity to anlotinib. Evidences have
shown that Akt and ERK signaling pathways are usually
associated with drug resistance of NSCLC cells.”?' As
indicated in Figure 2H, AS549/anlotinib-Exo endowed
A549 cells with resistance to anlotinib and activated Akt
and ERK signaling. Collectively, A549/anlotinib-Exo
could confer anlotinib resistance to A549 cells.

MiR-136-5p is Highly Expressed in
Anlotinib-Resistant NSCLC Cells

In an attempt to explore the functional molecules required
for the ability of A549/anlotinib-Exo to promote the pro-
liferation and anlotinib resistance in A549 cells, we pur-
ified exosomes from plasma samples in patients who
exhibited a good response to anlotinib therapy, patients
who exhibited a positive response to anlotinib initially
and patients who developed a resistance to anlotinib even-
tually (Table 1). Meanwhile, isolated exosomes were
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Figure 2 NSCLC/anlotinib cell-derived exosomes increased NSCLC cell proliferation and anlotinib resistance. (A) A549 cells were incubated in control-CM, A549/
anlotinib-CM, exosome-depleted A549/anlotinib-CM, and A549 cells were co-cultured with GW4869-treated A549/anlotinib cells for 3 days. Cell viability was determined
by CCK-8 assay upon anlotinib treatment. **P<0.01. (B-D) Identification of exosomes derived from A549 and A549/anlotinib cells by TEM, NTA and Western blot analysis.
(E) Fluorescent observation of A549 cells after incubation with PKH26-labeled exosomes from A549 or A549/anlotinib cells for 24 h (magnification, x200). (F) A549 cells
were incubated with exosomes from A549 (A549™°) or A549/anlotinib cells (A549/anlotinib™®) for 48h, followed by anlotinib treatment for 72 h. Cell viability was
measured by CCK-8 assay. **P<0.01. (G) Cell apoptosis was measured by flow cytometry assay. *P<0.05, **P<0.01. (H) Western blot analysis of p-Akt, Akt, p-ERK, ERK,

Bcl-2, XIAP in A549 cells. **P<0.01.

identified by NTA, TEM and Western blot assays
(Figure 3A—C). Next, RNA-sequencing was performed to
analyze the differentially expressed miRNAs (DEMs) in
these isolated exosomes. As shown in Figure 3D and E, 14
upregulated DEMs and 15 downregulated DEMs were
detected in exosomes derived from plasma samples in
patients with poor anlotinib response relative to patients
with good anlotinib response. To gain a more in-depth
understanding of the DEMs, the target genes of DEMs
were analyzed using GO enrichment and KEGG pathway
analyses. GO results indicated that the target genes of
DEMs were mainly enriched in the categories “cellular

process”, “growth”, “molecular transducer activity” and
“enzyme regulator activity” (Supplementary Figure 1).

As for KEGG pathway analysis, osteoclast differentiation,
microRNAs in cancer, tight junction, transcriptional mis-
regulation in cancer were mostly associated with the target
genes of DEMs (Supplementary Figure 2).

Evidence has shown that miR-136-5p expression is
associated with drug resistance in NSCLC.?* In this
study, we found that miR-136-5p levels in tumor tissues

and plasma samples were higher in patients who exhibited
a poor response to anlotinib therapy compared with
patients who were therapy naive or patients who exhibited
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Table | Clinical Characteristics of NSCLC Patients in Anlotinib
Treatment

NSCLC Patients
(n=15)

Age

Average 62.6

Range 41-80
Gender

Male 8 (53.3%)

Female 7 (46.7%)
Histologic type

Lung adenocarcinoma 14 (93.3%)

Squamous cell lung carcinoma 1 (6.7%)
Fuhrman grade

1] 0 (0%)

v 15 (100%)
Treatment method before oral treatment with
anlotinib

Radiotherapy 4 (26.7%)

Chemotherapy 10 (66.7%)

Antiangiogenic therapy 2 (13.3%)

Surgery 4 (26.7%)

Tumor targeted therapy 9 (60.0%)

a positive response to anlotinib therapy (Figure 4A and B).
Moreover, the level of miR-136-5p is upregulated in
A549/anlotinib and NCI-H1975/anlotinib cells compared

with that in their parental A549 and NCI-H1975 cells
(Figure 4C). Meanwhile, the level of miR-136-5p was
higher in the CM of anlotinib-resistant NSCLC cells than
that in the CM of NSCLC cells (Figure 4D). Furthermore,
high miR-136-5p levels were detected in the serum of
mice xenografted with AS549/anlotinib cells as well
(Figure 4E). These data suggested that miR-136-5p was
abundant in anlotinib-resistant NSCLC.

Exosomal Transfer of miR-136-5p from
Anlotinib-Resistant NSCLC Cells to
NSCLC Cells

We next investigated whether miR-136-5p is responsible
for the ability of anlotinib-resistant NSCLC cell-derived
exosome to promote parental NSCLC cell proliferation
and anlotinib resistance. First, to investigate whether
miR-136-5p could be transfer from A549/anlotinib cells
to A549 cells via exosomes, A549 cells were grown in
A549/anlotinib-CM and exosome-depleted AS549/anloti-
nib-CM, respectively. As indicated in Figure 5SA and B,
A549 cells cultured in AS549/anlotinib-CM expressed
a higher level of miR-136-5p than that in AS549-CM,
whereas the level of miR-136-5p in A549 cells was
decreased when exosomes from A549/anlotinib-CM were
depleted. Next, A549 cells were indirectly co-cultured
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Figure 4 MiR-136-5p is highly expressed in anlotinib-resistant NSCLC cells. (A and B) RT-gPCR analysis of miR-136-5p level in tumor tissues and plasma from patients who
exhibited a poor response to anlotinib therapy and patients who were therapy naive or patients who exhibited a positive response to anlotinib therapy. (C) RT-qPCR analysis
of miR-136-5p level in BEAS-2, A549, A549/anlotinib, NCI-H1975 and A549/anlotinib cells. (D) RT-qPCR analysis of miR-136-5p level in the CM of anlotinib-resistant and
parental cells. (E) RT-qPCR analysis of miR-136-5p level in the serum of mice xenografted with anlotinib-resistant and parental A549 cells. **P<0.01.

with A549/anlotinib cells that transiently transfected with
Cy3-tagged miR-136-5p. As indicated in Figure 5C, Cy3
fluorescence dye was observed in A549 cells, suggesting
that miR-136-5p is contained in A549/anlotinib cell-
secreted exosomes and can be transferred into AS549
cells. In addition, we further explored the existing pattern
of extracellular miR-136-5p. RNase A treatment had very
limited effect on miR-136-5p levels in AS549/anlotinib-
CM; however, RNase A combined with Triton X-100
treatment markedly downregulated miR-136-5p levels in
A549/anlotinib-CM (Figure 5D), suggesting that extracel-
lular miR-136-5p was largely encased within the mem-
brane. Meanwhile, miR-136-5p levels were almost equal
in whole A549/anlotinib-CM and AS549/anlotinib-Exo
(Figure 5E).

Additionally, the level of miR-136-5p was upregu-
lated in A549/anlotinib cells transfected with miR-136-
Sp agomir (A549/anlotinib-miR-136-5p agomir), while
miR-136-5p level was downregulated in A549/anlotinib

cells transfected with miR-136-5p antagomir (A549/
anlotinib-miR-136-5p antagomir) (Figure 5F). We then
isolated exosomes from AS549/anlotinib-miR-136-5p
agomir-CM (A549/anlotinib-miR-136-5p agomir-Exo)
and A549/anlotinib-miR-136-5p antagomir-CM (A549/
anlotinib-miR-136-5p
and confirmed their identity by the exosome surface
markers TSG101 and CD91 (Figure 5G). Moreover,
miR-136-5p level was increased in AS549/anlotinib-

antagomir-Exo), respectively,

miR-136-5p agomir-Exo and decreased in A549/anloti-
nib-miR-136-5p antagomir-Exo (Figure SH).
Functionally, A549 cells incubated with A549/anloti-
nib-miR-136-5p agomir-Exo displayed reduced sensi-
tivity to anlotinib compared with A549/anlotinib-Exo
group, while AS549/anlotinib-miR-136-5p antagomir-
Exo displayed the opposite (Figure 5I).
Collectively, AS549/anlotinib cell-derived functional
miR-136-5p could be delivered into A549 cells via

€Xosomes.

results
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Figure 5 Exosomal transfer of miR-136-5p from anlotinib-resistant NSCLC cells to

NSCLC cells. (A) RT-qPCR analysis of miR-136-5p level in A549 cells incubated with

control-CM, A549/anlotinib-CM, exosome-depleted A549/anlotinib-CM. (B) RT-qPCR analysis of miR-136-5p level in A549 cells co-cultured with A549, A549/anlotinib and

GW4869-treated A549/anlotinib cells. (C) A549/anlotinib cells transfected with Cy3

-tagged miR-136-5p were co-cultured with A549 cells for 48 h, and the fluorescence

signal was detected by microscopy (magnification, X200). (D) RT-qPCR analysis of miR-136-5p level in the CM of A549 and A549/anlotinib cells treated with RNase A (2 mg/
mL) alone or combined with Triton X-100 (0.1%) for 20 min. (E) RT-qPCR analysis of miR-136-5p level in A549-CM and A549/anlotinib cell-CM, A549-Exo and A549/
anlotinib-Exo. (F) RT-qPCR analysis of miR-136-5p level in A549/anlotinib cells transfected with NC, miR-136-5p agomir and miR-136-5p antagomir. (G) Identification of
exosomes derived from transfected A549/anlotinib cells by Western blot analysis. (H) RT-qPCR analysis of miR-136-5p level in A549 cells after incubation with indicated
exosomes. (I) CCK-8 assay of A549 cells pre-incubated with indicated exosomes for 48 h, followed by anlotinib treatment for 72 h. *P<0.05, **P<0.01.

MiR-136-5p Promoted A549 Cell

Proliferation and Anlotinib Resistance

Having demonstrated that A549 cells could uptake A549/
anlotinib cell-derived exosomal miR-136-5p, we then inves-
tigated whether miR-136-5p could confer anlotinib resis-
tance in NSCLC cells. MiR-136-5p agomir obviously
increased the proliferation of A549 cells, while miR-136-
5p antagomir markedly inhibited cell proliferation
(Figure 6A). In addition, CCK-8, EdU staining assays
showed that miR-136-5p agomir obviously promoted A549
cell proliferation and anlotinib resistance; however, miR-
136-5p antagomir notably reduced A549 cell proliferation
and anlotinib resistance (Figure 6B and C). Moreover, miR-
136-5p agomir significantly inhibited anlotinib-induced

apoptosis in A549 cells, whereas miR-136-5p antagomir
displayed the opposite results (Figure 6D). Meanwhile, anlo-
tinib notably induced cell cycle arrest at the GO-G1 phase in
A549 cells (Figure 6E). However, miR-136-5p agomir
remarkedly inhibited anlotinib-induced cell cycle arrest in
A549 cells, whereas miR-136-5p antagomir displayed the
opposite results (Figure 6E). Collectively, miR-136-5p could
promote A549 cell proliferation and anlotinib resistance.

PPP2R2A is a Direct Target of Exosomal
miR-136-5p in NSCLC

The data in online bioinformatics tool TargetScan showed
that PPP2R2A might be a potential target of miR-136-5p
(Figure 7A). In addition, the results of dual-luciferase
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Figure 6 MiR-136-5p promoted A549 cell proliferation and anlotinib resistance. (A) CCK-8 assay of A549 cells treated with miR-136-5p agomir or miR-136-5p antagomir
for 0, 48, 72 and 96 h. (B) A549 cells were treated with miR-136-5p agomir and antagomir for 48 h, followed by anlotinib treatment for 72 h. CCK-8 assay was used to
assess cell viability. (C) EdU staining assay was used to assess cell proliferation (magnification, x200). (D and E) Cell apoptosis and cell cycle distribution were determined by

flow cytometry assay. *P<0.05, **P<0.01.

reporter assay showed that the luciferase activity of 3’
UTR of PPP2R2A was suppressed by miR-136-5p agomir,
suggesting that miR-136-5p could specifically bind to
PPP2R2A (Figure 7B). Moreover, miR-136-5p agomir
markedly downregulated the expression of PPP2R2A in
A549 cells, whereas miR-136-5p antagomir displayed the
opposite results (Figure 7C). Remarkedly, A549/anlotinib-
Exo decreased the expression of PPP2R2A in A549 cells
as well (Figure 7C). These results indicated that PPP2R2A
was a direct target of exosomal miR-136-5p in NSCLC.

MiR-136-5p Promoted A549 Cell
Proliferation and Anlotinib Resistance via
Downregulation of PPP2R2A

To investigate the functional role of PPP2R2A in miR-
136-5p mediated anlotinib resistance in NSCLC cells,
A549 cells were transfected with PPP2R2A siRNA1 and
PPP2R2A siRNA2. As shown in Figure 7D, PPP2R2A
siRNA2 remarkedly reduced the expression of PPP2R2A
in A549 cells. Additionally, PPP2R2A siRNA2 signifi-
cantly decreased the expression of PPP2R2A and
increased the expressions of p-Akt, Bcl-2 and XIAP in
anlotinib-treated A549 cells (Figure 7E). Moreover, the
results of CCK-8 assay showed that PPP2R2A siRNA2
markedly promoted A549 cell proliferation and anlotinib

resistance (Figure 7F). Meanwhile, A549 cells transfected
with miR-136-5p antagomir displayed increased sensitiv-
ity to anlotinib, which could be abolished by PPP2R2A
siRNA2 (Figure 7G). Furthermore, miR-136-5p antagomir
enhanced the sensitivity of A549 cells to anlotinib via
upregulation of PPP2R2A and downregulation of p-Akt,
Bcl-2 and XIAP, whereas PPP2R2A downregulation in
A549 cells abolished this effect (Figure 7H). To sum up,
miR-136-5p could promote A549 cell proliferation and
anlotinib resistance via downregulation of PPP2R2A.

A549/Anlotinib Cell-Derived Exosomal
miR-136-5p Agomir Promoted A549 Cell

Anlotinib Resistance in vivo

To assess the effect of exosomal miR-136-5p on anlotinib
response in vivo, we administered AS549/anlotinib-Exo
intratumorally into A549 xenografts. As shown in
Figure 8A—C, A549/anlotinib-Exo or A549/anlotinib-miR
-136-5p agomir-Exo remarkedly dampened the response of
A549 xenografts to anlotinib, accompanied by upregulated
miR-136-5p level in tumor tissues. In addition, A549/
anlotinib-miR-136-5p agomir-Exo suppressed cell apopto-
sis in xenograft tumors upon anlotinib treatment, whereas
A549/anlotinib-miR-136-5p antagomir-Exo displayed the
opposite results (Figure 8D). Meanwhile, exosomal miR-
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Figure 7 MiR-136-5p promoted A549 cell proliferation and anlotinib resistance via downregulation of PPP2R2A. (A) Schematic diagram of binding sites between miR-136-
5p and PPP2R2A. (B) Luciferase reporter assay validated the relationship between miR-136-5p and PPP2R2A. (C) Western blot analysis of PPP2R2A expression in A549 cells

treated with miR-136-5p agomir, miR-136-5p antagomir, A549-Exo and A549/anlotinib-

Exo. (D) Western blot analysis of PPP2R2A expression in A549 cells transfected with

PPP2R2A siRNAI and siRNA2. (E) Western blot analysis of PPP2R2A, p-Akt, Akt, Bcl-2 and XIAP expressions in A549 cells transfected with PPP2R2A siRNA2, followed by
anlotinib treatment. (F) CCK-8 assay of A549 cells transfected with PPP2R2A siRNA2, followed by anlotinib treatment. (G) Western blot analysis of PPP2R2A, p-Akt, Akt,

Bcl-2 and XIAP expressions in A549 cells transfected with miR-136-5p antagomir or

miR-136-5p antagomir plus PPP2R2A siRNA2, followed by anlotinib treatment. (H)

CCK-8 assay of A549 cells transfected with miR-136-5p antagomir or miR-136-5p antagomir plus PPP2R2A siRNA2, followed by anlotinib treatment. **P<0.01.

136-5p notably decreased the expression of PPP2R2A and
increased the expression of p-Akt in xenograft tumors
upon anlotinib treatment, whereas A549/anlotinib-miR
-136-5p antagomir-Exo displayed the opposite results
(Figure 8E). These data indicated that A549/anlotinib cell-
derived exosomal miR-136-5p promoted A549 cell anloti-
nib resistance in vivo via downregulation of PPP2R2A.

Discussion
The response of patients with advanced NSCLC to che-
motherapy is poor, owing to intrinsic and acquired
chemoresistance.”® 2> At present, anlotinib is used for the
third-line treatment of patients with advanced NSCLC.*®
However, acquired resistance to anlotinib has been
in the clinic

observed in patients with advanced

NSCLC.*® Thus, it is necessary to investigate the

molecular mechanisms underlying anlotinib resistance
and identify potential targets for anlotinib-resistance ther-
apy. In the present study, we found that miR-136-5p is
highly expressed in anlotinib-resistant NSCLC cells. In
addition, overexpression of miR-136-5p promoted anloti-
nib-resistance by targeting PPP2R2A, leading to the acti-
vation of Akt pathway. Moreover, miR-136-5p could be
transferred from anlotinib-resistant NSCLC cells to anlo-
tinib-sensitive NSCLC cells via exosomes, transforming
anlotinib-sensitive cells into resistant cells, thereby disse-
minating anlotinib resistance.

[lluminating the molecular mechanisms of anlotinib
resistance could contribute to the development of combi-
nation therapies to overcome anlotinib resistance.
Evidences have shown that exosomes play an important

role in chemoresistance in NSCLC.?” In addition, tumor-
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Figure 8 A549/anlotinib cell-derived exosomal miR-136-5p promoted A549 cell anlotinib resistance in vivo. (A) Tumor volume was measured. (B) Representative image of
xenograft tumors and tumor weights. (C) RT-qPCR analysis of miR-136-5p level in tumor tissues. (D) Cell apoptosis in tumor tissues was assess using TUNEL assay
(magnification, x200). (E) Western blot analysis of PPP2R2A, p-Akt, Akt expressions in tumor tissues. *P<0.05, **P<0.01.

derived exosome can deliver various drug resistance-
associated miRNAs to recipient cells.”® Thus, in this
study, we performed RNA-sequencing assay to identify
the DEMs in exosomes that isolated from plasma samples
from patients with good anlotinib response and patients
with poor anlotinib response. We found that miR-136-5p
level was upregulated in exosomes-derived from plasma
samples in patients who exhibited a poor response to
anlotinib therapy. In addition, the level of miR-136-5p is
increased in anlotinib-resistant NSCLC cells, as well as in
the plasma of mice xenografted with A549/anlotinib cells.
Therefore, exosomal miR-136-5p might be play an impor-
tant role in anlotinib resistance.

It has been shown that secreted exosomes loaded with
miRNAs could modulate cell biological function and cell
signaling in recipient cells.””>° Fan et al showed that
exosomal miR-210 derived from lung cancer cells could
promote the fibroblasts transferring into cancer-associated
fibroblasts.*' Kim et al found that NSCLC cell-derived
exosomal miR-619-5p could promote tumor angiogenesis
and metastasis by targeting RCAN1.4.>* Importantly, exo-
somal miRNAs may play a vital role in mediating resis-
tance transfer from tumor drug-resistant cells to tumor
cells.*® In addition, the ability of exosomal miRNAs

released by drug-resistant tumor cells to transfer the resis-
tant phenotype to sensitive cells has been recognized as
a key mechanism for dissemination of drug resistance.’® In
this study, we found that miR-136-5p could be transferred
from anlotinib-resistant NSCLC cells to anlotinib-sensitive
NSCLC cells via exosomes. In addition, anlotinib-resistant
NSCLC cell-derived exosomal miR-136-5p could confer
the resistant phenotype to anlotinib-sensitive NSCLC
cells. Furthermore, overexpression of miR-136-5p could
promote the proliferation and suppress the apoptosis of
anlotinib-sensitive NSCLC cells upon anlotinib treatment,
whereas downregulation of miR-136-5p suppressed the
proliferation and induced the apoptosis of anlotinib-
sensitive NSCLC cells upon anlotinib treatment. These
data suggested that exosomal miR-136-5p could promote
A549 cell proliferation and anlotinib resistance.

Next, we found that PPP2R2A was a binding target of
miR-136-5p, which could be inversely regulated by miR-
136-5p. PPP2R2A is considered as a tumor suppressor in
human cancers.>>*® Yu et al reported that overexpression
of miR-221 could promote osteosarcoma cell proliferation
and cisplatin resistance via downregulation of
PPP2R2A.*” Zhang et al found that miR-136 could pro-
mote the proliferation of wvascular muscle cells in
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atherosclerosis via targeting PPP2R2A.*®* Meanwhile,
Zhang et al reported that miR-136 could inhibit TGF-B-
induced proliferation arrest via downregulation of
PPP2R2A.* Shen et showed that miR-136-5p could pro-
mote the proliferation of NSCLC cells via downregulation
of PPP2R2A, which was consistent with our results.'® In
this study, we found that downregulation of PPP2R2A
could promote A549 cell proliferation and anlotinib resis-
tance. Significantly, miR-136-5p could promote A549 cell
proliferation and anlotinib resistance via downregulation
of PPP2R2A. Collectively, exosomal miR-136-5p func-
tionally promoted cell proliferation and anlotinib resis-
tance by targeting PPP2R2A after being delivered from
anlotinib-resistant NSCLC cells to anlotinib-sensitive
NSCLC cells.

One miRNA can regulate several mRNAs at the same
time.** Chen et al reported that overexpression of miR-136
could promote gastric cancer cell proliferation via activation
of Akt signaling by targeting PTEN.'> Shen et al found that
miR-136 could promote the NSCLC cell proliferation via
activation of ERK signaling by targeting PPP2R2A."¢ Thus,
miR-136 may regulate cancer progression via targeting
different genes (such as PTEN and PPP2R2A). In addition,
ERK and Akt signaling pathways are usually associated
with proliferation and drug resistance of human cancer
cells, including NSCLC cells.*'** Zeng et al reported that
miR-222 inhibited the cisplatin sensitivity in bladder cancer
cells via activation of Akt signaling by targeting
PPP2R2A.* Consistent with previous studies, our data
indicated that exosomal miR-136-5p promoted NSCLC
cell proliferation and anlotinib resistance by targeting
PPP2R2A and activation of Akt signaling pathway.

Conclusion

In this study, we found that anlotinib-resistant NSCLC
miR-136-5p
NSCLC cell proliferation and anlotinib resistance by tar-
geting  PPP2R2A. Meanwhile,
antagomir from anlotinib-resistant NSCLC cells could

cell-derived exosomal could promote

exosomal miR-136-5p

functionally restore the anlotinib response in NSCLC
cells. Therefore, miR-136-5p may act as a potential bio-
marker for anlotinib response in NSCLC.
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