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Abstract

Non–small‐cell lung cancer (NSCLC) appears to be a significant threat to public

health worldwide. MicroRNAs have been identified as significant regulators for

the development of NSCLC. Previous reports have suggested that hsa‐mir‐485‐
5p is dysregulated in various cancers. RXRα, as a kind of nuclear receptor, is an

effective target of cancer treatment. Cancer stem cells (CSCs) are recognized as

the main cause for tumor metastasis, recurrence, and chemotherapy resistance.

However, the mechanism by which hsa‐mir‐485‐5p and RXRα modulate CSCs

in NSCLC remains unknown. Here, we found that hsa‐mir‐485‐5p was

decreased in serum samples from patients with NSCLC and NSCLC cells.

Meanwhile, epigallocatechin‐3‐gallate (EGCG), an effective anticancer com-

pound extracted from green tea, can enhance hsa‐mir‐485‐5p expression. Hsa‐
mir‐485‐5p mimics markedly inhibited NSCLC cell growth and induced cell

apoptosis. However, inhibition of hsa‐mir‐485‐5p significantly enriched CSC‐
like traits. Moreover, bioinformatics analysis predicted the binding correlation

between hsa‐mir‐485‐5p and RXRα, which was confirmed by a dual‐luciferase
reporter assay. We observed that RXRα was increased in NSCLC and EGCG

could inhibit RXRα levels dose dependently. In addition, RXRα upregulation or

activation expanded the CSC‐like properties of NSCLC cells, whereas RXRα
inhibition or inactivation could exert a reverse phenomenon. Consistently, in

vivo experiments also validated that EGCG could repress the CSC‐like
characteristics by modulating the hsa‐mir‐485‐5p/RXRα axis. Our findings

may reveal a novel molecular mechanism for the treatment of NSCLC.
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1 | INTRODUCTION

Lung cancer is well known as a leading cause of cancer‐
related death worldwide, with a high mortality rate.1,2

Approximately 85% of patients with cancer are diagnosed

with non–small‐cell lung cancer (NSCLC), one of the
most predominant pathological types of lung cancers.3

Although considerable progress has been made in the
treatment of NSCLC, the 5‐year overall survival rate of
patients with NSCLC still remains poor, mainly due to
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the lack of early diagnosis and effective treatments.
Therefore, novel and effective molecular biomarkers are
urgently needed for the diagnosis and treatment of
NSCLC.

MicroRNAs (miRNAs) belong to a class of small
noncoding RNAs, which can modulate various posttran-
scriptional processes.4,5 MiRNAs can play crucial roles in
many cellular biological processes, such as cell prolifera-
tion, differentiation, and apoptosis.6 Many studies have
established that hsa‐mir‐485‐5p plays tumor‐suppressive
roles in multiple cancers. Hsa‐mir‐485‐5p can suppress
glioma tumorigenesis and serve as a novel candidate for
glioma therapeutic treatment.7 Hsa‐mir‐485‐5p expres-
sion was reduced in patients with gastric cancer and it
predicts a poor prognosis.8 In hepatocellular carcinoma,
hsa‐mir‐485‐5p can suppress cell proliferation and inva-
sion by inhibiting stanniocalcin 2.9 However, the
biological roles of hsa‐mir‐485‐5p in NSCLC remain
uninvestigated.

RXRs act as members of the steroid/thyroid hormone
superfamily, with 3 RXR subtypes: α, β, and γ. These are
nuclear transcription factors that are essential in
embryonic development, differentiated phenotypes, me-
tabolism, and cell death.10,11 Among the 3 RXR subtypes,
RXRα can play unique roles in various physiological
processes, including tumorigenesis. According to many
previous studies, RXRα is elevated in multiple human
cancers, such as human prostate cancer,12 breast
cancer,13 and thyroid cancer.14 In lung cancer, it has
been reported that dual targeting of RXRα and HDAC
can lead to pleiotropic antitumor activities.15 In our
previous study, we reported that RXRα was increased in
head and neck squamous cell carcinoma (HNSCC).16

Nevertheless, the potential roles of RXRα in NSCLC are
not clear.

Cancer stem cells (CSCs) are a subpopulation of stem‐
like cells, which have the ability of self‐renewal and
differentiation in solid tumors.17,18 Targeting CSCs can
provide a novel strategy for cancer therapy. For instance,
miR‐196a‐5p can modulate gastric CSC characteristics via
inhibiting Smad4.19 MiR‐335 can inhibit osteosarcoma
stem cell–like properties by targeting POU5F1.20

However, the correlation between hsa‐mir‐485‐5p and
CSCs in NSCLC remains unclear. Epigallocatechin‐
3‐gallate (EGCG) is a type of catechin and it can exhibit
many activities, including anti‐inflammatory, antidiabetes,
antiobesity, and antitumor.21 EGCG can inhibit growth
and induce apoptosis in esophageal cancer cells through
demethylating and reactivating the p16 gene.22 EGCG can
attenuate the cell viability of NSCLC A549 cells through
inhibiting Bcl‐xL.23 In addition, EGCG can specifically
target CSCs in several types of cancers.24 In colorectal
cancer, EGCG can inhibit cancer stem–like cells and

promote 5‐fluorouracil chemosensitivity.25 EGCG can
repress nasopharyngeal CSC self‐renewal and migration,
and reverse the epithelial to mesenchymal transition
through inactivating nuclear factor‐κB (NF‐κB) p65.26

We aimed to investigate the mechanism of EGCG in
modulating lung CSCs. In our previous study, we found
that RXRα was increased in HNSCC tissues and it could
induce HNSCC stemness.16 Here, we found that hsa‐mir‐
485‐5p was decreased and RXRα was increased in
NSCLC. EGCG can upregulate hsa‐mir‐485‐5p and
downregulate RXRα, respectively. Hence, we hypothe-
sized that EGCG can inhibit stemness by targeting the
hsa‐mir‐485‐5p/RXRα axis in NSCLC.

2 | MATERIALS AND METHODS

2.1 | Cell culture

A549, H460, H1299, and HEK‐293T cells were purchased
from the Chinese Academy of Sciences Committee on
Type Culture Collection Cell Bank (Shanghai, China).
H460 and HEK‐293T cells were maintained in Dulbecco
modified Eagle medium (Gibco, Carlsbad, CA). A549 and
H1299 cells were cultured using RPMI 1640 medium
supplemented with 10% of heat‐inactivated fetal bovine
serum (Gibco), 100 U/mL of penicillin, and 100mg/mL
of streptomycin. Cells were incubated in a 5% CO2

incubator at 37°C.

2.2 | Tumor specimens

NSCLC serum samples and health controls were obtained
from patients in the First Affiliated Hospital of Nanjing
Medical University. Institutional approval was obtained
from the review boards of Nanjing Medical University.
Before serum acquisition, we obtained written informed
consent from each patient. Institutional approval was
obtained from the Ethical Review Board of Nanjing
Medical University (Nanjing, China). The experiment
was performed according to the approved guidelines.

2.3 | Western blot assay

Equal proteins were separated on 10% sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (Invitrogen,
Life Technologies Corp, Carlsbad, CA) and transferred
onto nitrocellulose filter membranes (GE Healthcare
UK Ltd, Bucks, UK). The membranes were incubated
with primary antibodies. The next day, the membranes
were treated with horseradish peroxidase–conjugated
secondary antibodies for 1 hour. The primary antibo-
dies included anti‐RXRα, anti‐CD133, anti‐CD44, anti–
SRY (sex‐determining region Y)‐box 2 (anti‐Sox2),
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anti‐Nanog, anti–octamer‐binding transcription factor 4
(anti‐Oct4), anti–matrix metallopeptidase 9 (anti‐MMP‐9),
anti–E‐cadherin, anti–β‐actin, and anti–glyceraldehyde
3‐phosphate dehydrogenase (anti‐GAPDH) (1:1000; Ab-
cam, Cambridge, UK).

2.4 | Quantitative reverse‐transcription
polymerase chain reaction

Total RNA was extracted using RNAiso Plus (Takara
Biotechnology, Dalian, China). RNA was reverse‐
transcribed using the PrimeScript RT Master Mix (Takara
Biotechnology) and a quantitative polymerase chain
reaction (qPCR) was performed using SYBR Premix Ex
Taq II (Takara Biotechnology). The qPCR primers are
shown in Table 1. GAPDH was used as an internal
messenger RNA (mRNA) control. U6 was used as a
reference miRNA control. qPCR was carried out using
the Applied Biosystems 7900 Real‐Time PCR System
(Applied Biosystems, Foster City, CA).

2.5 | Luciferase activity assay

The wild‐type (WT) or mutant (MUT) RXRα‐binding hsa‐
mir‐485‐5p was synthesized and subcloned into the pGL3
basic vector (Promega, Madison, WI). Mimics or inhibi-
tors of hsa‐mir‐485‐5p (RiboBio, Guangzhou, China)
were cotransfected with 10 μg pLUC‐WT‐RXRα or
pLUC‐MUT‐RXRα using Lipofectamine 2000 reagent
(Invitrogen).

2.6 | Flow cytometry analysis

Cells were collected, resuspended, and incubated in a
freezer for 30 minutes with fluorescence‐conjugated
monoclonal antibodies purchased from BD Biosciences
(San Jose, CA) against human CD44 allophycocyanin
(APC) and its isotype immunoglobulin G1. For cell
apoptosis analysis, cells were harvested and stained
using fluorescein isothiocyanate annexin V and propi-
dium iodide. Cell apoptosis was observed using the
FACSCalibur (BD Biosciences) and analyzed using the
FlowJo software (FlowJo LLC, Ashland, OR).

2.7 | Transfection

Hsa‐mir‐485‐5p mimics, inhibitors, or their negative
controls (Invitrogen) were transfected. Human RXRα or
control (RiboBio) small interfering RNAs (siRNAs) were
transfected into the cells. The human RXRα plasmid
pECE‐RXRα or the control plasmid pECE (Invitrogen)
was transfected.

2.8 | Nude mouse xenograft studies

Twelve mice were obtained from the Shanghai Animal
Laboratory Center and housed in the Experimental
Animal Center. Mice were injected subcutaneously
into the front dorsum with parental A549 cells (5 × 106

each). Two groups were created: the control group
(6 mice, normal saline, 0.1 mL per 10 g) and the EGCG
group (6 mice, EGCG, 20 mg/kg). Two weeks later, the
mice were administered the indicated doses of EGCG
by an intraperitoneal injection every 3 days. After
6 weeks, mice were killed by cervical dislocation. This
study was carried out in a strict accordance with the
requirements in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of
Health.

2.9 | Immunohistochemistry staining

Immunohistochemistry staining was performed by the
Department of Pathology, The First Affiliated Hospital of
Nanjing Medical University. Image‐Pro Plus software
(version 6.0; Media Cybernetics, Bethesda, MD) was used
to analyze the staining results.

2.10 | Statistical analysis

Data were presented as the mean± standard deviation of at
least 3 independent experiments. Comparisons between
quantitative variables were performed using the Student
t test or 1‐way analysis of variance. Data were considered
statistically significant when the P< .05. GraphPad Prism
v 6.0 software (GraphPad Software, San Diego, CA) was
used for the statistical analysis.

JIANG ET AL. | 3

TABLE 1 Primers used for the real‐time polymerase chain reaction

Genes Forward (5′‐3′) Reverse (5′‐3′)

GAPDH CAAGGTCATCCATGACAACTTTG GTCCACCACCCTGTTGCTGTAG

RXRα TTCGCTAAGCTCTTGCTC ATAAGGAAGGTGTCAATGGG

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

MiR‐485 CCAAGCTTCACCCATTCCTAACAGGAC CGGGATCCGTAGGTCAGTTACATGCATC

GAPDH, glyceraldehyde 3‐phosphate dehydrogenase.



3 | RESULTS

3.1 | EGCG enhanced hsa‐mir‐485‐5p
expression in NSCLC cells

Hsa‐mir‐485‐5p has been reported to play tumor‐suppressive
roles in multiple cancers. To determine hsa‐mir‐485‐5p
expression in patients with NSCLC, serum samples
were collected and subjected to a quantitative reverse‐
transcription PCR (qRT‐PCR) assay. In Figure 1A, it is
shown that hsa‐mir‐485‐5p was significantly decreased in
patients with NSCLC. Meanwhile, compared with human
normal lung epithelial BES‐2B cells, hsa‐mir‐485‐5p was
downregulated in NSCLC cells (Figure 1B). Then, the cells
were treated with different doses of EGCG for 24 hours and
we observed that hsa‐mir‐485‐5p was upregulated in A549
(Figure 1C), H460 (Figure 1D), and H1299 (Figure 1E)
cells in a dose‐dependent manner. These data suggested that
hsa‐mir‐485‐5p can serve as a tumor suppressor and EGCG
can induce its expression in vitro.

3.2 | EGCG rescued CSC‐like properties
triggered by the silencing of hsa‐mir‐485‐5p
To detect whether hsa‐mir‐485‐5p was involved in NSCLC
growth, hsa‐mir‐485‐5p mimics were transfected into

A549 cells. The MTT assay was used to measure the cell
survival of A549 cells and it was shown that hsa‐mir‐485‐
5p mimics could slow down the cell growth (Figure 2A).
In addition, overexpression of hsa‐mir‐485‐5p can
markedly improve the apoptosis capacity of A549 cells
(Figure 2B). As reported in other studies, various CSC‐like
markers, such as CD133, CD44, Sox2, Nanog, E‐cadherin,
and MMP‐9, are responsible for lung CSCs. Hence, to
evaluate whether hsa‐mir‐485‐5p played a role in the
stemness of NSCLC cells, hsa‐mir‐485‐5p inhibitors were
tranfected into A549 cells for 24 hours. We observed that
hsa‐mir‐485‐5p inhibition can markedly increase CD44+

cell ratios in A549 cells (Figure 2C). Then, A549 cells were
treated with 20 μM EGCG for 24 hours after hsa‐mir‐
485‐5p inhibitors were transfected (Figure 2C). Intrigu-
ingly, it was demonstrated that 20 μM EGCG could reverse
the stemness that was induced by hsa‐mir‐485‐5p inhibi-
tors (Figure 2C). Additionally, hsa‐mir‐485‐5p mimics can
repress CD133, CD44, and Oct4 protein levels in A549
cells (Figure 2D). A tumor‐sphere–formation assay can
isolate and enrich CSCs. Here, A549 cells were placed in a
serum‐free suspension culture containing the appropriate
growth factors. After 1 week, stable tumor spheres were
observed in A549 cells and then cells were transfected
with hsa‐mir‐485‐5p mimics. As shown in Figure 2E,
the volume of tumor spheres was markedly repressed
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FIGURE 1 EGCG increased hsa‐mir‐485‐5p expression, which was downregulated in NSCLC serum samples and NSCLC cells.
(A) Hsa‐mir‐485‐5p levels in NSCLC serum samples (n = 16) and healthy volunteer controls (n = 15). Quantitative polymerase chain
reaction analyses were performed to test hsa‐mir‐485‐5p expression with U6 as a loading control. (B) Hsa‐mir‐485‐5p expression in NSCLC
cells, including A549, H1299, H460, and human normal bronchial epithelial cells BES‐2B. Hsa‐mir‐485‐5p expression in A549 (C), H460
(D), and H1299 (E) cells. Cells were treated with 0, 10, 20, and 40 μM EGCG for 24 hours, respectively. Error bars represent the mean ± SD of
at least 3 experiments. *P< .05. EGCG, epigallocatechin‐3‐gallate; NSCLC, non–small‐cell lung cancer
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by overexpression of hsa‐mir‐485‐5p mimics. Meanwhile,
hsa‐mir‐485‐5p inhibitors increased the protein expression
of CD133, CD44, Oct4, and tumor spheroid volume, whereas
EGCG could rescue this phenomenon (Figure 2F,G).
Therefore, from these results, it was implied that EGCG
could inhibit CSC‐like properties through increasing
hsa‐mir‐485‐5p.

3.3 | Hsa‐mir‐485‐5p directly
targeted RXRα

To identify the potential mRNA target of hsa‐mir‐485‐5p,
bioinformatics analysis, including TargetScan, Starbase,
miRanda, and the miRDB database, was carried out. First,
in Figure 3A, the conserved binding region between hsa‐
mir‐485‐5p and RXRα was observed. To validate the
association between them, a dual‐luciferase reporter test
was used. Luciferase reporter plasmids of WT‐RXRα and
MUT‐RXRα–binding sites were constructed and are shown
in Figure 3B. Next, we observed that cotransfection of the
luciferase reporter plasmid containing WT‐RXRα with hsa‐
mir‐485‐5p mimics in HEK‐293T cells decreased the
reporter activity (Figure 3C). Conversely, cotransfection of
the luciferase reporter plasmid containing WT‐RXRα with
hsa‐mir‐485‐5p inhibitors increased the reporter activity
(Figure 3D). In addition, it was found that RXRα levels
were markedly inhibited by hsa‐mir‐485‐5p upregulation
but significantly promoted by hsa‐mir‐485‐5p inhibition in
NSCLC cells (Figure 3E–H). These findings indicated that
RXRα can serve as a direct target of hsa‐mir‐485‐5p.

3.4 | EGCG inhibited RXRα expression
in vitro

RXRα is involved in various cancers and then to investigate
RXRαmRNA expression in NSCLC, a qRT‐PCR analysis was
carried out. In Figure 4A,B, we found that RXRα was
markedly increased in patients with NSCLC and in A549,
H460, and H1299 cells. Next, we treated the cells with 0, 10,
20, and 40 μM EGCG, respectively. qRT‐PCR results
demonstrated that RXRα mRNA expression was inhibited
by EGCG in NSCLC cells (Figure 4C–E). In addition, RXRα
protein levels were also repressed by EGCG in vitro in a

dose-dependent manner (Figure 4F–H). These findings
implied that RXRα can act as an oncogene in NSCLC in
vitro, which can be suppressed by EGCG.

3.5 | Knockdown of RXRα reduced the
CSC‐like traits of NSCLC cells

To explore whether RXRαwas correlated with the stemness
of NSCLC, RXRα siRNA or siRNA control was transfected
into NSCLC cells. First, after RXRα was knocked down for
24 hours, mRNA expression of RXRα was obviously
repressed in A549, H460, and H1299 cells (Figure 5A–
C). Subsequently, we observed that the protein expression
of RXRα, CD133, CD44, Sox2, Nanog, E‐cadherin, and
MMP‐9 was also markedly decreased by inhibition of RXRα
(Figure 5D–F). Then, to investigate whether RXRα
inactivation was involved in the stemness of lung cancer,
UVI3003, which acts as an antagonist of RXRα, was used in
a dose‐dependent manner. As shown in Figure 5G, it was
found that the indicated doses of UVI3003 could alleviate
CSC‐like traits by increasing the protein levels of
E‐cadherin and inhibiting CD133, CD44, Nanog, and Oct4
in NSCLC cells. Basically, from these results, we suggested
that knockdown or inactivation of RXRα can ameliorate the
CSC‐like properties of NSCLC cells.

3.6 | Overexpression of RXRα enriched
the CSC‐like characteristics of NSCLC cells

To investigate whether overexpression of RXRα can induce
stemness in NSCLC, RXRα plasmids were transfected into
NSCLC cells for 48 hours. In Figure 6A–C, we observed
that RXRα expression was markedly increased by the
RXRα plasmid in A549, H460, and H1299 cells. Then, it
was found that protein the expression of RXRα, CD133,
CD44, Sox2, Nanog, E‐cadherin, and MMP‐9 was markedly
increased by the upregulation of RXRα (Figure 6D–F).
Additionally, a flow cytometry assay was performed to
determine the CD44+ cell ratios and the tumor‐sphere–
formation test was used to detect sphere‐formation
capacity after the transfection of the RXRα plasmid.
Interestingly, the RXRα plasmid could enrich CD44+

cell populations of A549 cells and increase the spheroid
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FIGURE 2 EGCG rescued the stemness triggered by the inhibition of hsa‐mir‐485‐5p in vitro. (A) Effects of hsa‐mir‐485‐5p mimics on the
growth of A549 cells. Cells were treated with hsa‐mir‐485‐5p mimics. The MTT assay was carried out to test the cell survival. (B) Effects of
hsa‐mir‐485‐5p mimics on the apoptosis of A549 cells. A flow cytometry assay was used to perform an analysis of apoptosis. (C) Flow cytometry
analyses of the ratios of CD44+ cells (mean± SD, n= 3). Cells were transfected with hsa‐mir‐485‐5pinhibitors for 24 hours and then treated with
20 μM EGCG. (D) CD133, CD44, and Oct4 protein levels in A549 cells. Cells were transfected with hsa‐mir‐485‐5p mimics or their corresponding
negative controls. (E) Microscopic observation of the sphere of A549 cells. All the images are ×100 magnified. (F) CD133, CD44, and Oct4 protein
levels in A549 cells. (G) Microscopic observation of the sphere of A549 cells. Cells were treated with hsa‐mir‐485‐5p inhibitors for 24 hours and
then streated with 20 μM EGCG. Error bars represent the mean± SD of at least triplicate experiments. *P< .05, ***P< .001. EGCG,
epigallocatechin‐3‐gallate; FITC, fluorescein isothiocyanate; Oct4, octamer‐binding transcription factor 4; PI, propidium iodide



volume, respectively (Figure 6G,H). Next, to test
whether the activation of RXRα could expedite the
CSC‐like properties of NSCLC cells, A549 cells were
treated with different doses of 9-cis-retinoic acid (9‐cis‐
RA), an agonist of RXRα, for 24 hours. Western blot
analysis results demonstrated that 9‐cis‐RA could
facilitate the stemness of NSCLC dose dependently
(Figure 6I). Therefore, these findings indicated that

upregulation or activation of RXRα could accelerate the
stemness of NSCLC cells.

3.7 | EGCG inhibited CSC‐like properties
by targeting hsa‐mir‐485‐5p/RXRα in vivo

An A549 cell nude mouse xenograft model was established
to explore whether EGCG can restrain CSC‐like phenotypes
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F IGURE 3 RXRα served as a direct target of hsa‐mir‐485‐5p. (A) Binding region between hsa‐mir‐485‐5p and RXRα. (B) The
luciferase reporter constructs containing the WT‐RXRα or the MUT‐RXRα sequence. (C) WT‐RXRα or MUT‐RXRα was cotransfected into
HEK‐293T cells with hsa‐mir‐485‐5p mimics or their corresponding negative controls. (D) WT‐RXRα or MUT‐RXRα was cotransfected
into HEK‐293T cells with hsa‐mir‐485‐5p inhibitors or their corresponding negative controls. (E) mRNA expression of RXRα in NSCLC
cells. Cells were transfected with hsa‐mir‐485‐5p mimics or their corresponding negative controls. (F) mRNA expression of RXRα in
NSCLC cells. Cells were transfected with hsa‐mir‐485‐5p inhibitors or their corresponding negative controls. (G) Protein expression
of RXRα in NSCLC cells. Cells were transfected with hsa‐mir‐485‐5p mimics or their corresponding negative controls. (H) Protein
expression of RXRα in NSCLC cells. Cells were transfected with hsa‐mir‐485‐5p inhibitors or their corresponding negative controls. Error
bars represent the mean ± SD of at least triplicate experiments. *P< .05. mRNA, messenger RNA; MUT, mutant; NC, negative control;
NSCLC, non–small‐cell lung cancer; WT, wild type



via targeting hsa‐mir‐485‐5p/RXRα. Mice were divided into
2 groups (control group and EGCG group) and tumors were
peeled from nude mice subcutis (Figure 7A). Immunohis-
tochemistry assay results showed that Ki‐67 was strongly
repressed in the EGCG group (Figure 7B). Meanwhile,
EGCG decreased RXRα mRNA levels and increased
hsa‐mir‐485‐5p expression, which was consistent with the
in vitro data (Figure 7C). In addition, RXRα, CD133, and
CD44 protein expression was markedly inhibited in the
EGCG group compared with the control group. Hence,

these results suggested that EGCG could inhibit stemness
via modulating hsa‐mir‐485‐5p/RXRα in vivo (Figure 7D).

4 | DISCUSSION

Here, we have shown that hsa‐mir‐485‐5p was down-
regulated, whereas RXRα was upregulated in the serum
samples and NSCLC cells of patients with NSCLC.
RXRα knockdown can inhibit CSC‐like properties,
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FIGURE 4 EGCG decreased RXRα expression, which was upregulated in NSCLC serum samples and NSCLC cells. (A) RXRα mRNA
levels in the serum samples of patients with NSCLC (n = 16) and healthy volunteer controls (n = 15). qPCR analyses were carried out to
detect RXRα mRNA expression. GAPDH acted as a loading control. (B) RXRα mRNA expression in NSCLC cells, including A549, H1299,
H460, and BES‐2B. RXRα expression in A549 (C), H460 (D), and H1299 (E) cells. Cells were treated with 0, 10, 20, and 40 μM EGCG for
24 hours, respectively. RXRα, CD133, and CD44 protein expression in A549 cells (F), H460 cells (G), and H1299 cells (H). Western blot
analysis was used to determine RXRα, CD133, and CD44 protein expression. β‐Actin was used as a reference control. Error bars represent
the mean ± SD of at least triplicate experiments. *P< .05. EGCG, epigallocatechin‐3‐gallate; GAPDH, glyceraldehyde 3‐phosphate
dehydrogenase; mRNA, messenger RNA; NSCLC, non–small‐cell lung cancer



whereas RXRα overexpression can expand the stemness
of NSCLC cells. In addition, EGCG could induce hsa‐
mir‐485‐5p expression and inhibit RXRα levels. EGCG
can reverse the CSC‐like characteristics that were
triggered by inhibition of hsa‐mir‐485‐5p. To our
knowledge, this is a novel report of a potential
mechanism for EGCG‐inhibited CSC‐like properties in
NSCLC.

Subpopulations of cancer cells with increased renewal
capacity are referred to as CSCs.27 CSCs are emerging as
crucial therapeutic targets for anticancer therapies.
Recent data have demonstrated that NSCLC contains
self‐renewing subpopulations, which exhibits a stem‐like
phenotype and a high risk of tumor recurrence. Lung
CSCs have been isolated from human cell lines and
patient samples.28-30 Therefore, CSC‐related molecular
changes can enable the development of specific agents for
the eradication of tumor‐maintaining CSCs. Natural

products, such as EGCG, curcumin, resveratrol, sulfor-
aphane, and withaferin‐A, can diminish the clinically
devastating properties of CSCs.31 For example, curcumin
and EGCG can inhibit breast CSCs through down-
regulating STAT3–NF‐κB signaling.32 EGCG can repress
the growth and tumorigenicity of nasopharyngeal tumor–
initiating cells via attenuating STAT3 activation.33 EGCG
represses the properties of glioma stem–like cells and
synergizes with temozolomide via downregulating
P‐glycoprotein.34 In addition, EGCG can inhibit lung
CSCs by mediating the Wnt/β‐catenin pathway.35

Previously, we had proven that curcumin can inhibit
CSC‐like properties by inactivating Wnt signaling.16 In
addition, we have reported that EGCG can enhance
cisplatin sensitivity in NSCLC cells by modulating
noncoding RNAs hsa‐mir‐98‐5p and nuclear‐enriched
abundant transcript 1 (NEAT1).36 Here, in our current
study, we focused on whether noncoding RNAs were
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F IGURE 5 Knockdown and inactivation of RXRα attenuated the stemness of NSCLC cells. RXRα mRNA in A549 (A), H460 (B),
and H1299 (C) cells. RXRα siRNA or its parental negative control was transfected into NSCLC cells. RXRα, CD133, CD44, Sox2, Nanog,
E‐cadherin, and MMP‐9 protein expression in A549 (D), H460 (E), and H1299 (F) cells. (G) RXRα, E‐cadherin, CD133, CD44, Nanog, and
Oct4 protein expression in A549 cells. A549 cells were treated with 0, 1, 2, and 3 μM UVI3003 for 24 hours, respectively. Error bars represent
the mean ± SD of at least triplicate experiments. *P< .05. MMP‐9, matrix metallopeptidase 9; mRNA, messenger
RNA; NSCLC, non–small‐cell lung cancer; Oct, octamer‐binding transcription factor 4; siRNA, small interfering RNA; Sox2, SRY
(sex‐determining region Y)‐box 2



involved in the mechanism of EGCG in regulating
lung CSCs.

Hsa‐mir‐485‐5p has been identified as a significant
tumor suppressor in various cancers, including breast
cancer, gastric carcinoma, and ovarian cancer.37-39 For
instance, hsa‐mir‐485‐5p can reverse epithelial to
mesenchymal transition and promote cisplatin‐in-
duced cell death via targeting P21 (RAC1) activated
kinase 1 (PAK1) in oral tongue squamous cell

carcinoma.40 Hsa‐mir‐485‐5p–binding site single‐nu-
cleotide polymorphism rs8752 in the 15‐hydroxypros-
taglandin dehydrogenase (HPGD) gene is correlated
with the risk of breast cancer.41 However, its cellular
function in NSCLC is not clear. Consistent with the
roles of hsa‐mir‐485‐5p in other cancers, we found that
hsa‐mir‐485‐5p was decreased in serum samples from
NSCLC patients and NSCLC cells. Interestingly, we
found that EGCG could induce its expression in
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FIGURE 6 Overexpression and
activation of RXRα exacerbated the
CSC‐like characteristics of NSCLC cells.
RXRα mRNA in A549 (A), H460 (B), and
H1299 (C) cells. NSCLC cells were
transfected with vectors or RXRα plasmid.
Twenty‐four hours later, the cell samples
were harvested and treated with qPCR.
RXRα, CD133, CD44, Sox2, Nanog, E‐
cadherin, and MMP‐9 protein expression in
A549 (D), H460 (E), and H1299 (F) cells. (G)
Flow cytometry analyses of the ratios of
CD44+ cells (mean± SD, n= 3). (H)
Microscopic observation of sphere of A549
cells. I, RXRα, E‐cadherin, CD133, CD44,
Nanog, and Oct4 protein expression in A549
cells. A549 cells were treated with 0, 1, 2,
and 3 μM 9‐cis‐RA for 24 hours, respectively.
Error bars represent the mean± SD of
at least triplicate experiments. *P< .05,
**P< .01, ***P< .001. APC,
allophycocyanin; 9‐cis‐RA, 9-cis-retinoic
acid; CSC, cancer stem cell; MMP‐9, matrix
metallopeptidase 9; mRNA, messenger
RNA; NSCLC, non–small‐cell lung cancer;
Oct, octamer‐binding transcription factor 4;
qPCR, quantitative polymerase chain
reaction; Sox2, SRY (sex‐determining
region Y)‐box 2; SSC, side scatter



NSCLC cells in a dose‐dependent manner. According
to a previous report, it has been indicated that EGCG
can inhibit lung cancer cell growth through upregulat-
ing miR‐210 expression.42 Additionally, EGCG can
improve cisplatin sensitivity in NSCLC cells by
regulating hsa‐mir‐98‐5p.36 Here, we observed that
overexpression of hsa‐mir‐485‐5p could inhibit NSCLC
cell growth and induce cell apoptosis. Moreover, it was
observed that inhibition of hsa‐mir‐485‐5p could enrich
the stemness of NSCLC via increasing CD44+ cell
ratios, whereas EGCG could reverse this process.

By performing bioinformatics analysis, RXRα was
predicted as a downstream target of hsa‐mir‐485‐5p.
Recently, many studies have reported that RXRα is
implicated in a number of diseases. In gastric carcino-
ma tissues and cell lines, RXRα expression was
markedly elevated at both mRNA and protein levels.43

RXRα can promote the proliferation of human cholan-
giocarcinoma through the modulation of Wnt/β‐cate-
nin and NF‐κB pathways.44 Sox9‐regulated miRNA‐
574‐3p can inhibit the chondrogenic differentiation of
mesenchymal stem cells by targeting RXRα.45 RXRα
can be modulated by miR‐128‐2 in cholesterol home-
ostasis.46 In addition, it has been demonstrated that
RXRα can inhibit miR‐193a expression, which can
activate K‐ras and mediate distinct aspects of cellular
transformation.47 Previously, we have proven that

RXRα was markedly upregulated in HNSCC tissues
and could induce stemness in HNSCC cells.16 However,
the role of RXRα in CSCs of NSCLC remains
uninvestigated. Here, in our study, by carrying out a
dual‐luciferase reporter assay, the correlation between
hsa‐mir‐485‐5p and RXRα was confirmed. It was found
that hsa‐mir‐485‐5p could modulate RXRα expression
negatively. Conversely, we found that RXRα was
markedly increased in NSCLC serum samples and
NSCLC cells. To validate the effect of RXRα on CSCs,
loss and gain of RXRα function tests were performed.
Knockdown or inactivation of RXRα can inhibit
stemness of NSCLC, whereas overexpression or activa-
tion of RXRα can induce CSC‐like traits in NSCLC
cells. 9‐Cis‐RA is recognized as a prime candidate for
cancer chemoprevention by serving biological func-
tions through activating RXR. However, in our study,
we observed that the indicated dosage can induce
NSCLC stemness by activating RXRα. Hence, the
mechanism by which RXRα regulates the stemness in
NSCLC should be explored further.

To conclude, our findings indicated an anti‐CSC role
for EGCG in NSCLC both in vitro and in vivo. Our results
suggested that EGCG can inhibit CSC‐like properties by
targeting the hsa‐mir‐485‐5p/RXRα axis in lung cancer.
We propose the possibility of developing EGCG as a
CSC‐targeting agent for NSCLC chemotherapy.
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F IGURE 7 EGCG played an inhibitory role in the CSC‐like properties by targeting hsa‐mir‐485‐5p/RXRα in vivo. Twelve 5‐week‐old
female BALB/c nude mice were injected with 5 × 106 A549 cells each. Two treatment groups were included: control (6 mice) and EGCG
(6 mice). (A) Solid tumors were peeled from mouse subcutaneous tissue. (B) Immunohistochemistry staining of Ki‐67 in tumor tissues.
(C) Hsa‐mir‐485‐5p and RXRαmRNA expression in tumor tissues. (D) RXRα, CD133, and CD44 protein levels in tumor tissues. GAPDH was
used as a loading control. Error bars represent the mean ± SD of at least 3 experiments. *P< .05. CSC, cancer stem cell; EGCG,
epigallocatechin‐3‐gallate; GAPDH, glyceraldehyde 3‐phosphate dehydrogenase; mRNA, messenger RNA
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