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Combined BRM270 and endostatin inhibit relapse
of NSCLC while suppressing lung cancer
stem cell proliferation induced by endostatin
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Endostatin (ES, ENDO) has been reported to suppress the
growth of tumors while inducing the proliferation of lung can-
cer stem cells (LCSCs), causing a poor prognosis for lung
cancer. In this study, we aimed to clarify whether BRM270
can inhibit the proliferation of cancer stem cells (CSCs).
Endostatin + BRM270 showed anti-tumor effects by reducing
tumor volume and increasing survival. Administration of
BRM270 reduced the number of aldehyde dehydrogenase-pos-
itive (ALDH+) cells and the level of ALDH1A1 expression in
tumors by increasing the level of miR-128 while decreasing
the levels of BMI-1, ABCC-5, E2F3, and c-MET. The luciferase
activity of miR-128 promoter was increased by an increasing
concentration of BRM270. In addition, BMI-1, ABCC-5,
E2F3, and c-MET were identified as candidate targets of miR-
128, and the overexpression of miR-128 significantly reduced
mRNA/protein levels of BMI-1, ABCC-5, E2F3, and c-MET
in A549 and H460 cells. Administration of BRM270 inhibited
the expression of BMI-1, ABCC-5, E2F3, and c-MET in a dose-
dependent manner. In this study, we showed for the first time
that the combined administration of endostatin and BRM270
achieved anti-tumor effects while suppressing the proliferation
of stem cells.

INTRODUCTION
Lung cancer is a malignant cancer which causes 1.3 million deaths per
year among adults worldwide.1 Non-small cell lung cancer (NSCLC)
accounts for greater than 87%of lung cancer cases. 46%of cases at pre-
sentation are at stage IIIB and IV NSCLC, and both stages result in a
poor prognosis.2 Standard therapy includes first-line chemotherapy
based on platinum.3

It has been reported that endostatin (ES, ENDO) could inhibit the
proliferation, migration, and invasion of endothelial cells and tube
formation. Though there was not any association between endosta-
tin-based monotherapy and clinical efficacy according to phase II
clinical trials, the combination of platinum-based chemotherapy
and endostatin was reported to significantly increase overall survival
(9.77–13.75 months) and progression-free survival (PFS) (3.59–
6.28 months) in a phase III trial involving advanced NSCLC patients.4

The State Food and Drug Administration of China has approved en-
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dostatin for treating advanced NSCLC, and, in Europe and the United
States, there is a plan for a randomized clinical trial.5 Endostatin treat-
ment was found to inhibit new vasculature formation, lower VEGF
levels, and enhance the expression of HIF1-a in tumors, thus
worsening hypoxia in the microenvironment of tumors.6 Moreover,
endostatin was also reported to exhibit proliferation-promoting ef-
fects in vivo, which increased the aldehyde dehydrogenase-positive
(ALDH+) cells and cancer stem-like cells (CSLCs) population by
accelerating the generation of tumor hypoxia and by modulating
the secretion of cytokines and growth factors such as IL-6, EGF,
and TGF-b into the tumor microenvironment.6 Therefore, these
results collectively implied that endostatin is effective in the treat-
ment of the relapse of cell lung cancer by inducing the production
of LCSCs.

BRM270 is a formulated extract of seven plants (Arnebia euchroma,
Aloe vera, Citrus unshiu Markovich, Portulaca vulgaris var. lilacina,
P. oleracea, Saururus chinensis, and Scutellaria baicalensis), used in
traditional medicine in Asia, which inhibits many types of cancer cells
from proliferating.7 BRM270 has been reported to suppress tumori-
genesis through the negative regulation of the expression of nuclear
factor (NF)-kB signaling in cancer stem cells (CSCs) that were multi-
drug resistant.8 It is reported that BRM270 treatment inhibited the
growth, migration, and invasion of normal lung adenocarcinoma cells
and chemoresistant ones in humans. Notably, it was found that
BRM270 modulated the self-renewal and the tumor-initiating capac-
ity of CSCs via the upregulation of the microRNA (miRNA)-128 in
A549 cell lines, which indicated the potentially effective therapy
method of combining miRNA-128 and BRM270 in the treatment
of chemoresistant NSCLC.8

miRNAs are short RNA molecules, each with 20 to 22 nucleotides,
that repress the expression of the target protein through being paired
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with sites that are partially complementary in the 30 untranslated re-
gion (UTR) of mRNA.9,10Many biological mechanisms of cancer cells
are reported to be regulated by miRNAs.11 For example, miR-128 was
reported to specifically block glioma self-renewal consistent with
BMI-1 reduction, which led to a decrease in H3K27 methylation
and modulation of cellular pathways involved in cell cycle exit and
cell survival.12 Accordingly, downregulated miR-128 contributes to
chemotherapeutic resistance in breast cancers by increasing the
BMI-1 level.13 And miR128-1 was reported to function as a tumor
suppressor in glioblastoma (GBM) by negatively regulating tumor
cell proliferation, invasion, and self-renewal through direct targeting
of BMI-1 and E2F3.14 Also, the miR-128/c-Met pathway was reported
to enhance the gefitinib sensitivity of the LCSCs by suppressing the
PI3K/AKT pathway.15

Therefore, despite the fact that endostatin treatment has been re-
ported to suppress the growth of tumors while inducing the prolifer-
ation of LCSCs,6 the administration of BRM270 may upregulate the
expression of miR-128 and inhibit the proliferation of CSCs.12–16 In
this study, we hypothesized that co-administration of BRM270 with
endostatin may suppress the LCSC-inducing effect of endostatin to
inhibit the potential relapse of lung cancer. To test the hypothesis,
we used endostatin to treat cultured lung cancer cells with or without
BRM270 and studied the inhibitory effect of BRM270 on the LCSC-
inducing phenomena of endostatin as well as its effect on the expres-
sion of miR-128, c-MET, ABCC-5, BMI-1, and E2F3.

RESULTS
In vivo anti-tumor efficacy of endostatin and BRM270

To explore the in vivo anti-tumor efficacy of endostatin and BRM270,
tumor volume and survival among the control, endostatin, and
endostatin + BRM270 groups were determined. As shown in Figure 1,
a significant inhibition of tumor growth was observed in both the
endostatin treatment and endostatin + BRM270 groups, while the
addition of BRM270 significantly increased the anti-tumor efficacy
of endostatin (Figure 1A). In addition, the endostatin group had a
higher survival compared with the control group, while the presence
of BRM270 significantly increased the pro-survival attribute of endo-
statin (Figure 1B).

BRM270 treatment decreased the number of ALDH+ cells and

the level of ALDH1A1 expression in tumors

The activity of ALDH was implicated in LCSCs, a type of cells
significantly affecting the prognosis of lung cancer. In this study,
an ALDEFLUOR assay was performed to detect the activity of
ALDH in tumors. The results showed that the endostatin treatment
significantly increased the number of ALDH+ cells, while the pres-
ence of BRM270 in the endostatin + BRM270 group reduced the
number of ALDH+ cells to a certain extent (Figure 1C). Mean-
while, immunohistochemistry (IHC) assays were used to compare
the protein levels of ALDH1A1 among control, endostatin, and
endostatin + BRM270 groups. As shown in Figure 1D, the level
of ALDH1A1 protein was the highest in the endostatin group
and the lowest in the control group.
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miR-128, BMI-1, ABCC-5, E2F3, and c-MET were differentially

expressed in different groups

Real-time PCR and western blot analysis were carried out to compare
the expression of miR-128, BMI-1, ABCC-5, E2F3, and c-MET
among control, endostatin, and endostatin + BRM270 groups. As
shown in Figure 1E, miR-128 expression was evidently decreased in
the endostatin group compared with that in the control group, while
the presence of BRM270 increased the level of miR-128 in the
endostatin + BRM270 group to a certain extent. By contrast,
mRNA (Figures 1F–1I) and protein (Figure 1J) levels of BMI-1 (Fig-
ures 1F and 1J), ABCC-5 (Figures 1G and 1J), E2F3 (Figures 1H and
1J), and c-MET (Figures 1I and 1J) were the highest in the endostatin
group and the lowest in the control group.

miR-128 directly targeted BMI-1, ABCC-5, E2F3, and c-MET

Luciferase assays were used to clarify the role of BRM270 and miR-
128 in the prognosis of lung cancer. As shown in Figure 2A, the
BRM270 treatment increased the luciferase activity of miR-128 pro-
moter in a dose-dependent manner in A549 and H460 cells. Mean-
while, the luciferase activity of luciferase reporter containing the
wide-type 30 UTR of BMI-1 (Figure 2B), ABCC-5 (Figure 2C),
E2F3 (Figure 2D), and c-MET (Figure 2E) was significantly reduced
in A549 and H460 cells co-transfected with miR-128 mimics, whereas
the luciferase activity of luciferase reporter containing the mutant 30

UTR constructs was not affected by miR-214 overexpression.

Effect of miR-128 and BRM270 on the expression of BMI-1,

ABCC-5, E2F3, and c-MET

Real-time PCR and western blot analysis were used to detect the levels
of BMI-1, ABCC-5, E2F3, and c-MET in A549 and H460 cells trans-
fected with miR-128 mimics along with various doses of BRM270
(0.5 mM and 2 mM). As shown in Figure 3, the mRNA (Figures 3A–
3D) and protein (Figure 3E) levels of BMI-1 (Figures 3A and 3E),
ABCC-5 (Figures 3B and 3E), E2F3 (Figures 3C and 3E), and
c-MET (Figures 3D and 3E) in A549 and H460 cells were significantly
reduced by transfection with miR-128 mimics. Also, the mRNA (Fig-
ures 3F–3I) and protein (Figure 3J) levels of BMI-1 (Figures 3F and
3J), ABCC-5 (Figures 3G and 3J), E2F3 (Figures 3H and 3J), and
c-MET (Figures 3I and 3J) in A549 and H460 cells showed a stepwise
decline over an increasing concentration of BRM270.

DISCUSSION
In this study, we investigated the effect of endostatin and BRM270 on
tumor growth, and our results indicated that both endostatin and
BRM270 exerted anti-tumor effects. Meanwhile, we performed a
flow cytometry analysis to analyze the effect of BRM270 on the pro-
liferation of CSCs and the expression of ALDH1A1. The results
showed that treatment with BRM270 reduced the number of
ALDH+ cells and the level of ALDH1A1 in tumors. In 1997, the
model of CSCs was proposed when stem cells were discovered in leu-
kemia,17 and Giangreco et al.18 reported evidence of the existence of
LCSCs. CSCs are also known as stem-like cancer cells and tumor-
initiating cells, which belong to a subpopulation of tumor cells that
have shown immortal production and self-renewal and formed



Figure 1. Anti-tumor efficacy of endostatin + BRM270 was much stronger than that of endostatin in vivo

BRM 270 reduced ALDH+ cells in tumors and also regulated expression of miR-128, BMI-1, ABCC-5, E2F3, and c-MET among different cell groups (*p value < 0.05

compared with control group; **p value < 0.05 compared with endostatin group). (A) Tumor volume was the lowest in the endostatin + BRM270 group and the highest in the

control group. (B) Survival was the highest in the endostatin + BRM270 group and the lowest in the control group. (C) Endostatin treatment increased the number of ALDH+

cells in tumors, but BRM270 reduced the number of ALDH+ cells in tumors. (D) Treatment with BRM270 downregulated the protein expression of ALDH1A1 in tumors. (E)

Endostatin and endostatin + BRM270 treatments repressed miR-128 expression, while the inhibitory effect of endostatin was much stronger than that of endostatin +

BRM270. (F) Endostatin and endostatin + BRM270 treatments enhanced the mRNA expression of BMI-1, while the promotion effect of endostatin was much stronger than

that of endostatin + BRM270. (G) ABCC-5mRNA expression was the highest in the endostatin group and the lowest in the control group. (H) E2F3mRNA expression was the

highest in the endostatin group and the lowest in the control group. (I) c-METmRNA expression was the highest in the endostatin group and the lowest in the control group. (J)

Protein levels of BMI-1, ABCC-5, E2F3, and c-MET were the highest in the endostatin group and the lowest in the control group.
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tumors in xenograft mouse models. It has been shown that CSCs were
involved in the growth, metastasis, and relapse of tumor.19 Endostatin
has been shown to increase the formation of CSCs, which is one of the
reasons for the resistance to endostatin revealed by the failure in the
repression of the tumor volume after 12 days of continuous endosta-
tin treatment. More specifically, endostatin worsens hypoxia in
tissues of tumor and improves the secretion of TGF-b1 through acti-
vating Notch1, b-catenin, Smad2, and Smad3. TGF-b1 and hypoxia
increase the induction of CSC.
BRM270 is a formulated extract from seven medicinal plants that
has been reported to contain compounds targeting the signaling
pathway of NF-kB14 and inducing cell cycle arrest and apoptosis,
according to the evidence that the expression of the CSC marker
CD13314 was lowered. Furthermore, it was found that BRM270
modulated epithelial-mesenchymal transition (EMT), the self-
renewal of CSCs, and the expression of genes related to stemness
in all examined cell lines. The overexpression of miR-128 induced
by BRM270 has been reported to decrease the expression levels of
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Musashi-1 and Bmi-1in A549 cell lines. It has been shown that miR-
128 abolished chemoresistance through suppressing PI3K/AKT
signaling.15 miR-128 at high levels inhibited the angiogenesis and
progression of tumor-blocked AKT, ERK, and p38 signaling path-
ways.20 The present study resulted in the conclusion that
BRM270-induced miR-128 suppresses the activating effect of
VEGFR on ERK/p38/AKT signaling, according to the evidence
that the phosphorylation of AKT, p38, and ERK was decreased.
In this study, we carried out real-time PCR and western blot anal-
ysis to determine the effect of endostatin and BRM270 on the
expression of miR-128, BMI-1, ABCC-5, E2F3, and c-MET. Our re-
sults showed that BRM270 increased the level of miR-128 while
decreasing the levels of BMI-1, ABCC-5, E2F3, and c-MET in the
presence of endostatin. Furthermore, we investigated the effect of
BRM270 on the expression of miR-128 by improving the transla-
tional efficiency of miR-128 promoter, and our results showed
that BRM270 treatment dose-dependently increased the luciferase
activity of miR-128 promoter. In addition, we identified BMI-1,
ABCC-5, E2F3, and c-MET as target genes of miR-128.

In lung cancer, the expression of miR-128 is frequently decreased.20

However, the expression product has also been reported to be a sup-
pressor of tumor in several malignancies through suppressing the
proliferation, migration, and invasion of cells.21 It has been reported
that miR-128 had effects on glioma cells; for example, it decreased the
expression of Bmi-1, resulting in the decrease in the self-renewal of
glioma stem cells. Cell proliferation is inhibited by miR-128 through
targeting Bmi-1 in order to inhibit the motility of neuroblastoma
cells.12

miR-128 has been reported to be directly paired with the 30 UTR in
Bmi-1, which is consistent with a recent study.12 Furthermore, a
Bmi-1 5 subpopulation was isolated from malignant pleural meso-
thelioma and displayed properties similar to those of prominent
stem cells and resistance to pemetrexed and cisplatin.22 miR-128
was also reported to play a significant role in regulating the differ-
entiation of prostate cancer cells through suppressing BMI-1, which
affects epigenetic gene silencing and the renewal of stem cells.23

miR-128 inhibits CSCs through targeting BMI-1 and other critical
molecules. BMI-1 also plays an indispensable role in regulating
the self-renewal of NSCLC. In addition, BMI-1 is involved in tumor
growth and is required for CSC renewal and differentiation.24 Over-
expression of miR-128 significantly blocked CSC self-renewal by
directly targeting BMI-1.12 Decrease in miR-128 resulting in the
overexpression of Bmi-1 and ABCC-5 is a feature of breast tu-
mor-initiating cells (BT-ICs) similar to that of stem cells. In BT-
ICs, the ectopic expression of miR-128 decreased the expression
Figure 2. miR-128 directly regulated the expression of BMI-1, ABCC-5, E2F3, a

(A) BRM270 apparently and dose-dependently upregulated the luciferase activity of miR-

inhibited the luciferase activity of wild-type BMI-1 30 UTR but not that of mutant BMI-1 3

ABCC-5 30 UTR but notmutant ABCC-5 30 UTRwas repressed bymiR-128mimics (*p va

but not mutant E2F3 30 UTR was repressed by miR-128 mimics (*p value < 0.05 compa

c-MET 30 UTR was repressed by miR-128 mimics (*p value < 0.05 compared with NC
of both ABCC-5 and Bmi-1, while making BT-ICs sensitive to doxo-
rubicin. The present study also indicated that the decreased miR-
128 level in invasive breast tumor tissues was associated with
poor curative effects of chemotherapy and the poor survival of pa-
tients. Therefore, the decrease in miR-128 in BT-ICs is responsible
for their resistance to chemotherapy through alleviating its inhibi-
tion of the translation of ABCC-5 and Bmi-1. E2F3 is a transcrip-
tion factor that regulates cell cycle progression and has also been
reported to be directly targeted by miR128-1. Accordingly, the over-
expression of miR128-1 caused the downregulation of both E2F3
and BMI-1 in glioblastoma stem cells (GSCs) and glioma cells.
These results showed that miR128-1 regulates the differentiation
and self-renewal of cells by mechanisms, one of which is via the
pairing with E2F3 and BMI-1. In LCSCs, the gene c-met has been
reported to be overexpressed. The present study also confirmed
that the sensitivity of the LCSCs to gefitinib was determined by
the miR-128/c-met axis in vivo and in vitro, and c-met is a gene
functionally targeted by miR-128 in PC9-CSCs. In summary, these
results show that miR-128 can enhance the sensitivity to gefitinib in
PC9-CSCs by the downregulation of c-met. In this study, we utilized
real-time PCR and western blot analysis to examine the effect of
miR-128 and BRM270 on the expression of BMI-1, ABCC-5,
E2F3, and c-MET. We found that miR-128 and BRM270 both in-
hibited the expression of BMI-1, ABCC-5, E2F3, and c-MET. There
is increasing evidence to confirm that the overexpression of miR-
128 can reverse the LCSC resistance to gefitinib by suppressing
the c-met/PI3K/AKT pathway. Moreover, it was proven that the
c-met gene was directly suppressed by miR-128.

However, the results obtained from this study are limited by the lack
of validation upon human subjects. The results of the present study
shed light on the prevention of relapse of lung cancer, which is asso-
ciated with activation of LCSCs caused by the treatment with endosta-
tin. Endostatin is a promising chemotherapeutic agent, although its
side effects concerning LCSCs have been a concern. The co-adminis-
tration of endostatin and BRM270 will further improve the inhibitory
effect on the proliferation of lung cancer cells, and the side effects of
endostatin on LCSCs could be effectively suppressed by BRM270.
Furthermore, clinical trials with combination of the two agents are
warranted.

In summary, the findings of this study demonstrated that endostatin
treatment can suppress the growth of tumors while inducing the pro-
liferation of LCSCs, which contribute to the relapse of lung cancer. In
this study, we also combined the administration of v and BRM270 to
achieve an anti-tumor activity while suppressing the promotional ef-
fect of endostatin on stem cell proliferation.
nd c-MET

128 promoter (*p value < 0.05 compared with untreated group). (B) miR-128mimics
0 UTR (*p value < 0.05 compared with NC group). (C) Luciferase activity of wild-type

lue < 0.05 compared with NC group). (D) Luciferase activity of wild-type E2F3 30 UTR
red with NC group). (E) Luciferase activity of wild-type c-MET 30 UTR but not mutant

group).
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Figure 3. Transfection with miR-128 mimics or BRM270 reduced expression of BMI-1, ABCC-5, E2F3, and c-MET in A549 and H460 cells (*p value < 0.05

compared with NC group)

(A) Transfection of miR-128 mimics reduced the mRNA level of BMI-1 in A549 and H460 cells. (B) Transfection of miR-128 mimics reduced the mRNA level of ABCC-5 in

A549 and H460 cells. (C) Transfection of miR-128 mimics reduced the mRNA level of E2F3 in A549 and H460 cells. (D) Transfection of miR-128 mimics reduced the mRNA

level of c-MET in A549 and H460 cells. (E) Transfection of miR-128 mimics reduced the protein levels of BMI-1, ABCC-5, E2F3, and c-MET in A549 and H460 cells. (F)

Administration of BRM270 inhibited the mRNA expression of BMI-1 in a dose-dependent manner in A549 and H460 cells. (G) Administration of BRM270 inhibited the mRNA

expression of ABCC-5 in a dose-dependent manner in A549 and H460 cells. (H) Administration of BRM270 inhibited the mRNA expression of E2F3 in a dose-dependent

manner in A549 and H460 cells. (I) Administration of BRM270 inhibited the mRNA expression of c-MET in a dose-dependent manner in A549 and H460 cells. (J) Admin-

istration of BRM270 inhibited the protein expression of BMI-1, ABCC-5, E2F3, and c-MET in a dose-dependent manner.
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MATERIALS AND METHODS
Animals and treatment

Operating procedures used in all the mouse experiments were stan-
dard ones approved by the Animal Ethics Committee of the univer-
570 Molecular Therapy: Oncolytics Vol. 22 September 2021
sity. Wild-type C57BL/6 mice of 5–7 weeks were obtained from the
institutional animal center. The injection with 3� 105 Lewis lung car-
cinoma (LLC) cells was conducted subcutaneously in the right hind-
quarters of each mouse. When average volumes of tumors were
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greater than 5 mm3, the mice were randomly divided into three
groups (n = 15 in each group): group 1, normal saline (NS) was
used in the control group; group 2, the endostatin groups received re-
combinant human endostatin (Simcere Medgenn Bio-Pharmaceu-
tical, Yantai City, Shandong Province, China) at a dose of 20 mg/
kg; group 3, the endostatin + BRM270 group received recombinant
human endostatin at a dose of 20 mg/kg + BRM270 (5 mg/kg/day).
Normal saline and the treatments were administered once daily by
intraperitoneal (i.p.) injection accordingly, and tumor development
was monitored for each of the mice every 3 days. According to the for-
mula V = a � b2/247, the volume was calculated; in this formula, a
and b represent the long and short diameters of the tumor,
respectively.

RNA isolation and real-time PCR

A Trizol reagent (Invitrogen, Carlsbad, CA, USA) was used to extract
the total RNA from cell and tissue samples following a standard pro-
tocol. Subsequently, chloroform was added into the lysate, and the
mixture was centrifuged at 4�C and 13,000 � g for 15 min. In the
next step, the pellet was treated by isopropanol and washed by ethanol
before being resuspended in RNase-free water. The RNA concentra-
tion was determined by UV spectrophotometry. A reverse transcrip-
tion kit (Applied Biosystems, Foster City, CA, USA) was utilized to
synthesize the cDNA of miR-128, BMI-1 mRNA, ABCC-5 mRNA,
E2F3mRNA, and c-METmRNA from 2 mg of total RNA in each sam-
ple, and a housekeeping gene, 18S RNA, served as an internal control.
The expression of miR-128, BMI-1 mRNA, ABCC-5 mRNA, E2F3
mRNA, and c-MET mRNA was measured using SYBR green dye
and a light cycler (Roche Diagnostics, Indianapolis, IN, USA) accord-
ing to the instruction of the manufacturer. The relative expression of
miR-128 (forward: 50-AAGCTGGGTTGAGAGGG-30; reverse: 50-GA
ACATGTCTGCGTATCTC-30), BMI-1 mRNA (forward: 50-GGTAC
TTCATTGATGCCACAACC-30; reverse: 50- CTGGTCTTGTGAAC
TTGGACATC-30), ABCC-5 mRNA (forward: 50-GGCTGTATTA
CGGAAAGAGGCAC-30; reverse: 50-TCTTCTGTGAACCACTGGT
TTCC-30), E2F3 mRNA (forward: 50-AGCGGTCATCAGTACCTC
TCAG-30; reverse: 50-TGGTGAGCAGACCAAGAGACGT-30), and
c-MET mRNA (forward: 50-TGCACAGTTGGTCCTGCCATGA-30;
reverse: 50-CAGCCATAGGACCGTATTTCGG-30) was determined
by calculating the cycle threshold (Ct) values, and U6 (forward: 50-
TACGATACAAGGCTGTTAGAGAG-30; reverse: 50-TAGAAGGC
ACAGTCGAGG-30) was utilized as the internal control in such
calculations. Three independent reactions were run for each target
miRNA.

Cell culture and transfection

A549 and H460 cells were obtained from the Chinese Cell Bank of the
ChineseAcademyof Sciences (Shanghai, China) andmaintained under
a 37�C humidified atmosphere of 5% CO2 in DMEM (Dulbecco’s
modified Eagle’s medium) (Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% FBS (fetal bovine serum) (Gibco, Thermo Fisher Sci-
entific, Waltham, MA, USA), 100 mg/mL streptomycin sulfate, and
100 U/mL penicillin sodium. For BRM270 experiments, the cells
were divided into three groups: a negative control (NC) group, a
0.5 mM BRM270 group, and a 2 mM BRM270 group.8,25 The cells in
the NC group were treated with PBS, while the cells in the other two
groups were treated with corresponding concentrations of BRM270.
For miRNA transfection experiments, the cells were seeded into 24-
well plates at a concentration of 1 � 105 cell/well. When the cells
reached 80% confluence, they were divided into two groups: a NC
group and a miR-128 mimic group. Subsequently, the cells were trans-
fected using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) ac-
cording to the instructions of the manufacturer. The cells in the NC
group were transfected with a negative control miRNA, while the cells
in the miR-128 mimic group were transfected with 30 nM miR-128
mimics. At 48 h after cell transfection or treatment, the cells in various
groups were harvested and used for subsequent analyses. Three inde-
pendent experiments were carried out.

Luciferase assay

To study the effect of BRM270 on the transcription efficiency of the
miR-128 promoter, the full sequence of miR-128 promoter was
amplified using PCR, and the PCR product was cloned into a
pcDNA3.1 luciferase reporter vector (Promega, Madison, WI, USA)
at a position upstream of the firefly luciferase reporter gene. Subse-
quently, A549 and H460 cells were divided into three groups: an un-
treated control group, a 0.5 mMBRM270 group, and a 2 mMBRM270
group. In the next step, the cells in the control group were treated with
phosphate-buffered saline (PBS), while the cells in the other two
groups were treated with corresponding concentrations of BRM270.
At 48 h post transfection, the cells were harvested, and the luciferase
activity of ABCC-5, E2F3, and c-MET in transfected A549 and H460
cells was measured using a dual-luciferase reporter assay system
(Promega, Madison, WI, USA) following the manufacturer’s guide-
line. Each assay was repeated three times.

Western blot analysis

Collected cell and tissue samples were washed twice using an ice-cold
PBS solution (Gibco, Thermo Fisher Scientific, Waltham, MA, USA)
before being lysed by an RIRP lysis buffer containing 150 mM NaCl,
50 mM Tris-HCl (pH 7.4), 1% NP-40, 0.1% SDS, and protease inhib-
itors (Roche, Diagnostics, Indianapolis, IN, USA). Subsequently, the
lysate was centrifuged for 15 min at 15,000 � g and 4�C, followed
by boiling in 2-mercaptoethanol for 10 min. The samples were then
separated using 12% SDS-PAGE and transferred onto a nitrocellulose
membrane (Amersham Biosciences, Piscataway, NJ, USA), which was
subsequently incubated at 37�C for 60 min in a Tris-buffered saline
solution containing 10% nonfat dry milk and 0.1% Tween 20 to elim-
inate nonspecific binding. In the next step, the membrane was incu-
bated with the primary antibodies against BMI-1 (dilution 1:10,000;
cat. no. ab126783; Abcam, Cambridge, MA, USA), ABCC-5 (dilution
1:50; cat. no. ab24107; Abcam, Cambridge, MA, USA), E2F3 (dilution
1:500; cat. no. ab50917; Abcam, Cambridge, MA, USA), c-MET (dilu-
tion 1:1,000; cat. no. ab216574; Abcam, Cambridge, MA, USA), and
b-actin (internal control; dilution 1:8,000; cat. no. ab8226, Abcam,
Cambridge, MA, USA) for 12 h at 4�C, followed by 2 h of addition
incubation at room temperature with horseradish peroxidase
(HRP)-conjugated secondary antibodies (dilution 1:5,000; cat. no.
Molecular Therapy: Oncolytics Vol. 22 September 2021 571
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ab5721; Abcam, Cambridge, MA, USA). An Immobilo Western
Enhanced Chemiluminescent (ECL) HRP Substrate (Amersham Bio-
sciences, Piscataway, NJ, USA) was used to visualize the protein bands
of target proteins and calculate their relative expression. All assays
were repeated three times.

Detection of ALDH+ cells by flow cytometry

Following the instruction provided by the manufacturer, flow cytom-
etry (BD Biosciences, San Jose, CA, USA) was utilized to detect ALDH
expression of A549 and H460 cells using a standard staining kit
(Thermo Fisher Scientific, Waltham, MA, USA) following the proto-
col of the kit.

Immunohistochemistry (IHC)

The collected tissue samples were fixed in 4% paraformaldehyde, de-
hydrated, embedded in paraffin, and cut into 4 mm sections. Immu-
nohistochemical staining of the tissue sections was performed using
a rabbit anti-mouse monoclonal antibody against ALDH1A1 (dilu-
tion 1:500; Abcam, Cambridge, MA, USA). Subsequently, the tissue
sections were incubated with anti-rabbit IgG antibodies (dilution
1:1,000; Abcam, Cambridge, MA, USA) for 60 min at room temper-
ature, followed by peroxidase DAB (3, 3-diaminobenzidine) staining
in accordance with the manufacturer’s instructions. Finally, hematox-
ylin was used to counterstain DAB, and the sections were observed
underneath a microscope.

Statistical analysis

All statistical analyses were carried out in GraphPad Prism 5.0
(GraphPad Software, La Jolla, CA, USA), and all results are shown
as means ± SD. The difference between two groups was compared us-
ing Student’s t tests, while the difference among multiple groups was
compared using one-way ANOVA. The postoperative prognostic
analysis was carried out using SPSS 21.0 software (IBM, Chicago,
IL, USA). A p value of <0.05 was considered statistically significant.

Availability of data and material

The data that support the findings of this study are available from the
corresponding author upon reasonable request.
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