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Abstract: Objective: MicroRNAs (miRNAs) play a big role in the regulation of non-small cell lung cancer (NSCLC) de-
velopment. The objective of this study is to determine how DNA methylation regulates miR-433 in NSCLC. Methods:
The degree of DNA methylation was determined, and the relevance of miR-433 and the features of NSCLC patients
were assessed. The MiR-433 and CREB1 expressions were tested, and the biological characteristics of the NSCLC
cells were determined. Subcutaneous tumorigenesis in nude mice and luciferase activity assays were performed.
Results: MiR-433 was downregulated, and CREB1 was upregulated in the NSCLC tissues, and the methylating rate
of the C-phosphate-G (CpG) island in the miR-433 promoter region was enhanced. MiR-433 was also downregulat-
ed, and CREB1 was upregulated in the NSCLC cells and there was a low degree of promoter methylation of miR-433
in the NSCLC cells after demethylation. Upregulated miR-433 or downregulated CREB1 repressed the cell vitality
and colony formation abilities and increased the amount of apoptotic A549 cells. Moreover, upregulated miR-433
also decelerated tumor growth. Conversely, the H460 cells and xenografts with reduced miR-433 or overexpressed
CREB1 had contrary results. CREB1 was found to be targeted by miR-433, as verified by a luciferase activity assay.
Conclusion: We found that DNA methylation can downregulate miR-433 in NSCLC, which promotes the malignant
behaviors of NSCLC cells.
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Introduction

Lung cancer is the most familiar human malig-
nancy [1, 2]. 80% of all lung cancers are NSCLC
[3]. The major causes of lung cancer deaths
around the world are pollution, smoking, and
unhealthy toxic environments [4]. Great prog-
ress has been made in lung cancer, such as
minimally invasive techniques for its treatment
and diagnosis, screening, and the progress of
radiation therapy (RT), including stereotactic
ablation RT, immunotherapy, and targeted ther-
apies [5]. However, the survival rate of NSCLC
patients has not been significantly improved
over the past 30 years [6]. Therefore, there is
an imperative need to explore therapeutic
strategies for lung cancer.

MicroRNAs (miRNAs) are small non-coding mol-
ecules with a length of 19-24 nucleotides, and

miRNAs may be a critical factor in regulating the
metastasis and invasion of tumor cells in all
sorts of human cancers, including NSCLC [7]. It
has been found that miR-1285-5p can affect
the biological processes of NSCLC cells [8].
Another study has clarified that miR-204
restrains the invasion and migration of NSCLC
via targeting Janus kinase 2 [9]. Also, the
metastasis and proliferation of colorectal can-
cer are regulated by cyclic adenosine mono-
phosphate (CAMP) responsive element binding
protein 1 (CREB1)/miR-433 reciprocal feed-
back loop [10]. It is thought that MiR-433 sup-
presses NSCLC cell growth by directly targeting
E2F transcription factor 3 [11]. A study has
demonstrated the effect of acquired CREB1
activity impairment on cisplatin resistance in
patients with metastatic NSCLC [12]. CREB1,
situated at human chromosome 2q34 with a
length of 75.7 kb, participates in the CAMP sig-
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naling pathway [13]. According to Janica et al.,
the cyclic GMP/protein kinase G type-la signal-
ing pathway advances CREB phosphorylation,
maintains the high expression of c¢-IAP1, and
inhibits the synergistic effect of PKG-la kinase
activity with cisplatin in NSCLC [14]. Moreover,
the P21-activated kinase 1/CREB axis has
been found to be elevated in squamous NSCLC
[15]. DNA methylation data indicate the impact
of external factors on patients and is thought to
be a new star in cancer research. DNA methyla-
tion data can be utilized for gene screening,
serving as pivotal roles in cancer development,
progress and metastasis [16]. It has been
shown that the C-phosphate-G (CpG) islands
around miR-433 are hypermethylated [17]. In
this research, we therefore examined the
expressions and function of DNA methylated
miR-433 in NSCLC with the involvement of
CREB1.

Materials and methods
Study subjects

From 2011 to 2013, 94 stage | NSCLC patients
(63 males and 31 females; aged 32-76 years;
median age of 63 years) treated in the thoracic
surgery department in our hospital were recruit-
ed as the study cohort. The tumor-node-metas-
tasis (TNM) stage of patients included 59 cases
of stages I/Il and 35 cases of stages IllI/IV. The
cases were histologically classified as 25 cases
of adenosquamous carcinoma, 39 cases of
adenocarcinoma and 30 cases of squamous
cell carcinoma.

Inclusion criteria: patients with complete fol-
low-up data and postoperative pathological
specimens; patients who underwent radical
surgical treatment; and patients who didn’t
undergo radiotherapy, chemotherapy, or bio-
therapy before or after their operations; and
patients who didn’t die during the operation or
who died from non-tumor causes after their
operations.

The normal epithelial tissues of the lungs 3-5
cm from the edge of lung cancer tissues were
set as the controls for the NSCLC tissues. All
the tissue samples were cut into small pieces
and quickly stored in liquid nitrogen in a frozen
tube, and then moved to a freezer at-80°C. Our
study was approved by the ethics committee of
our university, and the approval number was
2016-089. All the patients provided a written
informed consent.
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Cell selection and culture

16HBE, A549, H1299, PGCL3, SK-MES-1 and
H460 cells were bought from the American
Type Culture Collection (Rockefeller, Maryland,
USA). The A549, H1299, PGCL3, SK-MES-1 and
16HBE cell lines were incubated in a DMEM
containing 10% FBS, and the H460 cell line
was incubated in RPMI 1640 medium contain-
ing 10% FBS (Gibco, Grand Island, NY, USA) in a
5% CO, incubator. The MiR-433 and CREB1
expressions in the cell lines was measured
using RT-gPCR. The cell lines with the largest
and smallest different expressions of miR-433
and CREB1 were used for the subsequent cell
experiments.

Demethylation

The A549 and H460 cells were incubated in a
DMEM or RPMI 1640 medium containing 10%
FBS and treated with 10 uM 1% 5-azacytidine
(5-Aza) (Sigma, St. Louis, MO, USA) then dis-
solved using dimethyl sulfoxide (DMSO) for 72 h
to obtain the A549 5-Aza group and the H460
5-Aza group. The cells were treated with the
same amount of DMSO to obtain the A549 con-
trol group and the H460 control group to test
the methylation of the cells.

Methylation-specific PCR (MSP)

The genomic DNA was abstracted and trans-
formed using EpiTect fast DNA Bisulfite kits
(Shanghai Limin Industrial Co., Ltd., Shanghai,
China). The cDNA was purified and retrieved
using reagent kits with self-contained centrifu-
gal columns, and stored at -20°C for use. The
methylation levels of the miR-433 promoter
region were verified using EpiTect MSP kits
(Univ Biotechnology Co., Ltd., Shanghai, China)
specification. The primer sequences are shown
in Table 1. Electrophoresis was utilized for the
amplification product, and ultraviolet light was
irradiated for the banding. Methylation rate =
amount of methylated positive specimens/
total number of specimens x100%.

Cell grouping

A549 cells were distributed into 7 groups
and respectively treated with an miR-433
mimic, siRNA-CREB1, Oe-CREB1 or the nega-
tive control (NC). Among them, the mimic-NC,
the miR-433 mimic, siRNA-NC, and siRNA-
CREB1 were composed by GenePharma Ltd
Company (Shanghai, China). The sequences of
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Table 1. The methylation primer sequences

tion. The cells were harvested for the

Gene Sequence (5'—3’)

subsequent experiments 48 h post

Methylated miR-433

F: 5-TTTGGGTTGGGATGGTGTTTG-3’
R: 5-ACACCCTAACCCTAAACAACCATCC-3’

incubation.

RT-gPCR

Unmethylated miR-433 F: 5-GGGCCCCTCTTCATGCCACTCGG-3’

R: 5’-AGGTGCCCATCATGATCCTTCTCAAC-3’

According to the manufacturer’s pro-

Note: F: forward; R: reverse; miR-433: microRNA-433.

Table 2. The transfection sequences

Sequence (5'—3’)

miR-433 mimic 5’-AUCAUGAUGGGCUCCUCGGUGU-3’
miR-NC 5’-UUCUCCGAACGUGUCACGUTT-3’
siRNA-CREB1  5-GCAGCUCGAGAGUGUCGUATT-3’
SsiRNA-NC 5’-UUCUCCGAACGUGUCACGUTT-3’

Note: miR-433: microRNA-433; CREB1: cyclic-AMP respon-
sive element binding protein 1.

Table 3. The primer sequences

Gene Sequence (5'—=3’)
miR-433 F: 5’-GGATCATGATGGGCTCCT-3’
R: 5’-CAGTGCGTGTCGTGGAGT-3’
ue F: 5’-GCTTCGGCAGCACATATACTAAAAT-3’
R: 5’-CGCTTCACGAATTTGCGTGTCAT-3’
CREB1  F:5-AGACTTCAGCACCTGCCATC-3’
R: 5’-TGTCCATCAGTGGTCTGTGC-3’
GAPDH  F: 5’-CGGAGTCAACGGATTTGGTCGTAT-3’
R: 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’

Note: F: forward; R; reverse; miR-433: microRNA-433;
CREBZ1: cyclic-AMP responsive element binding protein 1;
GAPDH: glyceraldehyde phosphate dehydrogenase.

miR-433 mimic, miR-NC, siRNA-CREB1, and
siRNA-NC are listed in Table 2. Oe-CREB1 was
formed by cloning the CREB1 full-length
sequence into a pcDNA3.1 vector (Shanghai
Sangon Biotechnology Co., Ltd., Shanghai,
China), while the Oe-NC was the pcDNA3.1 vec-
tor (the empty vector). H460 cells were distrib-
uted into the 7 groups and treated with the
miR-433 inhibitor, Oe-CREB1, siRNA-CREB1, or
the NC. Among them, inhibitor-NC, miR-433
inhibitor and siRNA-CREB1 were composed by
GenePharma, and the Oe-NC and Oe-CREB1
were bought from Sangon Biotechnology. The
cells were cultured into a 12-well plate for 24 h,
and 1.5 mL penicillin-streptomycin-free full cul-
ture solution was appended to each well. When
the confluence reached about 60% during
infection, the A549 and H460 cells were tran-
siently transfected with lipofectamine 2000,
and the fluid was renewed after 6-h transfec-
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tocol, TRIzol reagent (Invitrogen) was

used to extract the total RNA. The

cDNA was gained using AMV reverse
transcription (NEB, USA) of 1 ug RNA. The SYBR
Green (Premix ExTag™ kit, Takara Biotech,
Dalian, China) method was utilized to carry out
gPCR. The reactions were performed at 95°C
for 10 min followed by 40 cycles at 95°C for
15 sec of denaturation, at 60°C for 1 min of
annealing, and at 72°C for 20 sec of extension.
The PCR primers are shown in Table 3. U6 and
GAPDH were used as internal parameters. The
product was validated using agarose gel elec-

trophoresis. The data were measured using
2-AACt_

Western blot analysis

The proteins were abstracted, and the concen-
tration was measured using bicinchoninic acid
kits (Wuhan Boster Biological Technology Co.,
Ltd., Hubei, China). Polyacrylamide gel (10%,
Boster Biological Technology) was used to sep-
arate the protein. The protein was transferred
to PVDF membranes and blocked with 5% non-
fat milk powder for 1 h. Next, the primary anti-
bodies against CREB1 (1:500) and GAPDH
(1:3000, Abcam, MA, USA) were incubated
overnight at 4°C. The corresponding secondary
antibody (ZSGB-Bio, Beijing, China) was incu-
bated for 1 h. The membrane was cleaned 3
times/5 min. The chemiluminescence reagent
and Gel Doc EZ Imager (Bio-Rad, California,
USA) were utilized and explicated using Image J
software.

CCK-8 assay

The cell suspension was seeded into a 96-well
plate at a density of 1x10° cells/100 yL/well
after the cells were diluted, and five parallel
wells were set. Five duplicates were set at each
time point according to the culture for 7 d. The
CCK-8 solution (10 uL, Sigma) was added and
incubated for 4 h. The OD values were tested at
450 nm.

Colony formation assay

The cells were trypsinized, and the cell suspen-
sion was fully dispersed. The cells (200) were

Am J Transl Res 2021;13(11):12302-12317



The roles of miR-433 and DNA methylation in NSCLC

seeded into 6-well plates and cultured for 2-3
weeks. When the cell colony was visible to the
naked eye, the culture was terminated and the
cells were fixed with 4% paraformaldehyde.
Then cells were dyed with Giemsa solution for
60 min.

Flow cytometry

Cell cycle analysis: The cells were harvested by
centrifugation and mixed with about 70% cold
ethanol (500 uL) and fixed overnight at 4°C for
2 h. The stationary solution was further eluted
by 1 mL phosphate buffer saline (PBS), and the
cells were centrifuged at 2000 rpm for 3 min.
The cells were rinsed with 100 yL RNase A
(Solarbio, Beijing, China) at 37°C for 30 min,
then mixed with 400 uL propidium iodide (PI,
Sigma-Aldrich, USA) staining and verified using
a flow cytometry (BD Biosciences, Franklin
Lakes, NJ, USA) after avoiding light for 30 min
at 4°C. The red fluorescence at 488 nm was
recorded.

Cell apoptosis assay: The cells (1x10° cells/mL,
200 L) were centrifuged. The cells were re-
suspended in 100 pL binding buffer, appended
with Annexin-V-FITC (Beijing Biosea Biote-
chnology, Beijing, China) for 15 min, then mixed
with 300 yL PBS and mixed with Pl solution
before being placed on the flow cytometer, and
the analysis was carried out on the flow cytom-
eter within 30 min. The cell apoptosis was
determined as previously described [18].

Transwell assay

Cells were seeded on the Transwell chamber
and incubated for 24 h. Then the unmigrated
cells were removed, and the cells were fixed
with formaldehyde for 30 min. After fixation, the
cells were dyed with 0.5% crystal violet solution
for 20 min. Five visual fields were randomly
selected to count the migrated cells, and pic-
tures were taken using an inverted microscope.
The chamber in the cell invasion test was coat-
ed with 50 yL Matrigel solution in advance.

Subcutaneous tumorigenesis in the nude mice

Thirty adult BALB/c-nude mice (Vital River
Laboratory Animal Technology Co., Ltd., Beijing,
China) were fed under a specific pathogen-free
environment in the animal center with free
access to sterile food and water.

Well-grown A549 and H460 cells were adjusted
to 4x10° cells/0.1 mL PBS. Each mouse was
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injected with 4 wer® cells in their backs (n = b),
and then they were observed every 5 d. The
tumor sizes and mouse weights were mea-
sured. Tumor volume = (/6) m/L n/I? (L: length
diameter; I: width diameter). Thirty days after
injection, the mice were euthanized using CO,
and the xenografts were isolated, photo-
graphed, and weighed.

Dual luciferase reporter gene assay

3'UTR of CREB1 was cloned and amplified into
the luciferase vector of pmirGLO, as CREB-wild
type (WT). A CREB1-mutant type (MUT) vector
was constructed respectively, with the pRLTK
vector (E2241, Promega) expressing renilla
luciferase as the internal reference. The MiR-
433 mimic and the miR-433 mimic NC were
separately co-transfected with the luciferase
reporter vector into A549 and H460 cells.

Statistical analysis

All the data were processed using SPSS 21.0
software (IBM Corp. Armonk, NY, USA). The
measurement data are shown as the means +
standard deviations. t-tests were conducted for
the two-group comparisons and ANOVA was
used for the multiple-group comparisons, and
Fisher’'s LSD-t tests were utilized after ANOVA.
The relationship between miR-133a and the
clinical features of NSCLC were evaluated using
chi-square tests. P<0.05 was considered sig-
nificantly different.

Results

The MiR-433 expressions were downregulated
and CREB1 was upregulated in the NSCLC
tissues, and the methylating rate of the CpG
island was raised in the miR-433 promoter
region

In contrast with the corresponding adjacent
normal tissues, the miR-433 expressions were
decreased and the CREB1 expression was ele-
vated in the NSCLC tissues (P<0.05) (Figure 1A
and 1B). Methylation-positive (complete or par-
tial methylation) referred to the amplification of
the M-band, with or without the U-band.
Methylation-negative referred to the expansion
of the U-band without the M-band, and neither
the U nor the M-band could be amplified as a
deletion of the gene copy. Case | showed
miR-433 methylation-negative, while cases 2
3 were miR-433 methylation-positive (Figure
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Figure 1. The miR-433 expressions are reduced and the CREB1 expressions were enhanced in the NSCLC tissues,
and the methylating rate of the CpG island was raised in the miR-433 promoter region. A: Quantification of the miR-
433 and CREB1 expressions in the NSCLC tissues and corresponding adjacent normal tissues using RT-qPCR; B:
Quantification of the protein expressions of CREB1 in the NSCLC tissues and the corresponding adjacent normal tis-
sues using Western blot analyses; C: The methylation rate of the CpG island of the miR-433 promoter in the NSCLC
tissues (n = 94) and the adjacent normal tissues. D: The methylated status of miR-433 in the tissues measured us-
ing MSP. U, unmethylated band, M, methylated band, NC, negative control, PC, positive control; n = 94, Cases 1-3 ex-
pressed for the 3 screened representative cases. The measurement data were depicted as the mean + standard de-
viation. The comparisons between two groups were conducted using t tests. CREB1: cyclic-AMP responsive element
binding protein 1; NSCLC: non-small cell lung cancer; MSP: Methylation-specific PCR; miR-433: microRNA-433.

1D). The results indicated that the methylation
rate of the CpG island of the miR-433 promoter
in the NSCLC tissues was heightened versus
the adjacent normal tissues (59.6% (56/94) VS
40.4% (38/94), P<0.05) (Figure 1C).

The miR-433 expressions are related to the
TNM stages and the smoking histories of the
NSCLC patients

The NSCLC patients were separated into low
miR-433 and high miR-433 expression groups.
The data indicated that the TNM stage and
smoking histories were correlated with miR-
433 (P<0.01), but age, gender, pathological
type and the NSCLC differentiation degree were
not related to miR-433 (P>0.05) (Table 4).

Low expressions of miR-433 and high expres-
sions of CERB1 in the NSCLC cells and a low
degree of promoter methylation were observed
in the miR-433 in A549 and H460 cells after
demethylation

The MiR-433 and CREB1 expressions in the
16HBE cells and the NSCLC cell lines were veri-
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fied. It was briefly shown that, in contrast to
human bronchial epithelial cell line 16HBE, the
miR-433 expression was decreased and the
CERB1 expression was elevated in the NSCLC
cell lines (all P<0.05). Among the NSCLC cell
lines, the A549 cells had the largest, and the
H460 cells had the smallest difference from
the 16HBE cells (Figure 2A and 2B). Therefore,
further experiments were conducted on the
A549 cells that were treated with the miRNA-
433 mimic and/or siRNA-CREB1 and H460
cells that were treated with miRNA-433 inhibi-
tor and/or OE-CREB1 to verify the effects of
miRNA-433 and CREB1 on the lung cancer cell
functions.

MSP was used to determine the methylation
level of the CpG island in the miR-433 promoter
regions of the NSCLC cell lines, the results of
which showed that the methylation level of the
miR-433 promoter region in the A549 cells was
the highest and in the H460 cells was the low-
est (Figure 2C).

The A549 and H460 cells were demethylated
by 5-Aza and then MSP was used to verify the
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Table 4. The relationship between the relative expressions of miR-433
and the clinicopathological features in NSCLC patients

reversed the effect of
the miR-433 mimic on

Expression of miR-433

the cell viability and colo-

Clinicopathologic data N Low expression High expression P
group (n = 47)

group (n =47)

ny formation ability in
the A549 cells (Figure

Age (years)

<63 43 23

>63 51 24
Gender

Male 63 34

Female 31 13
TNM stage

I/1 59 24

/v 35 23
Pathological type

Adenosquamous carcinoma 25 14

Adenocarcinoma 39 22

Squamous cell carcinoma 30 11
Differentiation

High 32 19

Moderate 31 18

Poor 21 10
Smoking history

Smoking 61 38

Non-smoking 33 9

3A, 3C and 3D). On the

0.535 R
contrary, the cell viability
20 . .
and colony formation abil-
27 ities were elevated by
0.273 Oe-CREB1 or the miR-
29 433 inhibitor in the H460
48 cells with high miR-433
0.019 expressions, while siRNA-
35 CREB1 abolished the eff-
12 ect of the miR-433 inhibi-
0.209 tor on the cell viability and
1 colony formation ability in
17 the A549 cells (P<0.05)
19 (Figure 3B, 3E and 3F).
0.410 The overexpression
13 of miR-433 or the low
23 expression of CREB1 in-
11 creases the apoptosis in
0.001 A549 cells while upregu-
23 lating CREB1 or silencing
o4 miR-433 represses the

Note: miR-433: microRNA-433; TNM stage: tumor-node-metastasis stage; NSCLC: non-

apoptosis in the H460
cells

small cell lung cancer. The data in this table were enumeration data and were analyzed

using chi-square tests.

promoter methylation of miR-433. Together,
these data support the conclusion that the
methylation degrees of the miR-433 promoter
in the A549 and H460 cells were reduced, but
the methylation in the H460 cells was slightly
lower than it was in the A549 cells, and the
miR-433 expressions in the H460 cells and
A549 cells were the opposite (all P<0.05)
(Figure 2D and 2E).

Upregulated miR-433 or downregulated
CREB1 suppressed the cell viability and
colony formation abilities of the A549 cells,
and downregulated miR-433 or upregulated
CREB1 induced the cell viability and colony
formation ability of the H460 cells

The CCK-8 assays and the colony formation
assays indicated that siRNA-CREB1 or the miR-
433 mimic suppressed the cell viability and
the colony formation abilities in the A549 cell
with low miR-433 expression but Oe-CREB1
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The cell cycle changes in

each group after the
transfection were verified using flow cytometry.
As shown in Figure 4A and 4B, the proportions
of the GO/G1 phase cells were raised, and the
proportions of the S and G2/M phase cells
were depressed by the siRNA-CREB1 or the
miR-433 mimic group, and the effect of the
miR-433 mimic was eliminated by Oe-CREB1 in
the A549 cells. Conversely, the proportions of
the S and G2/M phase cells were elevated, and
the proportions of the GO/G1 phase cells were
depressed using the Oe-CREB1 or the miR-433
inhibitor, and the impact of the miR-433 inhibi-
tor was abrogated by siRNA-CREB1 in the H460
cells (Figure 4C and 4D).

Flow cytometry was used to evaluate the
changes in the apoptosis rate in each group
after the transfection. It showed that the siR-
NA-CREB1 or the miR-433 mimic enhanced the
apoptosis rate, while Oe-CREB1 reversed the
effect of the miR-433 mimic (Figure 5A and
5B). On the other hand, Oe-CREB1 or the miR-

Am J Transl Res 2021;13(11):12302-12317
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Figure 2. The downregulation of miR-433 and the upregulation of CREB1 in the NSCLC cells and the low degree of
promoter methylation of miR-433 in the A549 and H460 cells after demethylation. A: The expressions of miR-433
and CREB1 in the NSCLC cells and in bronchial epithelial cell 16HBE were measured using RT-qPCR; B: The protein
expressions of CREB1 in the NSCLC cells and the bronchial epithelial cell 16HBE were measured using Western blot
analyses; C: MSP assays were used to measure the methylation of the CpG island in the miR-433 promoter region in
NSCLC cells; D: An MSP assay was used to measure the methylated status of miR-433 in the A549 and H460 cells
after demethylation by 5-Aza. E: The expressions of miR-433 in the A549 and H460 cells after demethylation using
RT-gPCR. M was a methylated band and U was an unmethylated band. n = 5 for each group. "P<0.05. The measure-
ment data are shown as the mean #* standard deviation. The comparisons between two groups were conducted
using t tests. The comparisons among multiple groups were assessed using one-way analyses of variance followed
by LSD-t tests. MSP: Methylation-specific PCR; CREB1.: cyclic-AMP responsive element binding protein 1; NSCLC:
non-small cell lung cancer; miR-433: microRNA-433.

433 inhibitor reduced the apoptosis rate,
and the impact of the miR-433 inhibitor was
reversed by siRNA-CREB1 in the H460 cells
(Figure 5C and 5D).

Silencing CREB1 or upregulating miR-433 in-
hibited the invasion of A549 cells while upreg-
ulating CREB1 or silencing miR-433 enhanced
the invasion of the H460 cells

The cell invasion changes after the transfection
were verified by Transwell assays. In compari-
son to siRNA-NC and the mimic-NC groups, the
invasive abilities of the A549 cells were
decreased by siRNA-CREB1 or the miR-433
mimic, while the role of the miR-433 mimic was
eliminated by the Oe-CREB1 (Figure 6A and
6B). Meanwhile, the invasive abilities of the
H460 cells were elevated by Oe-CREB1 or the
miR-433 inhibitor, and siRNA-CREB1 abolished
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the impact of the miR-433 inhibitor (Figure
6C and 6D).

miR-433 targets CREB1

The MiR-433 and CREB1 expressions in the
A549 and H460 cells were determined. Com-
pared to the mimic-NC group, the miR-433
expressions were raised in the miR-433 mimic
group (P<0.05), and the CREB1 expressions
were reduced (both P<0.05). The siRNA-CREB1
didn’t affect the miR-433 expression while it
downregulated CREB1. By comparison with the
miR-433 mimic + Oe-NC group, the CREB1
MRNA and protein expressions in the miR-433
mimic + Oe-CREB1 group were enhanced (both
P<0.05) (Figure 7A and 7B). In addition, the
miR-433 inhibitor downregulated miR-433 and
upregulated CREB1. Oe-CREB1 overexpressed
CREB1 but didn't affect the miR-433 expres-
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Figure 3. The upregulation of miR-433 or the downregulation of CREB1 decreases the cell viability and colony formation abilities of the A549 cells, and downregu-
lated miR-433 or upregulated CREB1 increases the cell viability and colony formation abilities of the H460 cells. A: Measurement of the viability of the A549 cells
using CCK-8 assays; B: Measurement the viability of the H460 cells using CCK-8 assays; C, D: The colony formation ability of the A549 cells in each group measured
using colony formation assays; E, F: The colony formation abilities of the H460 cells in each group measured using colony formation assays. n = 5 for each group.
Compared with the mimic-NC group, "P<0.05. Compared with the siRNA-NC group, #P<0.05. Compared with the miR-433 mimic + Oe-NC group, ¥P<0.05. Compared
with the inhibitor-NC group, 2P<0.05. Compared with the Oe-NC group, "P<0.05. Compared with the miR-433 inhibitor + SiRNA-NC group, °P<0.05. The measurement
data are depicted as the means + standard deviations, and the comparisons among multiple groups were assessed using one-way ANOVA followed by LSD-t tests.
CREBZ1.: cyclic-AMP responsive element binding protein 1; miR-433: microRNA-433.
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Figure 4. Upregulated miR-433 or downregulated CREB1 increases the proportion of the GO/G1 phase in A549 cells, while upregulating CREB1 or silencing miR-
433 increases the proportion of the S phase in H460 cells. A, B: The cell cycle of the A549 cells in each group using flow cytometry; C, D: The cell cycle of the H460
cells in each group using flow cytometry. n = 5 for each group. Compared with the mimic-NC group, "P<0.05. Compared with the siRNA-NC group, #P<0.05. Compared
with the miR-433 mimic + Oe-NC group, ¥P<0.05. Compared with the inhibitor-NC group, *P<0.05. Compared with the Oe-NC group, "P<0.05. Compared with the
miR-433 inhibitor + siRNA-NC group, °P<0.05. The measurement data are depicted as the means + standard deviations. The comparison among multiple groups
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Figure 5. Upregulated miR-433 or downregulated CREB1 increases the apoptosis in A549 cells, while upregulating
CREB1 or silencing miR-433 decreases apoptosis in H460 cells. A, B: Apoptosis of the A549 cells in each group
using flow cytometry; C, D: Apoptosis of the H460 cells in each group using flow cytometry. n = 5 for each group.
Compared with the mimic-NC group, “P<0.05. Compared with the siRNA-NC group, *P<0.05. Compared with the
miR-433 mimic + Oe-NC group, ¥P<0.05. Compared with the inhibitor-NC group, 2P<0.05. Compared with the Oe-
NC group, °P<0.05. Compared with the miR-433 inhibitor + siRNA-NC group, °P<0.05. The measurement data are
shown as the means + standard deviations. The comparison among multiple groups were assessed using one-way
ANOVA followed by LSD-t tests. CREB1.: cyclic-AMP responsive element binding protein 1; miR-433: microRNA-433.

A A549 B
1.5
M mimic-NC miR-433 mimic
=4 & -
2]
£ T
-
(=}
|
[
=
» 2
z miR-433 mimic miR-433 mimic
= +0Oe-NC +0e-CREB1

Cc
2.54 b inhibitor-NC miR-433 |nh|b|tor

w 3 5 N » G"

220 ﬁ; '?r‘_ m& e »

s AT g ¢

o 15 "«' -~.i “ _A‘

o c w

L wh

10 o .,Mh' **- f‘.)t

.2 0.5 miR-433 inhibitor miR-433 inhibitor

E Oe-CREB1 +siRNA-NC +si-RNA-CREB1
0.0 .

S
& Pﬂ, o@nﬁ é&\‘?
& & &
& LS ‘9
oF &
PR
& o
& F
&

Figure 6. The upregulation of the miR-433 expression or the downregulation of the CREB1 expression decreases the
invasion of A549 cells, while the overexpression of CREB1 or the downregulation of miR-433 promotes the invasion
of H460 cells. A, B: The cell invasion of the A549 cells after miR-433 mimic and/or the siRNA-CREB1 treatment us-
ing Transwell assays (200x); C, D: The cell invasion of the H460 cells in each group after the miR-433 mimic and/
or the siRNA-CREB1 treatment using Transwell assays. n = 5 for each group (200x). Compared with the mimic-NC
group, “P<0.05. Compared with the mimic-NC group, #P<0.05. Compared with the miR-433 mimic + Oe-NC group,
&P<0.05. Compared with the inhibitor-NC group, 2P<0.05. Compared with the Oe-NC group, "P<0.05. Compared with
the miR-433 inhibitor + siRNA-NC group, °P<0.05. Measurement data were depicted as mean + standard devia-
tion. The comparisons among multiple groups were assessed using one-way ANOVA followed by LSD-t tests. CREB1.:
cyclic-AMP responsive element binding protein 1; miR-433: microRNA-433.

sion. In contrast with the miR-433 inhibitor +
siRNA-NC group, the CREB1 expression was
reduced (both P<0.05) (Figure 7C and 7D).

The targeted relationship between miR-433
and CREB1 was analyzed using the online soft-
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ware (TargetScan 4.2 (www.targetscan.org)
and PicTar (http://pictar.mdcberlin.de/), and
the potential binding site is shown in Figure 7E.
The luciferase activity was restricted after the
co-transfection of CREB1-WT and miR-433
mimic (P<0.05). The relative luciferase activi-
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ties of the A549 and H460 cells were similar in
the CREB1-MUT and miR-433 mimic groups
(both P>0.05) (Figure 7F and 7G), revealing
that CREB1 was the direct target gene of
miR-433.

Upregulated miR-433 decelerated the A549
xenograft growth while downregulated miR-
433 accelerated the H460 xenograft growth

The tumor size was measured every 5 d after
the injections of the A549 and H460 cells, and
the xenografts were isolated and weighed on
the 30" d. It was found that the tumor volumes
and weights in the miR-433 mimic group were
decreased versus the mimic-NC group. The
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tumor volumes and weights were increased
in the miR-433 inhibitor group more than
they were in the inhibitor-NC group (P<0.05)
(Figure 8).

Discussion

Lung cancer is the main cause of cancer and
cancer-related mortality, with about 1.8 million
people dying every year [19, 20]. A recent study
has suggested that in bladder tumors, c-Met
and CREB1 exert a vital function on the inhibi-
tion of miR-433-mediated epithelial mesenchy-
mal transition by modulating the Akt/GSK-33/
Snail signaling pathway [21]. Karolina et al.
showed that miR-433 overexpression advanc-
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Figure 8. Upregulated miR-433 decelerates A549 xenograft growth while downregulated miR-433 accelerates
H460 xenograft growth. A: Changes in the volumes of the A549 xenografts; B: Representative figures for the A549
xenografts and the tumor weights on the 30" d of injection; C: Changes in the volumes of the H460 xenografts; D:
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using one-way ANOVA followed by LSD-t tests. miR-433: microRNA-433.

es paclitaxel resistance by inducing ovarian
cancer cell cellular senescence [22]. It is
thought that the inhibition of SETD2 or CREB1
produces cisplatin resistance by inhibiting the
activation of H3K36me3 and ERK in NSCLC
cells [12]. Efforts should be made to deeply
understand NSCLC disease. Our investigation
showed that miR-433 and CREB1 may be
potential candidate markers which could modu-
late the invasion, migration, proliferation, and
the apoptosis of NSCLC cells.

Our study provides substantial evidence that
miR-433 expressions are decreased in NSCLC
tissues, and the methylating rate is enhanced.
A recent study found that in the testing and
confirmation of a patient cohort, miR-433
expression in colorectal cancer is downregulat-
ed, while the low expression of miR-433 is
related to early recurrence and advanced tumor
stage [23]. It has been proved that miR-433 is
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downregulated in retinoblastoma tissues, indi-
cating that miR-433 might be of great impor-
tance in retinoblastoma development [24]. It
has been reported that in the adjacent normal
tissues, miR-433 is often downregulated in oral
squamous cell carcinoma, which is in line with
our findings. Furthermore, we found that the
methylation rate of the CpG island of the miR-
433 promoter was increased in the NSCLC tis-
sues when compared to the adjacent normal
tissues. Other studies reported that miR-433 is
situated in a region rich in CpG in the genomic
locus, and the miR-433 expression was modu-
lated by DNA methylation in hepatocellular car-
cinoma (HCC) cells, which is consistent with our
study [17, 25].

In this study, we found that among the five
NSCLC cell lines, the A549 cells had the lowest
level of miRNA-433 and the highest level of
CREB1, while the H460 cells had the highest

Am J Transl Res 2021;13(11):12302-12317
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Figure 9. A schematic diagram showing the effects of miR-433 and CREB1 on NSCLC development. CREB1: cyclic-
AMP responsive element binding protein 1; miR-433: microRNA-433; NSCLC: non-small cell lung cancer cells.

level of miRNA-433 and the lowest level of
CREB1 (Figure 2A). Therefore, we treated the
A549 cells with an miRNA-433 mimic and/or
siRNA-CREB1 and H460 cells with an miRNA-
433 inhibitor and/or OE-CREB1 as to verify the
effects of miRNA-433 and CREB1 on the lung
cancer cell functions. This was consistent with
other studies that used two cell lines receiving
different treatments [26]. The upregulation of
miR-433 or the downregulation of CREB1 sup-
presses the malignant behaviors of A549
cells. On the other hand, the H460 cells with
downregulated miR-433 or upregulated CREB1
showed the opposite results. It has been
clarified that upregulated miR-433 suppresses
cell viability and proliferation in breast cancer
BT-549 cells [27]. It is reported that upregulat-
ed miR-433 inhibits the invasion and prolifera-
tion of colon cancer cells, while the miR-433
knockout heightens the proliferation and inva-
sion of colon cancer cells [28]. Another study
found that upregulated miR-433 can decrease
the survival rate of colorectal cancer cells and
boost the apoptosis of colorectal cancer cells
by downregulating MACC1 [29]. It has been
shown that the LILRB2/SHP2/CAMK1/CREB
axis is implicated in the migration and prolifera-
tion of A549 cells [30]. Another study has also
revealed that siRNA against CREB1 suppresses
the invasion and migration of HCC MHCC97H
cells and antagonizes the role of miR-433.
Interestingly, CREB1 siRNA can reduce the pro-
liferation of MHCCO7H cells without being
affected by the anti-miR-433 [17]. Additionally,
in this study, upregulated miR-433 suppressed
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the CREB1 expressions, and it was further con-
firmed that CREB1 is a direct target gene of
miR-433. Prior research widely confirms that
both CREB1 and c-Met are target genes of miR-
433 [21]. Moreover, CREBL1 is targeted by miR-
433 and is able to activate miR-433 expres-
sion, thus forming a feedback loop between
miR-433 and CREB1 [10]. All this evidence
points to the combined effect of miR-433 and
CREB1 in NSCLC development.

There are some limitations to this study.
Although we verified the effects and relation-
ship of miRNA-433 and CREB1 in the NSCLC
cell lines, the miRNA-433 and CREB1-mediated
signal pathways related to lung cancer cell
growth and metastasis were not validated in
this study. This awaits further investigation.
Secondly, the combined effects of miRNA-443
and CREB1 on tumor growth in vivo are required
to further confirm their relationship in NSCLC
development. Last but not least, the correlation
between miRNA-433 and the CREB1 expres-
sions in NSCLC patients is needed for further
verification using the available online database
or an IHC staining analysis.

To briefly conclude, our study offers evidence
that DNA methylation can downregulate miR-
433 in NSCLC and advance the invasion and
proliferation as well as inhibit the apoptosis of
NSCLC cells (Figure 9). These findings provide a
new approach in a novel target therapy for
NSCLC. Nevertheless, further efforts are need-
ed to illustrate the potential mechanism.
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