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This study aimed to investigate the association of miRNA-21
with mutant p53 expression, prognosis, interaction, and clini-
copathological features of non-small cell lung cancer (NSCLC).
Tissue specimens from 200 NSCLC patients were collected for
qRT-PCR analysis of miR-21 and p53 expression, and p53 mu-
tations were analyzed by Sanger sequencing. NSCLC cell lines
were used to determine the effects of miR-21 knockdown on
cell viability, cell cycle distribution, and p53 expression. We
found that miR-21 expression was upregulated in NSCLC tis-
sues, which was associated with an increase in p53mRNA levels
and with advanced tumor-node-metastasis (TNM) stages and
lymph node metastasis. The most common mutant sites of
p53 in NSCLC were R175H and R248Q. Moreover, elevated
miR-21 and p53 expression levels were associated with shorter
overall survival. Knockdown of miR-21 reduced NSCLC cell
viability, arrested NSCLC cells at the G0-to-G1 phase of the
cell cycle, and downregulated mutant p53 mRNA levels and
phosphorylated p53 protein expression in A549 and H1650
cells compared to control cells. miR-21 is associated p53 at
mutant sites R175H and R248Q, which seems not to be onco-
genic, as it is being reported, since in a normal cell, without a
mutated p53, it will probably have a protective role.
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INTRODUCTION
Lung cancer accounts for most cancer incidences and mortality in
most parts of the world,1 although effective tobacco control and
smoking cessation have reduced lung cancer risk globally in recent
years.2,3 Progress in lung cancer treatment, including improved sur-
gical resection, chemoradiotherapy, and/or molecular and targeting
therapy, has improved long-term survival of lung cancer patients.4

However, the current challenges facing clinicians are early detection,
effective treatment options to control tumor progression, and means
to predict survival and/or treatment responses. Lung cancer patients
often suffer from tumor recurrence and metastasis, leading to poor
overall survival (OS).5 Thus, better understandings of lung cancer
pathogenesis, molecular alterations, and novel therapeutics could
aid in early lung cancer diagnosis, effective treatment or control of tu-
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mor lesions and progression, and predict treatment responses and
survival of patients.

MicroRNAs (miRNAs or miRs) are a group of small non-coding
RNAs that are approximately 25 nt in length and regulate expression
of protein-coding genes by binding to the 30 untranslated region of the
targetedmRNA. Thus, miRNAs can post-translationally regulate pro-
tein expression, which adds another level of gene regulation in cells.6

Previous studies have demonstrated the role of miRNAs in lung can-
cer development, progression, and control.7–9 For example, miR-21
was upregulated in lung cancer and used as a novel biomarker for
screening non-small cell lung cancer (NSCLC),10 as well as in many
types of solid tumors.11–13 Another study found abnormal miR-21
levels in cancer stem-like cells, which were associated with lung can-
cer cell resistance to radiation.14 Taken together, miR-21 could be
considered an oncogene or at least possess oncogenic effects in hu-
man cancers. Furthermore, p53, a transcription factor, can regulate
expression of various human genes that are related to cell cycle pro-
gression and apoptosis,15 and p53 expression is induced in response
to DNA damage or cell stress.16 A previous study demonstrated
that tobacco carcinogens induce p53 mutations in lung cancer cells.17

p53 executes most of these cellular processes as a transcription factor,
by binding to DNA regulatory modules and regulating gene expres-
sion. Until now, p53 has the closest co-relationship with human tu-
mors, which occupied the core position among the tumor molecular
network. Wild-type (WT) p53 protein has a shorter half-life in vitro,
leading to difficulty in p53 detection, whereas the mutant p53
(mtp53) protein has a longer half-life, which increases the ability to
be detected.18–20 p53 is frequently mutated and highly expressed in
tumor tissue, with more than 80% of mutations occurring in the
Author(s).
://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1. miR-21 and p53 mRNA Levels in NSCLC Tissue Samples

Variables n
miR-21 Level
(2�DDCt Value) p Value

p53 Level
(2�DDCt Value) p Value

Tumor versus Normal

NSCLC 200 18.04 ± 2.09
0.0001

5.81 ± 1.05
0.02

Normal tissues 200 1.23 ± 0.16 1.14 ± 0.12

Histology

Adenocarcinoma 142 19.15 ± 1.62
0.03

7.76 ± 1.14
0.032

SCC 58 14.93 ± 1.21 4.92 ± 0.99

Sex

Male 116 16.02 ± 2.01
0.58

5.61 ± 1.03
0.63

Female 84 19.25 ± 2.59 7.89 ± 1.25

History of Smoking

Ever 113 19.36 ± 2.51
0.65

7.42 ± 1.12
0.021

Never 87 17.99 ± 2.07 4.98 ± 1.05

Tumor Size (cm)

T1 (>3) 79 23.36 ± 2.61
0.04

8.12 ± 1.52
0.031

T1 (0–3) 121 16.46 ± 2.01 3.92 ± 1.07

Distant Metastasis

Yes 46 24.38 ± 2.63
0.01

10.52 ± 1.52
0.013

No 154 13.89 ± 1.81 2.89 ± 0.98

Stage

I 64 11.02 ± 1.89 2.98 ± 0.54

II 51 16.25 ± 2.32 4.77 ± 0.78

III 44 21.28 ± 2.67 6.59 ± 1.03

IV 39 24.65 ± 2.98 8.43 ± 1.12

TNM Stage

I and II
0.001 0.001

III and IV

Tumor (T)

T1 53 10.99 ± 1.56 3.18 ± 0.59

T2 52 17.02 ± 2.42 4.76 ± 0.62

T3 49 21.98 ± 2.81 7.59 ± 1.16

T4 46 25.85 ± 3.12 8.43 ± 1.23

T Stage

T1 and T2
0.003 0.02

T3 and T4

Lymph Node Metastasis (N)

N0 72 11.29 ± 1.66 2.88 ± 0.55

N1 49 18.12 ± 2.62 3.75 ± 0.63

N2 45 21.18 ± 2.51 6.52 ± 0.73

N3 34 24.77 ± 3.02 8.46 ± 1.52

N Stage

N0 and N1
0.01 0.02

N2 and N3

SCC, squamous cell carcinoma.
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DNA-binding domains and exons.5–8 Mutation types mainly include
insertions, frameshifts, missense mutations, and such, and missense
mutations dominantly account for about 75%.18,19 In addition, several
miRNAs have been shown to be involved in the regulation of p53 and
p53-related pathways.21–23 For example, a previous study reported
that downregulating miR-21 expression in glioblastoma cells
decreased WT p53 expression and inhibited p53 activity and cycle
arrest.24

Thus, in this study, we first analyzed expression of miR-21 and p53 in
NSCLC tissue samples to determine their association with NSCLC
prognosis and clinicopathological NSCLC features. We also
confirmed the mutant sites of p53 and investigated the effects of
miR-21 knockdown on regulation of NSCLC cell viability, cell cycle
distribution, and p53 expression. Our findings provide a better under-
standing of the role of miR-21 and p53 at different sites in NSCLC
development and progression.

RESULTS
Patient Characteristics

Among the 200 NSCLC patients, there were 116 males and 84 fe-
males, with 109 cases >60 years of age. There were 113 patients
who were classified as ever tobacco smokers and 87 as never
smokers. 142 patients were classified as having adenocarcinoma
of the lung and 58 as having squamous cell carcinoma of the
lung. 64 patients were at stage I, 51 at stage II, 44 at stage III,
and 39 at stage IV (Table 1). The 5-year OS rate of these NSCLC
patients was 65.5%, and 69 patients died during the follow-up,
among whom 29 were stage IV (5-year OS, 25.6%), 24 were stage
III (5-year OS, 45.4%), 11 were stage II (5-year OS, 78.4%), and 5
were stage I (5-year OS, 92.2%).

High Expression of miR-21 and p53 in NSCLC

We first measured miR-21 and p53 mRNA levels in the 200 matched
NSCLC and adjacent normal lung tissues using qRT-PCR. We found
that miR-21 and p53 mRNA levels were significantly higher in
NSCLC specimens compared to the corresponding normal lung tis-
sues (18.04 ± 2.09 versus 1.23 ± 0.16, p = 0.002; 5.81 ± 1.05 versus
1.14 ± 0.12, p = 0.03, respectively; Figure 1). Furthermore, we deter-
mined the association of aberrant miR-21 levels with p53 mRNA
expression using the cutoff values of high versus low expression of
miR-21 and p53 in NSCLC tissues (72/85 versus 4/115, p = 0.003
when we used the cutoff value of miR-21 at 10 and the cutoff value
of p53 at 3). High miR-21 levels were associated with increases in
p53 mRNA in NSCLC tissues samples (Figure 1, 72/85 versus 4/
115, p = 0.003).

Association of miR-21 and p53 Expression with

Clinicopathological Features and Prognosis of NSCLC

Patients

We next determined the association of miR-21 and p53 mRNA levels
using the above stated cutoff values, with clinicopathological data.We
found that miR-21 and p53 mRNA levels were associated with
advanced tumor-node-metastasis (TNM) stages (p = 0.01 and
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Figure 1. Upregulation of miR-21 and p53 mRNA in NSCLC Tissue Samples

A total of 200 NSCLC and matched non-tumor tissues were collected and analyzed using qRT-PCR. miR-21 and p53 levels in NSCLC tissues were compared to the paired

adjacent noncancerous tissues and normal lung tissues (18.04 ± 2.09 versus 1.23 ± 0.16, p = 0.002; 5.81 ± 1.05 versus 1.14 ± 0.12, p = 0.03, respectively).
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p = 0.02 for miR-21 and p53, respectively) and lymph node metas-
tasis; however, there were no statistically significant differences be-
tween miR-21 and p53 levels and other clinicopathological features
(such as patient sex and tumor location, differentiation, or pathology
[adenocarcinoma or squamous cell carcinoma]). p53 expression in
patients who had a smoking history was higher than those without
a history of smoking, indicating that tobacco smoking can induce
p53 mutations (Table 2).

Furthermore, our data showed that NSCLC patients with high
miR-21 and p53 mRNA levels in tumor lesions had shorter survival
times compared to those with low miR-21 and/or p53 levels (11.6 ±

1.66 versus 2.13 ± 0.84, p = 0.04; 6.4 ± 1.15 versus 1.5 ± 0.14, p =
0.01, respectively). The Kaplan-Meier curve analysis showed that
high miR-21 and p53 levels were associated with shorter OS in
NSCLC patients compared to those with low miR-21 and p53-ex-
pressed NSCLCs (Figure 2).

Mutation Sites of R175H and R248Q

A total of 93 mutation sites were found in 100 samples. Missense
mutations occurred in 78 sites, accounting for 83.8% of the total
mutations (78/93). Nine sites had suffered frameshift mutations,
accounting for 9.7% (9/93), and nonsense mutations occurred in six
sites, accounting for 6.5% (6/93) of the total mutations. Splicing
mutations were not found in the samples. Exon 5 had the highest
mutation frequency, which is 44.1% (41/93). In this study, we
observed that 15 mutations occurred in codon 175, 10 mutations
occurred in codon 248, 7 mutations occurred in codon 249, 5 muta-
tions occurred in codon 273, 4 mutations occurred in codon 282, and
2 mutations occurred in codon 245 (Table 3; Figure 3). The mutant
sites of R175H and R248Q is what we wanted to study.
210 Molecular Therapy: Oncolytics Vol. 19 December 2020
Reduction of NSCLC Cell Viability after Knockdown of miR-21

Expression

We next assessed whether knockdown of miR-21 expression
could suppress NSCLC cell growth and alter gene expression.
Our first step was to transfect mir-21 antisense oligonucleotides
(ASOs) into A549 and H1650 cells. Our data showed that miR-
21 levels were knocked down by more than 70% compared to
cells transfected with the negative control ASO (Figure 4A).
Knockdown of miR-21 expression reduced NSCLC cell viability
(Figure 4B). Moreover, our cell cycle distribution analysis re-
vealed that knockdown of miR-21 arrested NSCLC cells at the
G0-to-G1 phase of the cell cycle and reduced the number of cells
in the S phase compared to the control ASO-transfected A549
and H1650 cell lines (p = 0.02; Figure 4C). This finding indicates
that knockdown of miR-21 levels reduces NSCLC cell prolifera-
tion, which further confirms the oncogenic role of miR-21 in
NSCLC (Table 1). Moreover, in order to exclude the contribution
of mutant p53 to the ability of knocking down miR-21 to sup-
press NSCLC cells, we first silenced p53 in A549 and H1650 cells
with mutant p53 and then assessed the ability of silencing miR-21
to further suppress the cells and induce cell death or cell cycle
arrest. We found that the result was similar to purely silencing
miR-21.
Decrease in p53 and Phosphorylated p53 at Ser15 after

Knockdown of miR-21 Expression

Our data also showed that knockdown of miR-21 expression down-
regulated p53 mRNA levels and phosphorylated (Ser15) p53 protein
expression in A549 and H1650 cells compared to the control cells
(Figure 5).



Table 2. Association of miR-21 and p53 mRNA with Clinicopathological

Data from NSCLC Patients

Variable/
Group

High miR-21
Group

Low miR-21
Group

High p53
Group

Low p53
Group

Histological Classification

AD 70 45 68 47

SCC 51 29 46 34

Sex

Male 77 59 73 63

Female 35 29 30 34

History of Smoking

Ever 120 26 125 21

Never 12 43 9 46

Stage

I 4 60 7 57

II 13 38 8 43

III 33 14 27 17

IV 35 4 34 5

Tumor (T)

T1 6 47 4 49

T2 15 37 12 40

T3 32 17 36 13

T4 39 7 41 5

Lymph Node Metastasis (N)

N0 10 62 12 60

N1 19 30 17 32

N2 31 14 34 11

N3 30 4 29 5

AD, adenocarcinoma; SCC, squamous cell carcinoma.
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DISCUSSION
In our current study, we observed that both miR-21 and p53 levels
were upregulated in NSCLC compared to normal lung tissues, which
further supported our previous findings of the association of miR-21
with NSCLC.13 Our current study revealed that the most regular
mutant sites of p53 in NSCLC were R175H and R248Q, which are
the most significant sites. Moreover, miR-21 expression is associated
with increased p53 levels. To the best of our knowledge, this is the first
reported association of miR-21 and p53 expression of different
mutant sites specifically in NSCLC. Furthermore, our in vitro data
support the oncogenic role of miR-21 in NSCLC, such that
knockdown of miR-21 expression arrested NSCLC cells at the G0-
to-G1 phase of the cell cycle and downregulated p53 expression and
phosphorylation, indicating that miR-21 and p53 mRNA levels could
be used as biomarkers to predict NSCLC prognosis.

Indeed, previous in vitro studies showed that miR-21 promoted lung
cancer cell resistance to gefitinib,25 and that miR-21 expression
enhanced lung cancer cell migration, invasion, and epithelial-mesen-
chymal transition of lung adenocarcinoma cancer cells.26 In contrast,
solasodine-mediated downregulation of miR-21 expression inhibited
NSCLC cell invasion capacity.27 Moreover, hypoxia-inducible factor
(HIF)-1a and miR-21 could enhance the effects of cigarette smoke
extract on malignant transformation of human bronchial epithelial
(HBE) cells.28 miR-21 expression also enhanced NSCLC cell uptake
of glucose and increased lactate generation and decreased oxygen
consumption in NSCLC cells.29 Taken together, miRNA-21 could
be a novel therapeutic target to control lung cancer.30 In addition,
another study revealed that miR-145, miR-20a, miR-21, and miR-
223 levels were increased in the early stage of NSCLC compared to
control samples, indicating that these miRNAs could be biomarkers
for lung cancer diagnosis,31 and, more specifically, upregulated
miR-21 expression could predict NSCLC metastasis to the brain.32

Our current study also demonstrated that increased miR-21 expres-
sion in NSCLC tissues is associated with poor patient OS, which
further confirmed the previous studies on the role of miR-21 in
NSCLC.

The tumor suppressor protein p53 plays a crucial role in maintaining
genomic stability and controlling cell cycle progression, apoptosis,
and cell senescence.33 In NSCLC, p53 is frequently mutated and
correlates with lung cancer development and progression. Different
mutations can have different consequences. Clinically, p53 protein
accumulation can be detected using immunohistochemistry because
the half-life of mutated p53 protein is longer.34,35 In our current
study, we found that p53 mRNA levels were upregulated in NSCLC
tissues, mainly represented by the R175H and R248Q mutants.
Furthermore, we found that knockdown of miR-21 expression
reduced levels of p53 mRNA and phosphorylation of p53 at Ser15
in lung cancer cell lines. Previous studies showed that phosphorylated
p53 at Ser15 promoted expression of proapoptotic genes in several
types of cancers.36,37 Phosphorylation of p53 at Ser15 activates p53
in response to DNA damage.38 Thus, we speculate that miR-21 inter-
action with p53 could result in NSCLC development and progression,
whereas knockdown of miR-21 expression reduces expression of p53.
However, our current association study failed to explain how miR-21
regulates p53 levels in NSCLC and whether upregulated p53 is func-
tional in these NSCLC tissue samples. Importantly, note that p53
protein accumulation in NSCLC has been used an indicator of p53
mutations in previous studies.34,35 In addition, future in vitro studies
are needed to confirm whether p53 is functional in A549 and H1650
cells.

In summary, our study demonstrated that miR-21 and p53 expression
levels are increased in NSCLC, and that these increases are associated
with clinicopathological data and survival of NSCLC patients. We
also confirmed the mutant sites of R175H and R248Q in NSCLC.
Our in vitro data further support the role of miR-21 and the one-
way interaction with p53 in NSCLC. Importantly, according to our
study, miR-21 probably is not oncogenic, as has been suggested
before, but it is a tumor suppressor as p53. It may play an oncogenic
role in NSCLC only because the p53 is mutated, but if it were a normal
p53 protein, miR-21 would increase p53 expression and activate
Molecular Therapy: Oncolytics Vol. 19 December 2020 211
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Figure 2. Kaplan-Meier Curve Analysis of OS of

NSCLC Patients Stratified by miR-21 and p53 Levels

(A and B) miR-21 (A) and p53 (B) levels. The cutoff values of

miR-21 were 2�DDCt values <10 for low expression and >10

for high expression; the cutoff values of p53 were <3 for low

expression and >3 for high expression.
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several proapoptotic genes. As for how to regulate downstream genes,
this will be the next step to be confirmed. Also, future studies will
verify whether miR-21 could be as therapeutic target of NSCLC and
the bidirectional interaction between miR-21 and p53.

MATERIALS AND METHODS
NSCLC Patients and Tissue Samples

We retrospectively collected samples from 200 NSCLC patients who
underwent surgical resection of NSCLC lesions at the Shanghai Ninth
People’s Hospital, Shanghai Jiaotong University (Shanghai, China).
Patients were consecutively selected, and any patients who received
preoperative chemotherapy and/or radiotherapy were excluded
from this study. NSCLC diagnosis and staging were assessed based
on Lung Cancer Surgery and Pathology (eighth edition).39 Both
NSCLC and adjacent normal lung tissues were collected from each
participant during surgery or tumor fine-needle punctures and then
snap-frozen in liquid nitrogen and stored at �80�C until use. This
study was approved by the Research Ethics Committee of Shanghai
Jiaotong University, and written informed consent was obtained
from each patient before inclusion in this study. Clinicopathological
212 Molecular Therapy: Oncolytics Vol. 19 December 2020
data were gathered from medical records. All pa-
tients were followed up regularly, and the last
follow-up was conducted on December 12, 2017.

RNA Isolation and qRT-PCR

Total RNA was isolated from the frozen tissues
using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) and reverse transcribed into cDNA using
a reverse transcription kit (Invitrogen) according
to the manufacturers’ instructions. qPCR was
amplified using a standard TaqMan PCR
protocol in the ABI 7500 HT system (Applied
Biosystems, Foster City, CA, USA). The primers
used wereas follows: miR-21, 50-TAGCTTAT
CAGACTGATGTTGA-30 and 50-TGCGTGT
CGTGGAGTC-30; p53, 50-ACCTATGGAAAC
TACTTCCTGAAA-30 and 50-CTGGCATTCTG
GGAGCTTCA-30; and U6, 50-CAAATTCGT
GAAGCGTTCCATAT-30. The relative levels of
pre-miR-21 and p53 mRNA were determined
using the cycle threshold (2�DDCt) method
compared to U6 RNA, which was used as an
internal control. For example, the amount of
the target mRNA = 2�DDCt, where DDCt =
(CtmiR-21 � CtU6) tumor � (CtmiR-21 � CtU6)
matched non-tumor tissues or DDCt =
(Ctp53 � CtU6) tumor � (Ctp53 – CtU6) matched non-tumor tissues.
The 2-DDCt cutoff values for miR-21 were <10 for low expression
and >10 for high expression; the cutoff values for p53 were <3 for
low expression and >3 for high expression.

Sanger Sequencing

We randomly selected 100 out of 200 samples to prepare for
sequencing of p53 mutant sites. Each sample was weighed as
100 mg before DNA extraction to ensure enough tissue to be pro-
cessed. DNA was isolated by a Thermo Fisher Scientific tissue extrac-
tion kit recommendations. Samples were re-suspended in buffer GB
for further purification and PCR. The purified reagent was added in
the proportion of 5 mL of PCR product plus 1.5 mL of ExoSAP-IT re-
agent (Amersham Biosciences, USA). The purified enzyme could be
inactivated at 37�C for 30 min and heated to 80�C for 15 min.

After DNA purity and concentration were determined, template
DNA, primer sequences, and Extender PCR-to-gel master mix (2�)
(Amresco, USA) were mixed together for the PCR cycle. PCR
products were then analyzed by gel electrophoresis, purified, and



Table 3. p53 Mutation Type, Site, and Specific Distribution in 100 NSCLC

Patients

No. Exon Base Variation Amino Acid Variation

1 8 c.797G>A p.G266E

2 8 c.907dupT p.P301fs

3 5 c.527G>T p.R273H

4 7 c.746A>T p.R249W

6 5 c.657G>A p.R175H

7 8 c.817C>T p.R273C

8 5 c.564G>C p.R175H

9 6 c.577C>T p.H193Y

10 5 c.848G>T p.G245S

11 6 c.524G>A p.R175H

14 5 c.382C>A p.P128T

15 7 c.607C>G p.R282W

16 8 c.844C>T p.R248Q

17 6 c.584T>C p.I195T

18 5 c.700T>C p.Y234H

19 6 c.637C>T p.R213X

20 7 c.743C>T p.R248Q

21 6 c.549A>T p.R282W

22 5 c.455dupCGC p.G154fs

23 5 c.379C>T p.R248Q

24 5 c.765G>C p.R175H

25 6 c.103dupC p.R202fs

26 8 c.503G>T p.R249S

27 5 c.476C>T p.R273H

28 6 c.583dupA p.I195fs

29 6 c.586C>T p.R282W

30 5 c.148G>C p.R175H

31 5 c.337C>T p.R248Q

32 7 c.709A>G p.Y234C

33 5 c.487A>T p.R175H

34 5 c.517G>T p.V173L

36 8 c.839dupG p.R273H

37 5 c.360_406del34 p.L130fs

39 5 c.226_229delG p.V143fs

40 5 c.767C>G p.R282W

41 6 c.592G>T p.R249S

42 5 c.451C>T p.P151S

43 7 c.907T>A p.R175H

44 5 c.493dupC p.Q165fs

45 6 c.567_610dup44 p.E204fs

46 5 c.469G>T p.V157F

47 5 c.366A>T p.R175H

48 8 c.818G>A p.R273H

(Continued)

Table 3. Continued

No. Exon Base Variation Amino Acid Variation

49 5 c.233G>C p.R213W

50 8 c.797G>A p.G249E

52 7 c.733G>A p.G245S

53 7 c.680dupC p.S227fs

54 5 c.234C>G p.R175H

55 6 c.737C>T p.G266E

56 6 c.537C>T p.R249S

57 5 c.212C>G p.R248Q

58 6 c.346_378delGA p.Q192del

59 7 c.1037A>T p.E192C

60 8 c.211C>G p.R175H

61 5 c.537C>T p.R356W

63 6 c.637G>T p.R248Q

64 5 c.119A>G p.R175H

65 8 c.785delG p.G262fs

66 5 c.490G>T p.R248Q

67 8 c.101delC p.R213Q

68 5 c.568G>C p.R175H

69 6 c.243G>T p.R356W

71 7 c.769C>G p.L257V

72 7 c.713G>A p.C238Y

73 6 c.1106G>T p.R175H

75 5 c.451C>T p.P151S

76 5 c.428T>G p.V143G

77 8 c.853_857delGAGG p.E285fs

79 5 c.547G>C p.R249S

80 6 c.208A>T p.R238W

81 5 c.524G>T p.R175H

82 8 c.670G>C p.W238T

83 5 c.527G>T p.C176F

84 5 c.536A>G p.H179R

85 5 c.404G>T p.C135F

86 7 c.743C>G p.R248Q

87 6 c.574G>C p.R175H

88 5 c.464C>A p.T155N

89 5 c.512A>G p.E171G

90 5 c.337A>T p.G245S

91 7 c.748G>C p.R249S

92 6 c.570C>T p.R248Q

93 5 c.524G>A p.R175H

94 6 c.599delA p.N200fs

95 7 c.790delC p.L287K

96 5 c.535C>T p.H179Y

97 7 c.743C>G p.R248Q

(Continued on next page)
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Table 3. Continued

No. Exon Base Variation Amino Acid Variation

99 6 c.643A>C p.S215R

100 7 c.730G>T p.G244C
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then sent for Sanger sequencing by an ABI 3730 DNA analyzer
(Applied Biosystems, USA). Sequencing results were divided into
base sequence data and a base peak map. Data of the base sequence
were analyzed by NCBI BLAST database software (https://blast.
ncbi.nlm.nih.gov/Blast.cgi), and the base peak map was analyzed
with Chromas 2.2.6 software, which finally synthesized results into
specific conclusions.
Cell Lines and Culture

Human NSCLC A549 and H1650 cell lines were originally obtained
from The Institute of Cell Biology, Shanghai Jiaotong University,
and cultured in Roswell Park Memorial Institute Medium (RPMI)
Figure 3. Peak of Missense Mutations at Different Loci by Sanger Sequencing

(A) Fifth exon: c.165C>T (the mutant peak is higher than the normal peak). (B) Sixth ex

c.367C>T (the mutant peak is higher than the normal peak). (D) Eighth exon: c.789A>C
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1640 supplemented with 10% fetal bovine serum (FBS; Invitrogen),
100 U/mL penicillin, and 100 mg/mL streptomycin (Invitrogen) in
a humidified incubator with 5% CO2 at 37�C.

miR-21 Inhibitor and Cell Transfection

miR-21 ASOs (50-UCAACAUCAGUCUGAUAAGCUA-30) and the
negative control ASOs (50-CAUUAAUGUCGGACAACUCAAU-
30) were designed using online tools (Primer 5.0) and synthesized
by Sangon (Shanghai, China). For cell transfection, NSCLC cells
were grown in a six-well plate overnight and then transfected with
100 pmol per well of miR-21 antisense or the negative control
oligonucleotides using Lipofectamine 2000 (Invitrogen) for 24 h.
Thereafter, the cells were used for different assays (see below).

Cell Viability Assay

NSCLC cell lines were grown and transfected with 100 pmol
per well of either the miR-21 ASOs or the control ASOs for
48 h and cells were re-seeded into a 96-well plate at a density of
1 � 104 cells/well and grown for 48 h. We then added 20 mL of
on: c.865G>C (the mutant peak is lower than the normal peak). (C) Seventh exon:

(the mutant peak is higher than the normal peak).
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Figure 4. Effects of miR-21 Knockdown on NSCLC Cell Viability and Cell Cycle Distribution

(A) qRT-PCR. A549 and H1650 cells were grown and transiently transfected with miR-21 ASOs or negative control ASOs for 24 h and subjected to qRT-PCR analysis of miR-

21 expression. miR-21 levels in A549 and H1650 cells were lower than those in the control group (1.01 ± 0.12 versus 0.29 ± 0.06, p = 0.001; 1.01 ± 0.12 versus 0.18 ± 0.04,

p = 0.001, respectively). (B) Cell viability MTT assay. A549 andH1650 cells were grown and transiently transfected with miR-21 ASOs or negative control ASOs and subjected

to an MTT assay. The growth in A549 and H1650 cells was lower than that in the control group (1 ± 0.12 versus 0.57 ± 0.06, p = 0.02; 1 ± 0.12 versus 0.63 ± 0.07, p = 0.02,

respectively). (C) Flow cytometric assay. A549 and H1650 cells were grown and transiently transfected with miR-21 ASOs or negative control ASOs for 24 h and subjected to

a flow cytometric cell cycle distribution assay. The percentages in the G1-to-G0 phase were higher than those in the control group (79.05 ± 7.01 versus 65.01 ± 5.97, p = 0.03;

83.07 ± 7.85 versus 65.01 ± 5.97, p = 0.02, respectively).

www.moleculartherapy.org
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT;
5 mg/mL; Sigma-Aldrich, St. Louis, MO, USA) into each well, and the
plate was incubated for an additional 4 h. At the end of each experiment,
the cell culturemediumwas replaced with 150 mL of dimethyl sulfoxide
(DMSO) per well and then thoroughly mixed. The absorbance rate of
the cells was measured at 490 nm using a spectrophotometer (Mapada,
Shanghai, China). Experiments were conducted in triplicate and
repeated at least three times.

Flow Cytometry Assay

Cells were grown and transfected with miR-21 ASOs or control ASOs
for 48 h. After that, the cells were washed twice with ice-cold phos-
phate-buffered saline (PBS) and fixed overnight with 70% ethanol
at 4�C. On the next day, the cells were digested with RNase and
then stained with a propidium iodide (PI) (Biotechnology, Shanghai,
USA) solution, and cell cycle distribution was analyzed with the BD
LSR II flow cytometry system (BD Biosciences, Franklin Lakes, NJ,
USA). Experiments were conducted in duplicate and repeated at least
twice.
Western Blot Assay

Cells were grown and transfected with miR-21 ASOs or negative
control ASOs for 48 h and then collected and lysed in radioim-
munoprecipitation assay (RIPA) buffer containing 50 mM Tris-
HCl (pH 7.4), 150 mM NaCl, 1% Nonidet P-40 (NP-40), 0.5%
sodium deoxycholate, 0.1% sodium dodecyl sulfate, and the pro-
teinase and phosphatase inhibitor cocktails (Sigma-Aldrich). After
quantification, 20 mg of the proteins samples as loaded onto 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gels for separation and then electronically transferred
onto a polyvinylidene fluoride (PVDF) membrane (Millipore,
Billerica, MA, USA). For western blot analysis, the membranes
were blocked in 5% skim milk solution for 2 h at room temper-
ature and then incubated with a primary antibody at 4�C
overnight. The primary antibodies were rabbit anti-p53 (catalog
no. SAB4503018-100UG), mouse anti-phosphorylated p53 at
Ser15 (catalog no. 4030S; Cell Signaling Technology, Shanghai,
China), and mouse anti-GAPDH (Bioss, Woburn, MA, USA) at
a dilution of 1:100. After that, the membranes were washed
Molecular Therapy: Oncolytics Vol. 19 December 2020 215
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Figure 5. Effects of miR-21 Knockdown on NSCLC

p53 Expression

(A) qRT-PCR. A549 and H1650 cells were grown and

transiently transfected with miR-21 ASOs or negative

control ASOs for 24 h and subjected to qRT-PCR analysis

of p53 expression. The expression of p53 in the miR-21

ASOs was higher than that in the control group in A549

and H1650 cells (1.75 ± 0.08 versus 1.01 ± 0.02, p =

0.01; 1.54 ± 0.06 versus 1.01 ± 0.02, p = 0.03, respec-

tively). (B) Western blot. A549 and H1650 cells were

grown and transiently transfected with miR-21 ASOs or

negative control ASOs for 24 h and subjected to western

blot analysis of p53 and phosphorylated p53 protein at

Ser15.

Molecular Therapy: Oncolytics
with Tris-buffered saline (TBS) and then incubated with a horse-
radish peroxidase (HRP)-conjugated secondary antibody (Tissue
Engineering Laboratory, Shanghai,China) at room temperature
for 1 h. After three brief washes with TBS with Tween 20, the
blots were incubated briefly with an enhanced chemiluminescence
substrate (PerkinElmer, MA, USA) and exposed to X-ray films to
detect positive protein signals.
Statistical Analysis

We performed a Student’s t test and c2 test to assess statistical signif-
icance for association of miR-21 or p53 levels with clinicopathological
data and Kaplan-Meier curves for association of miR-21 or p53 levels
with OS. All tests were two-sided, and a p value less than or equal to
0.05 was set as statistical significance. All statistical analyses were per-
formed using SPSS 19.0 software (IBM, Armonk, NY, USA).
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