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MAP17 contributes to non-small cell lung cancer progression via suppressing
miR-27a-3p expression and p38 signaling pathway
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ABSTRACT

Problem and aim: The overexpression of MAP17 has been reported in various human carcinomas.
However, its molecular mechanism in non-small cell lung cancer (NSCLC) has not been fully understood.
Our study aimed to reveal the molecular mechanism of NSCLC that involved MAP17 and identify its target
miRNA.

Methods: RT-qPCR and immunoblot assays were conducted to measure the expression of mRNA and
protein in NSCLC tissues and cell lines. Meanwhile, the A549 cells (an NSCLC cell line) were randomly
assigned to the MAP17 overexpression group, the MAP17 knockdown group and negative control group
to study the roles of MAP17 in cell viability, cell proliferation, migration, invasion, and apoptosis by
performing Trypan blue exclusion, MTT, colony formation, transwell, wound healing and flow-cytometric
apoptosis assays. The luciferase reporter assay was conducted to confirm the target relationship between
MAP17 and miR-27a-3p.

Results: The upregulation of MAP17 mRNA and protein was observed in NSCLC tissues and cell lines. In
vitro, the positive roles of MAP17 on cell viability, migration, and invasion were confirmed in A549 cells. It
was also found that MAP17 could inhibit cell apoptosis by suppressing the activation of the p38 pathway.
This research eventually proved the target relationship between MAP17 and miR-27a-3p, and that miR-
27a-3p reversed the effects of MAP17 in A549 cells by directly targeting MAP17.

Conclusions: MAP17 plays an oncogenic role in NSCLC by suppressing the activation of the p38 pathway.
Apart from that, the miR-27a-3p can inhibit the expression of MAP17 to suppress the NSCLC progression.
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Introduction

The high incidence and mortality of lung carcinoma are the
primary causes of cancer death.' Small cell lung cancer (SCLC)
and non-small cell lung cancer (NSCLC) are two main histo-
logically distinct groups of lung carcinoma. NSCLC, as the
primary type of lung carcinoma, can be divided into different
subtypes; lung adenocarcinoma was the most prevalent sub-
type to be studied.>™* Because of the limitation of effective
systemic treatments, most of the patients with NSCLC exhib-
ited poor prognosis, and the 5-year survival rate of the patients
remains approximately 18%.> Therefore, exploring the onco-
genic molecular processes and metastatic pathways in NSCLC
might help improve the therapy outcome of NSCLC.

MAP17 (PDZKI1IP1) is a small non-glycosylated mem-
brane-associated protein of 17 kDa and is primarily located
on the plasma membrane and Golgi apparatus.” MAP17 con-
tains a hydrophobic N-terminus encoding one PDZ-binding
domain and two transmembrane regions.” In 1995, Kocher
et al. for the first time found the overexpression of MAP17 in
various human carcinomas such as breast cancer, colon cancer,
and lung cancer.® The MAP17 research drew the attention of
other scholars to explore this field, and many studies have
proved that overexpression of MAP17 can increase prolifera-
tion, reduce apoptosis and promote migration in tumor
cells.”'* Despite the frequent overexpression of MAP17 in
human carcinomas, no report suggests a possible role of

MAP17 in NSCLC except the study carried out by Irene et al.
In their study, Irene et al. collected samples from different
NSCLC patient cohorts and proved that MAP17 expression
was upregulated in NSCLC, especially in lung
adenocarcinoma.” Nonetheless, Irene et al. did not reveal the
role of MAP17 in cancer cell phenotypes.

MicroRNAs (miRNAs) containing 18-25 nucleotides are
endogenous and non-coding RNAs, that can bind to 3’-UTR
of mRNAs to inhibit the target gene expression.'> Many studies
have proved that miRNAs are closely associated with the dif-
ferentiation, morphogenesis, and carcinogenesis of tissues or
cells.'"*" Recently, miRNAs have been reported to act as
oncogenes or tumor inhibitors in various human carcinomas
to regulate cell proliferation, migration, and invasion.**"** For
instance, the role of miR-27a in the progression of carcinomas
has been reported. Researches have proved that miR-27a is
a tumor promoter in breast cancer, gastric adenocarcinoma,
hepatocellular carcinoma, pancreatic cancer and renal cell
carcinoma.””>*® As for miR-27a-3p, Chang et al. found that
miR-27a-3p knockdown could inhibit the proliferation of
HCT-116 cells, thereby suggesting that miR-27a-3p could con-
tribute to the cell proliferation in colon cancer.” The similar
results also occurred in gastric cancer.”® However, miR-27a-3p
may play a different role in lung carcinoma compared with
other human carcinomas. The reason was that Yang et al.
treated A549 cells (an NSCLC cell line) with genistein for two
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days; then, miR-27a was upregulated to show the anti-cancer
effect.’® Therefore, it is suspected that miR-27a-3p played
a suppressing role in NSCLC progression.

In the current study, we first explored the potential effect of
MAP17 on A549 cell line (an NSCLC cell line) phenotypes
including cell proliferation, migration, invasion and apoptosis
using in vitro experiments. We then confirmed the binding
relationship between MAP17 and miR-27a-3p predicted by
TargetScan Human 7.2 using the dual-luciferase reporter
gene assay. Our findings in this study may help with the
efficient development of therapy for NSCLC.

Materials and methods
NSCLC tissue specimens

Samples were collected in sterile containers and immediately
frozen in liquid nitrogen, such as 20 pairs of cancerous and
adjacent healthy tissues from NSCLC patients (12 male
patients and 8 female patients; age range: 38-53 yrs) as well
as 10 non-NSCLC lung tissues from patients with pulmonary
tuberculosis (n = 4, age range: 45-55 yrs), idiopathic pulmon-
ary fibrosis (n = 4, age range: 44-56 yrs) and empyema (n = 2,
age range: 50 and 55 yrs). All patients were admitted to
Jianghan University Affiliated Wuhan NO. 6 Hospital
(China) and provided written informed content. All proce-
dures were, most importantly, performed strictly according to
the requirements of the Ethics Committee. Besides, before
tumor resection, none of the patients had received any antic-
ancer treatments such as chemotherapy or radiotherapy. The
clinical characteristics of all participants are listed in Table 1.

Cell culture

All the NSCLC cell lines (A549, Calu-3, H1975, H2228), and
MRC-5 cell line (immortalized normal lung cell line) were
purchased from ATCC (USA). MRC-5 cell line and Calu-3
cell line were cultured in DMEM media (Gibco, USA), A549
cell line was cultured in F-12 K medium (Gibco, USA), and
H1975 and H2228 cells were cultured in RPMI 1640 media

(Gibco, USA). All the media for cell growth was added with
10% fetal bovine serum (FBS, Gibco, USA), and 1% antibiotic-
antimycotic solution (Gibco, USA). Cells were incubated at 37°
C in a humidified incubator with 5% CO,.

Cell transfection

50 nM MAPI17 small interfering RNA (siRNA), 25 nM miR-
27a-3p mimic, and negative control RNA purchased from
GenePharma Co., Ltd (Shanghai, China) were diluted using
the serum-free medium (Gibco, USA), and transfected into
cells using lipofectamine 2000 (Invitrogen, USA). The cells
were transfected with the product mentioned above based on
the manufacturer’s protocol after culturing the cells to 70%
confluence. After six hours’ incubation in 5% CO, at 37°C, the
serum-free medium in each 60-mm dish was replaced by
medium containing 10% FBS for another 24 h incubation.

gRT-PCR

Total RNA was isolated from tissue specimens and cells using
TRNzol reagent (Cat#: DP405-02, TIANGEN, China).
A NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, USA) was used to assess the quality of RNA
isolation. RNA samples were reverse-transcribed into cDNAs
using the SuperScript III Reverse Transcriptase (Thermo
Fisher Scientific, USA) followed by qRT-PCR using the
SuperScript IV One-Step RT-PCR System (Cat#:12594025,
Applied Biosystems, USA). The MAP17 mRNA (forward pri-
mer: CGTCGGAAACAAGGCAGATG, reverse primer:
TCACTGGACCTGAAACTGGC) expression was normalized
to GAPDH. The comparative Cr method (272%€T) was
employed for the calculation of relative mRNA expression.>>

Western blot

Cells or tissues were suspended in lysis buffer containing
dithiothreitol, ethylenediamine tetraacetic acid, pH8.0 Tris-
HCI and 2% sodium dodecyl sulfate (SDS) for 30 min in ice.
By centrifuging the resulting lysates, the supernatant

Table 1. Clinical parameter of 20 patients with NSCLC and 10 non-NSCLC patients in this study.

Pathological characteristics NSCLC (n = 20) Pulmonary tuberculosis (n = 4) Idiopathic pulmonary fibrosis (n = 4) Empyema (n = 2)
Gender

Male 12 (60%) 2 (50%) 1 (25%) 1 (50%)
Female 8 (40%) 2 (50%) 3 (75%) 1 (50%)
Age (yrs)

>45 15 (75%) 4 (100%) 2 (50%) 2 (100%)
<45 5 (25%) 0 2 (50%) 0
Histology

Adenocarcinoma 10 (50%)

Squamous cell carcinoma 10 (50%)

Tumor size (cm)

>5 12 (60%)

<5 8 (40%)

TNM

I+ 9 (45%)

W+ 1v 11 (55%)

LNM (lymph node metastasis)

Negative 10 (50%)

Positive 10 (50%)




containing the total protein was collected. A 12% SDS-
polyacrylamide gel was then used to electrophorese total pro-
teins. The protein was blotted onto PVDF membranes
(Membrane Solutions, China). Subsequently, the PVDF mem-
branes were dipped in 5% defatted milk in TBST solution
containing 10 mmol/L Tris-HCI (pH8.0) and 0.1% Tween 20
for 60 min. After washing the blocked PVDF membranes for
four times, primary antibodies against MAP17 (Cat#: 199540,
Abcam, UK), p38 (Cat#: ab170099, Abcam, UK), phosphor-
p38 (Cat#: ab170099, Abcam, UK) and GAPDH (Cat#: ab9485,
Abcam, UK) were respectively used to incubate with PVDF
membranes at 4°C overnight. After washing with TBST for
four times (8 min each time), the Goat Anti-Rabbit IgG
(Cat#ab6721, Abcam, UK) was added to incubate with the
PVDF membranes at room temperature for 90 min. Lastly,
the membranes were washed for four times with TBST, and
exposed to the Pierce ECL Western Blotting Substrate (Thermo
Fischer, USA). The intensity was measured using Image]J
software.

Trypan blue exclusion assay

Trypan blue exclusion assay was conducted to assess cell via-
bility by discriminating viable and non-viable cells. Viable cells
cannot take up trypan blue dye whilst dead cells can. Briefly,
A549 cells were seeded in a six-well plate at 2 x 10° cells per
well. Then, 0.4% Trypan Blue Solution (Cat#15250061,
Thermo Fischer Scientific) was used to treat cells for
3-5 min. Cell viability and total cell numbers were assessed at
0 h, 24 h, 48 h, and 72 h after transfection using a hemacyt-
ometer under a microscope at 400x magnification. The total
cell number and blue staining cell number were counted. The
number of non-viable cells was defined as the number of total
cells-the number of blue staining cells.

Methylthiazole tetrazolium assay (MTT assay)

The viability capacity of A549 cells was also evaluated by MTT
assay. First, the cells (5000 cells/well) were seeded into 96-well
plates, and transfected with MAP17 siRNA according to the
protocol mentioned above, and continued to culture for 1-day,
2-day, 3-day, 4-day, and 5-day. Subsequently, 20 pl of 5 mg/ml
MTT reagent (Sigma-Aldrich, USA) was added to each well.
After another 4 h incubation, the optical density (OD) was
assessed at 490 nm using a Varioskan Flash microplate reader
(Thermo Fisher Scientific, USA).

Colony formation assay

A549 cells were transfected and harvested at the logarithmic
phase. Then cells were digested by mild trypsinization (Sigma-
Aldrich, USA) and plated in a 6-well plate for colony formation
at approximately 1000 cells/well. The medium was replaced
three times a week during the colony formation period. After
incubation for two weeks, colonies were fixed for 30 min using
4% paraformaldehyde (Sigma-Aldrich). Subsequently, 0.1%
crystal violet solution was used to stain the colonies for
one hour, and the colonies were counted using an IX73
inverted microscope system (Olympus, Japan).
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Transwell invasion assay

The A549 cells were divided into three groups to respectively
transfect with MAP17 overexpression, miR-27a-3p mimic,
MAPI17 overexpression+miR-27a-3p, MAP17 knockdown,
and NC vectors. The matrigel (BD Bioscience, USA) was
diluted in RPMI-1640 medium in a volume ratio of 1:3 and
added in the upper surface of a filter membrane in the upper
chamber of transwell inserts (BD Bioscience, USA) for incuba-
tion at 37°C overnight. Then 2 x 10 cells in the logarithmic
growth phase were added into the upper chamber of a transwell
insert (Corning, USA) for incubation in medium without
serum. At the same time, the bottom chamber was filled with
the medium containing 10% FBS as the chemoattractant. After
incubation for one day, the cells at the downside of the mem-
brane were fixed in 4% formaldehyde for 20 min. The mem-
branes were then immerged in PBS and 0.1% crystal violet to
wash and stain the invading cells. The number of cells fixed to
the lower surface of the membrane was photographed using the
IX73 inverted microscope (Olympus, Japan). The average cell
number in five random fields was calculated and represented
the invading capability.

Wound healing assay

A549 cells were cultured in 6-well plates until the confluence
was approximatively 100%. A wound of around 1-mm in width
was created by scraping every cell layer using the tip of a 20 uL
pipette. Subsequently, the cells were washed and incubated in
a medium without serum for one day. The remaining cells were
cultured in a serum-free medium for 24 h, and the migration of
cells into the wound area was observed at 0 h and 24 h under
the inverted microscope at 400x magnification. The migration
rate was defined as the scratch width at 24 h divided by scratch
width at 0 h.

Flow cytometric apoptosis assay

The transfected cells were fixed with 70% ice-cold ethanol
(Sigma, USA), and stained with a total of 1.25 puL Annexin
V-FITC and 3 uL propidium iodide (eBiosciences, USA) for
20 min in the dark. The apoptotic cells were examined within
60 min using the cytometer FC500 flow cytometer (BD
Biosciences). The percentage of the right panels was defined
as the apoptosis rate in this study.

Luciferase reporter assay

Wild-type 3'UTR of MAP17 mRNA that contains the binding
site of miR-27a-3p was amplified by PCR from A549 cell
genomic DNA and inserted into a pGL3-control vector
(Promega, USA). The following PCR primers were used:
Forward: TGCCTATGAGAATGTGCCCG; Reverse:
GACATCCATCCCATGTGCCT. A site-directed mutagenesis
kit (Agilent Technologies, USA) was employed to generate the
mutant-type 3'UTR of MAP17 mRNA by overlap-extension
PCR method. These constructed vectors, namely pGL3-
MAP17-Wt or pGL3-MGMT-Mut, was used to transfect the
A549 cells using the lipofectamine 2000 reagent (Invitrogen,
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USA). A549 cells were seeded into 24-well plates for one-day
incubation. Subsequently, the cells were co-transfected with the
pGL3-MAP17-Wt or pGL-MAP17-Mut, the Renilla vector
(pGL4.74), and miR-27a-3p mimic (0.4 pg) or NC (0.4 ug).
After 48 h culture, the luciferase activity was measured using
a luminometer (Beckman, USA).

Statistical analysis

All the data from at least three individual experiments in cell
lines were represented as mean + standard deviation (SD) and
analyzed using One-way ANOVA or two-way ANOVA with
Dunnett’s multiple comparisons test. Data from tissue speci-
men were analyzed using the non-parametric Kruskal-Wallis
ANOVA test method. P< .05 represents a significant difference.
GEPIA 2 was used to determine the expression level of MAP17
in lung squamous carcinoma (LUSC) and lung adenocarci-
noma (LUAD) and its association with the stage of LUSC and
LUAD.

Result
MAP17 was overexpressed in NSCLC tissues and cells

We used RT-qPCR and western blotting assays to respectively
detect the expression of MAP17 mRNA and protein in NSCLC
tissues, adjacent healthy tissues and non-NSCLC lung tissues.
The result indicated that MAP17 was significantly upregulated
in carcinomas compared with adjacent healthy lung tissues
(P< .05, Figure la). The western blot assay results showed
that MAP17 protein expression was significantly upregulated
in tumor tissues compared with adjacent healthy tissues
(P= .0074, Figure 1b). Also, the GEPIA 2 algorithm (http://
gepia2.cancer-pku.cn/#index) showed that MAP17 was signifi-
cantly associated with the cancer stage in LUSC: MAP17
expression was the highest at stage IV (Figure lc) and
MAP17 was significantly upregulated in LUAD (Figure 1d). It
was even observed that the isoform MAP17-001 was the most
abundant isoform in both LUAD and LUSC (Figure 1e). The
expression of MAP17 mRNA was higher in NSCLC cell lines
(A549, Calu-3, H1975, and H2228), especially in A549 cell line
than in normal human lung cell line MRC-5 (P< .05, Figure
2a). MAP17 protein was significantly up-regulated in NSCLC
cell lines (A549, Calu-3, H1975, and H2228) (Figure 2b).
Accordingly, our data demonstrated that the upregulation of
MAP17 was observed in NSCLC tissues and cells, especially in
the A549 cell line. For this reason, the A549 cell line was chosen
in the following experiments in vitro.

MAP17 promoted viability and inhibited apoptosis of the
A549 cell line in vitro

To evaluate the influence of MAP17 on NSCLC cell viability
and apoptosis phenotypes, we performed Trypan blue exclu-
sion, MTT, colony formation, and flow-cytometric apoptosis
assays on the A549 cell line with enforced MAP17 overexpres-
sion (OE) and MAP17 knockdown (KD). The Trypan blue
exclusion assay results demonstrated that the percentage of
cell death in the MAP17 KD group was significantly higher

than that in the NC group at 72 h. However, it was found that
the percentage of cell death in the MAP17 OE group was
significantly lower than that in the NC group at 48 h and
72 h (P< .05, Figure 3a). Similarly, on the 4th and 5th day of
the MTT assay, it was observed that cell viability in the MAP17
OE group was obviously enhanced (P< .05), whereas the cell
viability in the MAP17 KD group was significantly reduced
(P< .05) in A549 cells compared with the NC group (Figure
3b). Also, the colony formation assay results showed that A549
cells transfected with MAP17 OE vectors formed more cell
colonies, and those transfected with MAP17 KD vectors
formed fewer cell colonies compared with the NC group:
statistical analysis indicated that the MAP17 OE promoted
the colony formation of A549 cells by 70%. On the contrary,
the MAP17 KD suppressed the colony formation of A549 cells
by 46% (P< .05, Figure 3c). Besides, we measured the apoptosis
of A549 cells by performing a flow cytometry assay. As pre-
sented in Figure 3d, MAP17 OE significantly decreased the
apoptosis rate (by 16%, P< .05), whereas the apoptosis rate of
the MAP17 KD group was almost 3-fold of that of the NC
group. Our data strongly proved that MAP17 played an onco-
genic role in A549 cells.

MAP17 promoted invasion and migration of A549 cell line
in vitro

To detect the effect of MAP17 on A549 cell mobility phenotypes,
transwell invasion and wound healing assays were conducted.
Transwell invasion assay results showed that the invading cell
number of the MAP17 OE group was 1.33-fold of that of the NC
group. Nonetheless, MAP17 knockdown resulted in a 41%
decrease in the invading cell number (P< .05, Figure 4a). The
migratory rate increased by 45% in the MAP17 OE group and
decreased by 40% in the MAP17 KD group compared with the
NC group (P< .05, Figure 4b). Our data further strengthened
that MAP17 played an oncogenic role in A549 cells.

MAP17 suppressed phospho-p38 protein expression in
A549 cells

To detect the p38 signaling pathway activation in NSCLC, the
western blotting experiment was conducted to measure the
expression of relevant proteins. As shown in Figure 5a, we
found that the protein level of phospho-p38 was lower
(P< .001), whereas the protein level of MAP17 was higher
(P< .001) in A549 cell line compared with the MRC-5 cell
line. Subsequently, the effect of forced MAP17 overexpression
and knockdown in A549 cells on the protein level of phospho-
p38 was detected. The results displayed that the protein level of
phospho-p38 was reduced in the MAP17 overexpression group
and increased in the MAP17 knockdown group (P< .05, Figure
5b). Interestingly, the total p38 did not significantly differ
among the groups. These results indicated that MAP17 might
promote NSCLC by inhibiting p38 phosphorylation.

miR-27a-3p directly targeted MAP17 in A549 cells

The TargetScan Human 7.2 algorithm (http://targetscan.org/
vert_72/) was used to predict the binding site of miR-27a-3p on
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Figure 1. The expression of MAP17 was upregulated in NSCLC tissues. (a) The relative expression of MAP17 mRNA was examined in tumor specimens (n = 20), adjacent
specimens (n = 20) and normal lung specimens (n = 10) using the RT-gPCR assay method. Every bar represents mean=SD in triplicate. (b) The expression of MAP17
protein was analyzed in tumor specimens (n = 20), adjacent specimens (n = 20) and normal lung specimens (n = 10) after performing a western blot assay. Every bar
represents mean=SD in triplicate. (c) The stage plot indicates the association between MAP17 expression and LUSC (lung squamous carcinoma) and LUAD (lung

adenocarcinoma) produced by the GEPIA 2 algorithm. (d) The box plot shows the

expression of MAP17 in LUAD and LUSC produced by the GEPIA 2 algorithm. (e) The

abundance of three isoforms of MAP17 in LUAD and LUSC was MAP17-001, according to the GEPIA 2 algorithm.

MAP17 mRNA 3’'UTR. As shown in Figure 6a, the MAP17
mRNA 3'UTR has a conserved sequence in the position
315-321 that could bind to miR-27a-3p. The dual-luciferase
reporter assay results displayed that miR-27a-3p mimic trans-
fection caused a 40% decrease in the relative luciferase activity

in the wild-type MAP17 mRNA 3’UTR group (P< .05, Figure
6b). Next, MTT, trypan blue exclusion, and transwell assays
were conducted to further research how MAP17 affected A549
cells by binding with miR-27a-3p. MTT assay results showed
that cell viability was significantly inhibited by the gain of
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Figure 2. The expression of MAP17 was upregulated in NSCLC cell lines. (a) The relative expression of MAP17 was assessed by RT-gPCR in four NSCLC cell lines (A549,
Calu-3, H1975, and H2228), including one normal lung cell line (MRC-5). (b) MAP17 protein expression was verified using the western blot assay kit in four NSCLC cell
lines (A549, Calu-3, H1975, and H2228), including one normal lung cell line (MRC-5). Every bar represents the mean=SD of three repetitive experiments. The P-value was
calculated using one-way ANOVA (*P< .05, **P< .001, compared with the normal lung cell line MRC-5).

function of miR-27a-3p. However, the inhibited cell viability
was recovered by co-transfection with MAP17 OE vectors
(P< .05, Figure 6¢). In the trypan blue exclusion assay, miR-
27a-3p upregulation significantly enhanced the cell death at
48 h and 72 h, and it compromised the decreased apoptosis
caused by MAP17 overexpression (P< .05, Figure 6d). The
transwell invasion assay also confirmed that decreased cell
invasion caused by overexpressed miR-27a-3p was reversed
by MAP17 OE co-transfection (P< .05, Figure 6e). These results
displayed that miR-27a-3p could suppress the influence of
MAPI17 on A549 cell phenotypes by targeting the 3° UTR of
MAP17 mRNA.

Discussion

The effects of genes’ aberrant expressions on NSCLC have dual
characteristics,”*** and the signaling gene-induced lung cancer
is usually complicated.’>” Therefore, identifying the impact
and molecular mechanism of the MAP17 gene in NSCLC is
essential to improve the therapeutic strategies for NSCLC. Our
study proved that the MAPI17 overexpression exhibited
a promotive effect on cell viability, proliferation, invasion,
and migration in A549 cells by suppressing the p38 signaling
pathway. Besides, we proved that the promotive effects of
MAP17 on A549 cells could be compromised by miR-27a-3p.

The overexpression of MAP17, a small 17 kDa non-
glycosylated membrane protein, has been reported to be
related to human carcinomas.”'***** In our study, we found
that both the mRNA level and the protein level of MAP17 in
NSCLC tissues and cells was upregulated compared to adjacent
healthy lung tissues and cells. Hence, we believe that our
findings may extend the relationship between MAP17 and
cancers to NSCLC. MAP17 can enhance the abilities of pro-
liferation, migration, and invasion in various human
carcinomas.'**®*" Only a few studies have investigated the

effect of MAP17 on cell viability in NSCLC. However, in our
study, we found that forced MAP17 expression in A549 cells
not only significantly enhanced the abilities of cell viability, but
also promoted proliferation, invasion and migration. The
results proved that MAP17 played an oncogenic role in
NSCLC.

We also found that the protein expression of phosphor-p38
was significantly reduced in A549 cells with the MAP17 upre-
gulation. The tumor-suppressing role of the p38 pathway has
been identified in human cancer cells.*'™* The activation of
p38 could limit the tumorigenic capability of MAP17 in the
breast cancer cells with the high intracellular ROS level.'* In
A549 cells, Xia et al.** found that increased phospho-p38 levels
inactivated the p38 MAPK pathway to promote invasion and
migration. The p38 signaling pathway in different cancer cells
exhibited different functions. In our study, we found that the
protein expression of phospho-p38 but not total p38 was sig-
nificantly downregulated in A549 cells with MAP17 overex-
pression. Our data suggested that the MAP17 overexpression
could inactivate the p38 signaling pathway to regulate the cell
phenotypes of A549 cells.

Widely exist in human, miRNAs have strong organization
specificities. In recent years, a growing body of researches have
reported that miRNAs as underlying gene expression regula-
tors are associated with the pathogenesis of human
carcinomas.*>™*® For instance, after using various concentra-
tions of genistein to treat A549 cells to confirm the anti-cancer
effect of genistein, Yang et al.*' found that the genistein sup-
pressed the proliferation of A549 cells through the upregula-
tion of miR-27a. The downregulation of miR-27a was also
detected in the tissue specimens from the NSCLC patients.*’
In this study, miR-27a-3p was validated to be a regulator of
MAP17 mRNA, and it was shown to suppress A549 cell phe-
notypes including viability, proliferation and mobility. In addi-
tion, miR-27a-3p compromised the cancer-promotive effects of
MAP17 in A549 cells. These findings proved that miR-27a-3p
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Figure 3. MAP17 enhanced A549 cell viability and suppressed cell apoptosis. (a) A trypan blue exclusion assay was carried out to detect the cell viability induced by
MAP17 overexpression (OE) or MAP17 knockdown (KD). (b) An MTT assay was employed to evaluate the viability ability in A549 cells transfected with NC, MAP17 O, or
KD plasmids. The OD value was detected every day at 490 nm for five days. (c) A colony formation assay kit was used to measure the colony-formation ability in the A549
cells transfected. (d) The apoptosis rate of A549 cells transfected with NC, MAP17 OE or KD plasmids was assessed using flow cytometry. The error bars represent mean
+SD from three independent experiments. The P-value was calculated with one-way ANOVA (*P< .05, **P< .001, compared with the NC group).
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could inhibit the MAP17 expression thus suppressing the
NSCLC malignancy.

Conclusion

In conclusion, the binding relationship between miR-27a-3p
and the 3° UTR of MAP17 mRNA was proved. The upregula-
tion of MAP17 in A549 cells could promote cell viability by
inhibiting the activation of the p38 pathway. miR-27a-3p could
suppress NSCLC malignancy by suppressing MAP17. Our
findings reveals the molecular mechanism of MAP17 and
miR-27a-3p in NSCLC, although animal model experiments
are needed to generalize our findings.
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