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Introduction

Lung adenocarcinoma (LA) is the main hy-
potype of non-small cell lung cancers which ac-
count for about 85% of lung cancers1,2. Due to 
early metastasis and high invasiveness, patients 
with LA usually present with locally metastatic 
or advanced disease3. In current clinical manage-
ment, metastasis and invasiveness of LA cells still 
remain critical challenges4. Although existing 
therapies, such as chemotherapy and molecular 
targeted therapy, it have increasingly improved 
recently and the survival rates of LA patients re-
main poor5. Thus, there is an urgent need to elu-
cidate the molecular mechanism underlying LA 
progression for identification of molecular ther-
apeutic targets and novel prognostic markers to 
improve the diagnosis, therapies, and prevention 
of human LA.

Accumulating studies6,7 demonstrated that ab-
errant miRNA expressions were involved in mul-
tiple pathological and biological processes, such 
as tumorigenesis, cell apoptosis, differentiation, 
and proliferation. MiRNAs often function as tu-
mour suppressors or oncogenes, playing crucial 
functions in multiple tumors. For instance, Sheng 
et al8 found that miR-145 repressed human cell 
migration and invasion in colorectal cancer via 

Abstract. – OBJECTIVE: To investigate the 
role of miR-381 in the progression of lung ade-
nocarcinoma (LA) and its underlying mechanism.

PATIENTS AND METHODS: A total of 54 
pairs of LA tissues and para-carcinoma tis-
sues were obtained from May 2015 to April 
2017 in our hospital. Four human LA cell lines 
(A549, SPC-A1, H1299, and PC-9) and one nor-
mal human pulmonary epithelial cell line BE-
AS–2B were obtained and cultured. The protein 
and mRNA expression levels were detected by 
quantitative Real Time-Polymerase Chain Re-
action (qRT-PCR) and Western blot, respec-
tively. Additionally, cell proliferation assays 
and cell migration and invasion assays were 
used. Furthermore, tumor xenograft model in 
nude mice was made in this study.

RESULTS: miR-381 was notably downregulat-
ed in LA tissues. Moreover, low miR-381 expres-
sion was confirmed to be strongly correlated 
with poor prognosis and aggressive clinicopath-
ological characteristics of LA patients. Exoge-
nous miR-381 overexpression was found to no-
tably restrict LA cell proliferation, migration, and 
invasion; additionally, miR-381 overexpression 
could significantly reduce tumor growth in vivo. 
Mechanistically, LMO3 was determined as a nov-
el direct target for miR-381 in LA cells. In clinical 
LA tissues, the LMO3 expressions were clear-
ly overexpressed. Furthermore, miR-381 over-
expression affected the PI3K/Akt pathway and 
EMT in LA.

CONCLUSIONS: MiR-381 played key roles in 
LA progression, partially via directly targeting 
LMO3 and regulating the PI3K/Akt signaling 
pathway and EMT. Thus, the miR-381/ LMO3 
axis has clinical significance in the therapy of 
patients with LA.
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PAK4-dependent pathway; Li et al9 proposed 
that miR-509-5p suppressed pancreatic carcino-
ma cell proliferation and migration via regulation 
of MDM2; Sun et al10 found that miR-610 sup-
pressed cell proliferation and invasion in colorec-
tal carcinoma by inhibiting hepatoma-derived 
growth factor. Therefore, Lin et al11 have indi-
cated that aberrant expressions of miRNAs have 
prognostic significance for different kinds of can-
cers, including LA. However, the expressions and 
biofunctions of miR-381 in LA need to be further 
elucidated.

The PI3K/Akt pathway can influence the nor-
mal physiological activities of cells. Hou et al12 
have demonstrated that the aberrant activations 
of the PI3K/Akt pathway play vital functions in 
the tumorigenesis and progression of various tu-
mors, including bladder carcinoma, non-small 
cell lung cancer13, as well as gastric carcinoma14. 
In addition, the PI3K/Akt pathway exerts vital 
functions in LA progression, and activation of the 
PI3K/Akt pathway may influence LA cell apop-
tosis and proliferation15. Epithelial-mesenchymal 
transition (EMT) is a conserved developmental 
process in which polarized immotile epithelial 
cells were converted into motile mesenchymal 
cells16. Several signaling pathways and oncogenic 
events are implicated in EMT and several novel 
EMT inducing transcription factors have recently 
been identified, including CXCL517, ADAM1218, 
and UBE2C19. During the progression of EMT, 
epithelial cells are loss of cell-cell contacts and 
E-cadherin expressions, changing the apical-bas-
al polarities and differentiating into mesenchymal 
cells20. EMT is generally considered as a crucial 
progress in the metastasis of various malignan-
cies, including breast carcinoma21, hepatocellular 
carcinoma22, and gastric carcinoma23. We also 
aimed to investigate whether miR-381 inhibited 
LA invasion and migration by regulating EMT. 

LIM-only protein 3 (LMO3) is a member of the 
LIM-only protein family24. LMO3 plays crucial 
roles in various tumor progresses, such as cell 
growth, invasion, and metastasis25,26. Aberrant 
expressions of LMO3 have been found in mul-
tiple cancers, playing oncogenic functions. For 
example, Aoyama et al27 found that LMO3 exert-
ed oncogenic functions in neuroblastoma by in-
teracting with HEN2. In addition, Isogai et al28 
demonstrated that LMO3 promoted neuroblasto-
ma cell growth through transactivation of Mash1. 
However, to date, little attention has been paid to 
the oncogenic functions of LMO3 in LA progres-
sion.

Patients and Methods

Tissue Samples
A total of 54 pairs of LA tissues and para-car-

cinoma tissues were obtained from the General 
Hospital of Southern Theatre Command from 
May 2015 to April 2017. None of the LA patients 
involved in current research accepted radiother-
apy or chemotherapy strategies before the tissue 
collection. All tissue samples were frozen in 
liquid nitrogen immediately after resection and 
preserved at –80°C. This study was approved by 
the Ethics Committee of the General Hospital 
of Southern Theatre Command. All participants 
signed the written informed consent prior to the 
study.

Cell Cultures
Four human LA cell lines (A549, SPC-A1, 

H1299, and PC-9) and one normal human pulmo-
nary epithelial cell line BEAS–2B were obtained 
from the American Type Culture Collection 
(Manassas, VA, USA) and cultured in Roswell 
Park Memorial Institute-1640 (RPMI-1640) me-
dium (Invitrogen, Carlsbad, CA, USA) which 
contained 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA) in a humidified incubator 
with 5% CO2 at 37°C.

Cell Transfections
MiR-381 mimics and inhibitors designed to 

overexpress and interfere endogenous mature 
miR-381 were purchased from RiboBio (Guang-
zhou, China). Lipofectamine 2000 reagent (Invit-
rogen, Carlsbad, CA, USA) was applied to trans-
fect miR-381 mimics and inhibitor into LA cells 
following the manufacturer’s instructions.

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

TRIzol (Invitrogen, Carlsbad, CA, USA) was 
applied to isolate the total RNAs from LA tissues 
and cultured cells following the manufacturers’ 
instructions. Reverse transcription for comple-
mentary deoxyribose nucleic acid (cDNA) was 
performed using TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems, Foster 
City, CA, USA). Then, an SYBR Green mix kit 
and the ABI 7900 Real-Time PCR system (Ap-
plied Biosystems, Foster City, CA, USA) were 
utilized to amplify the cDNA. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used 
as endogenous controls for LMO3. U6 served as 
the internal control for miR-381. The relative ex-
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pressions were determined using the 2-∆∆Ct meth-
od. The sequences of the primers were described 
in Table I.

Immunohistochemistry (IHC)
For LMO3 immunohistochemistry, 10% for-

malin fixed and paraffin embedded tissue sections 
were dewaxed and rehydrated with xylene and 
graded alcohols. After pretreatment with citrate 
buffer in a microwave oven for the endogenous 
antigen-retrieval, the endogenous peroxidase ac-
tivities were suppressed by 3% hydrogen peroxide 
in ethanol for 10 min. Subsequently, slides were 
incubated with primary LMO3 antibody (1:400, 
ab230490, Abcam, Cambridge, MA, USA) over-
night in a humidified chamber at 4°C, followed by 
incubation with biotinylated goat anti-rabbit anti-
bodies (1:500, ab7090, Abcam, Cambridge, MA, 
USA) for 30 min at room temperature. The slides 
were stained with diaminobenzidine (DAB) as the 
chromogen and counterstained with hematoxylin. 
The LMO3 expression was detected based on the 
ratio of positive cells. Briefly, stained cells/all 
cells >25% was identified as positive (+), where-
as positive ratio < 25% was negative (-). Positive 
rate of expression = number of positive cells/total 
number of cells.

Cell Proliferation Assays
The proliferation of the LA cells treated with 

miR-381 mimics or inhibitors and was detect-
ed by performing MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) as-
say (Sigma-Aldrich, St. Louis, MO, USA). The 
transfected cells were harvested and plated into 
a 96-well plate. After incubation at 37°C for 0 
h, 24 h, 48 h, and 72 h, MTT (10 μL, 5 mg/mL) 
was added into each well and cultivated for 4h. 
Afterward, 100 µL dimethyl sulfoxide (DMSO) 
(Sigma-Aldrich, St. Louis, MO, USA) was added 

into each well to dissolve the crystals. The optical 
density (OD)490 was measured with a microplate 
reader (Thermo Fisher Scientifc, Inc., Waltham, 
MA, USA).

Cell Migration and Invasion Assays
Transwell chamber (8.0 µm pore size, Corning 

Incorporated, Corning, NY, USA) was applied 
to determine the invasion and migration abilities 
with or without the Matrigel (Corning Incorporat-
ed) being pre-coated. For the invasion assay, LA 
cells in serum-free medium were added into top 
chambers of the inserts which had been precoated 
with Matrigel. In the meantime, culture medium 
containing 10% FBS, as a chemoattractant, was 
placed into bottom chambers. After incubated at 
37°C for 48h in a 5% CO2 atmosphere, cells main-
tained on the top side of the inserts were wiped 
off with cotton swabs while the invaded cells on 
the bottom side were fixed with 0.1% paraformal-
dehyde and then stained with 0.1% crystal violet. 
After that, the stained cells were counted under 
a microscope (Olympus, Tokyo, Japan) from five 
randomly selected visual fields. The difference 
between the migration and invasion assays was 
that the inserts were not plated with Matrigel for 
the migration assays. 

Dual-Luciferase Reporter Assay
The LMO3 3’UTR containing the miR-381 

binding sequences was amplified by PCR and 
cloned into the pGL3 plasmids (Promega, Mad-
ison, WI, USA), and LMO3-3’UTR-MUT vector 
was also synthesized with point mutation in the 
seed sequence. The LA cells were treated with 
miR-381 mimics and the LMO3-3’UTR-WT or 
LMO3-3’UTR-MUT vector. The dual-luciferase 
reporter assay kit (Promega, Madison, WI, USA) 
was applied to determine the luciferase activity 
after 48 h of transfections.

Table I. Primer sequences for qRT-PCR.

Primer	 Sequence

miR-381 forward	 5’-AGTCTATACAAGGGCAAGCTCTC-3’
miR-381 reverse	 5’-ATCCATGACAGATCCCTACCG-3’
U6 forward	 5’-CTCGCTTCGGCAGCACA-3’
U6 reverse	 5’-AACGCTTCACGAATTTGCGT-3’
LMO3 forward	 5’-TCTGAGGCTCTTTGGTGTAACG-3’
LMO3 reverse	 5’-CCAGGTGGTAAACATTGTCCTTG-3’
GAPDH forward	 5’-ACCTGACCTGCCGTCTAGAA-3’
GAPDH reverse	 5’-TCCACCACCCTGTTGCTGTA-3’

U6: small nuclear RNA, snRNA; LMO3: LIM-only protein 3; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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Western Blotting Analysis
Iced lysis buffer containing protease and phos-

phatase inhibitors (Roche, Basel, Switzerland) 
were used to lyse LA cells and extract total pro-
teins. The bicinchoninic acid (BCA) protein assay 
kit (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) was used to detect the concentrations of to-
tal proteins. Then, protein samples were separat-
ed by sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
to a polyvinylidene difluoride (PVDF) membrane 
(Roche, Basel, Switzerland). The membrane was 
blocked with 5% non-fat milk at room tempera-
ture in Tris-Buffered Saline & Tween (TBST) for 
2 hours and then incubated overnight at 4°C with 
the respective primary antibodies against LMO3 
(1:1000, ab230490, Abcam), E-cadherin (1:1000, 
ab15148, Abcam, Cambridge, MA, USA), Vi-
mentin (1:1000, ab92547, Abcam, Cambridge, 
MA, USA), PI3K (1:1000, ab86714, Abcam, Cam-
bridge, MA, USA), Akt (1:1000, sc-56878, San-
ta Cruz Biotechnology, Santa Cruz, CA, USA), 
p-PI3K (1:1000, ab182651, Abcam, Cambridge, 
MA, USA), p-Akt (1:1000, sc-81433, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), and GAP-
DH (1:1000, ab9485, Abcam, Cambridge, MA, 
USA). Membranes were then exposed to the cor-
responding HRP-conjugated secondary antibod-
ies (1:2000, ab7090, Abcam, Cambridge, MA, 
USA) at room temperature for 2 h. An enhanced 
chemiluminescence system (Thermo Fisher Sci-
entific, Waltham, MA, USA) was then utilized to 
visualize the protein bands. GAPDH served as an 
internal control. 

Tumor Xenograft Model in Nude Mice
This study was performed strictly following 

the recommendations in the Guide for the Care 
and Use of Laboratory Animals of the Southern 
Medical University. Six-week-old female nude 
mice were randomly divided into two groups. The 
A549 cells were stably transfected with lentiviral 
miR-381 (lenti-miR-381) or the negative lentiviral 
miR-control (lenti-control) and injected subcu-
taneously into the flank of the mice in different 
groups. Tumor size was measured at 3-day inter-
vals using calipers (volume=longest diameter × 
shortest diameter2/2). 26 days after injection, the 
mice were killed and their tumors were dissected 
and trimmed.

Statistical Analysis
All experiments were repeated at least 3 

times. Statistical Product and Service Solu-

tions (SPSS) software version 17.0 (SPSS Inc., 
Chicago, IL, USA) was applied for the statis-
tical analysis. The Student’s t-test, ANOVA 
and Scheffe’s post-hoc analysis were applied, 
where appropriate. The Kaplan-Meier method 
and log-rank test were applied to estimate the 
survival rates and compare the survival curves 
respectively. p<0.05 was regarded as a statisti-
cally significant difference.

Results

MiR-381 Expressions Were Declined 
in LA Tissues 

To determine the functional effects of miR-381 
in LA, we firstly measured the miR-381 expres-
sions in LA tissues using qRT-PCR. The results 
demonstrated that, compared to the normal tis-
sues, the LA tissues presented significant lower 
expression level of miR-381 (Figure 1A). Fur-
thermore, we divided the LA patients into low 
and high miR-381 expressing groups using the 
mean miR-381 expression level as the cut-off to 
elucidate the prognostic functions of miR-381. 
As shown in Table II, the low miR-381 expres-
sions were notably related to worse clinicopath-
ologic features of LA patients. Additionally, the 
Kaplan-Meier analysis indicated that LA patients 
with low miR-381 expressions had poorer overall 
survivals (Figure 1B).

MiR-381 Inhibited LA Cell Proliferation
To investigate the biofunctions about miR-

381 in LA development, we further measured 
the expressions of miR-381 in LA cells. qRT-
PCR analysis demonstrated that the miR-381 
expressions in LA cells were notably reduced 
in contrast with that in BEAS–2B (Figure 2A). 
Subsequently, miR-381 mimic or inhibitor was 
transfected into the SPC-A1 and A549 cells, 
which expressed relatively lower and higher en-
dogenous miR-381 among the four LA cell lines. 
Results revealed that miR-381 was prominently 
upregulated in SPC-A1 cells with transfections 
of miR-381 mimic and markedly downregulated 
in A549 cells transfected with miR-381 inhibitor 
(Figure 2B and 2C). MTT assay was conduct-
ed to determine the proliferation capacity of LA 
cells with different transfections and results re-
vealed that miR-381 overexpression remarkably 
repressed the SPC-A1 proliferation while miR-
381 inhibition markedly enhanced the prolifera-
tion capacity of A549 cells (Figure 2D).
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MiR-381 Suppressed the Migration and 
Invasion of LA Cells 

Subsequently, the functions of miR-381 on LA 
cell migration and invasion abilities were deter-
mined by performing transwell assay. Results re-
vealed that miR-381 overexpression significantly 
repressed SPC-A1 migration and invasion abili-
ties (Figure 3A and 3B). On the other hand, miR-
381 suppression in A549 cells markedly enhanced 

the invasion and migration capacities (Figure 3C 
and 3D). These findings suggested that miR-381 
exerted anti-tumor functions in LA cells.

LMO3 Was a Direct Target of MiR-381 
in LA Cells

Bioinformatics analysis was performed to ex-
plore candidate targets for elucidating the mech-
anism of miR-381-mediated inhibition of LA pro-

Figure 1. miR-381 was down-regulated in LA. A, miR-381 expressions in LA tissues and normal tissue samples were detected 
using qRT-PCR. B, Kaplan-Meier analysis of LA patients with different miR-381 expressions. **p<0.01

Table II. Correlation of miR-381 expression with the clinicopathological characteristics of the LA patients.

		  miR-381# 
		  expression

		  High 	 Low
Clinicopathological features	 Cases (n=54)	 (n=22)	 (n=32)	 p-value

Age (years)				    0.4636
  >60	 30	 13	 17	
  ≤60	 24	 9	 15	
Gender				    0.3734
  Male 	 28	 10	 18	
  Female	 26	 12	 14	
Tumor size (cm) 				    0.1034
  ≥ 5.0	 26	 7	 19	
  < 5.0	 28	 15	 13	
Lymph node metastasis				     0.0021*
  Yes	 24	 18	 6	
  No	 30	 4	 26	
TNM stage				     0.0015*
  I +II	 25	 16	 9	
  III+IV	 29	 6	 23	
Smoker				    0.3781
  Yes	 32	 15	 17	
  No	 22	 7	 15

LA: Lung adenocarcinoma; TNM: tumor-node-metastasis. #The mean expression level of miR-381 was used as the cutoff. 
*Statistically significant.
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gression. The analysis demonstrated a potentially 
complementary region between LMO3 3’-UTR 
and miR-381 (Figure 4A). Then, the luciferase 
reporter assay was further conducted to confirm 
the interaction between miR-381 and LMO3 3’-
UTR. As shown in Figure 4B, the overexpression 
of miR-381 led to a significant decline of lucif-
erase activities of LMO3-3’UTR-WT, with no 
notable change in luciferase activities of LMO3-
3’UTR-MUT. Next, the regulatory effects of miR-
381 on the endogenous LMO3 expressions were 
confirmed by qRT-PCR in response to miR-381 
overexpression or inhibition in SPC-A1 and A549 
cells. As expected, findings revealed that the miR-
381 upregulation significantly suppressed the 
LMO3 expression while the miR-381 inhibition 
markedly enhanced the LMO3 expression (Figure 
4C and 4D). Taken together, these results indicat-
ed that miR-381 directly targeted LMO3. 

MiR-381 Regulated the PI3K/AKT 
Signaling Pathway and EMT in LA Cells 

The potential mechanisms of the repressive 
functions mediated by miR-381 in LA progres-

sion were next investigated. IHC assays were car-
ried out to determine the LMO3 expressions in 
LA tissues. Results revealed that LMO3 mainly 
localized at the nucleus and upregulated in LA 
tissues compared to the normal tissues (Figure 
5A and 5B). Moreover, the Kaplan-Meier analysis 
demonstrated that LA patients with high LMO3 
expression levels had poorer OS than those with 
low LMO3 expressions (Figure 5C). To determine 
whether miR-381 affected PI3K/Akt signaling 
pathway and EMT in LA, Western blot was per-
formed to examine the expressions of PI3K, Akt, 
p-PI3K, and p-Akt, as well as the EMT related 
markers in SPC-A1 or A549 cells with transfec-
tion of miR-381 mimic or inhibitor. Data demon-
strated that miR-381 overexpression prominently 
decreased the p-PI3K and p-Akt protein expres-
sions in SPC-A1 cells while had no notable effects 
on the PI3K and Akt expressions. In contrast, the 
miR-381 inhibition in A549 cells remarkably en-
hanced the p-PI3K and p-Akt protein expressions 
(Figure 5D). The functions of miR-381 in regu-
lating LA EMT phenotypes were also investigat-
ed. We found that E-cadherin expressions were 

Figure 2. MiR-381 overexpression suppressed LA cell proliferation. A, qRT-PCR analysis was utilized to detect miR-381 
expression in the normal pulmonary epithelial cell BEAS–2B and LA cells. B, MiR-381 expressions in SPC-A1 with transfec-
tions of miR-381 mimics. C, MiR-381 expressions in A549 with transfection of miR-381 inhibitor. D, Cell proliferation was 
observed by MTT assays in SPC-A1 or A549 cells treated with miR-381 mimics or inhibitor. ***p<0.001, **p<0.01, *p<0.05.



Role of MiR-381 in lung adenocarcinoma

8417

significantly increased while N-cadherin and vi-
mentin expressions were remarkably declined in 
SPC-A1 cells by miR-381 overexpression. On the 
other hand, the miR-381 inhibition in A549 cells 
significantly decreased E-cadherin expressions 
and enhanced N-cadherin and vimentin expres-
sions (Figure 5D). Above results suggested that 
miR-381 suppressed LA progression by regulat-
ing EMT and PI3K/Akt pathway.

MiR-381 Repressed the Tumor Growth 
of LA In Vivo 

We further investigated whether ectopic 
miR-381expression inhibited tumor growth in 
vivo. A549 cells stably treated with lenti-miR-381 

or lenti-control were subcutaneously injected into 
nude mice and the tumor size was measured ev-
ery 3 days. The results showed that mice in the 
lenti-miR-381 group had a significantly decreased 
tumor growth rate and tumor volume in compari-
son to the control group (Figure 6A and 6B).

Discussion

Recently, due to the high incidence and mor-
tality rate, lung adenocarcinoma still remains a 
major health challenge for human globally. Tu-
mor-associated molecular abnormality plays a 
key role in the progression and therapies of lung 

Figure 3. MiR-381 overexpression suppressed LA cell invasion and migration. Cell invasion (A) and migration abilities (B) were 
assessed with transwell assay in SPC-A1 with transfections of miR-381 mimics. Cell invasion (C) and migration abilities (D) were 
observed using transwell assay in A549 with transfection of miR-381 inhibitor (Magnification: 40×). **p<0.01, *p<0.05.
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cancers29. Accumulating studies have revealed 
that the idea of targeted molecular therapies has 
become one attractive topic in human tumor 
treatments. Thus, identifications of the molecular 
pathogenesis for LA are crucial to explore novel 
effective therapies. Emerging evidence indicates 
that the dysregulations of miRNAs play pivotal 
roles in LA development via targeting varieties 
of important molecules. For instance, Cho et al30 
reported that miR-145 restoration prominently in-
hibited LA cell growth with the mutation of epi-
dermal growth factor receptor; Bai et al31 found 
that miR-519d overexpression in LA inhibited cell 
proliferation and invasion via regulating eIF4H; 
Bian et al32 reported that miR-1236-3p suppressed 
LA cell invasion and migration via regulating 
KLF8. However, the functional roles of miR-381 
in LA still need to be further elucidated.

Aberrant expressions of miR-381 have been 
found in multiple tumors, playing important roles 

in tumor progression. For example, Zhang et al33 
found that miR-381 repressed gastric carcinoma 
cell migration and invasion through down-reg-
ulating SOX4; Xue et al34 reported that miR-381 
suppressed cell proliferation, metastasis and EMT 
in breast cancer by targeting CXCR4; He et al35 
referred that miR-381 exerted tumor suppressive 
functions in colorectal carcinoma via targeting 
Twist1. In the current study, results demonstrated 
that miR-381 was notably down-regulated in LA 
tissues and decreased miR-381 expressions were 
associated with worse clinicopathological features 
and poorer prognosis of LA patients. Moreover, 
miR-381 overexpression could significantly repress 
the LA cell proliferation, invasion, and migration 
abilities by modulating the PI3K/Akt pathway and 
EMT. In addition, miR-381 overexpression signifi-
cantly inhibited the LA tumor growth rate and tu-
mor size in vivo. All the results demonstrated that 
miR-381 exerted anti-tumor effects in LA.

Figure 4. LMO3 was a direct target of miR-381 in LA cells. A, Putative wild-type (WT) and mutant (MUT) miR-381 binding 
sites in the 3’-UTR of LMO3. B, Relative luciferase activities were analyzed in LA cells cotransfected with WT or MUT re-
porter plasmids and miR-381 mimics. C-D, LMO3 expressions in SPC-A1 or A549 cells with transfections of miR-381 mimics 
or inhibitor respectively. ***p<0.001, **p<0.01, *p<0.05.
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Figure 5. MiR-381 regulated PI3K/AKT pathway and EMT in LA cells. A-B, LMO3 expressions in LA tissues were mea-
sured by IHC (Magnification: 40×). C, Survival analysis of LA patients with different LMO3 expressions was performed by 
Kaplan-Meier survival analysis. D, The functions of miR-381 in EMT and PI3K/AKT signaling pathway were determined. 
**p<0.01.

Figure 6. MiR-381 inhibited LA tumor growth in vivo. A, Tumor volume was calculated every 3 days after inoculation from 
day 11 to 26. B, The tumor size in the lenti-miR-381 group was significantly declined. ***p<0.001, **p<0.01.
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LMO3 has been found to be abnormally ex-
pressed in multiple tumors, such as B-cell lym-
phoma36 and glioma37. However, the detailed 
biological functions of LMO3 in LA and the 
underlying mechanism remained to be fully elu-
cidated. Findings of this research indicated that 
LMO3 was a direct target for miR-381 and the ex-
pressions of LMO3 were significantly enhanced 
in LA tissues, which were related to poor progno-
sis of LA patients. 

Conclusions

In summary that miR-381 was downregulated 
in LA, which was related to the worse clinico-
pathological characteristics and poorer prognosis 
of LA patients. Moreover, miR-381 overexpres-
sion could repress LA cell proliferation, invasion, 
and migration capacities via the regulation of the 
PI3K/Akt pathway and EMT. Furthermore, we 
showed that miR-381 overexpression significant-
ly inhibited the LA tumor growth rate and tumor 
size in vivo. All data revealed that miR-381 served 
as a tumor suppressor in LA. Additionally, LMO3 
confirmed to be a direct target of miR-381 and 
partially implicated in the repressive functions 
of miR-381 in LA progression. Accordingly, our 
novel findings may aid in understanding the LA 
progression and identifying potential therapeutic 
strategies for LA patients in the clinic.
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