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Abstract

Aberrant expression of miR-374a has been reported in several types of human cancers, including lung cancer. However, 
the functional significance and molecular mechanisms underlying the role of miR-374a in lung cancer remain largely 
unknown. We found that the expression of miR-374a was significantly downregulated in lung adenocarcinoma tissues 
compared to adjacent normal lung tissues in samples included in The Cancer Genome Atlas. Functional studies revealed 
that overexpression of miR-374a led to inhibition of lung adenocarcinoma cell proliferation, migration and invasion and 
that miR-374a negatively regulated transforming growth factor-alpha (TGFA) gene expression by directly targeting the  
3′-UTR of TGFA mRNA. Treating lung adenocarcinoma cells with TGF-α neutralizing antibody resulted in suppression of cell 
proliferation and invasion, which mimicked the action of miR-374a. Additionally, TGFA gene expression was significantly 
higher in tumor tissues compared to adjacent normal tissue and high TGFA gene expression strongly correlated with 
poor survival in patients with lung adenocarcinoma. Taken together, our studies suggest that miR-374a suppresses lung 
adenocarcinoma cell proliferation and invasion via targeting TGFA gene expression. Our findings may provide novel 
treatment strategies for lung adenocarcinoma patients.

Introduction
Lung cancer is the leading cause of cancer deaths in men and 
the second leading cause of cancer deaths in women worldwide, 
accounting for about 13% (1.8 million) of total cancer diagnoses 
in 2012 (1). Of the histologic types of lung cancer, adenocarci-
noma has surpassed squamous cell carcinoma as the most com-
mon type of primary lung cancer (2). Despite recent advances in 
the diagnosis and management of lung cancer, the prognosis for 
patients with lung cancer remains poor worldwide, with 5-year 
relative survival currently at 18% (3). A better understanding of 
the molecular mechanisms underlying the development and 
progression of lung cancer is essential for identifying novel and 
effective therapeutic targets.

MicroRNAs (miRNAs) are small, endogenous, non-
coding RNAs that negatively regulate gene expression at the 

posttranscriptional level by binding to the 3′ untranslated 
region (3′-UTR) of their target mRNAs, leading to mRNA degra-
dation or suppression of protein translation (4). Accumulating 
evidence suggests that miRNAs can modulate various cellular 
processes and may act as either oncogenes or tumor suppressor 
genes in different types of human cancer, including lung can-
cer (5). Indeed, miR-17~92, miR-21, miR-221 and miR-222 have 
been reported to promote lung tumorigenesis, while tumor sup-
pressive miRNAs, such as let-7, miR-15/16, miR-34/449, miR-200, 
miR-205 and miR-145 have been shown to suppress lung tumo-
rigenesis (6,7). These deregulated miRNAs may be involved in 
multiple malignancy-related processes, such as tumor initiation, 
proliferation, angiogenesis, invasion or metastasis. Growing evi-
dence also demonstrates that miRNAs may serve as biomarkers 
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for diagnosis or prognosis in different types of human cancer. 
For instance, low expression of let-7, miR-34a or miR-218 pre-
dicted poor survival in patients with lung cancer (8–11).

Recently, aberrant expression of miR-374a has been reported 
in several different types of human cancer, including lung can-
cer (12,13), prostate cancer (14), breast cancer (15–17) and osteo-
sarcoma (18). Notably, miRNA arrays analyzing the expression 
profile of 858 miRNAs in non-small cell lung cancer showed that 
high expression of miR-374a increased overall survival, whereas 
low expression was associated with a significantly poorer prog-
nosis (12). Very recently, miR-374a was identified as one of the 
13 miRNAs in a serum microRNA signature (the miR-Test) for 
lung cancer early detection (19). Furthermore, miRNA array pro-
files of paclitaxel-resistant and paclitaxel-sensitive lung cancer 
A549 cells showed that miR-374a was down-regulated in the 
paclitaxel-resistant cells (20). While previous data suggest that 
miR-374a plays a role in lung cancer, the mechanism by which 
miR-374a functions via target genes in lung cancer remains 
largely unknown. In this study, we queried publicly available 
data from The Cancer Genome Atlas (TCGA) (21–23) to compare 
miR-374a expression levels between lung adenocarcinoma tis-
sues and adjacent normal lung tissues. Then, we investigated 
the function and downstream target of miR-374a in lung adeno-
carcinoma cells.

Materials and methods

Expression of miR-374a and the TGFA gene in 
human lung adenocarcinoma tissue samples and 
survival analysis
Expression levels of miR-374a and the TGFA gene in lung adenocarcinoma 
tissues and adjacent normal tissues were obtained from TCGA dataset 
and an algorithm developed by Li et  al. (21–23) (available at http://star-
base.sysu.edu.cn). TGFA gene expression levels (Affymetrix probe IDs: 
205015_s_at, 211258_s_at and 205016_at) were extracted from publicly-
available microarray data of lung adenocarcinoma patients and related 
to survival using the online analysis tool Kaplan–Meier Plotter (http://
kmplot.com) (24). Hazard ratios with 95% confidence intervals and log-
rank P values were calculated.

Cell culture and transfection
Human lung adenocarcinoma A549 and PC-9 cells from the American 
Type Culture Collection (ATCC, Manassas, VA) were cultured in RPMI 
1640 medium (Gibco/Life Technologies, Grand Island, NY) supplemented 
with 10% fetal bovine serum and 1% penicillin–streptomycin at 37°C in a 
humidified atmosphere with 5% CO2. A549 and PC-9 cells were transiently 
transfected with hsa-miR-374a mimic or miRNA mimic-negative control 
(NC) (Ambion/Life Technologies, Grand Island, NY) using Lipofectamine 
RNAiMAX Reagent (Life Technologies, Grand Island, NY) according to the 
manufacturer’s protocol. For migration, invasion, colony formation, quan-
titative real-time PCR (qRT-PCR) and Western blotting, cells were collected 
48 h after transfection. Co-transfection of the miRNA mimic and plasmid 
DNA was conducted using Lipofectamine 2000 Reagent (Life Technologies, 
Grand Island, NY).

Cell proliferation and colony formation assays
Lung adenocarcinoma A549 and PC-9 cells were seeded into 96-well plates 
at a density of 2 × 103 cells/well in 100 μl of RPMI 1640 and tested by 3-(4, 
5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assays 

at different time points. Briefly, 20 μl of 5 mg/ml solution of MTT (Sigma-
Aldrich, St. Louis, MO) in phosphate-buffered saline was added to each 
well. The plates were then incubated for 4 h at 37ºC. The supernatant was 
removed, and 150 μl of dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO) 
was added to each well. The MTT formazan products were dissolved by 
shaking the plates at room temperature for 10 min, and the absorbance 
was subsequently measured on a BioTek Plate Reader (BioTek Instruments, 
Winooski, VT) using a test wavelength of 490 nm. For the plate colony for-
mation assay, cells were plated in six-well plates at a density of 500 cells 
per well and were cultured with RPMI 1640 supplemented with 10% fetal 
bovine serum for 10 days. At the end of the incubation period, the cells 
were washed twice with phosphate-buffered saline, fixed in methanol and 
dyed with crystal violet. Three independent experiments were performed.

Trans-well migration and invasion assays
Cell migration and invasion assays were performed in a 24-well plate with 
8 µm pore size chamber inserts (Corning, New York, NY). Cells in serum-
free medium were seeded into upper chambers coated with or without 
Matrigel (Corning, New York, NY) for invasion and migration assays, 
respectively. For the migration assay, 5 × 104 cells were re-suspended in 
100 μl of serum-free medium and placed in the upper compartment of a 
Trans-well chamber. For the invasion assay, 1 × 105 cells were plated in the 
top chamber with a Matrigel-coated membrane. The lower chambers were 
filled with 600 ul of RPMI 1640 containing 10% fetal bovine serum as nutri-
tional attractants. After 12 h of incubation at 37°C, cells on the top surface 
of the insert were manually removed by wiping with a cotton swab. Cells 
that invaded or migrated to the bottom surface of the insert were fixed in 
100% pre-cooling methanol for 30 min, stained with crystal violet, then 
subjected to microscopic inspection. Five visual fields of each insert were 
randomly chosen and counted under a light microscope.

Bioinformatics analysis of miR374a target genes
The biological targets of miRNA were predicted using the algorithms 
TargetScan, miRDB, PicTar and PITA (25–28).

RNA isolation and quantitative real-time PCR
Total RNA was isolated from A549 and PC-9 cells using the miRNeasy Mini 
Kit (Qiagen, Valencia, CA) according to the manufacturer’s protocol. RNA 
concentrations were determined using the NanoDrop. 500 ng of total RNA 
from each sample was subjected to reverse transcription using a High 
Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, 
CA) according to the manufacturer’s protocol. Expression of the TGFA 
gene was detected using RT2 qPCR Primer Assays and RT2 SYBR Green 
Mastermixes (Qiagen, Valencia, CA) in an ABI 7900HT Sequence Detection 
System (Applied Biosystems, Foster City, CA). Relative gene expression 
was normalized to the expression of GAPDH and was calculated using the 
2(-ΔΔCT) method (29).

Western blotting
Cells were lysed using the RIPA Lysis and Extraction Buffer (Life 
Technologies, Grand Island, NY) supplemented with protease inhibitors 
(Roche, Indianapolis, IN). The total protein was quantified with a Pierce 
BCA Protein Assay Kit (Pierce Biotechnology, Rockford, IL) according to 
the manufacturer’s protocol. Protein samples were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to a polyvinylidene fluoride (PVDF) membrane. After blocking in 
phosphate-buffered saline/Tween-20 containing 5% non-fat milk at room 
temperature for 1 h, the membrane was incubated with primary antibody 
at 4°C overnight using human TGF-alpha antibody (1 µg/ml; R&D Systems, 
Minneapolis, MN). Then, the membrane was incubated with anti-goat 
IgG secondary antibody conjugated with horseradish peroxidase (1:5000; 
Santa Cruz Biotechnology, Dallas, TX). GAPDH was used as a loading con-
trol. Proteins were visualized with LumiGLO chemiluminescent substrate 
(Cell Signaling Technology, Danvers, MA) and X-ray film was used to cap-
ture images.

Plasmid construction and luciferase reporter assay
The 3′-UTR sequence of the TGFA gene predicted to interact with miR-374a 
or a mutated sequence within the predicted target site was synthesized 
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and inserted into the PmeI and XbaI sites of the pmirGLO Vector (Promega, 
Madison, WI). The sequences of the wild-type and mutated TGFA gene 
3′-UTR were 5′-AAACTAGCGGCCGCTAGTTATCTTTATTATAATAAACCT-3′, 
and 5′-AAACTAGCGGCCGCTAGTTATCTTGCTGCTCCTAAACCT-3′, respec-
tively (mutated bases were underlined). The wild-type or mutant lucif-
erase reporter constructs, together with the pRL-TK Vector (Promega, 
Madison, WI), were co-transfected into A549 cells with miR-374a mimic 
or mimic-NC by lipofectamine 2000 (Life Technologies, Grand Island, NY). 
Forty-eight hours after transfection, firefly and renilla luciferase activity 
was measured by the Dual-Luciferase Reporter Assay System (Promega, 
Madison, WI) according to the manufacturer’s instruction. Firefly lucif-
erase activity was normalized to renilla luciferase activity. Three inde-
pendent experiments were performed and the data were presented as 
mean ± SD.

TGF-α neutralizing antibody treatment
Cells were treated with human TGF-α neutralizing antibody (5 µg/ml) or 
IgG control antibody (R&D Systems, Minneapolis, MN) for 48 or 72 h. The 
Neutralization Dose (ND50) is typically 0.4–0.8  µg/ml in the presence of 
3 ng/ml recombinant human TGF-α. MTT, colony formation and invasion 
assays were performed after treatment.

Statistical analysis
Data were shown as mean ± SD. Differences between experimental 
groups and controls were assessed by Student’s t-test. Two-tailed tests 
were used, and a P value of 0.05 or less was considered statistically 
significant.

Results

MiR-374a was significantly downregulated in lung 
adenocarcinoma

We compared miR-374a expression levels in 430 lung adeno-
carcinoma tissue samples with 46 adjacent normal lung tissues 
using existing data from TCGA and following algorithms posted 
on http://starbase.sysu.edu.cn. The expression of miR-374a was 
significantly lower in lung adenocarcinoma tissues compared 
to adjacent normal tissues (fold change  =  0.72, P  =  3.9 × 10–4) 
(Figure 1).

Overexpression of miR-374a inhibited lung 
adenocarcinoma cell proliferation, migration and 
invasion in vitro

To investigate the biological functions of miR-374a in lung adeno-
carcinoma, a cell proliferation (MTT) assay was performed after 
transient transfection of miR-374a mimic or mimic-NC in A549 
and PC-9 cells. As shown in Figure 2A and B, cells transfected 
with miR-374a mimic showed reduced proliferation compared 
with those transfected with miRNA mimic-NC in both A549 and 
PC-9 cells. To evaluate the long-term effects of miR-374a on cell 
proliferation, a colony formation assay was employed. A549 cells 
transfected with miR-374a mimic displayed fewer colonies than 
cells transfected with mimic-NC (Figure 2C and D). Consistently, 
miR-374a had a similar effect on the colony formation ability in 
PC-9 cells (Figure 2E and F), suggesting that miR-374a negatively 
regulated cell proliferation of lung adenocarcinoma cells.

To explore whether miR-374a would affect migration and inva-
sion of lung adenocarcinoma cells, we transiently transfected A549 
and PC-9 cells with miR-374a mimic or miRNA-NC. Cell migration 
and invasion were assessed using Transwell assays. Overexpression 
of miR-374a resulted in decreased A549 cell migration (Figure 3A 
and B) and penetration (Figure 3C and D) compared with negative 
control cells. Similarly, migration and invasion of PC-9 cells were 
also impeded by miR-374a overexpression (Figure 3A-D).

MiR-374a directly targeted TGFA mRNA and 
negatively regulated TGFA gene expression

To elucidate the molecular mechanism by which miR-374a 
exerts its inhibitory effect on lung adenocarcinoma cells, 
miRNA target-predicted algorithms (TargetScan, miRDB, PicTar 
and PITA) were used to find potential target genes that mediate 
cell growth, migration and invasion. One putative target gene, 
transforming growth factor-alpha (TGF-α, TGFA), which has been 
widely reported to be involved in tumor growth and progres-
sion (30–32), showed high Target and PicTar scores (81 and 1.62, 
respectively), and a low PITA score (−4.14) (Figure 4A). Moreover, 
the potential miR-374a targeting site at the 3′-UTR of TGFA 

Figure 1.  MiR-374a expression in lung adenocarcinoma and adjacent normal tissues. MiR-374a expression levels of 430 lung adenocarcinoma tumor tissues and 46 

adjacent normal tissues were obtained from TCGA and algorithms available at http://starbase.sysu.edu.cn. 
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mRNA was highly conserved across species (Figure 4B). We fur-
ther determined the mRNA expression of TGFA gene by qRT-PCR 
in lung adenocarcinoma cells transfected with miR-374a mimic 
or negative control. Overexpression of miR-374a significantly 
reduced the expression of TGFA gene in both A549 and PC-9 cells 
(Figure 4C). Furthermore, Western blotting revealed that overex-
pression of miR-374a significantly decreased the expression of 
TGFA protein in both A549 and PC-9 cells (Figure 4D).

To determine whether the TGFA gene is regulated by miR-
374a via direct binding to its 3′-UTR, we employed a dual-lucif-
erase reporter system with luciferase reporter vectors containing 
either the wild-type or the mutant 3′-UTR of the TGFA gene. The 
relative luciferase activity was reduced in A549 cells co-trans-
fected with luciferase reporter pmirGLO-3′UTR-Wild and miR-
374a mimic as compared with negative control cells. However, 
this suppressive effect was abolished by the mutation in the 
miR-374a target sequence (Figure 4E). Taken together, these data 
suggest that miR-374a negatively regulates TGFA gene expres-
sion by directly binding to its putative binding site in the 3′-UTR 
sequence of the TGFA gene.

Treatment with TGF-α neutralizing antibody 
suppressed lung adenocarcinoma cell proliferation 
and invasion

To demonstrate whether the suppressive effect of miR-374a was 
mediated by repression of TGFA gene expression, we treated 

A549 and PC-9 cells with human TGF-α neutralizing antibody 
(5  µg/ml) or IgG control antibody, and performed MTT, colony 
formation and invasion assays. Treatment of lung adenocar-
cinoma cells with TGF-α neutralizing antibody for 48 and 72 h 
significantly inhibited cell proliferation of these two cell lines 
(Figure 5A and B). We also analyzed the potential role of TGF-
α in colony formation by blocking its biological activity with a 
neutralizing antibody. The colony formation of A549 and PC-9 
cells was markedly suppressed by addition of TGF-α neutral-
izing antibody (Figure 5C and D). Moreover, TGF-α neutralizing 
antibody caused a significant decrease in lung adenocarcinoma 
cell invasion (Figure  5E and F), similar to the effect observed 
on miR-374a overexpression. Collectively, neutralization of 
TGF-α mimicked the inhibitory effects of miR-374a on lung 
adenocarcinoma cells.

High TGFA mRNA expression predicted poor survival 
in patients with lung adenocarcinoma

TGFA gene expression level was significantly higher in lung 
adenocarcinoma tissues compared to adjacent normal tissues 
(fold change =1.80, P = 2.0 × 10–5) (Figure 6A), based on data from 
TCGA and algorithms available at http://starbase.sysu.edu.cn. 
To further clarify the role of the TGFA gene in lung adenocarci-
noma, we used the Kaplan–Meier Plotter online survival analy-
sis tool (www.kmplot.com/lung) to evaluate the relationship 
between TGFA mRNA expression and the clinical outcome of 

Figure 2.  Overexpression of miR-374a inhibits lung adenocarcinoma cell proliferation. (A, B) A549 and PC-9 cells transfected with miR-374a mimic or mimic-NC were 

subjected to MTT assay to analyze the cell viability at indicated time points. (C–F) A549 and PC-9 cells transfected with miR-374a mimic or mimic-NC were subjected 

to colony formation assay for 10 days. Data are presented as means of three independent experiments. *P < 0.05; **P < 0.01. P value indicates statistical significance 

analyzed by Student’s t-test.
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Figure 3.  MiR-374a impedes lung adenocarcinoma cell migration and invasion in vitro. (A, B) Representative images (A) and quantification (B) of the Transwell migration 

assay with A549 and PC-9 cells transfected with miR-374a mimic or mimic-NC. (C, D) Representative images (C) and quantification (D) of the Transwell invasion assay 

with A549 and PC-9 cells transfected with miR-374a mimic or mimic-NC. Data are represented as mean ± SD. **P < 0.01.

Figure 4.  MiR-374a negatively regulates TGFA gene expression and directly targets the 3′-UTR of TGFA gene. (A) TGFA gene was predicted as a direct target of miR-374a 

(TargetScan). (B) The potential miR-374a targeting site at the 3′-UTR of TGFA gene was highly conserved across species. (C) TGFA gene expression levels in A549 and PC-9 

cells treated by miR-374a mimic and mimic-NC for 48 h, as detected by quantitative real-time PCR assay. (D) TGFA protein level in A549 and PC-9 cells treated by miR-

374a mimic and mimic-NC for 48 h, as detected by Western blotting. (E) Relative luciferase activity was analyzed after luciferase reporter plasmids with TGFA 3′-UTR 

constructs (either wild-type or mutant) or control reporter plasmid were co-transfected in A549 cells with miR-374a mimic or mimic-NC, respectively. The data shown 

are the means ± SD of three individual experiments. **P < 0.01; ***P < 0.001.
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lung adenocarcinoma patients (n = 866). As shown in Figure 6, 
high TGFA mRNA expression strongly correlated with poor over-
all survival (Affymetrix probe IDs: 205015_s_at, 211258_s_at and 
205016_at) (Figure 6B–D) and first progression (Affymetrix probe 
IDs: 205015_s_at and 211258_s_at) survival time in lung adeno-
carcinoma patients (Figure 6E and F).

Discussion
In this study, we found that the expression of miR-374a was 
significantly down-regulated in lung adenocarcinoma tissues 
compared to adjacent normal lung tissues in samples included 
in TCGA. Functional studies revealed that overexpression of 
miR-374a led to inhibition of cell proliferation, migration and 
invasion in lung adenocarcinoma A549 and PC-9 cells. Our study 
further revealed that miR-374a negatively regulated TGFA gene 
expression by directly targeting the 3′-UTR of TGFA mRNA. 
Furthermore, treating lung adenocarcinoma cells with TGF-α 
neutralizing antibody resulted in suppression of cell prolifera-
tion and invasion, which mimicked the action of miR-374a.

We found that miR-374a-mediated TGFA gene silencing led 
to significant inhibitory effects on proliferation, migration and 
invasion of lung adenocarcinoma cells. As a member of the epi-
dermal growth factor family that binds to and activates the epi-
dermal growth factor receptor (EGFR), TGF-α has been well known 
as a crucial mediator of oncogenesis and malignant progression 
(30–32). TGF-α/EGFR signaling promotes the growth and spread 
of cancer cells and creates a tumor microenvironment that is 
conducive to metastasis (33). Autocrine regulation through EGFR 
by the TGF-α ligand has also been implicated in epithelial tumor 

development and tumor progression (34,35). Mounting evidence 
indicates that an abnormally high expression of TGFA occurs in 
a variety of cancers, including lung cancer. When TGF-α expres-
sion was compared in tumor and corresponding normal lung tis-
sue, overexpression of TGF-α was found in approximately 60% of 
the tumor samples (36). In the non-small cell lung cancer, over-
expression of TGF-α correlates significantly with the metastasis 
of lymph nodes (37). Our data from the Kaplan–Meier Plotter 
shows that high TGFA gene expression predicts poor survival in 
lung adenocarcinoma patients. In line with this, previous immu-
nohistochemical studies also found that TGF-α is commonly 
overexpressed in lung adenocarcinomas, and high expression 
of TGF-α is associated with poor prognosis (38,39). Moreover, the 
status of TGF-α in serum may be an important predictor of resist-
ance to gefitinib among patients with advanced non-small cell 
lung cancer (40). In addition, the human lung adenocarcinoma 
cell lines A-549 and PC-9 produce TGF-α, while the addition of 
monoclonal antibody against TGF-α inhibits cell growth (41). 
Similarly, in the present study, we found that lung adenocarci-
noma cell proliferation was significantly inhibited by addition of 
a TGF-α neutralizing antibody. TGF-α regulates cell proliferation 
and cancer progression through activation of multiple pathways. 
For example, TGF-α can bind to EGFR and lead to the activation 
of major downstream signaling cascades, including the Ras/
Raf/MAPK and PI3K/AKT pathways, which in turn promote cell 
proliferation, invasion and metastasis (30,31). Collectively, these 
studies provide strong evidence of a vital role for TGF-α in lung 
cancer prognosis.

Our results further showed that overexpression of miR-374a 
significantly reduced the expression of TGFA with respect to 

Figure 5.  TGF-α neutralizing antibody suppresses lung adenocarcinoma cell proliferation and invasion. A549 and PC-9 cells were treated with the human TGF-α neu-

tralizing antibody or the IgG control antibody, and cell proliferation (MTT) assay (A, B), colony formation (C, D) and Transwell invasion (E, F) assays were performed. Data 

are represented as mean ± SD. Student’s t-test was used to analyze the statistical significance of differences between groups.*P < 0.05; **P < 0.01.
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both mRNA and protein levels in lung adenocarcinoma cells. It 
should be noted that incomplete inhibition of TGFA expression 
was observed after miR-374a transfection. In addition, we did not 
find a significant reverse correlation between expression levels 
of miR-374a and the TGFA gene in TCGA samples. Bioinformatics 
predictions, in combination with functional experiments, have 
demonstrated that the networks of microRNA biology and func-
tion in human cancers are sophisticated (42). A  single miRNA 
may target multiple putative target mRNAs, while a single 
gene may be modulated by multiple miRNAs. The TGFA gene is 
one of the targets of miR-374a, as predicted by bioinformatics 
analysis. We showed that miR-374a negatively regulates TGFA 
gene expression by directly binding to its putative binding site 
in the 3′-UTR sequence of the TGFA gene. Besides miR-374a, the 
TGFA gene is the target of many miRNAs as predicted by bioin-
formatics analysis. Recent studies have identified several other 
miRNAs that may negatively regulate TGFA gene expression at 
the posttranscriptional level. For example, miR-376c, which is 
significantly decreased in multiple cancer types, suppresses cell 
proliferation and invasion in osteosarcoma by directly targeting 
TGFA, whereas forced expression of TGFA restores the effects of 
miR-376c and increases osteosarcoma cell growth, migration 
and invasion (43). Similarly, another study observed that TGF-α 
and miR-152 are inversely expressed in resected prostate cancer 
specimens, and miR-152 may act as a tumor suppressor by tar-
geting TGF-α at the posttranscriptional level in prostate cancer 
cell lines (44). Additionally, Morante et al. (45) found that miR-8 
ensures both a correct glial architecture and spatiotemporal con-
trol of Spitz protein synthesis via direct binding to Spitz 3′-UTR. 
Spitz is a (TGF-α)-like ligand that triggers EGFR activation to pro-
mote neuroepithelial proliferation and neuroblast formation.

In accord with previous observations regarding miR-374a 
(12), our functional studies demonstrated that re-expression 
of miR-374a had an inhibitory effect on lung adenocarcinoma 
cells. Slattery et al. (46) recently utilized large population-based 
data from 1141 colorectal cancer (CRC) cases (745 colon cancers 
and 396 rectal cancers) to replicate previously reported asso-
ciations between 121 miRNAs and disease stage and survival. 
Interestingly, they found that miR-374a significantly reduced 
the hazard of dying for all colorectal cancer cases, regardless of 
tumor site. Moreover, miR-374a was recognized as a ‘protective’ 
miRNA in triple negative breast cancer; upregulation of miR-374a 
correlated with better prognosis (15). However, previous studies 
also reported that miR-374a promotes cell invasion by targeting 
SRCIN1 in gastric cancer (47) and activating Wnt/β-catenin sign-
aling in breast cancer (17). miRNA may exert opposite functions 
in different tissues or under different cancer contexts by tar-
geting different genes. For example, miR-125b, a ‘double-edged’ 
miRNA, targets multiple mRNAs which are tissue- and tumor-
specifically expressed, resulting in either oncogenic or tumor 
suppressive modes of action in different tumor types (48). Other 
miRNAs, such as miR-7, miR-182 and miR-183, exhibit both pro- 
and anticancer activities in a context-dependent manner (6). In 
addition to its role in lung adenocarcinoma, miR-374a is signifi-
cantly downregulated in lung squamous cell carcinoma tissues 
in samples included in TCGA. Therefore, it would be of interest 
to evaluate the role of miR-374a in lung squamous cell carci-
noma and explore its potential targets, including TGFA, in future 
studies.

In summary, we found that miR-374a inhibited lung ade-
nocarcinoma cell proliferation and invasion, at least partially, 
through repression of TGFA gene expression via targeting its 

Figure 6.  High TGFA mRNA expression predicts poor survival in lung adenocarcinoma patients. (A) TGFA mRNA expression levels of 490 lung adenocarcinoma tissues 

and 58 adjacent normal tissues were obtained from TCGA and algorithms available at http://starbase.sysu.edu.cn. (B–F) Kaplan–Meier curves for overall survival (OS) 

(B–D) and first progression survival time (E, F) were created using the Kaplan–Meier Plotter (www.kmplot.com) with lung adenocarcinoma patients classified accord-

ing to high and low TGFA gene expression (Affymetrix probe IDs: 205015_s_at, 211258_s_at and 205016_at). Hazard ratio (with 95% confidence interval) and log-rank P 

values were calculated.
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3′-UTR. The newly-identified miR-374a-mediated TGFA gene 
silencing may facilitate a better understanding of the molecu-
lar mechanisms of lung cancer progression and present a new 

strategy for treatment of patients with lung adenocarcinoma.

Supplementary material
Supplementary Figure  1 can be found at http://carcin.oxford-
journals.org/
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