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Abstract: Aims: This study was to investigate the expression of microRNA (miR)-144 in malignant solitary pulmonary 
nodule (SPN) tissues and peripheral blood, as well as the biological function of miR-144 in the occurrence and 
development of lung cancer. Methods: In this study, 39 malignant and 30 benign SPN patients were included. The 
expression of miR-144 was examined using quantitative real-time polymerase chain reaction. Receiver operating 
characteristic (ROC) curve was used to identify the clinical value of miR-144 in the early diagnosis of malignant SPN. 
MTT assay was performed to determine A549 cell proliferation and Transwell assay was used to detect changes 
in A549 cell invasion and migration ability. Flow cytometry was performed to monitor cell apoptosis, while Western 
blotting assay was used to measure protein expression levels. At last, dual-luciferase reporter assay was employed 
to test whether miR-144 regulates zinc finger E-box-binding homeobox 1 (ZEB1) gene expression. Results: Expres-
sion of miR-144 was reduced in patients with malignant SPN. miR-144 had diagnostic value for malignant SPN. 
Proliferation of A549 cells was inhibited by miR-144. Invasion ability of A549 cells was reduced by miR-144. Apop-
tosis of A549 cells was promoted by miR-144. miR-144 induced A549 cell apoptosis by targeting ZEB1 protein. 
miR-144 regulated the expression of ZEB1 by interacting with its 3’-UTR region. Conclusions: Expression of miR-144 
is reduced in malignant SPN tissues and peripheral blood, being of clinical value in the diagnosis of malignant SPN. 
miR-144 promotes the apoptosis of lung cancer cells, and inhibits the proliferation, invasion and migration of lung 
cancer by regulating ZEB1 gene.
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Introduction

Solitary pulmonary nodule (SPN) is a singular 
mass surrounded by lung parenchyma in the 
lung, with clear edge, opaque image, and a 
diameter less than 3 cm, but without associat-
ed pneumonia, atelectasis or lymphadenopa-
thies. Due to its small size, SPN is not easy to 
be diagnosed, leading to the misdiagnosis of 
malignant SPN that severely affects the prog-
nosis of patients [1]. In recent years, develop-
ment of computed tomography increases the 
diagnosis rate of SPN. A study shows that the 
average diagnosis rate of SPN is 20%, with the 
highest diagnosis rate being less than 50%. In 
addition, most SPNs has a diameter of less 

than 1 cm, with about 12% SPNs being malig-
nant [2]. Therefore, determination of SPN malig-
nancy is of clinical importance for the early 
diagnosis and treatment of lung cancer. 
Currently, the malignancy of SPN is usually 
determined by imaging examinations, patients’ 
disease history, and the growth rate of SPN, but 
these methods have high possibility for misdi-
agnosis. Sometimes, SPN can be diagnosed by 
lung biopsies, but this will cause trauma that 
may induce infection or tumor spreading. 
Recent research shows that molecular markers 
for malignant SPN may exist in the blood [3], 
indicating that screening of specific molecular 
marker can be of clinical importance for enhanc-
ing the diagnosis rate of malignant SPN.
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MicroRNA (miRNA or miR) is a type of endoge-
nous small non-coding RNA molecules (18-22 
nucleotides) that target 3’-UTR region of mRNA 
and regulate target gene expression at post-
transcriptional level [4, 5]. Studies show that 
miRNA expression spectrum is significantly 
changed in colon cancer, breast cancer, esoph-
ageal cancer, liver cancer and lung cancer 
[6-11]. In vitro experiments demonstrate that 
miRNA has important regulatory effect in tumor 
proliferation, invasion, and metastasis, as well 
as angiogenesis [12-14]. In addition, miRNA 
widely and stably exists in tissues, blood, sali-
va, and urine, being a natural biomarker candi-
date [15-17]. These facts indicate that miRNA 
might be of clinical value in the diagnosis of 
malignant SPN. In this study, we identify which 
miRNA can be a potential biomarker of malig-
nant SPN, and investigate its mechanism of 
action.

Materials and methods

Patients

Between October 2012 and October 2014, tis-
sues and peripheral blood were obtained from 
69 patients with SPN. After examination of the 
excised tissues by the Department of Pathology, 
39 cases of lung cancer (malignant SPN), 11 
cases of tuberculoma, and 19 cases of inflam-
matory pseudotumor were diagnosed. The 39 
cases of malignant SPN included 31 cases of 
adenocarcinoma, 6 cases of squamous cell 
carcinoma, and 2 cases of adenosquamous 
carcinoma. The remaining 30 patients were 
benign SPN patients. Before surgery, none of 
the patients received chemoradiotherapy or 
any other anti-tumor therapy, or had history of 
other tumors. The age of the patients ranged 
from 27.5 to 72 years, with an average age of 
48 years. In addition, 30 healthy volunteers 
with matched ages were included into the con-
trol group. All procedures were approved by the 
Ethics Committee of General Hospital of 
Chinese People’s Liberation Army. Written 
informed consents were obtained from all 
patients or their families.

Cells

Cells were cultured in RPMI-1640 medium com-
plemented with 10% fetal bovine serum. When 
reaching 70-80% confluence, the cells were 
transfected using Lipofectamine 2000 (Life 

Technologies, Grand Island, NY, USA). The cells 
were grouped into normal control group, nega-
tive control (NC) group, and miR-144 mimics 
group.

One day before transfection, log-phase A549 
cells (3×105) were seeded onto 24-well plate. 
Two vials of Opti Memi medium (50 μl) were 
mixed with 1.5 μl miRNA mimics (25 nM) and 1 
μl Lipofectamine 2000, respectively, before st-
anding for 5 min. Then, the two vials were com-
bined before another standing at room temper-
ature for 20 min, followed by addition of the 
mixture into each well for incubation. Six hours 
later, the medium was changed to fresh RPMI-
1640 medium complemented with 10% fetal 
bovine serum, followed by incubation for 72 h. 
After incubation, the cells were collected for the 
determination of zinc finger E-box-binding 
homeobox 1 (ZEB1) and Caspase-3 protein 
expression.

Expression profiling of miRNAs in lung cancer 
tissues

Using GEO2R of PubMed (http://www.ncbi.nlm.
nih.gov/geo/geo2r/), we analyzed changes of 
miRNA expression spectrum from Gene Ex- 
pression Omnibus datasets of lung cancer tis-
sues (GSE accession No. GSE51853). The 
search results showed that has-miR-144 levels 
were significantly reduced in adenocarcinoma, 
large cell lung cancer, adenosquamous carci-
noma, and squamous cell carcinoma tissues.

Quantitative polymerase chain reaction (qRT-
PCR)

Total RNA was extracted using Trizol reagent 
(Life Technologies, Grand Island, NY, USA) fol-
lowing manufacturer’s protocol. The integrity of 
RNA was tested using gel electrophoresis. The 
purity of RNA was determined by A260/A280 
using ultraviolet spectrophotometry (Nanodrop 
ND1000, Thermo Scientific, Waltham, MA, US- 
A). Then, cDNA was obtained by reverse tran-
scription (PrimeScript RT Regent Kit, Takara, 
Dalian, China) from 1 μg RNA and stored at 
-20°C. QRT-PCR was performed using SYBR 
PrimeScript RT-PCR Kit (Takara, Dalian, China). 
PCR reaction system was composed of 10 μl 
qRT-PCR-Mix, 0.5 μl upstream primer (TACA-
GTATAGATGATGTA), 0.5 μl downstream primer 
(general sequence in the kit; Takara, Dalian, 
China), 2 μl cDNA template, and 7 μl ddH2O. PC- 



miR-144 regulates SPN via ZEB1

5962 Int J Clin Exp Pathol 2015;8(5):5960-5967

R amplification conditions were as follows: ini-
tial denaturation at 95°C for 10 min, 40 cycles 
of 95°C for 1 min, and annealing at 60°C for 30 
sec.

The levels of miR-144 in peripheral blood and 
tissues of SPN patients were used to plot 
receiver operating characteristic (ROC) curve  
to analyze miR-144 sensitivity and specificity, 
which could reflect the value of miR-144 in the 
diagnosis of SPN malignancy.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay

Three groups of cells were seeded onto 96-well 
plates with a density of 2×103/well in triplicate. 
Then, 20 μl MTT (5 g/L) was added at 0, 24, 48 
and 72 h for reaction. On the last day of culture, 
150 μl dimethyl sulfoxide was added in each 
well to dissolve purple crystals. After incuba-
tion at 37°C for 4 h, optical density (OD) was 
measured using microplate reader (Model AD- 
340; Beckman, Brea, CA, USA) under 490 nm 
for plotting cell proliferation curve.

Transwell assay

Transwell assay was performed using Transwell 
chambers (Corning, Tewksbury, MA, USA). Ma- 
trigel was thawed at 4°C overnight and diluted 
with serum-free RPMI-1640 medium (dilution 
1:1). The mixture (50 μL) was evenly smeared 
into the upper chamber and incubated at 37°C 
for 60 min. After solidification, 1×105 cells from 
each group were seeded into the upper cham-
ber containing 200 μl serum-free RPMI-1640 
medium. In addition, 500 μl RPMI-1640 medi-
um supplemented with 10% fetal bovine serum 
was added into the lower chamber. After 24 h, 
the chamber was removed and the cells in the 
upper chamber were wiped off. After being fixed 
with 4% formaldehyde for 10 min, the mem-
brane was stained using Giemsa method for 
microscopic observation of 5 random fields 
(200×). The number of transwell cells was cal-
culated for the evaluation of cell invasion and 
migration ability. All procedures were carried 
out on ice with pipetting tips being cooled at 
4°C.

Flow cytometry

At 48 h after transfection with miR-144 mimics, 
cells of each group were collected and subject 
to flow cytometry using ANXN V FITC APOPTOSIS 

DTEC kit I (BD Biosciences, San Jose, CA, USA) 
according to the manufacturer’s manual. 
Single-positive staining by ANNEXIN V indicated 
early apoptotic cells, single-positive staining by 
propidium iodide indicated necrotic cells, while 
double positive staining by both indicated late 
apoptotic cells.

Western blotting

At 72 h after transfection, A549 cells were 
washed with precooled phosphate-buffered 
saline twice, before addition of Radio-Immuno- 
precipitation Assay (RIPA) lysis buffer for total 
protein extraction. Protein samples (50 μg) we- 
re then mixed with 5× sodium dodecyl sulfate 
loading buffer (4:1) before denaturation in boil-
ing water bath for 10 min. Then, samples were 
subject to sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis at 60 V for 30 min 
and 100 V for 1 h. The resolved proteins were 
transferred to polyvinylidene difluoride mem-
branes on ice (100 V, 1 h) and blocked with 5% 
skimmed milk at room temperature for 1 h. 
Then, the membranes were incubated with first 
antibodies (ZEB1, 1:1000; Caspase-3, 1:1000; 
GAPDH, 1:10000) (Abcam, Cambridge, MA, 
USA) at 4°C overnight. On the next day, after 
extensive washing with phosphate-buffered 
saline with Tween 20 for 3 times of 15 min, the 
membranes were incubated with second anti-
bodies (goat anti-mouse, 1:5000; Caspase-3 
goat anti-rabbit, 1:2000) (Abcam, Cambridge, 
MA, USA) labeled with horseradish peroxidase 
(Abcam, Cambridge, MA, USA) for 1 h at room 
temperature before washing with phosphate-
buffered saline with Tween 20 for 3 times of 15 
min. Then, the membrane was developed with 
enhanced chemiluminescence detection kit 
(Sigma-Aldrich, St. Louis, MO, USA) for imaging. 
Image lab (Bio-Rad, Hercules, CA, USA) soft-
ware was used to acquire and analyze imaging 
signals. The relative content of proteins was 
expressed as protein/GAPDH ratio. Inhibition 
rate = (1-relative content in treatment group/
relative content in control group) ×100%.

Dual-luciferase reporter assay

Plasmids (0.8 μg) with 3’-UTR and mutant 
3’-UTR DNA sequences of ZEB1 were transfect-
ed into 293T cells, followed by transfection with 
miR-144 mimics (100 nM) before incubation for 
24 h. Cells were lysed for the determination of 
fluorescence intensity using GloMax 20/20 
luminometer (Promega, Madison, WI, USA). Us- 
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ing Renilla fluorescence as internal reference, 
dual-luciferase reporter assay was performed 
by Dual-Luciferase® Reporter Assay System 
(Promega, Madison, WI, USA) according to the 
manufacturer’s manual.

Statistical analysis

The results were analyzed using SPSS 11.0 
software (StatSoft Inc., Chicago, USA). The data 
were given in means ± standard deviation. Two 
groups of mean values were compared using 
Student’s t-test. P value less than 0.05 was 
considered statistically significant.

Results

Expression of miR-144 is reduced in patients 
with malignant SPN

To measure the levels of miR-144, SYBR Green 
qRT-PCR was performed. The data showed that 
the levels of miR-144 in the tumor tissue (0.17 
± 0.10) and blood (0.23 ± 0.08) of malignant 
SPN patients were significantly lower than 

those in benign SPN patients (P < 0.05) (Figure 
1). In addition, miR-144 levels in the blood of 
benign SPN patients were not significantly dif-
ferent from that of healthy subjects (P > 0.05; 
data not shown). These results suggest that the 
expression of miR-144 is reduced in patients 
with malignant SPN.

miR-144 has diagnostic value for malignant 
SPN

To evaluate whether miR-144 is of value for the 
diagnosis of malignant SPN, ROC curve was 
plotted using preoperative miR-144 levels in 
the blood of malignant SPN patients. The data 
showed that the area under the ROC curve for 
malignant SPN patients was 0.792 (P = 0.003) 
(Figure 2). This result indicates that miR-144 
has diagnostic value for malignant SPN.

Proliferation of A549 cells is inhibited by miR-
144

To determine the relationship between miR-
144 and A549 cell proliferation, MTT assay was 
performed. The data showed that OD values of 
cells transfected with miR-144 mimics were 
significantly lower than those of either normal 
control or negative control at 24, 48, and 72 h 
time points (P < 0.05). However, no significant 
difference was observed between normal con-

Figure 1. Expression of miR-144 in tissues and pe-
ripheral blood of malignant SPN patients. Total RNA 
was extracted using Trizol reagent and the integrity of 
RNA was tested using gel electrophoresis. The purity 
of RNA was determined by A260/A280 using ultravi-
olet spectrophotometry. Then, cDNA was obtained by 
reverse transcription. QRT-PCR was performed using 
SYBR PrimeScript RT-PCR kit. *, P < 0.05 compared 
with negative control group.

Figure 2. Receiver operating characteristic (ROC) 
curve for sensitivity and specificity of miR-144. The 
curve was plotted using preoperative miR-144 levels 
in the blood of malignant SPN patients. ROC curve is 
used to evaluate the diagnostic value of miR-144 for 
malignant SPN.
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trol and negative control (P > 0.05) (Figure 3). 
These results suggest that proliferation of A5- 
49 cells is inhibited by miR-144.

Invasion and migration ability of A549 cells is 
reduced by miR-144

To study how miR-144 alters the invasion and 
migration ability of A549 cells, Transwell assay 

was employed. The data showed that the num-
ber of cells that passed through chamber mem-
brane in miR-144 mimics group (28.3 ± 3.2) 
was significantly lower than those in normal 
control group (98.5 ± 8.4) and negative control 
group (87.5 ± 5.8) (P < 0.05), while the invasion 
cell number of normal control group was not 
different from that of negative control group (P 
> 0.05) (Figure 4). These results indicate that 
the invasion and migration ability of A549 cells 
is reduced by miR-144.

Apoptosis of A549 cells is promoted by miR-
144

To test the effect of miR-144 on A549 cell 
apoptosis, we performed flow cytometry. At 48 
h after transfection, cells in miR-144 mimics 
group showed significantly increased apoptotic 
rate compared with both control groups (P < 
0.05), while the apoptotic rates were not differ-
ent between normal control and negative con-
trol groups (P > 0.05) (Figure 5). These results 
suggest that the apoptosis of A549 cells is pro-
moted by miR-144.

miR-144 induces A549 cell apoptosis by tar-
geting ZEB1 protein

To measure protein expression in A549 cells, 
we used Western blotting assay. The data sh- 
owed that ZEB1 protein expression was signifi-
cantly reduced in miR-144 mimics group com-
pared with both control groups (P < 0.05), but 
no significant difference was observed between 
normal control and negative control groups (P > 
0.05) (Figure 6A). By contrast, Caspase-3 pro-
tein expression in miR-144 mimics group was 
significantly elevated by the up-regulation of 
miR-144 (P < 0.05), but normal control was not 
significantly different from negative control in 
Caspase-3 protein expression (P > 0.05) (Figure 
6B). These results indicate that miR-144 might 
induce A549 cell apoptosis by targeting ZEB1 
protein.

miR-144 regulates the expression of ZEB1 by 
interacting with its 3’-UTR region

To confirm the interaction between miR-144 
and ZEB1, dual-luciferase reporter assay was 
employed. The data showed that co-transfec-
tion of miR-144 mimics and pMIR-REPORT 
luciferase reporter plasmids led to significantly 
decrease relative luciferase activity compared 
with negative control group (P < 0.05). However, 

Figure 3. Optical density of A549 cells at 24, 48, and 
72 h after transfection. The proliferation of A549 
cells in normal control, negative control and miR-144 
mimics groups is reflected by optical density values. 
*, P < 0.05 compared with normal control group; #, P 
< 0.05 compared with negative control group.

Figure 4. The effect of miR-144 on the invasion and 
migration ability of A549 cells. Transwell analysis 
was used to measure cell invasion and migration 
ability. A. Giemsa staining was used to identify lung 
cancer cells (magnification ×20). B. The number of 
invasion cells in normal control, negative control, and 
miR-144 mimics groups. *, P < 0.05 compared with 
normal control group; #, P < 0.05 compared with 
negative control group.
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co-transfection with miR-144 mutant and 
pMIR-REPORT luciferase reporter plasmids did 
not alter relative luciferase activity (P > 0.05) 
(Figure 7). These results suggest that miR-144 

regulates the expression of ZEB1 by interacting 
with its 3’-UTR region.

Discussion

Studies prove that miRNAs play im-portant 
roles in the occurrence and development of 
tumors, especially in the early stage of tumor 
formation [18-20]. This suggests that miRNA is 
of clinical value in the early diagnosis of tumors. 
In order to screen the kind of miRNA that has 
clinical value in the peripheral blood of malig-
nant SPN patients, we analyzed miRNA chip 
data and found that miRNA expression spec-
trum was significantly al-tered in adenocarci-
noma, large cell lung cancer, adenosquamous 
carcinoma, and squamous cell carcinoma tis-
sues. Of note, the expression of miR-144 was 
significantly down-regulated in all cancer tis-
sues. It is reported that miR-144 regulates 
AKT3 activity to inhibit tumor cell mass forma-
tion and growth [21]. Akiyoshi et al. also report 
that miR-144 is closely related to the bone 
metastasis of gastric cancer [22]. However, 
there are few reports on the expression and 
biological function of miR-144 in lung cancer. 
Our qRT-PCR results showed that the expres-
sion of miR-144 was significantly reduced in 
malignant SPN tissue and blood. In addition, 
ROC curve of miR-144 expression demonstrat-
ed that miR-144 was of clinical value in the 
early diagnosis of malignant SPN.

To better understand the biological function of 
miR-144 in lung cancer, we studied the effect 
of miR-144 expression on the proliferation, 
invasion, migration and apoptosis of A549 
cells, using MTT assay, Transwell assay, and 
flow cytometry. These results show that up-reg-
ulation of miR-144 inhibits A549 cell prolifera-
tion, reduces its invasion and migration, and 
promotes apoptosis, suggesting that miR-144 
might be a tumor suppressor gene in lung 
cancer.

To understand the mechanism by which miR-
144 exerts its effect on A549 cells, we used 
bioinformatics method to analyze its down-
stream target genes, and found possible bind-
ing sites of miR-144 in the 3’-UTR region of 
ZEB1. In addition, studies show that ZEB1 is 
highly expressed in several tumors, participat-
ing tumor formation and development by facili-
tating their proliferation, invasion and migra-
tion [23]. In order to test whether miR-144 
directly participates in the regulation of ZEB1 
gene expression, we constructed dual-lucifer-

Figure 5. The effect of miR-144 on A549 cell apop-
tosis. A. Flow cytometry of A549 cells in normal con-
trol, negative control, and miR-144 mimics groups. 
B. Apoptotic rate of A549 cells in normal control, 
negative control, and miR-144 mimics groups. *, P 
< 0.05 compared with normal control group; #, P < 
0.05 compared with negative control group.

Figure 6. The effect of miR-144 on the expression 
of ZEB1 and Caspase-3 proteins. (A) ZEB1 and (B) 
Caspase-3 protein expression in normal control, neg-
ative control, and miR-144 mimics groups. Western 
blotting was used to measure protein expression. *, 
P < 0.05 compared with normal control group; #, P < 
0.05 compared with negative control group.



miR-144 regulates SPN via ZEB1

5966 Int J Clin Exp Pathol 2015;8(5):5960-5967

ase reporter gene and mutant vectors that 
were co-transfected with miR-144 mimics into 
293T cell. By measuring changes in luciferase 
activity, we demonstrated the regulation of 
ZEB1 gene by miR-144. Furthermore, Western 
blotting assay showed that endogenous ZEB1 
protein expression was altered by miR-144 up-
regulation. These data suggest that miR-144 
directly regulates ZEB1 expression that inhibits 
the proliferation, invasion and migration of lung 
cancer cells.

Of note, Western blotting data also showed that 
Caspase-3 protein expression was up-regulat-
ed by miR-144 expression, indicating that miR-
144 might have other target genes that acti-
vate apoptotic pathway. However, this needs 
further studies in the future. In conclusion, the 
present study demonstrates that the expres-
sion of miR-144 is significantly reduced in 
malignant SPN tissues and peripheral blood, 
exhibiting its diagnostic value for malignant 
SPN. In vitro experiments show that miR-144 
inhibits the proliferation, invasion and migra-
tion, and promotes the apoptosis of lung can-
cer cells by regulating ZEB1 expression. miR-
144 is a potential novel target for the treatment 
of lung cancers.
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