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Abstract. – OBJECTIVE: The functions of mi-
croRNAs in the regulation of apoptosis in non-
small cell lung cancer (NSCLC) and the application 
in the therapeutical treatments were intensively 
studied. However, whether overexpression of miR-
143 in lung cancer cells will affect the cell behav-
iors, such as proliferation or some underlying 
pathway, is largely unknown. This study aimed to 
examine the effect of miR-143 in PC9/GR cell line 
on the proliferation, apoptosis, EGFR and down-
stream signal pathways.

MATERIALS AND METHODS: The non-small 
cell lung cancer (PC9/GR) cells were treated with 
concentration-increased gefitinib to acquire gefi-
tinib resistance. Then, the acquired gefitinib-resis-
tance cells were divided into 3 groups, blank con-
trol group (BC group), negative control group (NC 
group), and miR-143 transfected group (miR-143 
group). miR-143 mRNA was detected by quantita-
tive PCR. The proliferation was detected by CCK-8. 
The cell apoptosis was determined by flow cytom-
etry. The expression of EGFR and downstream sig-
nal pathway factors of p-EGFR, AKT, p-AKT, ERK1/2 
and p-ERK1/2 were detected by Western blot. 

RESULTS: The cell proliferation in miR-143 
transfected group was significantly suppressed 
compared with BC and NC group, while the apopto-
sis was dramatically increased. The p-EGFR, 
p-AKT, p-ERK1/2 protein expression was signifi-
cantly inhibited. 

CONCLUSIONS: These results demonstrated 
that overexpression of miR-143 downregulated 
cell proliferation, promoted the apoptosis, and 
suppressed the phosphorylation of EGFR, AKT 
and ERK1/2; thus, miR-143 may play a role in treat-
ment of NSCLC to enhance therapeutic efficacy.
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Introduction

Lung cancer is life-threating disease, which 
ranks as leading cause of cancer mortality among 
both genders; around 25% of cancer deaths are 
from lung cancer1. Nowadays various populations 
are in poor health, suffering from lung cancer2. 
In 2016, approximately 224,390 new lung cancer 
patients were expected to be diagnosed, which 
represented around 13% of all cancer diagnoses3. 
Based upon the criterion of size and appearance 
of malignant cells, lung cancer is clinically divid-
ed into two main groups of malignant cells: small 
cell lung cancer (SCLC) (16.8%) and non-small 
cell lung cancer (NSCLC) (80.4%)4.

Gefitinib and erlotinib are the first molecular 
targeted drugs for the advanced NSCLC treat-
ment5,6, which showed significant therapeutic ef-
fects for the disease in the initial stage. However, 
after 10-14 months of primary treatment, drug 
resistance occurs in the majority of patients7,8. 
Recent studies have shown that the mechanism 
of drug resistance is related to the secondary 
mutation of epidermal growth factor receptor 
(EGFR)9, the activation of other tyrosine kinase 
family receptors10 and the changes of signal path-
way components or regulatory factors11-14. Other 
researches addressed that EGFR receptor may 
be internalized under certain tumor microenvi-
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ronment15. In the present work, we utilized the 
gefitinib-resistant cell line PC-9/GR that was de-
veloped from a NSCLC cell line PC-9 harboring 
EGFR E746-A750 deletion by increased concen-
tration of gefitinib to allow the cells growing in 1 
µM gefitinib after the initial exposure16. 

A microRNA (miRNA) is a small non-coding 
RNA molecule (containing about 22 nucleotides) 
found in plants, animals and some viruses and 
functions in RNA silencing and post-transcrip-
tional regulation of gene expression to play im-
portant roles in wide scope of physiological and 
pathological processes17. Most of miRNAs can 
negatively modulate their matched target genes by 
binding to the 3’-untranslated regions (3’-UTRs) 
of mRNA, causing mRNA degradation or trans-
lational inhibition18,19. Therefore, miRNA can reg-
ulate multiple target genes expression, such as 
proliferation, invasion, apoptosis, migration and 
differentiation20,21. In lung cancer, miR-143 was 
reported to be downregulated in NSCLC carci-
noma tissues and cell lines, and the upregulation 
of miR-143 suppressed cell proliferation and colo-
ny formation, and subsequently inhibited the cell 
migration and invasion of NSCLC22. In patient 
tissues, miR-143 was also downregulated in NS-
CLC, and after transfection of miR-143 in NSCLC 
cells would able to inhibit tumor growth. Several 
studies have been employed on EGFR as a targeted 
therapy for NSCLC23. Being a functional factor to 
regulate cell proliferation, EGFR was considered 
to be a potential target of miR-143, which has been 
confirmed by luciferase activity assays in 293 
cell lines23. They suggested miR-143 might play 
a crucial role in the treatment of NSCLC cells. 
As known, miR-143 played a role in the ERK1/2 
pathway24,25. However, the biological based mech-
anism of miR-143 effect on the NSCLC is largely 
unknown, whether EGFR, AKT, p-AKT, ERK1/2 
axis are involved in the NSCLC. Moreover, how 
miR-143 exerts on the target genes, deserves to be 
further investigated. On the other hand, microR-
NA is a small nucleic acid, its specific binding 
to the target sequence and RNA decoys will be 
expected to have an advantage over other strate-
gies. Most importantly, if certain component(s) in 
EGFR, AKT, p-AKT, ERK1/2 axis are confirmed, 
the combination of miR-143 with this (these) com-
ponent(s) in EGFR, AKT, p-AKT, ERK1/2 axis 
to treat the NSCLC cells, will be more attractive 
and efficient to treat the lung cancer. Hence, in our 
present study, we aimed to investigate the PC9/
GR behavior following overexpression of miR-143 
in PC-9/GR cell line and further examine the key 

factors in EGFR, AKT, p-AKT, ERK1/2 signaling 
pathway, which may provide the basis for further 
clinical treatment. 

Materials and Methods

Cells
PC9/GR cells were purchased from Shanghai 

Cell Bank of Chinese Academy of Sciences and 
cultured in RPMI-1640 medium (Hyclone, South 
Logan, UT, USA) containing 10% fetal bovine 
serum (FBS) (Hyclone, South Logan, UT, USA) 
in a constant temperature CO2 incubator (Thermo 
Fisher Scientific, Waltham, MA, USA).

Transfection
The PC9/GR cells were divided into three 

groups. Using lipofecatmine2000 kit (Sigma-Al-
drich, St. Louis, MO, USA), transfection of PBS 
was BC group, transfection of miR-143 negative 
control sequences was NC group, and transfection 
of miR-143 mimics (Suzhou Jima Gene Co., Ltd, 
Jiangsu, China) was miR-143 group. The synthetic 
miR-143 mimics and negative control (Suzhou Ji-
ma Gene Co., Ltd, Jiangsu, China) sequences were 
as follow: miR-143 mimics: 5’-UGAGAUGAAG-
CACUGUAGCUC-3’. Negative control: 5’-UU-
GUACUACACAAAAGUACUG-3’. PC9/GR cells 
were passaged after 0.25% trypsin digestion (Hy-
clone, South Logan, UT, USA).

The transfection procedure was performed ac-
cording to Lipofectamine2000 instruction. 2×105 
cells/well in logarithmic growth phase were inoc-
ulated into 6-well plates (Corning, Corning, NY, 
USA); then, PBS, miR-143 negative control, and 
miR-143 mimics sequence were transfected. Brief-
ly, the miR-143 mimics, miR-143 negative con-
trol and PBS were diluted in DEPC-treated water 
(Sigma-Aldrich, St. Louis, MO, USA) to a con-
centration of 10 μM, separately. 2 μL of diluted 
miR-143 mimics, miR-143 negative control, and 
PBS were mixed with 100 μL of Opti-MEM me-
dium (Hyclone, South Logan, UT, USA) followed 
by incubation for 5 min at room temperature. 2 μL 
of Lipofectamine2000 were mixed with 100 μL of 
Opti-MEM medium and then incubated for 5 min 
at room temperature. The above two solutions were 
mixed and kept standing at room temperature for 
15 min. Next, 200 μL formed complex were added 
to 6 wells cultured cells for another 4-6 h. The me-
dium was replaced with RPMI-1640 medium. The 
cells were harvested after 24 h of transfection and 
subjected to quantitative Real-time PCR.
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Fluorescence Quantitative PCR
The expression of miR-143 was detected by flu-

orescence quantitative PCR. The primer sequenc-
es of miR-143 and U6 were as follow: miR-143 
forward: 5-TGTAGTTTCGGAGTTAGTGTCG-
CGC-3, miR-143 reverse: 5’-CCTACGATCGA

AAACGACGCGAACG-3’. U6 forward: 
5’-CTCGCTTCGGCAGCACAT-3’; U6 reverse: 
5’-CGCTTCACGAATTTGCGTG-3’. 24 h fol-
lowing transfection, total RNA was extracted 
according to TRIzol kit instruction (Sigma-Al-
drich, St. Louis, MO, USA). The RNA purity 
was determined by ultraviolet spectrophotometer 
(Beckman, Kraemer Boulevard, Brea, CA, USA). 
The reverse transcription reaction was performed 
according to the instructions for reverse tran-
scription kit (TaKaRa, Otsu, Shiga, Japan). The 
PCR reaction was performed according to SYBR 
Green master kit (Applied Biosystems, Foster 
City, CA, USA). 1 μL cDNA was used as template 
in 10 μL system. The thermo cycler condition 
was: 95ºC pre-denaturing for 30 s, followed by 40 
cycles of 95ºC for 30 s, annealing temperature of 
60ºC for 30 s. The melting curve was made after 
the amplification. Each sample was triplicate re-
peatedly. The relative expression of miR-143 was 
calculated by ΔΔCt method, and the expression 
level was calculated as 2-ΔΔCt. Each value was 
normalized against that of U6 RNA.

Cell Proliferation
The cell proliferation was detected by CCK-

8 method. Briefly, after cell transfection for 24 
h, the single cell suspension was picked and 
adjusted to the concentration of 1×105 cells/ mL; 
the cells were seeded in 96-well plates (Corning, 
Corning, NY, USA), the density was 100 µL/well 
(1×104 cells/well), 5 repeated wells for each group 
cells. All the cells for culture were incubated at 
37°C, 5% CO2. 10 µL CCK-8 solution was added 
to each well at the time point of 48 h, 72 h and 
96 h culture following by 1-4 h incubation at 
37°C. The absorbance OD value was measured 
by microplate reader at 450 nm (Thermo Fisher 
Scientific, Waltham, MA, USA). The average OD 
value and standard deviation (SD) were calculat-
ed. Cell proliferation curve was graphed with “X” 
coordinate as time and “Y” as absorbance value.

Apoptosis
After 48 h of transfection, Annexin V-FITC 

(Beyotime, Shanghai, China) was applied to detect 
the cell apoptosis. Briefly, the cells were digested 
with trypsin and resuspended in PBS. 1×105 cells 

were centrifuged (Beckman, Kraemer Boulevard, 
Brea, CA, USA), and 195 µL Annexin V-FITC 
conjugated solution was added to suspend the cells; 
after that, 5 µL Annexin V-FITC were added and 
mixed evenly. The cells were incubated at room 
temperature shielded from light for 10 min and cen-
trifuged; next, 190 uL Annexin V-FITC conjugate 
were added to suspend the cells. 10 uL PI staining 
solution was added to the solution and the cells were 
put on ice shielded from light. The apoptosis was 
detected with flow cytometry (Beckman, Kraemer 
Boulevard, Brea, CA, USA) within 1 h. 

Western Blot
Western blot detection of EGFR, p- EGFR, 

AKT, p-AKT, ERK1/2, p-ERK1/2 and β-actin 
protein was performed. Briefly, 48 h after cell 
transfection, the cells were harvested. The total 
proteins were extracted according to the protein 
extraction kit. Protein concentration was deter-
mined by BCA method (Pierce, Appleton, WI, 
USA). 40 μg total proteins were separated by 
SDS-PAGE followed by transferring to a PVDF 
membrane (Thermo Fisher Scientific, Waltham, 
MA, USA). Then the membranes were blocked 
with 5% skimmed milk in Tris-buffered saline 
(TBS) containing 0.1% Tween-20 (TBS-T), for 1 
h and subsequently incubated overnight at 4°C 
with the respective primary antibodies rabbit 
anti-EGFR, p- EGFR, AKT, p-AKT, ERK1/2, 
p-ERK1/2and β-actin (Bo Aosen Biological 
Technology Co., Ltd. Beijing, China). After the 
membrane was washed with TBS-T for 3 times, 
each 5 min at room temperature, it was incubated 
with horseradish peroxidase (HRP)-conjugated 
secondary antibodies IgG (Sigma-Aldrich, St. 
Louis, MO, USA, 1:5,000) for 2 h at room tem-
perature. After thorough washing by 3 times, 
each 5 min, the proteins were visualized with 
Amersham ECL substrates. β-actin (Sigma-Al-
drich, St. Louis, MO, USA, 1:1,000) served as 
internal reference. The quantitative gray scale 
scanning was measured by Image analysis.

Statistical Analysis
Results were analyzed by means of SPSS19.0 

statistical software (SPSS IBM, Armonk, NY 
USA). All data were analyzed by means of 
mean±standard deviation (SD). One-way ANO-
VA with Bonferroni’s correction was used to 
compare the means of three or more groups. The 
comparison between groups was calculated using 
LSD test. p<0.05 was considered to be statistical-
ly significant.
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Results

miR-143 mRNA Expression 
Elevated After Transfection

miR-143 expression was measured by fluores-
cence quantitative PCR. The results were shown 
in Figure 1. Compared with the BC group, miR-
143 mRNA in NC group was 1.15 eq, and there 
was no significant difference between these two 
groups (p>0.05), while the expression of miR-
143 in miR-143 transfection group was 7.26 eq, 
which was drastically elevated and there was 
significantly different compared with BC and NC 
group. Therefore, transfection of miR-143 into the 
cells was high efficient and succeeded. 

miR-143 Downregulated 
PC9/GR Proliferation

After transfection in different time coursed, 
the cell proliferation was examined. The results 
were shown in Figure 2. Compared with the BC 
group, the cell proliferation in NC group had much 
change, the difference is negligible (p>0.05). Com-
pared with NC and BC group, the cell proliferation 
in miR-143 transfection group was reduced obvi-
ously and the difference was significant difference 
(p<0.05). The proliferation decreased by 19%, 
37% and 37% at 48 h, 72 h and 96 h, respectively. 
These results suggested transfection of miR-143 
can downregulate PC9/GR proliferation. 

miR-143 Promoted the Apoptosis 
of PC9/GR Cells

To check whether overexpression of miR-
143 on the apoptosis of PC9/GR cells, we per-
formed FACS. The results were shown in Fig-
ure 3. The apoptosis rate was (3.18±0.61) % in 
BC group and (4.32±0.83) % in NC group; there 
was no significant difference between these 
two groups (p>0.05). However, the apoptotic 
rate in miR-143 transfected group was marked-
ly increased (11.45±1.52) % compared with NC 
and BC group; the difference was significantly 
(p<0.05). These results showed transfection of 
miR-143 could promote the apoptosis of PC9/
GR cells.

miR-143 Involved in the 
EGFR-AKT-ERK1/2 Pathway

To examine whether EGFR-AKT-ERK1/2 
pathway axis was involved in the miR-143 trans-
fected cells, Western blot was employed to test 
the expression of EGFR, AKT, ERK1/2 (Figure 
4). Compared with NC and BC group, there 
was no much change in the expression of EG-
FR, AKT, ERK1/2 (p>0.05). Compared with NC 
and BC group, all of the EGFR, AKT, ERK1/2 
levels in miR-143 group displayed markedly de-
creased (p<0.05). After quantification, p-EGFR 
decreased by 35%, p-AKT decreased by 29% and 
p-ERK1/2 decreased by 41%.

Figure 1. The expression of miR-143 mRNA in BC group, 
NC group and miR-143 group after transfection. Note: com-
pared with BC group *p<0.05; compared with NC group 
#p<0.05.

Figure 2. Effect of miR-143 on PC9/GR cell proliferation 
in BC group, NC group and miR-143 group after transfec-
tion. Note: compared with BC group *p<0.05; compared 
with NC group #p<0.05.
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Figure 4. Effect of miR-143 on EGFR, AKT, ERK1/2 expression in BC group, NC group and miR-143 group after transfec-
tion. Panel A, EGFR, AKT, ERK1/2 and their phosphorylated protein expression. Panel B, Quantitative analysis of the protein 
expression. Note: compared with the BC group *p<0.05; compared with the NC group #p<0.05.

Figure 3. Effect of miR-143 on apoptosis of PC9/GR cells in BC group, NC group and miR-143 group after transfection. Panel 
A, BC group. Panel B, NC group. Panel C, miR-143 transfection group. Panel D, The apoptotic rate of PC9/GR cells in different 
groups. Note: compared with the BC group *p<0.05; compared with the NC group #p<0.05.
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Discussion

In the developed world, NSCLC is the pre-
dominant form of the disease, accounting for 
approximately 85% of cases26. Gefitinib and er-
lotinib are the first drugs to be used in advanced 
NSCLC27. Gefitinib, a kinase inhibitor, can in-
hibit the expression of the proteins to promote 
the process of cancerous cells development with 
some EGFR mutations28. It is well targeted for the 
treatment of patients whose cancerous tissue ex-
press the most common types of EGFR mutations 
in NSCLC (exon 19 deletions or exon 21 L858R 
substitution gene mutations)29. However, despite 
initial and often dramatic responses of epidermal 
growth factor receptor (EGFR)-addicted lung tu-
mors to gefitinib and erlotinib, nearly all develop 
resistance and relapse27. Therefore, attempting to 
find the alternative bypass pathways has become 
the forefront in the NSCLS field. 

Emerging evidence indicates that miR-143 
played important roles in the treatment of NS-
CLC. EGFR is a transmembrane protein with 
cytoplasmic kinase activity, which can trans-
duce important growth factor signaling from the 
extracellular environment to the interior of the 
cell30. EGFR is expressed in more than 60% of 
NSCLCs, and it has proven to be an important 
therapeutic target in the treatment of multiple tu-
mors31. Additional, NSCLC patients with EGFR 
mutations demonstrate prone to the treatment of 
EGFR-tyrosine kinase inhibitor; when compared 
with those patients EGFR mutations do not ex-
isted32. Zhang et al23 reported that miR-143 can 
suppress NSCLC cell proliferation, cell migration 
and invasion, probably via the interaction of miR-
143-EGFR complex. In addition, they claimed the 
inhibitory effects of EGFR-targeted shRNA on 
EGFR are similar to those of miR-143 overexpres-
sion in NSCLC cells. The results demonstrated 
that the level of EGFR was negatively correlated 
with that of miR-143 in NSCLC cells, indicative 
of EGRF, a potential miR-143downstream target. 
Compared with the normal cells, cancer cells can 
make apoptosis evasive to facilitate cell survival 
when suffering stressful environmental33. miR-
143 can markedly increase the cell apoptosis in 
A549 cells, which is another NSCLC cell line34. 
In line with that, our investigation showed the 
similar result that overexpression of miR-143 
decreased the cell proliferation and increased the 
cell apoptosis in PC9/GR line. 

A prior study35 reported that miR-143 overex-
pression suppressed the NSCLC proliferation, mi-

gration and increased their sensitivity to docetaxel 
by targeting EGFR/RAS/MAPK pathway. The 
intrinsic mechanism seems divergent. MiR-143 
directly targeted the EGFR and further inhibited 
phosphorylation of EGFR, AKT, and extracel-
lular signal-related kinase (ERK)1/2 in NSCLC 
cells. However, Othman et al34 found not only the 
direct binding of miR-143 with EGFR, but also 
miR-143 can act on ERK1/2 or its downstream 
target gene ELK-1, which greatly abolished the 
expression of these genes and further affected the 
downstream gene expression related to cell prolif-
eration, apoptosis, and invasion. Therefore, more 
experiments are needed to elucidate the miR-143 
target binding and its mechanism for the outcome 
of miR-143 overexpression.

Conclusions

We discovered that overexpression of miR-143 
was significantly associated with cell behaviors 
in PC9/GR cells. All of these findings suggested 
that overexpression of miR-143 significantly de-
creased cell proliferation, promoted cell apoptosis 
and suppressed the phosphorylation of EGFR, 
AKT and ERK1/2, which implied miR-143 may 
play a key role in treatment of NSCLC to en-
hance therapeutic efficacy. Nonetheless, our re-
sults should be confirmed by in vivo mouse model 
and gene knockdown experiments in future.
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