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MicroRNA-222 promotes human non-small  
cell lung cancer H460 growth by targeting p27
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Abstract: Two highly homologous microRNAs (miRNAs, miRs), miR-222 and miR-221, act as a cluster in cellular 
regulation. We have previously reported that miR-221 promoted the growth of human non-small cell lung cancer cell 
line H460. However, the role of miR-222 in regulating the growth of H460 is unclear. H460 cells were transfected 
with miR-222 mimics, inhibitors or their negative controls and their effects were confirmed by Real-time quantita-
tive reverse transcription polymerase chain reactions (qRT-PCRs). Cell viability was assessed by Cell Counting Kit-8 
(CCK-8) while cell proliferation was determined by 5-Ethynyl-2’-deoxyuridine (EdU) assay. P27 and P57, two putative 
targets of miR-222, were checked by qRT-PCRs. We found that miR-222 overexpression increased cell viability and 
proliferative rate in H460 cells while opposite effects were obtained by down-regulation of miR-222. P27 but not 
P57 was identified as a potential target of miR-222 in H460 cells as P27 was negatively regulated by miR-222 in the 
protein level. In summary, the present study indicates that miR-222 controls the growth of H460 likely by targeting 
P27. Inhibition of miR-222 might be a novel therapy for human non-small cell lung cancer. 
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Introduction

Lung cancer is one of the leading causes of 
unnatural death worldwide. Among all types of 
lung cancers, non-small cell lung cancer 
(NSCLC) is the most prevalent one, which 
accounts for about 80% of total cases, includ-
ing squamous cell carcinoma, adenocarcino-
ma, adenosquamous cell carcinoma, large cell 
carcinoma, and several other histologic types 
[1-3]. Despite the advances in medical technol-
ogy including surgical therapy, radiotherapy, 
chemotherapy and targeting therapy, the prog-
nosis for NSCLC patients is very poor as evi-
denced by the fact that the overall 5 year sur-
vival rate of NSCLC patients remains as low as 
15% [3, 4]. Besides that, it is estimated that 
lung cancer, especially NSCLC, will continue to 
be a major medical issue worldwide of mankind 
for the next 40 to 50 years [5]. Therefore, devel-
opment of effective therapies for NSCLC is 
urgently needed.

MicroRNAs (miRNAs, miRs) are a group of small, 
non-coding RNAs, which regulate gene expres-
sion in a relatively flexible sequence-specific 
manner [6-10]. To date, thousands of miRs 

have been identified in almost all metazoan 
genomes, including worms, flies, plants and 
mammals. MiRNAs have diverse expression 
patterns (eg. tissue-specific or non-tissue-spe-
cific/intracellular or extracellular) and regulate 
various developmental and physiological pro-
cesses [11]. miRNAs have been demonstrated 
to be involved in the initiation and development 
of a variety of cancers [12-16].

MiR-222 belongs to the miR-221/222 family, 
and has been reported to play a potential onco-
genic role in multiple cancer types including 
hepatocellular carcinoma, breast cancer, pros-
tate cancer, bladder cancer, endometrial carci-
noma and glioblastoma [17-23]. A recent study 
has indicated that miR-222 overexpression was 
related to clinicopathological factors and prog-
nosis of NSCLC [24], indicating that miR-222 
may play crucial roles in NSCLC. In addition, we 
also reported that miR-221 promoted the 
growth of human non-small cell lung cancer cell 
line H460 [25]. However, the role of miR-222 in 
regulating the growth of H460 is unclear. Here 
we intended to investigate the role of miR-222 
in regulating the growth of human non-small 
cell lung cancer cell line H460.
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Methods

Cell culture and transient transfection

Human NSCLC H460 cell line was obtained 
from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). H460 cells were 
maintained in RAMI supplemented with 10% 
FBS (Hyclone, USA), 100 U/ml penicillin, and 
100 mg/ml streptomycin, at 37°C in a humidi-
fied atmosphere of 5% CO2. 

miR-222 mimics, inhibitors and their negative 
controls were purchased from RiboBio 
(Guangzhou, China). H460 cells were starved 
for 6 hours before transfection. miR-222 mim-
ics (50 nM), miR-222 inhibitors (100 nM) and 
their negative controls were transfected into 
H460 cells with Lipofectamine 2000 for 48 
hours according to the manufacturer’s 
instructions.

Cell viability

Cell viability was determined with Cell Counting 
Kit 8 (CCK-8, Dojindo, Japan). In brief, H460 
cells were planted into 96-well plate (2 × 103/
well), and then cells were allowed to adhere 
overnight. After transfection of miR-222 mim-
ics, inhibitors or their negative controls, 10 μL 
CCK-8 agent was added into each well. Cells 
were incubated for 1 hour at 37°C. Absorbance 
at 450 nm was detected by Microplate 
Absorbance Reader (Bio-rad). 

Cell proliferation

The proliferative rate of H460 cells was detect-
ed with 5-ethynyl-2’-deoxyuridine (EdU) assays. 
H460 cells was planted into 24-well plate at 2 
× 104/ml, and then cells were allowed to adhere 
overnight. After transfection of miR-222 mim-
ics, inhibitors or their negative controls, cells 
were incubated with EdU for 8 hour before fluo-
rescent detection. Cells were fixed with 4% 
paraformaldehyde for 30 minutes, and stained 
with Cell-Light™ EdU Apollo®488 In Vitro 
Imaging Kit (RioBio, China) according to the 
manufacturer’s instructions.

Quantitative reverse transcription polymerase 
chain reactions (qRT-PCRs) 

Total RNA was isolated from H460 cells using 
TRIZOL reagent (Invitrogen, USA). For p27 and 

p57 mRNA detection, reverse transcription 
reaction was performed using 400 ng of total 
RNA and reverse transcribed into cDNA using 
Bio-Rad iScripTM cDNA Synthesis Kit (Bio-Rad, 
USA). Then cDNA was subjected into 40 cycles 
of quantitative PCR with Takara SYBR Premix 
Ex TaqTM (Takara, Japan) in CFX96TM Real-
Time PCR Detection System (Bio-Rad, USA), 
using the following cycling conditions: 95°C for 
3 min; 95°C for 15 s, 60°C for 30 s, 72°C for 
30 s, 40 cycles. GAPDH was used to normalize 
p27 and p57 genes. The sequence of p27 prim-
er: FOR AACGTGCGAGTGTCTAACGG (5’-3’), REV 
CCCTCTAGGGGT TTGTGATTCT (5’-3’). The se- 
quence of p57 primer: FOR GCGGCGATCAAGAA 
GCTGT (5’-3’), REV GCTTGGCGAAGAAATCGGAGA 
(5’-3’). The sequence of GAPDH primer: FOR 
TGTGGGCATCAATGGATTTGG (5’-3’), REV ACAC- 
CATG TATTCCGGGT CAAT (5’-3’). 

For miR-222 detection, reverse transcription 
reaction was performed using Bulge-Loop™ 
miRNA qRT-PCR Primer Set (Ribobio, China) 
according to the manufacturer’s instructions. 
Then cDNA was subjected into 40 cycles of 
quantitative PCR with Takara SYBR Premix Ex 
TaqTM (Takara, Japan) in CFX96TM Real-Time 
PCR Detection System (Bio-Rad, USA), using 
the following cycling conditions: 95°C for 10 
min; 95°C for 10 s, 60°C for 20 s, 72°C for 10 
s, 40 cycles. U6 was used to normalize 
miR-222. 

Western blot

H460 cells were plate in a 6-well plate at a den-
sity of at 2 × 104/ml and were allowed to adhere 
overnight. After transfection of miR-222 mim-
ics, inhibitors or their negative controls, cells 
were harvested. The cells were scraped in cold 
PBS and lysed in in RIPA buffer (Keygen, China) 
containing 1 mM PMSF. Western blotting was 
performed using standard 12% SDS-PAGE gel, 
loading 40 µg of protein per lane, probed with 
anti-p27 Ab (Bioworld, USA) and were detected 
using HRP-linked secondary Ab and the ECL 
System (Bio-rad, USA). β-actin was used as 
loading control.    

Statistical analysis

All data were represented as mean ± SEM. An 
independent Student T-test or one-way ANOVA 
was conducted with a Bonferroni’s post-hoc 
test. P value < 0.05 was considered as statisti-
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Figure 2. miR-222 regulates cell viability of H460 
cells. Cell Counting Kit-8 assays indicate that miR-
222 mimics increase cell viability of H460 (A) while 
miR-222 inhibitors decrease cell viability of H460 
(B). *P < 0.05.

cally significant. All analyses in the study were 
performed using IBM SPSS 19.0 for Windows.

Results

MiR-222 controls H460 cells’ viability

To know if miR-222 could regulate human 
NSCLC cell line H460 cells’ viability, we firstly 
transfected miR-222 mimics, inhibitors or their 
negative controls to H460 cells. The transfec-
tion rate of mimics and inhibitors has been pre-
viously shown [25]. As determined by qRT-PCR, 
we confirmed that miR-222 mimics or inhibitors 

used in the present study successfully took 
effects in increasing or decreasing miR-222 
levels in H460 cells, which is evidenced by the 
fact that 48 h after transfection of miR-222 
mimics, miR-222 levels were significantly 
upregulated in H460 cells, while miR-222 inhib-
itors downregulated miR-222 levels (Figure 1). 
Based on that, using CCK-8 assays, we showed 
that miR-222 mimics increased cell viability of 
H460 cells while miR-222 inhibitors decreased 
that (Figure 2). These data confirm that miR-
222 might be responsible for the tumor proper-
ties of H460 cells by regulating cell viability.

MiR-222 induces H460 cells’ proliferation

To check the effects of miR-222 in regulating 
H460 cell’ proliferation, in this study we used 
EdU assays. We showed that up-regulation of 
miR-222 with miR-222 mimics increased the 
percentage of EdU positive cells, indicating that 
miR-222 induces H460 cells’ proliferation. In 
addition, down-regulation of miR-222 with miR-
222 inhibitors deceased the percentage of EdU 
positive cells (Figure 3). These data indicate 
that miR-222 may be responsible for the tumor 
properties of H460 cells by promoting cell 
proliferation. 

P27 is a potential target gene of miR-222 in 
H460 cells

P27 and p57, also respectively known as cyclin-
dependent kinase inhibitor 1B and cyclin-

Figure 1. Quantitative reverse transcription polymerase chain reactions (qRT-PCRs) prove that miR-222 mimics and 
inhibitors successfully take effects in H460 cells. A. miR-222 mimics upregulate miR-222 levels in H460 cells. *P < 
0.05. B. miR-222 inhibitors downregulate miR-222 levels in H460 cells. *P < 0.05.
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dependent kinase inhibitor 1C, are members of 
the Cip/Kip family of cyclin-dependent kinase 
inhibitors and function to negatively control cell 
proliferation [26-30]. In addition, they are well-
established target genes of miR-222 in multiple 

cell types [31-34]. To determine if P27 and/or 
P57 are putative target genes of miR-222 in 
H460 cells, we detected the mRNA levels of 
p27 and p57 in H460 cells firstly. As demon-
strated with qPCRs, mRNA levels of p27 were 

Figure 3. miR-222 controls cell proliferation of H460 cells. 5-Ethynyl-2’-deoxyuridine (EdU) stainings show that miR-
222 mimics increase the proliferation of H460 cells (A) while miR-222 inhibitors decrease the proliferation of H460 
cells (B). **P < 0.01.

Figure 4. P27 is a potential target gene of miR-222 in H460 cells. A. miR-222 negatively regulates p27 but not P57 
expression levels at the mRNA level. *P < 0.05. B. miRNA-221 negatively regulates p27 expression levels at the 
protein levels. *P < 0.05.
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down-regulated by overexpression of miR-222 
while remained unchanged by miR-222 inhibi-
tion (Figure 4A). However, mRNA levels of P57 
were not affected by either overexpression or 
down-regulation of miR-222 (Figure 4A). To fur-
ther confirm that p27 is a potential target gene 
of miR-222 in H460 cells, we next detected the 
protein levels of p27. As shown in Figure 4B, 
the protein levels of p27 were decreased by 
miR-222 overexpression while increased by 
miR-222 downregulation in H460 cells, indicat-
ing that P27 might be a target gene of miR-222 
in H460 cells.

Discussion 

Lung cancer is one of the most prevalent malig-
nancies worldwide and is also the leading 
cause of cancer-related death. The NSCLC 
accounts for 80% of the total lung cancer 
cases, which shows very poor prognosis: the 
median overall survival of patients with 
advanced stage undergoing current standard 
chemotherapy is as short as approximately 10 
months. Despite extensive efforts have been 
devoted into NSCLC studies, few novel thera-
peutic strategies have been proved to exhibit 
remarkable clinical effects. 

Extensive evidence has suggested that miR-
NAs are crucially important in cancer gene reg-
ulation [12, 15, 35]. Particularly, a lot of miR-
NAs have been proved to promote tumorigenesis 
and cancer progression [36-41]. For these 
onco-miRNAs, proliferation promotion effect on 
tumor cells is a key property related to tumor 
development, of which a profound understand-
ing is quite important for the potential use of 
miRNAs for therapeutic purposes. 

MiR-222 belongs to the miR-221/222 family 
and is a well-established onco-miRNA. However, 
if miR-222 is involved in the progression of 
NSCLC remains unclear despite a study has 
indicated that the expression levels of miR-222 
were elevated in the NSCLC tissue compared 
with that in adjacent normal tissue [24]. In this 
study, we investigated the effects of miR-222 
on human NSCLC cell line H460, finding that 
overexpression of miR-222 enhances the cell 
viability and cell proliferation, as demonstrated 
by CCK-8 and EdU assay, whereas down-regu-
lating miR-222 levels in H460 cells deceased 
the cell viability and cell proliferation. P27 is a 
target gene of miR-221 that we previously iden-
tified in H40 cells. Here we also indicates that 

p27 is regulated by miR-222 in H40 cells, indi-
cating it might mediate the effects of miR-222 
in H40 cells, though this needs to be further 
confirmed with reverse evidence in the future. 

In conclusion, our investigation suggests that 
miR-222 controls H40 cells’ viability and prolif-
eration, and might functions by targeting p27. 
This study may provide new evidence for under-
standing the role of miR-222 on NSCLC cells, as 
well as help develop novel therapeutic strategy 
for NSCLC.
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