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The ribosomal protein (RP)–p53 pathway has been shown to play a key role in apoptosis and senescence 
of cancer cells. miR-1908 is a newly found miRNA that was reported to have prognostic potential in mela-
noma. However, its role and mechanism in the progression of non-small cell lung cancer (NSCLC) are largely 
unknown. In this study, we found that expression of miR-1908 was significantly downregulated in human 
NSCLC cell lines, including SK-MES-1, A549, and NCI-H460. Then the role of miR-1908 in NSCLC cell 
proliferation was explored. The miR-1908 mimic was transfected into NSCLC cell lines, and their prolifera-
tion was detected. MTT and Cell Titer-Blue H analyses showed that the cell proliferation was notably reduced 
by the miR-1908 mimic transfection. Moreover, we found the RP–p53 pathway was activated by miR-1908 
mimic. Moreover, the miR-1908 inhibitor transfection had a completely opposite effect on the NSCLC cell 
proliferation than that of miR-1908 mimic. To explore the underlying mechanism of that, TargetScan bioinfor-
matics server and 3¢-UTR luciferase reporter assay were applied to identify the targets of miR-1908. Our results 
showed that AKT1 substrate 1 (AKT1S1), a newly proven suppressor of the RP–p53 pathway, was a target of 
miR-1908, suggesting a probable mechanism for miR-191 suppressing NSCLC cell proliferation. Our findings 
provide a novel molecular target for the regulation of NSCLC cell proliferation.
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INTRODUCTION

Lung cancer is one of the leading causes of cancer death 
in the world, especially in China during the past decade 
(1,2). Non-small cell lung cancer (NSCLC) accounts for 
the majority of all lung cancer cases, including squamous 
cell carcinoma, adenocarcinoma, and large cell carcinoma 
(3). The growth and division of NSCLC are much quicker 
than small cell lung cancer, and diffusion and metastasis 
are so early that the diagnosis of most of NSCLC cases 
is confirmed in the middle and advanced stages (3,4). 
Therefore, it is of significance to identify novel genes or 
factors that regulate NSCLC progression.

The Ser/Thr protein kinase Akt is a key regulator 
that can inhibit apoptosis and promote survival in mul-
tiple types of cells (5). In response to growth signals, 
Akt phosphorylates a wide array of substrates to activate 

the mechanistic target of rapamycin (mTOR) through 
two pathways (6). In the first pathway, Akt phosphory-
lates and inhibits the GTPase-activating protein TSC2, 
thus making the GTPase Rheb remain GTP bound and 
activate mTORC1 (7). The second pathway depends on 
the proline-rich Akt substrate of 40 kDa (PRAS40, also 
AKT1S1). On growth signal stimulus, AKT1S1 binds the 
scaffolding protein 14-3-3 and dissociates from Raptor, 
thereby allowing mTORC1 access to its downstream effec-
tor substrates (8,9). In the above processes, AKT1S1 acted 
as a negative regulator of mTORC1, so it may be a sup-
pressor of cell growth and proliferation (10). However, 
many studies indicated that AKT1S1 was upregulated in 
disease models, and its upregulation was proven to pro-
mote cell survival and tumorigenesis (11,12). Moreover, 
a recent study showed that AKT1S1 negatively regulated 
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the ribosomal protein L11 (RPL11)–p53 nucleolar stress 
response pathway and suppressed induction of p53-medi-
ated cellular senescence in HeLa cells (13).

MicroRNAs (miRNAs) have been involved in the inci-
dence and progression of nearly all cancers (14). miR-
1908 is a newly discovered miRNA that was reported to 
play a potential role in diverse physiological and patho-
logical processes. Several studies showed that miR-1908 
was highly expressed in mature human adipocytes, and 
its overexpression inhibited adipogenic differentiation 
and increased cell proliferation (15), suggesting that 
miR-1908 plays an important role in cell proliferation. 
Another study revealed that miR-1908 was involved in 
the regulation of some key regulators in cell prolifera-
tion and metastasis in cancerous cells (16–18), such as 
mitogen-activated protein kinase (MAPK), low-density 
lipoprotein receptor-related protein (LRP1)/LRP8, and so 
on. However, the role of miR-1908 in the progression of 
NSCLC is still elusive.

In this study, we found that expression of miR-1908 
was significantly reduced in NSCLC cell lines includ-
ing SK-MES-1 human lung squamous cell, A549 human 
lung adenocarcinoma, and NCI-H460 human lung large-
cell carcinoma cells. Overexpression of miR-1908 mark-
edly suppressed the proliferation of these three cell lines. 
Moreover, we explored the underlying mechanism of 
that. Our findings reveal a novel p53-dependent tumor 
suppressor in NSCLC cells.

MATERIALS AND METHODS

Cell Culture and Mild Hypoxia Stimulation

HBE normal lung, SK-MES-1 human lung squamous 
cell, A549 human lung adenocarcinoma, and NCI-H460 
human lung large-cell carcinoma cells were purchased from 
ATCC (Manassas, VA, USA). The cells were taken from 
liquid nitrogen and thawed in a 37°C water bath. The cells 
were centrifuged at 1,000 × g for 7 min, and then the cells 
were suspended by DMEM containing 4.5  g/L glucose, 
4 mmol/L l-glutamine (Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% FBS (Invitrogen). The NCI-H460 
cells were 1640 containing 4.5 g/L glucose, 4 mmol/L 
l-glutamine supplemented with 10% FBS. The cells were 
incubated in a humidified incubator with an atmosphere of 
95% air/5% CO

2
 at 37°C. For mild hypoxia stimulation, 

the cells were incubated in a humidified incubator with an 
atmosphere of 80% N

2
/15% O

2
/5% CO

2
 at 37°C.

Transfection

Single-strand miRNA mimic negative control (NC) and 
miR-1908 mimic were designed, synthesized, and con-
firmed effective by Ribobio Company (Guangzhou, China). 
On reaching 70% confluence, 40 pmol NC or 40  pmol 
miR-1908 mimic was transfected into the cell lines 
with Lipofectamine 3000 (Invitrogen) according to the 

manufacturer’s instructions. The medium was changed 
every 3 days.

Cell Proliferation Analysis

Cell proliferation was evaluated using the MTT 
method (Sigma-Aldrich, St. Louis, MO, USA) and Cell 
Titer-Blue H® Cell Viability Assay Kit (Promega). After 
treatment, the cells were incubated for 0, 24, 48, and 72 h 
before adding the MTT reagent to each well at a final 
concentration of 0.5 mg/ml and incubated at 37°C for 4 h. 
After medium removal, 500 μl of dimethyl sulfoxide was 
added to each well. Viable cells were measured by absor-
bance at a 550 nm wavelength using a microplate reader 
(Bio-Rad, Hercules, CA, USA). Cell Titer-Blue H® Cell 
Viability Assay was carried out according to the manu-
facturer’s instructions.

Real-Time Quantitative PCR

Total RNA was isolated using TRIzol reagent 
(Invitrogen) following the manufacturer’s instructions. 
The RNA concentration was quantified using a spec-
trophotometer measuring OD260/280 ratio (1.80–1.95). 
The integrity of RNA was checked by electrophoresis on 
1.0% agarose gel with ethidium bromide staining. Real-
time qPCR reactions were carried out in a final volume 
of 25 μl, using SYBR Premix Ex Taq (TaKaRa), 0.4 mM 
of each primer, and 200 ng of cDNA template. Mature 
miR-191 stem–loop primer and quantitative primers, as 
well as U6 RNA primers, were designed and produced 
by Ribobio Company. Each individual sample was run in 
triplicate wells. PCR amplification cycles were performed 
using iQTM5 Multicolor Real-Time PCR Detection System 
(Bio-Rad) and SYBR Premix Ex Taq II kit (Invitrogen). 
The reactions were initially denatured at 95°C for 3 min 
followed by 35 cycles of 95°C for 15 s, and 60°C for 60 s. 
The data were calculated using the 2−DDCt method.

3¢-UTR Luciferase Reporter Assay

The cDNA fragment corresponding to the 3¢-UTR of 
AKT1S1 mRNA contains the binding site of miR-1908 
with XhoI and NotI cutting sites. The constructs were 
confirmed by sequencing. The fragments were cloned into 
psiCHECK™-2 Vectors (Promega, Madison, WI, USA) at 
the 3¢ end of the Renilla gene. The mutant psiCHECK™-
3¢-UTR vector (with a three-consecutive-base mutation at 
the miR-1908 seed targeting site) was produced with Hieff 
MutTM Site-Directed Mutagenesis Kit (Yeasen Biological 
Technology Co., Ltd., Shanghai, China) according to the 
manufacturer’s instructions. HEK293T cells (2 × 104) were 
seeded in 96-well plates, and 24 h later transfections were 
performed using 1.0 μl Lipofectamine 3000 transfection 
reagent (Invitrogen), 100 ng of vector constructs, and either 
40 nM of miR-1908 mimic or NC per well. Cells were har-
vested at 48 h after transfection. Luciferase activity was 
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measured using the DualGlo Luciferase Assay System 
(Promega). Renilla luciferase activity was measured and 
normalized to corresponding firefly luciferase activity.

Western Blotting

Twenty micrograms of protein from each sample was 
separated by 12% SDS-PAGE and electrotransferred to 
PVDF membrane (Millipore) for immunoblotting analysis. 
The following primary antibodies were used: anti-AKT1S1 
(1:200; Abcam), anti-p53 (1:300; Abcam), anti-p21 (1:200; 
Abcam), anti-CDK4 (1:200; Abcam), anti-RPL11 (1:200; 
Abcam), and anti-GAPDH, which was used as the inter-
nal reference. After incubation with the appropriate HRP-
conjugate secondary antibody, proteins were detected using 
a ChemiDoc XRS imaging system and analysis software 
Quantity One (Bio-Rad).

Website References

The targeting relationship between AKT1S1 and miR-
1908 was predicted by online server TargetScan (http://
www.targetscan.org/cgi-bin/targetscan/vert_61/view_gene.

cgi?taxid=9606&rs=NM_001098632&members=miR​-663
/663a/1908&showcnc=1&shownc=1&showncf=1).

Statistical Analysis

All data were obtained from at least three independent 
experiments. Values were expressed as means ± SEM. 
Statistics were calculated with SPSS 19.0. Multiple com-
parisons were assessed by one-way ANOVA followed by 
Dunnett’s tests. The difference between groups was con-
sidered statistically significant with a value of p < 0.05.

RESULTS

Expression of miR-1908 Was Significantly 
Downregulated in NSCLC Cells

To explore the potential role of miR-1908 in the progres-
sion of NSCLC, the expression of miR-1908 was detected 
with real-time qPCR. The results showed that miR-1908 
expression levels did not change between HBE normal 
lung epithelial cells and NSCLC cell lines (Fig. 1A). Then 
the expression levels of pri-, pre-, and mature miR-1908 
in mild hypoxic NSCLC cell lines and HBE cells were 

Figure 1.  miR-1908 is downregulated in NSCLC cell lines under mild hypoxia condition. (A) There is no significant difference in the 
miR-1908 expression levels between normal lung cells and NSCLC cell lines. (B) Primary miR-1908 transcript (pri-miR-1908) was 
downregulated in NSCLC cell lines under mild hypoxia condition. (C) Precursor miR-1908 transcript (pre-miR-1908) was downregu-
lated in NSCLC cell lines under mild hypoxia condition. (D) Mature miR-1908 was downregulated in NSCLC cell lines under mild 
hypoxia condition. After adhesion, normal lung cells HBE, and NSCLC cell lines SK-MES-1, A549, and NCI-H460 were incubated in 
normal condition (nonhypoxia) or a mild hypoxia atmosphere with 15% O

2
. On reaching confluence, the levels of pri-, pre-, and mature 

miR-1908 were detected with real-time qPCR. *p < 0.05, **p < 0.01.
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detected. The results showed that all these transcripts 
were significantly downregulated in the NSCLC cell lines 
(Fig. 1B–D), suggesting that miR-1908 might play a role 
in the progression of NSCLC.

Overexpression of miR-1908 Suppressed the 
Proliferation of NSCLC Cells

To investigate the effect of miR-1908 on the prolif-
eration of NSCLC cells, miR-1908 mimic or a negative 
control mimic (NC) were transfected into human NSCLC 
cell lines SK-MES-1, A549, and NCI-H460 under mild 
hypoxia conditions, and then their proliferation was 
detected. The results of MTT analysis showed that the pro-
liferation of these three cell lines was markedly reduced 
by the miR-1908 mimic transfection (Fig. 2A–C). Data 
on Cell Titer-Blue H analysis also revealed that miR-
1908 mimic transfection caused a significant decrease in 
the proliferation of these cells (Fig. 2D–F).

Silencing miR-1908 Promoted the Proliferation of 
NSCLC Cell Lines

Subsequently, to further explore the role of miR-1908 
in the progression of NSCLC cell lines, oligo miR-1908 
inhibitor was transfected into the three cell lines under 
mild hypoxia conditions. After incubation, the prolifera-
tion of the cell lines was detected with MTT and Cell Titer-
Blue H assays. The results indicated that the proliferation 
of these cells was notably increased by the miR-1908 

inhibitor transfection (Fig. 3A–F). These results, together 
with those of miR-1908 mimic transfection, demonstrated 
that miR-1908 plays a negative role in the regulation of 
NSCLC cell proliferation.

miR-1908 Targeted AKT1S1 and Upregulated the 
RP-p53-p21 Tumor-Suppressing Pathway

Finally, to explore the potential mechanism of miR-
1908 suppressing the proliferation of NSCLC cell lines, 
the online server TargetScan was applied to screening 
its potential target genes. The output showed that the 
AKT1S1 mRNA was completely matched by the miR-
1908 seed sequence at its 3¢-UTR region (Fig. 4A). The 
3¢-UTR luciferase reporter assay was applied to verify 
their targeting relationship. The results revealed that miR-
1908 sharply reduced the relative fluorescence intensity 
of psi-WT 3¢-UTR, but had no effect on that of mutant 
3¢-UTR (Fig. 4B). Subsequently, the miR-1908 mimic or 
inhibitor was transfected into A549 cells. Western blot-
ting analysis showed that expression AKT1S1 protein 
was sharply reduced by miR-1908 mimic transfection 
and increased by the inhibitor (Fig. 4C). Moreover, sev-
eral marker genes in the downstream tumor-suppressing 
pathway were upregulated by miR-1908 mimic and sup-
pressed by the inhibitor, including RPL11, p53, and p21 
(Fig. 4C). CDK4 expression was altered in response to 
the alternation of p21 level caused by the mimic and 
inhibitor (Fig. 4C).

Figure 2.  Overexpression of miR-1908 suppresses NSCLC cell proliferation under mild hypoxia condition. (A–C) The effect of miR-
1908 mimic on the proliferation of SK-MES-1, A549, and NCI-H460 cells was determined by MTT under mild hypoxia condition. 
(D–F) The effect of miR-1908 mimic on the proliferation of SK-MES-1, A549, and NCI-H460 cells was determined by Cell Titer-Blue 
H analysis under mild hypoxia condition. *p < 0.05.
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Figure 3.  Silencing miR-1908 increases NSCLC cell proliferation under mild hypoxia condition. (A–C) The effect of miR-1908 
inhibitor on the proliferation of SK-MES-1, A549, and NCI-H460 cells was determined by MTT under mild hypoxia condition. 
(D–F) The effect of miR-1908 inhibitor on the proliferation of SK-MES-1, A549, and NCI-H460 cells was determined by Cell Titer-Blue 
H analysis under mild hypoxia condition. *p < 0.05.

Figure 4.  miR-1908 targets AKT1S1 and negatively regulates RPL11–p53–p21 signaling. (A) The output of TargetScan for targeting 
relationship between miR-1908 and AKT1S1. The gray box indicates the substituted bases in the mutant AKT1S1 3¢-UTR sequence, 
and the gray letters above the box represent the bases that substitute them. (B) MiR-1908 targeted WT AKT1S1 3¢-UTR but not mutant 
AKT1S1 3¢-UTR. (C) Western blotting analysis for protein levels of AKT1S1, RPL11, p53, p21, and CDK4. After the mimic or inhibi-
tor transfection for 72 h under chronic hypoxia condition, the cells were collected and the AKT1S1, RPL11, p53, p21, and CDK4 
protein levels were detected. *p < 0.05, **p < 0.01.
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DISCUSSION

As a newly discovered miRNA, the role of miR-1908 
has been poorly studied. High throughput sequenc-
ing revealed that the functions of its target genes were 
mostly predicted as regulators of the Wnt receptor sig-
naling, glucose/insulin metabolism, cell cycle, or cell 
apoptosis (15). Studies have indicated that miR-1908 
was highly expressed in human mature adipocytes and 
further proven to play an important role in the regulation 
of differentiation and proliferation of normal adipocytes 
and is involved in the regulation of multiple cytokines 
(15,19). Recently, miR-1908 was found to be involved 
in the regulation of chordoma and melanoma cell pro-
liferation and metastasis. In this study, we reported that 
expression of miR-1908 was significantly downregulated 
in human NSCLC cell lines, including SK-MES-1, A549, 
and NCI-H460, suggesting it has a suppressive effect on 
the progression of NSCLC. Then the miR-1908 mimic 
was transfected into three cell lines, and our data on the 
cell proliferation detection indicated that miR-1908 had a 
negative effect on the proliferation of NSCLC cells. What 
is more, the results show that miR-1908 inhibitor trans-
fection significantly promoted cell proliferation.

Interestingly, most of the existing reports show a 
promoting effect of miR-1908 on cell proliferation in 
cancerous and noncancerous cells. However, our study 
came to an opposite conclusion. Our explanation is that 
the mild hypoxia atmosphere might change its targeting 
manner, which we would validate through further study. 
In fact, although the exact role of miR-1908 in lung can-
cers was rarely reported, we recognized from a recent 
report that serum miR-1908 was lowered in patients with 
primary lung cancer compared with control individuals 
(20), which also suggested a suppressive role of miR-
1908 in lung cancer. Moreover, it is not a singular event 
that miRNAs played multiple roles in different cancer-
ous cells or in the same type of cancerous cells under dif-
ferent conditions. A typical miRNA that plays multiple 
roles under hypoxic conditions is miR-210. As a signa-
ture of hypoxia and an extensively investigated miRNA 
in cancer, miR-210 could function as an oncogene or a 
tumor suppressor and could be a positive or negative 
prognostic biomarker (21). Another similar miRNA is 
miR-191, which was proven to be a tumor promotor in 
many cancers, but not NSCLC (22–24). Overexpression 
of miR-191 had no effect on any phenotypes of A549 
NSCLC cells, including cell cycle distribution, cell pro-
liferation, adherent colony formation, and soft agar col-
ony formation (24).

As a substrate of both Akt1 and mTOR complex 1, 
AKT1S1 functioned crucially in the Akt/mTOR signaling 
pathway to regulate multiple biological processes (12,25). 
For a long time, AKT1S1 was regarded as an inhibitor of 

Akt/mTOR signaling and a suppressor in cell cycle and 
proliferation (26,27), until Pallares-Cartes and colleagues 
showed a contrasting finding regarding the function of 
AKT1S1 in mTORC1 signaling in Drosophila (28). An 
increasing number showed that silencing AKT1S1 increased 
apoptosis, lowered cell viability, and reduced tumor devel-
opment in several cancers (29,30). Additionally, a recent 
study demonstrated that AKT1S1 negatively regulates the 
RPL11-HDM2-p53 nucleolar stress response pathway and 
suppresses induction of p53-mediated cellular senescence. 
Therefore, AKT1S1 had a protumorigenic effect and might 
be a potential target for the regulation of p53-mediated 
cell growth arrest (13). In this current study, our data on 
TargetScan bioinformatics server and 3¢-UTR luciferase 
reporter assay showed that AKT1S1 was a target of miR-
1908. Moreover, miR-1908 had a positive impact on the 
expression of RPL11, p53, and p21.

In conclusion, miR-1908 was downregulated in 
NSCLC cell lines under a mild hypoxia condition. miR-
1908 suppressed the proliferation of NSCLC cells through 
targeting AKT1S1.
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