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miR-148b functions as a tumor suppressor  
in non-small cell lung cancer by targeting  
carcinoembryonic antigen (CEA)
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Abstract: Aberrant expression of miR-148b has been found in several types of cancer, but its expression and po-
tential biologic role in non-small cell lung cancer (NSCLC) are still largely unknown. Here, we found that miR-148b 
was commonly under-expressed in human non-small celllung cancer (NSCLC) specimens and cell lines. The over-
expression of miR-148b dramatically suppressed NSCLC cell proliferation and migration. Furthermore, miR-148b 
could regulate carcinoembryonic antigen (CEA) expression by luciferase reporter assay. On the other hand, CEA was 
widely up-regulated in NSCLC specimens, and its mRNA levels were inversely correlated with miR-148b expression. 
These suggest that CEA expression may be regulated by miR-148b. Collectively, our findings indicate miR-148b is 
low expression in NSCLC cells, which results in CEA overexpression and disease progression in NSCLC patients.
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Introduction

Lung cancer has a higher death rate among all 
cancers and continues to be the leading cause 
of cancer-related death in both men and women 
throughout the world [1]. Lung tumors are usu-
ally classified into non-small cell lung cancer 
(NSCLC) and small-cell lung cancer (SCLC) 
depending on their pathological and histologi-
cal characteristics [2]. Non-small cell lung can-
cer (NSCLC) accounts for the majority (85%) of 
lung cancers and its five-year survival is only 
15% [3]. More than half of the patients (56%) 
with lung cancer at the time of diagnosis have 
advanced or metastatic disease [4] and even 
with chemotherapy have a median survival of 
one year or less [5]. Therefore, a good under-
standing of the molecular mechanisms underly-
ing NSCLC development and progression is 
urgently needed.

miRNAs are small non-coding RNA molecules 
that suppress gene expression by interacting 
with the 3’-untranslated regions (3’UTRs) of tar-
get mRNAs. These interactions may result in 
either inhibition of translation of the targeted 
mRNAs or their degradation [6]. Dysregulation 
of miRNAs may lead to alterations in cellular dif-
ferentiation, proliferation, apoptosis and metas-
tasis processes that are important in the devel-
opment of cancer [7]. In lung cancer, multiple 
miRNAs, such as let-7 family, miR-200, miR-
486, miR-124 and miR-146a have been identi-
fied as tumor suppressors [8-12]; on the other 
hand, miR-31, miR-212 and miR-196a were 
found to promote NSCLC carcinogenesis 
[13-15].

miR-148b is located at chromosome 12q13 
and recent studies have found it is down-regu-
lated in oral, pancreatic, colon and gastric can-
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cer tissues [16-21]. Furthermore, an increasing 
number of reports indicate that miR-148b acts 
as a tumor suppressor by targeting specific 
oncogenes. However, the function and mecha-
nism of miR-148b in NSCLC development 
remain unknown. In this study, we identified 
that miR-148b was down-regulated in NSCLC 
cell lines and tissues. Functionally, miR-148b 
suppresses the proliferation and migration of 
NSCLC cells by targeting CEA pro-oncogene. 
Our finding will help to better understand the 
biological activities of miR-148b in NSCLC.

Materials and methods

Cell lines and culture

The NSCLC cell lines PC14/B and A549 were 
maintained in Dulbecco’s modified Eagle’s 
medium (DMEM, Gibco, USA) supplemented 
with 10% fetal bovine serum (HyClone, Logan, 
USA). The cells were grown in a humidified incu-
bator at 37°C with 5% CO2 and split every two 
days.

Oligonucleotide transfection

The miR-148b mimics and a nonspecific miRNA 
control were synthesized by GenePharma 
(Shanghai, China). miRNAs were transfected at 
a working concentration of 50 nmol/L using 
RNAiMAX reagent (Invitrogen, USA) according 
to the manufacturer’s instructions. The trans-
fected cells were incubated at 37°C for 24 hrs 
in complete medium and harvested at the indi-
cated time points.

RNA extraction, reverse transcription, and 
quantitative real-time PCR

Total RNA was extracted using TRIzol (Invitrogen, 
USA) according to the manufacturer’s instruc-
tions. cDNA was synthesized with the MLV tran-
scriptase Kit (Invitrogen, USA). The quantitative 
analysis of miR-148b expression was assayed 
using a Bulge-LoopTM miRNA qRT-PCR primer 
(RIBOBIO, Guangzhou, China) and Platinum® 
SYBR® Green qPCR SuperMix-UDG with ROX 
(Invitrogen, USA) on an ABI 7900HT instrument 
(Applied Biosystems, Foster, CA) according to 
the manufacturer’s instructions, and U6 small 
nuclear RNA (U6-snRNA) purchased from 
Ribobio was used as an internal control. The 
fold changes were calculated through relative 
quantification with 2-ΔΔCt [22]. All of the reac-

tions were performed in a 20 μL reaction vol-
ume in triplicate.

Western blot analysis

This procedure was detailed previously [23]. 
Briefly, protein lysates were resolved through 
10% SDS-PAGE and electrophoretically trans-
ferred to a PVDF (polyvinylidene difluoride) 
membrane (Millipore, USA). Then, the mem-
brane was probed with an antibody against 
human CEA (1:1,000 dilution, Cell Signaling 
Technology) or β-actin (Bioworld, USA) as a pro-
tein loading control, followed by peroxidase-
conjugated goat anti-mouse IgG (H+L) (DingGuo, 
China) as the secondary antibody. The intensity 
of the protein fragments was visualized with an 
X-ray image film processing machine (Kodak, 
Japan).

MTT and colony formation assay

For cell proliferation assays, cells transfected 
with miRNAs or co-transfected with miRNAs 
and plasmids for 24 hrs were reseeded in 
96-well plates at 1.5 × 103 cells/well in a final 
volume of 150 µL and incubated overnight. The 
effect of miR-148b/CEA on cell growth and pro-
liferation was determined with an MTT assay as 
described previously [24].

For colony-forming assays, after 24 hrs of 
transfection, the cells were reseeded in 6-well 
plates at 1,000 cells per well, and the medium 
was replaced every 3 days. After incubation at 
37°C for 2 weeks, the cells were washed twice 
with PBS, fixed and stained with 0.5% crystal 
violet. The number of colonies was counted 
under a microscope.

Transwell assay

Transwell assays were carried out in modified 
Boyden chambers with 8 µm pore filter inserts 
for 24-well plates as described previously [12]. 
Briefly, 105 cells suspended in serum free 
DMEM were added to the up chamber (BD 
Biosciences, USA) present in the insert of a 
24-well culture plate. FBS was added to the 
lower chamber at the final concentration of 
10% as a chemoattractant. After 8 hrs, the 
non-filtered cells were gently removed with a 
cotton swab. Filtered cells located on the lower 
side of the chamber were stained with crystal 
violet, air dried and photographed.
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Luciferase reporter assay

The 3’UTR sequence of CEA containing the 
putative miR-148b-binding site was amplified 
with PCR and cloned into the pGL3 vector 
(Promega) downstream the firefly luciferase 
gene, which was designated as wild-type 3’UTR 
(wt 3’UTR). Mutagenesis was performed using 
a Quik-Change Site-Directed Mutagenesis Kit 
(Stratagene, USA) according to the manufac-
turer’s instructions, resulting in mutated 3’UTR 
(mut 3’UTR). The primers used for the construc-
tion of luciferase reporters are CEA wt (forward, 
GCTCTAGACAGCCCTGGTGTAGTTTCTTC; rever- 
se, GCTCTAGACGACATTCTAGTCAAAGTCTTGG) 
and CEA mut (forward, AGTTTCTGATACCA- 
CAGGAGTCTCTGAGAATTTCCAA; reverse, AAC- 
CTTTAAGAGTCTCTGAGGACACCATAGTCTTTGA). 
Wt or mut 3’UTR vector and the control vector 
pRL-TK (Promega, USA) coding for Renilla lucif-
erase were cotransfected with miR-148b mim-
ics or miR-control into PC14/B cells using 
Lipofectamine 2000 (Invitrogen). The lucifer-

ase activity was measured 48hrs later using 
the Dual-Luciferase Reporter Assay System 
(Promega). The firefly luciferase values were 
normalized to Renilla, and the ratio of firefly/
Renilla values is presented. The experiments 
were performed independently in triplicate.

Rescue experiments

The open reading frame (ORF) encoding CEA 
protein was amplified and cloned into pCDNA6B 
in frame with the Myc-tag coding frame. The 
primers used for amplified CEA were forward, 
TAGGTACCATGGAGTCTCCCTCGGCCC and rever- 
se, GTCTCGAGTATCAGAGCAACCCCAACCA. NS- 
CLC cells cotransfected with miR-148b mimics 
and CEA expressing vector or empty plasmid 
for 24 hrs were trypsinized and subjected to 
MTT, colony formation or transwell assay.

Statistical analysis

Statistical analyses were performed using 
SPSS 16.0 software (SPSS Inc., Chicago, IL). 

Figure 1. miR-148b was down-regulated in NSCLC 
cell lines and clinical specimens. A. miR-148b ex-
pression was examined in human NSCLC specimens 
(n = 13) and unmatched normal lung tissues (n = 
12) using real-time PCR (*P<0.05). B. The expres-
sion levels of miR-148b was lower in 4 NSCLC cell 
lines (H1437, H1975, A549 and PC14/B) than in 
normal lung cells (HBE) (*P<0.05). Each experiment 
was performed in triplicate. C. Altered miR-148b ex-
pression after transfection with miR-148b mimic in 
PC14/B and A549 cells. Total RNA was extracted 
from PC14/B and A549 cells transfected with miR-
NAs as indicated and analyzed by qRT-PCR. Each val-
ue represents the mean ± SD for three independent 
experiments and the data were normalized with U6 
content. **P<0.01 compared with control.
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Figure 2. miR-148b induced growth inhibition and inhibited migration of NSCLC cells. A. The MTT assay showed 
that miR-148b overexpression inhibited the growth and proliferation of PC14/B and A549. The data are expressed 
as absorbance values (*P<0.05). The data is a represent of at least three independent experiments. B. The colony 
formation assay for mir-148b-transfected PC14/B and A549 cells compared with control transfectants. The results 
are expressed as the means ± SD; n = 3, **P<0.01 compared with the control. C. PC14/B and A549 cells trans-
fected with miR-148b and miR-control for 48 hrs were subjected to transwell assay. Quantification was conducted 
by counting the stained cells invading the lower chamber under a light microscopy. The results are expressed as the 
means ± SD; n = 3, **P<0.01 compared with the control.
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The values were presented as the mean ± stan-
dard deviation (SD) of three independent exper-
iments. Differences between two groups were 
evaluated by a two-tailed Student’s t test. The 
relationship between CEA and mir-148b expres-
sion was assessed with 2-tailed Pearson’s cor-

sion of mir-148b led to an obvious growth arrest 
in PC14/B and A549 cells (P<0.05). Along with 
the observation that miR-148b induced growth 
inhibition of NSCLC cells, the colony formation 
assay demonstrated that miR-148b overex-
pression in PC14/B and A549 cells showed 

Figure 3. CEA was a direct target of mir-148b in NSCLC cells. A. Schematic 
diagram of the reporter constructs containing the predicted mir-148b-bind-
ing site in the 3’UTR of CEA. B. The overexpression of mir-148b with the 
miRNA mimics significantly attenuated the luciferase activitiy of the CEA 
3’UTR in PC14/B cells. The co-transfection of wt or mut 3’UTR and miRNAs 
is indicated. *P<0.05 compared with the control. C. The overexpression of 
mir-148b reduced endogenous CEA protein and mRNA levels. PC14/B cell 
was transfected with miRNAs for 48 hrs. The CEA protein level was mea-
sured with Western blotting, and the target mRNA levels were evaluated with 
real-time quantitative PCR.

relation. Differences were con-
sidered to be statistically 
significant at P<0.05, *P<0.05 
and **P<0.01.

Results

miR-148b was down-regulat-
ed in human NSCLC cell lines 
and clinical samples

To test whether miR-148b was 
down-regulated in NSCLC, the 
level of miR-148b was evalu-
ated with qRT-PCR in 13 
NSCLC specimens and 12 nor-
mal lung tissues. As shown in 
Figure 1A, miR-148b was obvi-
ously down-regulated in NSC- 
LC compared with normal lung 
tissues. We then examined 
miR-148b level in NSCLC cells. 
Consistent with the observa-
tion that miR-148b level 
reduced in the clinical sam-
ples, miR-148b expression 
was lower in NSCLC cells than 
in normal cells (Figure 1B). 
These data indicate that miR-
148b was down-regulated in 
NSCLC and may be functional 
as a tumor suppressor in 
NSCLC.

miR-148b regulated cell 
proliferation and migration of 
NSCLC cells

To test the functional contribu-
tion of miR-148b on NSCLC 
cells, we transiently transfect-
ed miR-148b mimics or miR-
control into PC14/B and A549 
cells and the overexpression 
of miR-148b in PC14/B and 
A549 cells was evaluated with 
qRT-PCR (Figure 1C). The pro-
liferation of NSCLC cells was 
tested by MTT assay. As shown 
in Figure 2A, the overexpres-
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obvious colony inhibition compared with control 
transfectants (Figure 2B; P<0.01). We then 
examined the effect of miR-148b on the migra-
tory ability of NSCLC cells. As shown in Figure 
2C, ectopic expression of miR-148b in PC14/B 
and A549 cells notably reduced the filtered 
cells compared with control cells. Taken togeth-
er, these results indicate that miR-148b may 

function as a tumor suppressor in NSCLC and 
inhibit the cell proliferation and migration of 
NSCLC cells.

miR-148b directly regulated CEA expression in 
NSCLC cells

To determine the mechanism by which miR-
148b suppresses the growth and migration of 

Figure 4. Overexpression of CEA counteracted the miR-148b mediated tumor-suppressing effect on NSCLC cells. 
(A) Overexpression of CEA in PC14/B and A549 cells was evaluated by western blot. (B-D) Overexpression of CEA 
reversed inhibiting effect of proliferation (B), colony formation (C) and migration (D) on PC14/B and A549 cells 
mediated by miR-148b. The results are expressed as the means ± SD; n = 3, *P<0.05 compared with the control.
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NSCLC cells, we used the bioinformatic predic-
tion algorithm Target Scan to analyze the direct 
mRNA targets of miR-148b. Of all of the hypo-
thetical targets of miR-148b, CEA, an important 
oncogene in NSCLC, provoked our interest. To 
further characterize whether CEA responds to 
miR-148b through direct 3’UTR interaction in 
NSCLC cells, we cloned the wild-type 3’UTR of 
the putative miR-148b target (wt 3’UTR) or a 
mutated sequence (mut 3’UTR) into a reporter 
plasmid downstream of the luciferase gene 
(Figure 3A). These plasmids, together with miR-
148b mimics or miR-control and the Renilla 
luciferase vector (pRL-TK) (internal control), 
were transiently transfected into PC14/B cells. 
A dual-luciferase reporter assay system was 
used to detect luciferase expression 48 hrs 
after transfection. The results showed that miR-
148b mimics led to the attenuation of lucifer-
ase activity of the wt 3’UTR by more than 2 fold 
compared with the negative control (Figure 3B, 
lanes 2 and 3; P<0.05), whereas mut 3’UTR 
showed no response to miR-148b (Figure 3B, 
lanes 5 and 6). To further confirm the potential 
role of miR-148b in the regulation of CEA, we 
evaluated CEA mRNA and protein expression 
levels in PC14/B cell when introduction of miR-
148b mimics. As shown in Figure 3C, the over-
expression of miR-148b with miR-148b mimics 
led to a notable decrease in CEA mRNA and 
protein levels (P<0.05). These results indicated 
that CEA is a direct target of mir-148b in NSCLC 
cells.

miR-148b regulates the proliferating and 
migratory ability of NSCLC through CEA signal 
pathway

We then examined whether CEA could counter-
act the tumor suppressing function of miR-
148b on NSCLC cells. Recombinant vectors 
delivering CEA or empty vector were co-trans-
fected with miR-148b mimics into PC14/B or 
A549 cells and the overexpression of CEA were 
evaluated by western blot (Figure 4A). MTT 
assay showed that overexpression of CEA abro-
gated the miR-148b mediated proliferation 
inhibition of PC14/B and A549 cells (Figure 
4B). Besides, ectopic expression CEA reverses 
the colony formation and migration suppress-
ing effect on PC14/B and A549 cells exerted by 
miR-148b (Figure 4C and 4D). Taken together, 
these results indicate that CEA mediated the 
tumor suppressing function of miR-148b on 
NSCLC cells.

CEA was up-regulated and inversely correlated 
with miR-148b levels in NSCLC

To better address the important role of miR-
148b/CEA signal pathway in NSCLC, we 
assessed the significance of the mir-148b/CEA 
correlation in NSCLC. The qRT-PCR results indi-
cated that the mean expression level of CEA 
was markedly higher in human NSCLC tissues 
than that in normal lung tissues (Figure 5A; 
P<0.05). Next, we determined the correlation 

Figure 5. The correlation between mir-148b and CEA expression in human NSCLC. A. The average expression level 
of CEA (analyzed with q-PCR) in FFPETs of human NSCLC and unmatched normal lung tissue. The CEA level was 
normalized to β-actin (*P<0.05). B. mir-148b expression levels were inversely correlated with CEA mRNA levels in 
NSCLC FFPETs (2-tailed Pearson’s correlation analysis, r = -0.803; **P<0.01).
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between CEA and mir-148b expression in the 
same NSCLC specimens. As shown in Figure 
5B, when the CEA mRNA levels were plotted 
against mir-148b expression, a significant 
inverse correlation was obtained (2-tailed 
Pearson’s correlation, Figure 5B; r = -0.803; 
P<0.01).

Discussion

The down-regulation of miR-148b is a frequent 
event in various cancers, suggesting that miR-
148b may play an important role in tumorigen-
esis and tumor progression. Indeed, several 
key oncogenic functions have been attributed 
to miR-148b in the context of tumorigenesis. 
Zhao et al reported that overexpression of miR-
148b induced the apoptosis and cell-cycle 
arrest of pancreatic cancer cells by targeting 
AMPKa1 [20]. Furthermore, miR-148b was 
found to play an important role in regulating the 
metastasis of hepatocellular carcinoma cells 
through targeting CCK2R [25]. In breast cancer, 
ectopical expression of miR-148b inhibits the 
invasion, survival to anoikis, extravasation, and 
lung metastasis formation of breast cancer 
cells [26]. In non-Hodgkin’s Lymphoma (NHL), 
miR-148b was reported to increase the radio-
sensitivity of NHL cells [27]. However, the 
potential function of this microRNA in human 
NSCLC remains unknown. In the present study, 
we are interested in the potential role of miR-
148b in suppressing the progression of NSCLC 
cells.

We first analyzed the expression level of miR-
148b in NSCLC clinical samples and cells and 
found that miR-148b was notably down-regulat-
ed in NSCLC. These data indicate that miR-
148b may function as a tumor suppressor. We 
then investigated the function of miR-148b in 
NSCLC. The results showed that the re-intro-
duction of miR-148b dramatically repressed 
the cell proliferation and migration of NSCLC 
cells in vitro. Therefore, our data suggested 
that the decreased expression of miR-148b 
may contribute to the progression of NSCLC 
cells. We further characterized CEA as a direct 
target of miR-148b by luciferase reporter 
assays, RT-PCR and Western blot analysis, 
respectively. CEA expression was first charac-
terized in gastrointestinal cancers [28] and was 
considered to involve cell-cell recognition and 
modulation of cellular processes [29]. This bio-
marker has been extensively studied in a vari-
ety of neoplasms, such as colorectal [30], gas-

tric [31], esophageal [32], pancreatic [33], and 
breast carcinoma [34], in regard to its potential 
role as a prognostic factor. For NSCLC in par-
ticular, CEA levels have been widely reported to 
be correlated with advanced disease, early 
relapse, pathological upstaging, poor therapeu-
tic response and survival [35-38]. In the pres-
ent study, we found that CEA mRNA was highly 
expressed and reversely correlated with miR-
148b level in NSCLC tissues. Notably, overex-
pression of CEA could reverse the proliferating 
and migratory inhibition effect on NSCLC cells 
mediated by miR-148b, indicating that miR-
148b may exert functions in proliferation and 
migration of NSCLC cells through modulating 
CEA level. Therefore, our data provide the evi-
dence that miR-148b regulates CEA and that 
low miR-148b level contributes to the overex-
pression of CEA in NSCLC. These findings sug-
gest another mechanism for the upregulation 
of CEA in NSCLC. In summary, we investigated 
the role of miR-148b in NSCLC development. 
Our finding suggests that miR-148b was down-
regulated and acted as a tumor suppressor in 
human NSCLC. mir-148b blocks the prolifera-
tion and migration of NSCLC cells through tar-
geting CEA. Our data provide new insight into 
the mechanism responsible for the develop-
ment of human NSCLC. Additionally, miR-148b 
may serve as a potential therapeutic candidate 
in the treatment of NSCLC.

In summary, we investigated the role of miR-
148b in NSCLC development. Our finding sug-
gests that miR-148b was down-regulated and 
acted as a tumor suppressor in human NSCLC. 
miR-148b blocks the proliferation and migra-
tion of NSCLC cells through targeting CEA. Our 
data provide new insight into the mechanism 
responsible for the development of human 
NSCLC. Additionally, miR-148b may serve as a 
potential therapeutic candidate in the treat-
ment of NSCLC.
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