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Abstract
Previous studies have shown that the expression of microRNa-4458 (miR-4458) is dysregulated in hepatocellular carcinoma and colon 
cancer. In this study, we investigated the direct target of miR-4458 and its biological functions in human lung cancer cells. By using the 
database TargetScan, we identified Lin28B, an oncogene, as a direct target gene of miR-4458. In dual-luciferase reporter assay, we 
found that miR-4458 mimics dose-dependently inhibited the luciferase activity of the wild-type 3’UTR of Lin28B in human lung cancer 
A549 and NCI-H1299 cell lines without affecting its mutant forms, whereas anti-miR-4458, an inhibitor of miR-4458, dose-dependently 
promoted the luciferase activity of the wild-type 3’UTR of Lin28B in A549 and NCI-H1299 cell lines without affecting its mutant forms. 
Overexpression of miR-4458 significantly decreased the protein levels of Lin28B in the cells, and inhibited the cell growth and colony 
formation. Conversely, knockdown of miR-4458 with anti-miR-4458 significantly increased the protein levels of Lin28B, and promoted 
the cell proliferation, which could be reverted by knockdown of Lin28B expression. In addition, we detected the expression of Lin28B 
using RT-PCR in 40 human lung cancer tissues and matched peritumoral tissues, and found that Lin28B was overexpressed in lung 
cancer tissues and negatively correlated with miR-4458 expression (r=-0.694, P<0.05). We conclude that miR-4458 is a tumor 
suppressor, and Lin28B is the direct target of miR-4458. These results suggest the modulation of miR-4458/Lin28B expression offers 
a potential therapeutic strategy for lung cancer.
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Introduction
Lung cancer is the most prevalent malignancy and the leading 
cause of cancer-related death in men and women worldwide.  
Most lung cancer cases (80%) are non-small cell lung cancer 
(NSCLC)[1, 2].  Although great progress has been made in sur-
gery, chemotherapy and radiotherapy treatment in recent 
years, the overall five-year survival rate for NSCLC has not 
been greatly improved and is still only 17.1%[3].  Late diag-
nosis accounts for the poor survival of advanced lung cancer 
patients and is the main obstacle in lung cancer management.  
Therefore, early diagnosis, safe and noninvasive detection 
methods, and understanding of the molecular mechanisms in 
lung cancer are in great demand.  

MicroRNAs (miRNAs) are non-coding RNAs that are 
approximately 22 nucleotides in length.  The main function of 
miRNAs is the regulation of gene expression through comple-

mentary binding to the 3’ untranslated regions (3’UTRs) of 
target mRNAs[4-6].  This post-transcriptional modification often 
leads to mRNA degradation or to translational repression.  
Over 60% of human protein-coding genes are predicted to be 
targeted and modulated by miRNAs.  Numerous studies have 
shown that miRNAs are implicated in almost all cellular pro-
cesses, including cell differentiation, proliferation, apoptosis, 
invasion and migration[7-11].  The dysregulation of miRNAs 
in cancer has been reported in different tumor types, includ-
ing lung cancer.  miRNAs can function as either oncogenes or 
tumor suppressors and play important roles in the initiation 
and progression of tumorigenesis[10].  

Previous studies have indicated that miR-4458 expression 
is dysregulated in hepatocellular carcinoma[12] and colon can-
cer[13].  Those studies reported that miR-4458 is a tumor sup-
pressor that is down-regulated in hepatocellular carcinoma 
and colon cancer, and that the high expression of miR-4458 
suppresses the proliferation of tumor cells[12, 13].  However, the 
role of miR-4458 in NSCLC remains unclear.  Although certain 
target genes of miR-4458 have been predicted and detected in 
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other types of cancer cells[12, 13], the direct target of miR-4458 
and its function in lung cancer remains to be studied.  Bioin-
formatics analysis predicted that miR-4458 could directly bind 
to the 3’UTR of Lin28B, which is frequently overexpressed in 
various cancers, including lung cancer, and is associated with 
the induction of tumorigenesis[14-16].  Therefore, we investi-
gated the biological functions and direct target of miR-4458 in 
lung cancer in this study.  

Materials and methods
Patients and tissue samples
Lung cancer tissues from a total of 40 cases and the adjacent 
normal tissues were obtained between the 1st of January 
2012 and the 31st of December 2015 at the Second Hospital 
of Dalian Medical University.  Detailed clinical information 
associated with the enrolled patients is listed in Supplemen-
tary Table S1.  None of the 40 patients had received radiation 
therapy or che motherapy before surgery.  Tissue samples were 
stored in liquid nitrogen before use.  The study was approved 
by the Ethics Committee of The Second Hospital of Dalian 
Medical University.

Cell lines and culture conditions
A549 and NCI-H1299 human lung cancer cell lines were 
acquired from the American Type Culture Collection (ATCC, 
Manassas, VA, USA).  The lung cancer cells were maintained 
in RPMI-1640 (Invitrogen, Carlsbad, CA, USA) medium 
supplemented with 10% fetal bovine serum (FBS).  Cells were 
cultured in a humidified incubator at 37 °C with 5% CO2.

Transfection of microRNA mimics, inhibitor oligonucleotides and 
siRNAs
The miR-4458 mimics, inhibitor (anti-miR-4458) oligo-
nucleotides and siRNAs (si-Lin28B) were purchased from 
GenePharma (Shanghai, China).  The miR-4458 mimics, anti-
miR-4458 and negative controls were transfected into cells 
at concentrations of 50 nmol/L and 100 nmol/L using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions.

Cell proliferation assay
Cell proliferation was measured using a Click-iT EdU Micro-
plate Assay (Invitrogen, Carlsbad, CA, USA).  A549 and NCI-
H1299 cells were transiently transfected with miR-4458 mim-
ics, anti-miR-4458 or si-LinB28 siRNAs in six-well cell culture 
plates.  In this assay, cells were treated with EdU, a thymidine 
analog that is incorporated into DNA during cell proliferation, 
and high rates of EdU incorporation correlate with high cell 
proliferation rates.  For nucleic acid staining, Hoechst 33342 
(Sigma, St Louis, MO, USA) was added to the culture medium; 
images were obtained with fluorescence microscopy using a 
filter at specific wavelengths.

Colony-formation assay
Twenty-four hours after transfection with miR-4458 mimics, 
anti-miR-4458, si-Lin28B or negative control oligonucleotides, 

the lung cancer cells were seeded in 6-well plates and grown 
for ten days for the colony-formation assay.  The colonies were 
then washed with PBS, fixed with methyl alcohol, stained by 
crystal violet, photographed and counted.

Western blotting
Seventy-two hours after transfection, cells were harvested 
with RIPA lysis buffer, and protein lysates were separated 
using 12% SDS-PAGE, and transferred to PVDF membranes 
(Millipore, Billerica, MA, USA).  The membranes were incu-
bated with anti-Lin28B (Cell Signaling Technology, MA, USA) 
or anti-β-actin antibody (Cell Signaling Technology, MA, USA) 
followed by HRP-labeled goat anti-rabbit IgG or anti-mouse 
IgG antibody.  The density of the bands was quantified using 
ImageQuant 5.2 software (GE Healthcare, Little Chalfont, UK).

RNA isolation and quantitative RT-PCR
Total RNA was extracted from cells using TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA) according to the manufacturer’s 
protocol.  Total RNA was extracted from frozen tissues (up 
to 30 mg each) using a miRNeasy Minikit (QIAgen, Valencia, 
CA, USA).  For Lin28B expression, 1 μg of total RNA samples 
was used for first strand cDNA synthesis in a 20 μL reaction 
system using PrimeScript RT Master Mix (TaKaRa Biotechnol-
ogy, Dalian, China) following the manufacturer’s instructions.  
Then, 1 μL of undiluted synthesized cDNA was used in the 
real-time quantitative PCR (RT-PCR) protocol.  RT-PCR was 
performed using a QuantiNova SYBR Green PCR kit (QIAgen, 
Valencia, CA, USA).  The relative Lin28B mRNA levels were 
analyzed by normalizing the threshold cycle (Ct) value to that 
of the internal loading control, GAPDH.  

To quantify miR-4458, the expression level of miR-4458 was 
measured using a TaqMan MicroRNA Reverse Transcription 
Kit (Thermo Fisher, Carlsbad, CA, USA) and TaqMan gene 
expression master mix (Thermo Fisher, Carlsbad, CA, USA) 
according to the manufacturers’ protocols.  U6 snRNA was 
used as an internal loading control.  The primers used in this 
study are listed in Supplementary Table S2.  All PCR reactions 
were performed in triplicate for each sample.

Dual-luciferase reporter assay
The sequence of the Lin28B 3’UTR containing the predicted 
miR-4458 binding site and the sequence of the Lin28B 3’UTR 
with five mutations at the putative miR-4458 binding site were 
cloned into a pGL3 luciferase reporter vector (Promega, Madi-
son, MI, USA).  Then, cells seeded in 6-well plates were co-
transfected with miR4458 mimics, anti-miR-4458 or negative 
control and reporter constructs (0.5 μg) using Lipofectamine 
2000.  Cell extracts were prepared 48 h after transfection, and 
luciferase activity was measured using a Dual-Luciferase 
Reporter Assay System (Promega).

Statistical analysis
All statistical analysis and plots were performed and gener-
ated using GraphPad Prism software (version 5.01; GraphPad 
Software, Inc, CA, USA).  The data are presented as the mean 
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values with standard error of the mean (SEM), and a P value 
of less than 0.05 was considered statistically significant.  All 
experiments were performed independently at least three 
times.  The statistical significance between two groups was 
measured using Student’s t-test.  One-way analysis of variance 
(ANOVA) was used to measure the significance of compari-
sons for more than two groups.  

Results
Lin28B is a direct target gene of miR-4458
Potential miRNA targets were predicted using the database 

TargetScan (http://www.targetscan.org/), and Lin28B was 
identified as a direct target gene of miR-4458 in the in silico 
analysis.  Lin28B is an oncogene that is overexpressed and 
associated with advanced disease and poor clinical outcome 
in diverse cancers[16-18].  Thus, we focused on Lin28B as a can-
didate for validation.  The algorithm produces not only target 
genes but also potential conserved 8-mer or 7-mer sites match-
ing the seed region of miRNAs.  As shown in Figure 1A, the 
3’UTR of Lin28B mRNA contains a putative binding site that 
is complementary to the seed region of miR-4458.  To confirm 
that Lin28B is a direct target of miR-4458, a dual-luciferase 

Figure 1.  miR-4458 directly inhibits the expression of Lin28B by targeting its 3'UTR.  (A) Target prediction for miR-4458 using Targetscan database (http://
www.targetscan.org).  (B) Sequences for plasmid construction of the wild-type (wt) and mutated-type (mut) 3’UTR of Lin28B mRNA.  (C and D) miR-4458 
significantly inhibited the luciferase activity of the wild-type (wt) 3’UTR of Lin28B in a dose-dependent manner in A549 and NCI-H1299 cell lines but had 
no inhibitory effect on the mutant form (mut).  (E and F) An inhibitor of miR-4458, anti-miR-4458, significantly promoted the luciferase activity of the wild-
type (wt) 3’UTR of Lin28B in a dose-dependent manner in A549 and NCI-H1299 cell lines but had no inhibitory effect on the mutant form (mut).  **P<0.01.
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reporter assay was performed.  Both the putative miR-4458 
binding site and the mutated binding site in the 3’UTR of 
Lin28B were synthesized and constructed into a pGL3 vector 
(Figure 1B).  Mutation of 5 out of 7 nucleotides in the Lin28B 
3'UTR region that is complementary to the seed region of miR-
4458 was sufficient to abolish the regulation by miR-4458 in a 
previous report[13, 19].  Our results showed that miR-4458 sig-
nificantly inhibited the luciferase activity of the wild-type (wt) 
3’UTR of Lin28B but had no inhibitory effect on the mutant 
form (mut) (Figure 1C and 1D).  Similarly, knockdown of 
miR-4458 significantly increased the luciferase activity of the 
wild-type 3’UTR of Lin28B but had no inhibitory effect on the 
mutant form in both A549 and NCI-H1299 cell lines (Figure 1E 
and 1F).  These results indicated that Lin28B is a direct target 
of miR-4458 in lung cancer cells.

miR-4458 suppresses the expression of Lin28B
To validate and to further elucidate the regulation of Lin28B 
by miR-4458, the expression of Lin28B was detected using 
western blotting in lung cancer cells with miR-4458 overex-
pressed or derepressed.  Ectopic miR-4458 or anti-miR4458 
was transfected into A549 and NCI-H1299 cells at concentra-
tions of 50 nmol/L and 100 nmol/L.  As shown in Figure 2A 
and 2B, the overexpression efficiency was sufficient to gener-
ate over four- and eight-fold upregulation in A549 and NCI-
H1299 cells compared with the control group.  Meanwhile, 
ectopic miR-4458 expression significantly suppressed the 
expression of Lin28B at the protein level in both A549 and 
NCI-H1299 cells in a dose-dependent manner.  Consistently, 
knockdown of miR-4458 through the transfection of anti-
miR-4458 significantly down-regulated the expression of miR-

Figure 2.  miR-4458 down-regulates Lin28B in lung cancer cells.  (A and B) Transfection of A549 and NCI-H1299 cell lines with miR-4458 mimics 
significantly increased the expression of miR-4458 and inhibited the protein expression of Lin28B in a dose-dependent manner.  (C and D) Transfection 
of A549 and NCI-H1299 cell lines with the miR-4458 inhibitor anti-miR-4458 significantly decreased the expression of miR-4458 and promoted the 
protein expression of Lin28B in a dose-dependent manner.  *P<0.05; **P<0.01.
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4458 in A549 and NCI-H1299 cell lines (Figure 2C and 2D), 
and the expression of Lin28B was significantly upregulated 
by anti-miR-4458 in a dose-dependent manner in lung cancer 
cells (Figure 2C and 2D).  

miR-4458 suppresses the proliferation of lung cancer cells 
through Lin28B
To characterize the function of miR-4458 in lung cancer, lung 
cancer cells were transiently transfected with miR-4458 mim-
ics or anti-miR-4458.  RT-PCR analysis confirmed that mature 

miR-4458 was successfully overexpressed in cells that were 
transfected with miR-4458 mimics (Figure 2).  Ectopic miR-
4458 expression markedly inhibited the growth of lung cancer 
cells, while knockdown of miR-4458 by anti-miR4458 signifi-
cantly promoted the proliferation of lung cancer cells com-
pared with control groups (Figure 3A and 3B).  In the colony-
formation assay, the colony-forming activity of both types 
of lung cancer cells transfected with miR-4458 was inhibited 
compared with that of the negative controls (Figure 3C).  Con-
sistently, knockdown of miR-4458 significantly promoted the 

Figure 3.  miR-4458 suppresses the proliferation of lung cancer cells through Lin28B.  (A and B) EdU stain assay showed that miR-4458 significantly 
inhibited the proliferation of A549 cells, whereas anti-miR-4458 significantly promoted the proliferation of A549 cells.  Furthermore, knockdown of 
Lin28B by siRNA transfection significantly reversed the effect of anti-miR-4458-induced promotion of proliferation in A549 cells.  (C) Colony-formation 
assays showed that miR-4458 significantly inhibited the colony-formation efficiency of A549 cells, whereas anti-miR-4458 significantly promoted the 
efficiency of A549 cells, which could be reversed by si-Lin28B.  (D) The transfection efficiency of miR-4458, anti-miR-4458 and si-Lin28B.  *P<0.05; 
**P<0.01.
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colony-formation efficiency of lung cancer cells (Figure 3C).
To further investigate whether the biological function of 

miR-4458 was mediated by Lin28B, we also knocked down the 
expression of Lin28B combined with miR-4458 through tran-
sient transfection with anti-miR-4458.  The results showed that 
knockdown of Lin28B significantly reversed the effect of miR-
4458 on the proliferation of lung cancer cells (Figure 3).  As 
shown in Figure 3, compared with the anti-miR-4458 group, 
the growth ability and colony-formation efficiency of lung 
cancer cells were significantly decreased when the expression 
of Lin28B was inhibited.  miR-4458 expression and Lin28B 
expression were also validated by RT-PCR and western blot-
ting after transfection (Figure 3D).  Taken together, these data 
suggested that miR-4458 suppressed cell growth and colony 
formation by suppressing the expression of Lin28B.  

miR-4458 is negatively correlated with Lin28B in human lung 
cancer tissues
To investigate and further validate the pathophysiological 
relationship of miR-4458 and Lin28B in human lung cancer tis-
sues, we detected the expression of miR-4458 and Lin28B in 40 
frozen human lung cancer tissues and matched normal peri-
tumoral tissues using RT-PCR.  The expression level of Lin28B 
in tumor tissues was significantly higher than that in matched 
normal tissues (Figure 4A).  Correlation analysis also showed 
that expression of miR-4458 was negatively correlated with 
Lin28B in 40 lung cancer tissues (r=-0.694, P<0.05) (Figure 4B).  
These findings suggested that upregulation of Lin28B was 
promoted by decreased miR-4458 expression and that this axis 
might be responsible for lung cancer cell growth.  

Discussion
Dysregulation of microRNAs has commonly been observed 
in various cancer types.  MicroRNAs play important roles 
in cancer development and progression by suppressing the 
expressing of genes involved in cell proliferation, apoptosis, 

differentiation, invasion and metastasis[20-22].  
MicroRNAs are emerging as potential targets for cancer 

treatment.  Therefore, the identification of tumor-related 
miRNAs and their direct target genes is critical to understand 
the biological function of miRNAs in cancer and might offer 
novel biomarkers or therapeutic targets for the effective treat-
ment of cancer.

Recently, two studies indicated that miR-4458 is a tumor 
suppressor that is down-regulated in human hepatocellular 
carcinoma and colon cancer and might influence cell viabil-
ity in these two cancer types[12, 13].  Moreover, miR-4458 was 
shown to be a potential prognosis predictor for hepatocellu-
lar carcinoma patients[12] and inhibited glycolysis and lactate 
production in colon cancer cells[13].  Mechanistically, direct 
interaction between miR-4458 and the 3’UTR of IKBKE or HK2 
mRNA was identified in cancer cells.  However, the molecu-
lar mechanisms of miR-4458, along with its roles in tumors, 
have not been thoroughly studied, especially in lung cancer 
cells.  In our study, miR-4458 is predicted to target the mRNA 
of Lin28B, which is an RNA binding protein that interacts 
with several microRNAs, especially inhibiting the expression 
of the Let-7 family.  However, the regulation of Lin28B by 
microRNAs remains largely unstudied.  Thus, we investigated 
the role of miR-4458 in regulating the expression and biologi-
cal function of Lin28B in lung cancer cells.

Our results demonstrated that miR-4458 could directly tar-
get the 3’UTR of Lin28B mRNA and could suppress its protein 
expression.  As a result, miR-4458 inhibited the proliferation 
ability of lung cancer cells.  In miR-4458-inhibited cells, Lin28B 
expression, cell growth, and colony-formation efficiency were 
increased.  Moreover, we validated the importance of the 
miR-4458/Lin28B axis via rescue experiments.  Knockdown 
of Lin28B abolished anti-miR-4458-mediated cell growth 
promotion of lung cancer cells.  Moreover, increased Lin28B 
expression was detected in lung cancer tissues compared with 
related normal tissues and was significantly negatively corre-

Figure 4.  miR-4458 is negatively related to Lin28B expression in clinical lung cancer tissues.  (A) The results of RT-PCR revealed that Lin28B was 
significantly overexpressed in 40 lung cancer tissues.  (B) The RT-PCR results showed that the expression of miR-4458 was negatively correlated with 
the expression of Lin28B.  *P<0.05.
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lated with the expression of miR-4458 in lung cancer tissues.
Lin28B belongs to the Lin28 protein family, including its 

paralog Lin28A[23].  Lin28A and Lin28B are highly conserved 
RNA binding proteins with similar structure and func-
tions[23].  It is worth noting that one major difference between 
Lin28A and Lin28B is that Lin28B predominantly resides in 
the nucleus, whereas Lin28A exclusively resides in the cyto-
plasm[24].  Dysregulation of Lin28B was first discovered in 
hepatocellular carcinoma, where it is overexpressed in tumor 
tissues[17].  Numerous studies have shown that both Lin28A 
and Lin28B are overexpressed in many cancer types.  Nota-
bly, Lin28B overexpression is frequently observed in various 
cancers, such as hepatocellular carcinoma, colorectal cancer, 
pancreatic cancer, and NSCLC, and is associated with the 
induction of neuroblastoma[14, 16, 17, 25, 26].  Moreover, Lin28B 
can facilitate cellular transformation in vitro and is possibly 
linked to the repression of Let-7 family microRNAs and the 
derepression of Let-7 targets[27].  Therefore, Lin28B, acting 
as a post-transcriptional modulator, is usually considered to 
possess oncogenic properties.  In return, our results demon-
strated that the expression of Lin28B was regulated by miR-
4458 through direct targeting of the 3’UTR of Lin28B mRNA.  
Down-regulation of miR-4458 promoted the expression of 
Lin28B, while overexpression of Lin28B inhibited the expres-
sion of other microRNAs.  This interesting phenomenon high-
lights the hypothesis that a possible axis of miR-4458/Lin28B/
microRNAs might be responsible for tumorigenesis and dis-
ease development in lung cancer cells.  Future investigation 
of the role of the miR-4458/Lin28B axis in immortalized lung 
airway epithelial cells might uncover novel findings regarding 
tumor initiation.  In conclusion, we demonstrated that miR-
4458 inhibited cell growth and decreased cell viability and 
colony-formation efficiency in lung cancer cells.  Furthermore, 
miR-4458 most likely exerted its biological effects on NSCLC 
cell growth and viability by directly targeting Lin28B.  Our 
findings suggest that the modulation of miR-4458/Lin28B 
expression offers a potential therapeutic strategy for lung can-
cer.  
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