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Abstract. Non-small cell lung cancer (NSCLC) is a primary 
subtype of lung cancer that is accompanied by a high incidence 
rate and poor prognosis. The primary treatment for NSCLC is 
chemotherapy, which has low effectiveness and high toxicity. 
Thus, novel targeted therapy has drawn much attention in recent 
years. MicroRNAs (miRs) serve important roles in multiple 
cancer types. In the current study, a decrease in miR-98-5p and 
an increase in mitogen-activated protein kinase kinase kinase 
kinase 3 (MAP4K3) was observed in NSCLC tumor tissues 
compared with normal tissues. miR-98-5p was predicted to 
target positions 1,056-1,063 of the MAP4K3 3'-untranslated 
region (UTR). The binding sites between miR-98-5p and the 
3'-UTR of MAP4K3 messenger RNA were supported by the 
results of a dual-luciferase reporter assay. Compared with 
the control and miR-negative control (NC) groups, miR-98-5p 
mimic significantly reduced cell proliferation and increased 
apoptosis in NSCLC cells. In addition, miR-98-5p mimic 
reduced the expression of MAP4K3 and mammalian target of 
rapamycin while increasing the expression of cleaved caspase-3 
compared with the control group and miR-NC groups. In 
conclusion, miR-98-5p may inhibit the progression of NSCLC 
via targeting of MAP4K3.

Introduction

Globally, lung cancer is the leading cause of cancer-associ-
ated mortality (1,2). Non-small cell lung cancer (NSCLC), 
accounting for ~85% of lung cancer cases, and is primarily 
divided into two subtypes: Squamous cell carcinoma and 
adenocarcinoma, which are derived from epithelial cells that 

line the larger and peripheral small airways, respectively (3). 
NSCLC is an aggressive type of cancer that is accompanied by 
poor overall survival (4). Therefore, investigating the mecha-
nisms of NSCLC progression is of great importance for the 
development of targeted treatments for this disease.

The mitogen-activated protein kinase kinase kinase 
kinase (MAP4K) family includes MAP4K1 (5), MAP4K2, 
MAP4K3 (6), MAP4K4 (7) and MAP4K5, and it is a subtype 
of the mammalian sterile 20 (Ste20) family (8). Kinases of the 
MAP4K family are important regulators of MAPK, which 
modulates multiple cellular functions, including cell prolif-
eration, apoptosis and migration (9,10). MAP4K3 has been 
previously reported to regulate cell death (11). In hepatocel-
lular carcinoma cell lines, MAP4K3 has also been shown to 
induce cell migration and invasion (12). Overexpression of 
MAP4K3 was identified in NSCLC tumor tissues (13), and 
correlated with recurrence in patients with NSCLC (14).

MicroRNAs (miRs/miRNAs) are a class of small, 
non-coding RNAs, with a length of 19-24 nucleotides that 
can reduce the translation or induce the degradation of target 
messenger RNAs (mRNAs) (15). Specific miRNA expression 
changes are associated with prognosis in cancer patients (16). 
miRNAs serve important roles in multiple biological 
processes, including cell proliferation (17) and apoptosis (18). 
For the present study, a list of potential miRNAs, including 
miR‑98‑5p, that may target MAP4K3 were identified using 
a bioinformatics approach. A subsequent literature search 
revealed that miR-98-5p was a member of the let-7 family (19), 
which has previously been reported to be a regulator of 
MAP4K3 (13). The current study aimed to explore the poten-
tial of this miRNA to regulate MAP4K3 in NSCLC.

Materials and methods

Cell lines and clinical samples. The 293T cells and human 
NSCLC cell line A549 were purchased from the American 
Type Culture Collection and cultured in RPMI-1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc), 
100 U/ml penicillin (Invitrogen; Thermo Fisher Scientific, 
Inc.) and 100 µg/ml streptomycin (Invitrogen; Thermo Fisher 
Scientific, Inc.) in an incubator at 37˚C with 95% humidified 
atmosphere and 5% CO2.
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A total of 90 NSCLC specimens and matched adjacent 
normal tissues were obtained from patients with NSCLC 
who underwent surgery at the General Hospital of Xuzhou 
Mining Group, The Second Affiliated Hospital of Xuzhou 
Medical University (Xuzhou, China) between March 2014 and 
November 2016. The patients had not received preoperative 
radiotherapy or chemotherapy. Written informed consent was 
obtained from each patient or the patient's family. The proto-
cols were approved by the Ethics Committee of the General 
Hospital of Xuzhou Mining Group.

Cell transfection. miR-98-5p mimic and a negative control 
(miR-NC) were constructed by Shanghai GenePharm Co., 
Ltd. A total of 1x106 A549 cells/well were seeded in 6-well 
plates and incubated at 37˚C with 5% CO2 for 24 h to a conflu-
ence of 50-60%. Next, A549 cells were transfected with 
50 nM miR-98-5p mimic (5'-UGA GGU AGU AAG UUG UAU 
UGU U-3') or miR-NC (5'-UCG CUU GGU GCA GGU CGG 
G-3') using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol, and 
incubated at 37˚C for 48 h before the following experiments 
were performed. Cells were randomly divided into 3 groups: 
i) Control group, untransfected cells; ii) miR-NC group, cells 
transfected with miR-NC; and iii) miR-98-5p group, cells 
transfected with miR-98-5p.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was isolated from NSCLC tumor 
tissues, adjacent normal tissues and NSCLC A549 cells 
according to the protocol of the miRNeasy Mini kit (Qiagen, 
Inc.). For detection of mature miRNA, poly(A) tails were 
added by incubation of RNA (100 ng) with poly(A) poly-
merase (New England BioLabs, Inc.), followed by RT with 
oligo-dT adapter primers and Moloney murine leukemia 
virus (MMLV) polymerase (Invitrogen; Thermo Fisher 
Scientific, Inc.). For quantification of mRNA, complementary 
DNAs were synthesized from total RNA using oligo (dT)15 
primers and MMLV polymerase (Invitrogen; Thermo Fisher 
Scientific, Inc.). mRNA and miRNA were reverse‑transcribed 
into cDNA under the following conditions: Incubation at 37˚C 
for 50 min, followed inactivation at 70˚C for 15 min. qPCR 
was performed using SYBR Green PCR Master mix (Toyobo 
Life Science) on a Light-Cycler 480 Real-Time PCR System 
(Roche Diagnostics), and the thermocycling conditions were 
as follows: initial denaturation at 94˚C for 2 min, followed by 
40 cycles of 94˚C for 5 sec and 60˚C for 30 sec. The rela-
tive levels of miRNA and mRNA were normalized to U6 and 
GAPDH, respectively. The primer sequences were as follows: 
MAP4K3 forward, 5'-GAC TCC CCT GCA AAA AGT CTG-3' 
and reverse, 5'-GTC CAT AGG TGC CAT TTC CAA-3'; GAPDH 
forward, 5'TTG GTA TCG TGG AAG GAC TCA-3' and reverse, 
5'-TGT CAT CAT ATT TGG CAG GTT-3'; miR-98-5p forward, 
5'-TGA GGT AGT AGT TTG TGC TGT T-3' and reverse, 5'-GCG 
AGC ACA GAA TTA ATA CGA C-3'; U6 forward, 5'-TGC GGG 
TGC TCG CTT CGC AGC-3' and reverse, 5'-CCA GTG CAG 
GGT CCG AGG T-3'. The fold-change in miRNA and mRNA 
expression was calculated using the 2-ΔΔCq method (20).

Western blotting. Proteins were isolated from NSCLC tumor 
tissues, adjacent normal tissues and the NSCLC cell line 

A549 using radioimmunoprecipitation assay buffer (Roche, 
Diagnostics) containing a cocktail of complete protease inhibitor 
(Roche Diagnostics GmbH). Protein samples (20 µg) were 
separated by SDS-PAGE on an 8-10% gel and blotted onto polyvi-
nylidene difluoride membranes (EMD Millipore). Subsequently, 
rabbit anti-MAP4K3 antibody (1:1,000 dilution ; cat. no. 92427; 
Cell Signaling Technology, Inc.), rabbit anti-GAPDH antibody 
(1:5,000 dilution; cat. no. 5174; Cell Signaling Technology, Inc.), 
rabbit anti-phosphorylated-mammalian target of rapamycin 
(p-mTOR) antibody (1:1,000 dilution; cat. no. 5536; Cell 
Signaling Technology, Inc.), rabbit anti-mTOR antibody (1:1,000 
dilution; cat. no. 2792; Cell Signaling Technology, Inc.) and rabbit 
anti-cleaved caspase-3 antibody (1:1,000 dilution; cat. no. 9654; 
Cell Signaling Technology, Inc.) were used as primary antibodies, 
and were incubated at 4˚C overnight. Membranes were incubated 
with horseradish peroxidase-conjugated goat anti-rabbit (1:10,000 
dilution; cat. no. CW0234S; Beijing ComWin Biotech Co., Ltd.) 
and anti-mouse (1: 10,000 dilution; cat. no. CW0221S; Beijing 
ComWin Biotech Co., Ltd.) immunoglobulin G secondary anti-
bodies at 37˚C for 1 h. The protein bands were determined by 
chemiluminescence (EMD Millipore). Densitometric analysis 
was performed using ImageJ version 1.8.0 (National Institutes 
of Health).

Cell viability. A549 cells were seeded in 96-well plates and 
incubated for 48 h following transfection. Subsequently, Cell 
Counting kit-8 (CCK-8, Dojindo Molecular Technologies, 
Inc.) was used for the examination of cell viability at 0, 12, 24 
and 48 h of incubation. The number of cells was assessed with 
FLUOstar OPTIMA (BMG Labtech GmbH) at an absorbance 
wavelength of 450 nm.

Cell apoptosis. At 72 h after cell transfection, flow cytometry with 
Annexin V‑fluorescein isothiocyanate (FITC)/propidium iodide 
(PI) was used for determination of cell apoptosis in the different 
groups. A549 cells were washed, trypsinized and resuspended in 
the staining solution provided in the Annexin V-FITC Apoptosis 
Detection kit (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. After 1 h of incubation 
of the cells with Annexin V‑FITC antibody at 37˚C, apoptosis 
was determined using a flow cytometer (BD Biosciences). The 
apoptotic cells presented with a positive Annexin V-FITC signal 
and a negative PI signal. The cell number at each phase was 
determined by FlowJo software version 7.6.3 (FlowJo LLC).

Dual‑luciferase reporter assay. MAP4K3 was predicted to be 
a gene target for miR-98-5p by bioinformatics analysis using 
TargetScan release 7.1 (http://www.targetscan.org/vert_71). PCR 
was performed using the following thermocycling conditions: 
94˚C for 2 min, followed by 35 cycles of 94˚C for 2 sec, 60˚C for 
60 sec and 72˚C for 1 min with the following primers: MAP4K3 
3'UTR forward, 5'-GGTACCAAAATAATTTAGTTACT-3' 
and reverse, 5'-CTCGAGTGAGGTAGTAACT-3' and 
Platinum™ II Green PCR buffer (Thermo Fisher Scientific, 
Inc.). The PCR products were amplified using cDNA from 
293T cells and fused to the firefly luciferase gene of the 
pGL3-control plasmid (Promega Corporation) with the 
restriction enzyme sites of KpnI and XhoI. Two site muta-
tions were introduced to WT-MAP4K3-3'-UTR to construct 
the mutant (Mut) MAP4K3-3'-UTR by a Quick Site-directed 
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mutation kit (Agilent Technologies, Inc.). The 293T cells were 
co-transfected with pGL3 constructions including 200 ng 
pGL3-WT-MAP4K3 and 200 ng pGL3-Mut-MAP4K3, 10 nM 
miR-NC or 10 nM miR-98-5p mimic and 26 ng pRL-TK in 
24-well plates using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). At 24 h of transfection, luciferase activity 
(firefly and Renilla) was determined using the dual-luciferase 
reporter assay system (Promega Corporation).

Statistical analysis. Statistical analyses were performed 
using SPSS 13 software (SPSS, Inc.). Differences between 
two groups and among multiple groups were analyzed by 
Student's t-test and one-way analysis of variance followed 
by Newman-Keuls test, respectively. Results were presented 
as the mean ± standard deviation. P<0.05 was considered to 
indicate a statistically significant difference.

Results

MAP4K3 expression level is increased in NSCLC tumor 
tissues. To examine the expression level of MAP4K3, tumor 
tissues and their adjacent normal tissues from 90 NSCLC 
cases were analyzed using RT-qPCR and western blotting. 
The results revealed a significant increase in MAP4K3 mRNA 
levels in NSCLC tumor tissues compared with the adjacent 
normal tissues (Fig. 1A). The western blot results revealed that, 
compared with the adjacent normal tissues, MAP4K3 protein 
level was increased in NSCLC tumor tissues (Fig. 1B and C). 
These results were consistent with a previous report which 
showed that higher expression of MAP4K3 was associated 
with increased recurrence risk for lung cancer patients (14).

MAP4K3 is a target for miR‑98‑5p. MAP4K3 was predicted 
to be a gene target for miR-98-5p by bioinformatics analysis 
using TargetScan, and the binding sequences between positions 
1,056-1,063 of the MAP4K3 3'-UTR and miR-98-5p are repre-
sented in Fig. 2A. In addition, other miRNAs were predicted 

Figure 1. MAP4K3 expression is increased in tumor tissue from patients with NSCLC compared to adjacent normal tissue. There was a significant increase in 
MAP4K3 (A) mRNA and (B) protein levels in NSCLC tumor tissues compared with the adjacent normal tissues. (C) Quantification of protein levels. **P<0.01 
vs. normal tissues. MAP4K3, mitogen-activated protein kinase kinase kinase kinase 3; NSCLC, non-small cell lung cancer.

Figure 2. MAP4K3 is a target for miR-98-5p. (A) Binding sequence between 
positions 1,056-1,063 of the MAP4K3 3'-UTR and miR-98-5p sequence. 
(B) Dual luciferase reporter assay results indicating that 3'-UTR of 
MAP4K3 mRNA is a target of miR-98-5p. **P<0.01 vs. miR-NC. MAP4K3, 
mitogen-activated protein kinase kinase kinase kinase 3; miR, microRNA; 
UTR, untranslated region; NC, negative control; WT, wild-type.

Figure 3. miR-98-5p expression is decreased in NSCLC tumor tissues. There 
was a significant decrease in miR‑98‑5p in NSCLC tumor tissue compared 
with the adjacent normal tissue. **P<0.01 vs. normal tissues. miR, microRNA; 
NSCLC, non-small cell lung cancer.
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to target MAP4K3 based on the analysis by TargetScan. For 
instance, through literature review, let‑7c was identified to be a 
regulator of MAP4K3 (19). As miR-98-5p is a member of the 
let-7 family, this miRNA was selected for investigation in the 
current study (13).

The 3'-UTR of MAP4K3 mRNA was verified to be a 
target for miR-98-5p by dual-luciferase reporter analysis. The 
relative luciferase activity in the cells transfected with wild 
type (WT) MAP4K3 3'-UTR and miR-98-5p mimic was 
significantly decreased compared with that observed in cells 
transfected with WT MAP4K3 3'-UTR and miR-NC. There 
was no significant difference in relative luciferase activity 
between cells transfected with mutant MAP4K3 3'-UTR and 
miR-98-5p mimic and cells transfected with mutant MAP4K3 
3'-UTR and miR-NC (Fig. 2B).

miR‑98‑5p expression is decreased in NSCLC tumor tissues. 
The expression levels of miR-98-5p was determined in 
tumor tissues and adjacent normal tissues from 90 patients 
with NSCLC. The results revealed a significant decrease in 
miR-98-5p in NSCLC tumor tissues compared with the adja-
cent normal tissues (Fig. 3).

miR‑98‑5p overexpression increases miR‑98‑5p and decreases 
MAP4K3 levels. To examine the effects of miR-98-5p mimic 
on the expression changes of miR-98-5p and MAP4K3 in 
A549 cells, RT-qPCR was used. Compared with the control 
and miR-NC groups, an increase in miR-98-5p (Fig. 4A) and 
a decrease in MAP4K3 (Fig. 4B) levels were observed in the 
miR-98-5p mimic group.

miR‑98‑5p overexpression reduces cell viability. The effects of 
miR-98-5p on cell viability in NSCLC A549 cells were deter-
mined by CCK-8 assay. The growth curves demonstrated the 
effects of miR-98-5p on NSCLC cell viability. At 48 h of incu-
bation following cell transfection, a significant decrease in cell 
viability was observed in the miR-98-5p mimic group compared 
with the control and miR‑NC groups, whereas no significant 
differences were present at 0, 12 or 24 h of incubation (Fig. 5).

miR‑98‑5p overexpression induces cell apoptosis. The effects 
of miR-98-5p on cell apoptosis in the NSCLC cell line A549 
were determined by flow cytometry. The results demonstrated 

that, compared with the control and miR-NC groups, there was 
a significant increase in cell apoptosis in the miR‑98‑5p mimic 
group (Fig. 6A and B).

miR‑98‑5p regulates MAP4K3 expression and the mTOR 
signaling pathway. To further examine the association between 
miR-98-5p and MAP4K3, as well as the potential regulatory 
mechanisms of miR-98-5p in the mTOR signaling pathway, 
the protein levels of associated molecules were determined by 
western blotting. As presented in Fig. 7A and B, the expres-
sion levels of MAP4K3 and p-mTOR were decreased, cleaved 
caspase-3 expression was increased, and the expression of 
mTOR was not significantly changed upon transfection with 
miR-98-5p mimic compared to control and miR-NC groups.

Discussion

Patients with NSCLC exhibit a median 5-year survival rate 
ranging from 26% (stage IIIA) to 51% (stage IA), which is 
lower than that of other types of cancer, including breast and 
prostate cancer (21). Despite the uncertain efficacy of chemo-
therapy, the most frequently used therapeutic method for the 
treatment of early-stage NSCLC is complete surgical resection 
alongside cisplatin-based chemotherapy (22). The results of the 
present study indicate that miR‑98‑5p, which was significantly 

Figure 4. miR-98-5p mimic increases miR-98-5p expression and decreases MAP4K3 expression. (A) miR-98-5p expression and (B) MAP4K3 expression in 
A549 cells transfected with miR-98-5p mimic and control groups. **P<0.01 vs. miR-NC. miR, microRNA; MAP4K3, mitogen-activated protein kinase kinase 
kinase kinase 3; NC, negative control.

Figure 5. miR-98-5p mimic reduces cell viability. Compared with the control 
and miR‑NC groups, there was a significant decrease in cell viability in the 
miR-98-5p mimic group. **P<0.01 vs. miR-NC. miR, microRNA; NC, nega-
tive control; OD, optical density.
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decreased in NSCLC tumor tissues, could target MAP4K3 and 
inhibit the activation of the mTOR signaling pathway. These 
findings support an apical role for miR‑98‑5p/MAP4K3 in 
intracellular signal transduction cascades in NSCLC.

MAP4K3 is a protein kinase of the Ste20 family that is 
activated by ultraviolet radiation and the proinflammatory 
cytokine tumor necrosis factor-α (6). The present study 
demonstrated that MAP4K3, a target gene of miR-98-5p, was 
overexpressed in NSCLC tissues, while miR-98-5p was found 
to be downregulate. These findings indicate that miR‑98‑5p 
and MAP4K3 may serve roles in the progression of NSCLC.

The ability of tumor cells to increase cell number is deter-
mined by the cell proliferation rate and the extent of cell removal 
through apoptosis (23). Acquired resistance to apoptosis may be 
a hallmark of all cancer types (23). The present study investi-
gated the effects of miR-98-5p on proliferation and apoptosis in 
A549 cells. It was observed that overexpression of miR-98-5p 
significantly inhibited cell proliferation and promoted apoptosis. 
These findings suggest a potential function of miR‑98‑5p as a 
therapeutic target for NSCLC. Previous studies have revealed 
that miRNA levels in tumors are variable, even among commer-
cial cell lines, suggesting that further research is required to 

Figure 6. miR‑98‑5p mimic induces cell apoptosis. (A) Flow cytometry dot pots and (B) quantification of cell apoptosis in A549 cells transfected with 
miR-98-5p mimic and control groups. **P<0.01 vs. miR‑NC. miR, microRNA; NC, negative control; PI, propidium iodide; FITC, fluorescein isothiocyanate.

Figure 7. miR‑98‑5p regulates MAP4K3 expression and the activation of mTOR signaling pathway. (A) Western blot images and (B) quantification of protein 
showing that expression of MAP4K3 and p-mTOR was decreased, and cleaved caspase-3 was increased upon transfection with miR-98-5p mimic, while mTOR 
protein levels were not significantly changed. **P<0.01 vs. miR-NC. miR, microRNA; NC, negative control; MAP4K3, mitogen-activated protein kinase kinase 
kinase kinase 3; mTOR, mammalian target of rapamycin; p-mTOR, phosphorylated mTOR.



WANG et al:  miR-98-5p REGULATES PROLIFERATION AND APOPTOSIS BY TARGETING MAP4K3 4293

determine the potential association between miRNA changes 
and clinical diagnostics or therapeutic treatments (24,25).

mTOR signaling is deregulated in multiple diseases 
including cancer (26). The present study revealed that 
miR‑98‑5p could significantly inhibit the activation of mTOR. 
This phenomenon indicated that miR-98-5p was able to regu-
late MAP4K3 expression and affect NSCLC cell activities via 
the mTOR signaling pathway.

However, the present study had limitations, as it was 
not directly demonstrated that altered MAP4K3 expression 
impacted proliferation and apoptosis of lung cancer cells. 
Future studies will investigate MAP4K3 overexpression in 
NSCLC cells and the interaction of MAP4K3 and miR-98-5p.
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