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INTRODUCTION

Hepatocellular carcinoma (HCC) now ranks the sixth most 
common malignancy worldwide, generating the third impor-
tant reason of mortality attributed to cancer.1 There is a great dif-

ference in the incidence of HCC worldwide, with the highest 
rate being reported in East Asia and China accounting for ap-
proximately 50% of HCC malignancies.2 Persistent infection 
by hepatitis B virus (HBV) is the principal reason for HCC 
worldwide, which has a very poor prognosis.3 Liver resection 
and transplantation remain the main therapeutic strategies 
for HCC.4 However, the prognosis of HBV-HCC patients after 
surgery is not optimal due to the high HBV replication rates, vi-
ral mutations, and infection-associated inflammation.5 There-
fore, it is necessary to explore new strategies for the treatment of 
HBV-HCC. 

MicroRNAs (miRNAs) are a series of small, non-coding RNAs 
with a length of 18–25 nt, which negatively mediate the ex-
pression of target genes by the interactions with 3' untranslat-
ed regions (3' UTRs).6 MiRNAs play critical regulatory roles in 
the tumorigenesis of HBV-HCC. For examples, miR-152 acts as 
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a tumor suppressor in HBV-HCC by regulating DNMT1.7 MiR-
34c markedly inhibits the growth of HBV-HCC cells by target-
ing TGIF2.8 MiR-98 is known as a tumor suppressor in HCC. 
Wang, et al.9 have shown that miR-98 inhibits the proliferation, 
migration, and invasion of HCC cells by targeting CTHRC1. Ji-
ang, et al.10 have proved that microRNA-98-5p (miR-98-5p) in-
hibits proliferation and promotes the apoptosis of HCC cells by 
targeting IGF2BP1. Notably, a miRNA profile in HBV-induced 
infection showed that miR-98 is involved in HBV infection.11 
However, the specific regulatory role of miR-98-5p in HBV-HCC 
remains unclear.

There is constitutive activation of nuclear factor-κB (NF-κB) 
in most tumor cells.12 The canonical and non-canonical path-
ways both play an essential role in the mediation of NF-κB ac-
tivation.13 In non-canonical NF-κB pathway, NF-κB-inducing 
kinase (NIK) is involved in initiating receptor signaling.14 A 
previous study showed that the activation of NF-κB by NIK ob-
viously promotes inflammatory reaction, carcinogenic signal-
ing, and proliferation of epithelial cells.15 Notably, NIK acted as 
a potential therapeutic target in HCC. For example, the silenc-
ing of NIK proved to be a valuable therapeutic strategy for re-
ducing the constitutive NF-κB activation in HCC.16 MiR-520e 
attenuated the growth of HCC cells by inhibiting the expres-
sion of NIK.17 NIK-specific siRNA-1397 inhibited the prolifera-
tion of HBV-derived HCC cells by regulating NIK activation.18 
Nevertheless, the potential regulatory mechanism of miR-98-
5p involving NIK in HBV-HCC still remains unknown.

In the present study, we evaluated the expression of miR-
98-5p in HCC-HBV tissues and cell lines, such as MHCC97H-
HBV and Huh7-1.3. Then, we explored the effects of miR-98-
5p on the secretion of HBV, proliferation, migration, invasion, 
and apoptosis of HCC-HBV cells, as well as tumorigenesis in 
nude mice. The association between miR-98-5p and NIK was 
evaluated in HBV-HCC. Our study may aid in discovering a 
hopeful therapeutic target for HBV-HCC, as well as the under-
lying mechanisms for HBV-HCC treatment.

MATERIALS AND METHODS

Tissue samples
Thirty pairs of tumor and adjacent noncancerous tissues were 
collected from patients with HBV-HCC at our hospital. There 
were 23 males and seven females. The average age of patients 
was 56.85±10.98 years. The patients were divided into either 
low group (n=12) or high group (n=18), based on the median 
expression of miR-98-5p (0.4656). Informed consent was ob-
tained from all patients before the collection of samples. This 
study was approved by the Hospital Ethics of Human Research 
Committee, and performed in accordance with the Declara-
tion of Helsinki.

Cell culture
MHCC97H and Huh7 cells were obtained from American 
Type Culture Collection (ATCC, Manassas, VA, USA). All cell 
lines were cultured in Roswell Park Memorial Institute (RPMI)-
1640 (Hyclone, Novato, CA, USA), and supplemented with 
10% fetal bovine serum (FBS, Invitrogen, Carlsbad, NY, USA). 
The cells were divided into two groups: MHCC97H-HBV cell 
group (MHCC97H cells were transfected with HBV genome) 
and Huh7-1.3 cell group (Huh7 cells were transfected with 
pcDNA 3.0–1.3 mer, containing the 1.3-mer fragment of HBV 
genome).

Transient transfection
The miR-98-5p mimics and miR-negative control of mimics 
(mimics-NC) were obtained by Shanghai Genepharma (Shang-
hai, China). The pcDNA-3.1NIK and pcDNA3.1-NC were 
obtained by Shanghai Sangon Biotech (Shanghai, China). 
MHCC97H-HBV cells grown to 60% confluency were transfect-
ed with the aforementioned agents using Lipofectamine 2000 
reagent (Invitrogen).

Fig. 1. The expression of microRNA-98-5p (miR-98-5p) was down-regulated in hepatocellular carcinoma-related hepatitis B virus (HBV-HCC) tissues 
and cells. (A) Relative expression of miR-98-5p in adjacent normal tissues and HBV-HCC tissues was detected by qRT-PCR (p<0.001). (B) Relative ex-
pression of miR-98-5p in LO2, MHCC97H, MHCC97H-HBV, Huh7, and Huh7-1.3 cells was detected by qRT-PCR. ***p<0.001 vs. LO2; †p<0.05 vs. 
MHCC97H; ‡p<0.05 vs. Huh7. qRT-PCR, quantitative real-time polymerase chain reaction.
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Quantitative real-time polymerase chain reaction 
(qRT-PCR)
The total RNA of cells and tissues was extracted by using 
TRIZOL regent Trizol (Invitrogen), and then reverse-tran-
scribed into cDNA using Takara PrimeScript RT reagent kit 
(Takara, Otsu, Japan). PCR reaction was performed on ABI 7500 
HT Fast Real-Time PCR System (Applied Biosystems, Waltham, 
MA, USA) under the following conditions: 95°C for 3 min, 40 
cycles of 95°C for 15 s, and 60°C for 30 s. Relative expression 
was calculated by the 2-ΔΔCt method. U6 and β-actin were used 
for the normalization of miR-98-5p and NIK, respectively. 
Primer sequences (Shanghai Sangon Biotech) are shown in 
Supplementary Table 1 (only online).

Dual-luciferase reporter assay 
The potential binding sites of NIK and miR-98-5p were pre-
dicted according to StarBase3.0. The NIK-Wt and NIK-Mut 
were cloned and combined with psiCHECK-2 vectors (Prome-
ga, Madison, WI, USA). NIK-Wt or NIK-Mut was co-transfect-
ed with miR 98a 3p mimics or mimics-NC (Shanghai Genephar-
ma) into HEK-293T cells with Lipofectamine 3000 (Invitrogen). 
Luciferase activity was detected by Dual-luciferase reporter 
gene assay system (Promega).

Western blot
HBV-HCC cells were lysed in RIPA lysis buffer (Santa Cruz, 
Dallas, TX, USA) to obtain total protein. Proteins were run on 
sodium dodecyl sulfate polyacrylamide gel electrophoresis, 
and transferred onto polyvinylidene fluoride membranes (Mil-
lipore, Billerica, MA, USA). The membranes were incubated 
with primary antibody [rabbit anti-human-GAPDH (1:1000, 
#5174, CST, Danvers, MA, USA); NIK (1:1000, #4994, CST)] 
overnight at 4°C. Then, the membranes were incubated with 
secondary antibody [anti-rabbit (1:1000, Sigma, St. Louis, MO, 
USA)] for 1 h. Finally, the protein bands were visualized with 
electrogenerated chemiluminescence reagent (Millipore, Bed-
ford, MA, USA), and analyzed by Image LabTM Software (Bio-
Rad, Hercules, CA, USA). GAPDH was introduced as the inter-
nal reference.

Cell proliferation assay
To measure the cell proliferation, 10 μL of cell counting kit-8 
(CCK-8) reagents (BD Biosciences, Franklin Lakes, NJ, USA) 
were separately added into each well of the 96-well plate. The 
optical density at 450 nm (OD450) was measured using a micro-
plate reader (BioTek Instruments Inc., Winooski, VT, USA).

Flow cytometry
Cells were seeded in 96-well plates, and cultured for 24 h. Then, 
500 μL of cells were stained with 5 μL of V-FITC and 10 μL of PI 
for 15 min in the dark. The apoptosis rate was detected on 
flow cytometry (BD Biosciences).

Wound healing assay
Cells were seeded into 6-well plates (5×105 cells/well). When 
the cells were cultured at 90% confluence, an artificial scratch 
was created using 10 μL of pipette tip. Cells were incubated for 
48 h, and then observed under an inverted microscope (Olym-
pus, Tokyo, Japan). Wound healing rates were calculated by 
the fraction of cell coverage across the line.

Table 1. Correlations between MicroRNA-98-5p Expression and Clinico-
pathological Features of Patients with HBV-Related Hepatocellular Carci-
noma

Clinicopathological 
features

No. of 
cases

miR-98-5p
p value

High (n=12) Low (n=18)
Sex 0.840

Male 23   9 14
Female   7   3   4

Age (yr) 0.660
<60 11   3   8
≥60 19   9 10

AFP (µg/mL) 0.025*
<400 16   8   8
≥400 14   4 10

Cirrhosis 0.270
Positive 20   7 13
Negative 10   5   5

Use of antivirals 0.526
Entecavir 23 10 13
Tenofovir disoproxil   7   4   3

HBV DNA level 0.001**
<1.0×10e3 13 11   2
≥1.0×10e3 17   2 15

Tumor size (cm) 0.800
<3 12 5 13
≥3 18 12 10

TNM stage 0.010*
I/II 22 12 10
III/IV 8 0 8

BCLC stage 0.026*
0 4 3 1
A 17 9 8
B 7 0 7
C 2 0 2

Metastasis 0.001**
No 10 8 2
Yes 20 4 16

Time to recurrence (month) 0.004**
<12 9 6 3
≥12 21 6 15

AFP, alpha fetoprotein; HBV, hepatitis B virus; TNM, tumor node metastasis; 
BCLC, Barcelona Clinic Liver Cancer.
Present significant difference at *p<0.05 and **p<0.01, respectively. 
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Transwell assay
Transwell assay was performed to determine the cell invasion 
using transwell chambers (8-nm pore size) (Corning Inc., Corn-
ing, NY, USA). Cells (2×105) in serum free medium were added 
to upper chambers, and upper chambers were pre-coated with 
matrigel (BD Biosciences). RPMI‑1640 medium containing 
10% FBS was added to the matched lower chambers. After 48 h 
of incubation at 37°C, cells were removed from the upper 
chambers with a cotton swab, and cells in lower chambers were 
fixed in methanol and stained with 0.5% crystal violet for 2 
min. Five random fields were photographed and counted.

Extraction and quantification of HBV DNA
After transfection for 48 h, HBV DNA in culture supernatants 
was collected. PCR was performed using ABI PRISM 7500 Se-
quence Detection System (Applied BioSystems). The concen-
tration of HBV DNA was determined by the average threshold 
cycle values.

Detection of HBsAg and HBeAg
The levels of HBV surface antigen (HBsAg) and antigen (HBeAg) 
were detected by commercially available enzyme-linked im-
munosorbent assay kits (Autobio Diagnostics, Zhengzhou, Chi-
na). Positive rates were measured by the following formula: 
positive rate (%)=(Ctested/Ccontrol)×100.

Tumor formation in mice
Male BALB/c nude mice (5 weeks old, n=24) were purchased 
from Shanghai Laboratory Animal Center (Shanghai, China). 
Mice were maintained in a controlled environment at 23–25°C, 
50–60% humidity, and a 12-h light/dark cycle with free access 
to food and water. The MHCC97H-HBV cells transfected with 
mimics-NC (mimics-NC group) and miR-98-5p mimics (miR-
98-5p mimics group) (5×106 cells, 150 μL each mouse) were 
subcutaneously injected into the left axilla of mice (n=8 in each 
group). Mice injected with MHCC97H-HBV cells without trans-
fection were considered as the mock group (n=8). Tumor vol-
ume was measured every week with calipers, and it was cal-
culated using the following formula: (A . B2)/2 (A, longest 
diameter; B, shortest diameter). After the last measurement at 
4-week post-injection, the mice were anesthetized by intra-
peritoneal injection of diazepam (5 mg/kg) and ketamine (50 
mg/kg), and then sacrificed by cervical dislocation. The xeno-
grafted tumors were immediately removed and weighed. All 
animal experiments and programs were approved by the Ani-
mal Care and Use Committee of our hospital.

Statistical analysis
All analyses of results were performed using SPSS 22.0 soft-
ware (IBM Corp., Armonk, NY, USA) and GraphPad Prism soft-
ware 7.0 (GraphPad, La Jolla, CA, USA). Qualitative data are 
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presented as number, and the difference was determined by χ2 
test (two groups). Quantitative data are presented as mean± 
SD, and the difference were analyzed by Student’s t-test (two 
groups) or one-way ANOVA followed by multiple comparisons 
test (multi-groups). p<0.05 was considered to be statistically 
significant.

RESULTS

MiR-98-5p expression was declined in HBV-HCC 
tissues and cells
By performing qRT-PCR, we detected the expression level of 
miR-98-5p in HBV-HCC tissues and adjacent tissues. The ex-
pression of miR-98-5p in HBV-HCC tissues was down-regulat-
ed compared to adjacent normal tissues (p<0.001) (Fig. 1A). 
The expression of miR-98-5p in normal liver cells (LO2 cells), 
HCC cells (MHCC97H and Huh7 cells), and HBV-HCC cells 
(MHCC97H-HBV and Huh7-1.3 cells) was measured by qRT-
PCR. The expression of miR-98-5p in MHCC97H, MHCC97H-
HBV, Huh7 and Huh7-1.3 cells was lower than that in LO2 
cells (p<0.001). The expression of miR-98-5p in MHCC97H-

HBV and Huh7-1.3 cells was lower than that in MHCC97H 
and Huh7 cells, respectively (p<0.05) (Fig. 1B). We then ana-
lyzed the relationship between miR-98-5p expression in HBV-
HCC tissues and clinicopathological features. As shown in Ta-
ble 1, the alpha fetoprotein (AFP), HBV DNA levels, tumor node 
metastasis (TNM) stage, Barcelona Clinic Liver Cancer (BCLC) 
stage, metastasis, and time to recurrence were significantly 
different between high and low groups (p<0.05). 

MiR-98-5p inhibits HBV secretion 
The miR-98-5p transfection efficiency was measured by qRT-
PCR. In MHCC97H-HBV and Huh7-1.3 cells, the transfection 
of miR-98-5p mimics significantly promoted miR-98-5p ex-
pression (p<0.001) (Fig. 2A). The level of HBV DNA was mea-
sured by qRT-PCR. The level of HBV DNA in miR-98-5p mim-
ics group was lower than that in mimics-NC and mock group 
(p<0.01) (Fig. 2B). The ratio of HBsAg and HBeAg secretion in 
miR-98-5p mimics group was lower than that in mimics-NC 
and mock group (p<0.001) (Fig. 2C and D). 
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MiR-98-5p inhibits the proliferation, migration, and 
invasion of HBV-HCC cells
The biological effect of miR-98-5p on cell proliferation was mea-
sured by CCK-8 assay. The cell proliferation in miR-98-5p mim-
ics group was down-regulated compared to that in mimics-
NC and mock group (p<0.05) (Fig. 3A). The apoptosis rate of 
cell was measured by flow cytometry. Compared to the mim-
ics-NC and mock groups, the apoptosis rate of cell was mark-
edly increased in miR-98-5p mimics group (p<0.001) (Fig. 3B). 
The migration of cell was detected by wound healing assay. 
The cell migration in miR-98-5p mimics group was declined 

than that in mimics-NC and mock group (p<0.001) (Fig. 3C). 
The invasion of cell was detected by transwell assay. Com-
pared to the mimics-NC and mock groups, the cell invasion in 
miR-98-5p mimics group was markedly increased (p<0.001) 
(Fig. 3D).

NIK is a direct target of miR-98-5p
The expression of NIK mRNA in adjacent normal tissues and 
HBV-HCC tissues was measured by qRT-PCR. The expression 
of NIK mRNA in HBV-HCC tissues was higher than that in ad-
jacent normal tissues (p<0.001) (Fig. 4A). The expression of 
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NIK mRNA was negatively correlated with miR-98-5p (r=-0.58, 
p=0.0008) (Fig. 4B). The expression of NIK mRNA in normal 
liver cells (LO2 cells), HCC cells (MHCC97H and Huh7 cells), 
and HBV-HCC cells (MHCC97H-HBV and Huh7-1.3 cells) 
was measured by qRT-PCR. The results showed that the ex-
pression of NIK mRNA in MHCC97H, MHCC97H-HBV, Huh7 
and Huh7-1.3 cells was significantly higher than that in LO2 
cells. The expression of NIK mRNA in MHCC97H-HBV and 
Huh7-1.3 cells was higher than that in MHCC97H and Huh7 
cells, respectively (p<0.001) (Fig. 4C). A computational Star-
Base3.0 search predicted one binding site for miR-98-5p in 
NIK 3' UTR (Fig. 4D). Luciferase renilla/firefly activity was mark-
edly decreased in the HEK-293T cells transfected with NIK Wt 
and miR-98-5p mimics (p<0.001) (Fig. 4E). Relative protein 
levels of NIK in MHCC97H-HBV and Huh7-1.3 cells were de-
tected by western blot. The relative protein expression of NIK 

in MHCC97H-HBV and Huh7-1.3 cells in miR-98-5p mimics 
group was lower than that in mock and mimics-NC group, re-
spectively (p<0.001) (Fig. 4F). 

NIK eliminates the effect of miR-98-5p on HBV-HCC 
cells
The transfection of pcDNA3.1-NIK significantly promoted 
mRNA expression of NIK in MHCC97H-HBV cells (p<0.05) 
(Fig. 5A). Compared to mimics-NC+pcDNA-NC group, the 
level of HBV DNA, secretion ratio of HBsAg and HBeAg, CCK-
8 assay (OD450), migration, and invasion of MHCC97H-HBV 
cells were markedly promoted in mimics-NC+pcDNA-NIK 
group (p<0.01). Compared to mimics-NC+pcDNA-NC group, 
the abovementioned indexes of MHCC97H-HBV cells were 
markedly reduced in miR-98-5p mimics+pcDNA-NC group (p< 
0.05). The transfection of pcDNA3.1-NIK markedly rescued 
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the inhibiting effect of miR-98-5p mimics on the above index-
es in MHCC97H-HBV cells (p<0.01) (Fig. 5B-E, G, and H). The 
apoptosis of MHCC97H-HBV cells was contrary to CCK-8 assay 
(OD450) (p<0.01) (Fig. 5F).

MiR-98-5p prevents subcutaneous tumor growth in 
mice
To reveal the anti-tumor effect of miR-98-5p in vivo, MHCC97H-
HBV cells were injected into mice. Compared to mimics-NC 
group, the tumor volume and tumor weight were markedly de-
clined in miR-98-5p mimics group (p<0.01) (Fig. 6A and B). Rel-
ative expression of miR-98-5p in mice tumor in mimics-NC 
group was lower than that in miR-98-5p mimics group (p<0.001) 

(Fig. 6C). Relative mRNA of NIK expression in mice tumor in 
miR-98-5p mimics group was lower than that in mimics-NC 
group (p<0.001) (Fig. 6D).

DISCUSSION

Numerous studies have reported that abnormal expression 
of miRNAs is related to the tumorigenesis of cancer, such as 
HCC.19,20 Here, the expression of miR-98-5p in HBV-HCC tis-
sues was markedly up-regulated by qRT-PCR compared to 
adjacent non-cancerous tissues. Our research is similar to pre-
vious studies on HBV-HCC, such as miR-27a,21 miR-12222 and 
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miR 34c.8 We suspect that miR-98-5p plays an essential role in 
inhibiting tumorigenesis in HBV-HCC. The clinicopathological 
features demonstrated that the AFP, HBV DNA levels, TNM 
stage, BCLC stage, metastasis, and time to recurrence were sig-
nificantly different between high and low groups. Expression 
of miR-630 was significantly increased at the advanced TNM 
stage, and it revealed a positive correlation with the levels of 
serum AFP.23 Moreover, miR-187-3p inhibited metastasis of 
HCC by targeting S100A4.24 The inhibitory effect of miR-214 
was much more obvious in HCC patients with early-recurrence 
than in HCC patients with no recurrence.25 In our study, the 
function of miR-98-5p was similar to the abovementioned 
miRNAs on clinicopathological features, suggesting that miR-
98-5p may be a valuable diagnostic and prognostic factor for 
HBV-HCC.

HBV is part of the Hepadna virus family, which mainly in-
fects hepatocytes and causes acute and chronic hepatopathy, 
and persistent HBV infection is the primary etiological factor 
in HCC.26 Overexpression of miR-199a-3p results in down-
regulation of HBV replication in HBV-HCC cells.27 MiR-29c has 
been found to reduce HBV DNA replication and the secretion 
ratio of HBsAg and HBeAg by targeting TNFAIP3,28 and miR-
125a-5p inhibits the secretion of HBV proteins by targeting 
ErbB3.29 Similar with previous studies, the results of our study 
also showed that miR-98-5p markedly reduced the level of 

HBV DNA in HBV-HCC cells. Taken together, our findings sug-
gest that the expression of miR-98-5p is negatively associated 
with the secretion of HBV in HBV-HCC cells.

MiRNAs plays an essential regulatory function in the prolif-
eration, migration, invasion, and apoptosis of HCC cells.11 Our 
research showed that miR-98-5p significantly decreased the 
proliferation, migration, and invasion of HBV-HCC cells, while 
increasing the apoptosis of HBV-HCC cells. Huang, et al.30 
have shown that miR-128-3p significantly inhibited prolifera-
tion of HCC cells by regulating G1 phase cell arrest. MiR-325-
3p suppressed HBV-HCC cells proliferation and induced apop-
tosis by the inhibition of aquaporin 5.31 Lang, et al.32 reported 
that the overexpression of miR-124 markedly inhibited tu-
morigenesis in HCC mice. Here, we also found that miR-98-
5p markedly reduced the HBV-HCC xenograft tumor volume 
and weight in nude mice, and suppressed proliferation, migra-
tion, and invasion of HBV-HCC cells. Taken together, our results 
in vivo and in vitro suggest that miR-98-5p suppresses tumor 
growth by inhibiting cells proliferation and inducing apoptosis.

MiRNAs can down-regulate the expression of important can-
cer-related genes by base pairing with 3'-UTR, and it might be 
involve in the diagnosis and therapy of HCC.33 NIK effectively 
participates in the activation of NF-κB, thereby indirectly me-
diating cell growth and transformation.15 The expression of 
NIK is usually up-regulated in tumor cells, and NIK represents 
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a valuable therapeutic target for cancers.34,35 Similar with pre-
vious studies, our research found that the expression of NIK 
was markedly up-regulated in HBV-HCC tissues and negative-
ly associated with miR-98-5p. Zhang, et al.17 also reported that 
miR-520e suppresses the tumorigenesis of HCC by targeting 
NIK participating in the NIK/p-ERK1/2/NF-κB signaling path-
way. Here, NIK reversed the effect of miR-98-5p on the levels of 
HBV DNA, proliferation, migration, and invasion of HBV-HCC 
cells. Therefore, our results suggest that miR-98-5p may atten-
uate the progress of HBV-HCC by targeting NIK.

In summary, our findings demonstrated that miR-98-5p was 
decreased in HBV-HCC tissues and cells. Also, MiR-98-5p in-
hibited secretion of HBV, proliferation, migration, and invasion 
of HBV-HCC cells, while inducing apoptosis. MiR-98-5p pre-
vented the tumorigenesis of HBV-HCC by targeting NIK. MiR-
98-5p may act as a potential therapeutic target for HBV-HCC.
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