
ORIGINAL RESEARCH ARTICLE

The Effect of miR-98 and miR-214 on Apoptotic and Angiogenic
Pathways in Hepatocellular Carcinoma HepG2 Cells

Shaymaa M. M. Yahya1 • Shereen M. M. Yahya1

Received: 12 August 2018 / Accepted: 26 February 2019 / Published online: 11 March 2019

� Association of Clinical Biochemists of India 2019

Abstract Hepatocellular carcinoma (HCC) is one of the

foremost causes of cancer related morbidity worldwide. An

increasing number of studies have confirmed that micro-

RNAs play an important role in the development, pro-

gression and metastasis of HCC. From those important

miRNAs are miR-98 and miR-214. This study were con-

ducted to explore the effect of these two miRNAs on some

apoptotic and angiogenic genes namely, BCL-2, survivin,

CCND1, CDC2, P53 and P21, VEGF, Hif-1a, MMP-2,

MMP-9, Ang-1, Ang-2, and FGF-1. miRNAs mimics and

inhibitors transfection was used to investigate the role of

both studied molecules in apoptosis and angiogenesis in

HepG2 cells. QRT-PCR was used for Quantitative gene

and miRNA expression analyses. The study revealed that

miR-98 could serve as a pro-apoptotic factor through the

upregulation of P53 gene expression levels. Besides, the

anti-angiogenic effect of this miRNA was evident through

the down regulation of Ang-1 and FGF-1 genes. Mean-

while, miR-214 showed a pro-apoptotic role and anti-an-

giogenic effects. These effects were verified through the

significant down regulation of BCL-2, CDC2, VEGF, Ang-

1 and MMP-2. These results introduced a possible positive

role played by both miR-98 and miR-214 on some pro-

apoptotic and anti-angiogenic genes.
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Introduction

Hepatocellular carcinoma (HCC) is ranked as the third

leading cause of cancer morbidity worldwide [1]. Thera-

peutic options include surgery, radiotherapy, and

chemotherapy. In chemotherapy, anti-neoplastic drug

(s) that interfere with cancer cell proliferation and tumor

growth are administrated. However, drug resistance occa-

sionally are developed in chemotherapy leading to the

failure of treatment and mortality [2]. This poor outcome is

due to intrahepatic metastasis, a prominent hallmark of

HCC. In HCC, tumor cells invade the major branches of

portal vein, resulting in intrahepatic metastasis. Surgical

resection/liver transplantation are used as the standard

treatment strategies to improve survival benefit for patients

with HCC. Therefore, there is an urgent need to elucidate

the molecular mechanisms of apoptosis and agiogenesis

and to introduce novel therapeutic targets for HCC.

MicroRNAs (miRNAs) are considered as a post-tran-

scription factor consisting of small non-coding oligonu-

cletides that downregulate target genes and initiate the

breakdown of mRNA or counteract with its translation

pathway [3]. A single miR- can control the transcription of

many genes, consequently, researchers were motivated to

do extensive researches on miRNAs as a transcription

factors. Modulation of miRNA could be a useful tool to

attack heterogeneous populations of cancer cells in tumor

mass, introducing a promising therapeutic value in cancer

treatment [4]. Besides, recent experimental evidences have

emphasized the important roles of miRNAs in apoptosis

and angiogenesis [5].

Several miRNAs were found to be overexpressed in

HCC while few were down regulated and associated with

HCC development and progression. miR-224, miR-106b

and miR-21 were found to be upregulated [6, 7],
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meanwhile, miR-98 and miR-214 were down regulated in

HCC [8, 9]. MiR-98, one of the let-7/miR-98 family

members was found to act as a tumor suppressor gene in

some human cancers through downregulation of its dif-

ferent target genes [10, 11]. For example, miR-98 was

found to inhibit the proliferation and metastasis of oral

squamous cell carcinoma by targeting of IGF1R expression

[12]. Besides, miR-98 inhibits proliferation, migration, and

invasion of non-small-cell lung cancer by downregulating

ITGB3 [13]. Li et al. [14] found that miR-98 supressed

melanoma metastasis via a negative feedback loop with its

target gene IL-6. Nevertheless, very little is known about

the role of miR98 in HCC in humans. Recently, the tumor

suppressor function of miR-214 has gained a lot of research

interests [15, 16]. It was found that miR-214 ectopic over

expression has a positive role in suppressing cell prolifer-

ation by inducing G1-S checkpoint arrest. While, miR-214

downregulation significantly promoted cell cycle

advancement and growth of HCC cells. Up regulation of

miR-214-3p greatly enhanced the sensitivity of esophageal

cancer cells to cis-platin through targeting both survivin

and CUG-BP1. Moreover, E2F2, CDK3 and CDK6 were

all targets of miR-214 [15].

Materials and Methods

Cell Culture

Hepatocellular carcinoma HepG2 cells were purchased

from ATCC (American Type Culture Collection) and

maintained in the proper conditions. The cells were cul-

tured in Dulbecco’s modified Eagle’s Medium (DMEM)

(Lonza, Beligium) supplemented by 10% fetal bovine

serum (FBS), 4 mM L-glutamine, 100 U/ml penicillin, and

100 lg/ml streptomycin sulfate at 37 �C in a humidified

incubator with 5% CO2. The cells harvested after

trypsinization (0.025% trypsin and 0.02% EDTA) and

washed twice with Dulbecco’s phosphate-buffered saline

(DPBS). When the cell density reached approximately

80%, cells were split for further culture. The experiments

were made up when the cells were in the logarithmic

growth phase.

Transfection of HepG2/Dox Cells with miR-98

and miR-214

HepG2/Dox cells were transfected with miR-98-3p mimic,

miR-98-3p inhibitor, miR-214-3p mimic, miR-214-3p

inhibitor and miRNA negative control (Qiagen, USA)

using Hiperfect transfection reagent, Qiagen, according to

the following protocol: Before transfection, 1.5x105 cells

were seeded per well of two 24-well plate in 1.5 ml of

DMEM culture medium containing 10% FBS serum and

antibiotics. The second day, cells were transfected with

100 nM miR-mimics or inhibitors in a serum-free media

using 1 ll of the Hiperfect transfection reagent. MiScript

Inhibitor negative control which has no homology to any

known mammalian gene was used as negative control. The

third day, the media were changed with fresh complete

media and the cells were incubated at the proper conditions

for another 48 h. The third day, the cells in the 1st 24 well

plate were harvested using Qiazole reagent and were sub-

jected to miRNAs expression level estimation. At the end

of the experimental period, the other plate were used for

further gene expressions.

miR-98 and miR-214 Quantitation Using RT-qPCR

miR-98 and miR-214 were determined using the Qiagen

miscript system (Qiagen, USA) according to manufacturer

instructions. miRNeasy kit was used for Purification of

RNA containing miRNA, after that cDNA generation from

RNA containing miRNA was performed using miscript

RT-kit. Real-Time PCR was used for detection of mature

miRNA using miRNA specific primers to hsa-miR-98 and

hsa-miR-214 in separate reactions. The cycling conditions

were as follow: denaturation for 15 s at 94 �C, annealing
for 30 s at 55 �C and extension for 30 s at 70 �C. Fluo-
rescence data were collected using MiniOpticon Bio-Rad

Real Time Thermal Cycler.

Quantitative Real Time Gene Expression Analysis

This was done using SYBR� Green one-step RT-PCR

(Qiagen, USA). Briefly, total RNA was extracted from

HepG2/Dox cells (1.5 9 105 cells/well) treated with miR-

98 mimic, miR-98 inhibitor, miR-214 mimic, miR-214

inhibitor and negative control using Qiazole lysis reagent

(Qiagen, USA) according to the manufacturer instructions.

Primer sequence for b-actin, BCL-2, survivin, CCND1,

CDC2, P53 and P21, VEGF, Hif-1a, MMP-2, MMP-9,

Ang-1, Ang-2, and FGF-1 are listed in Table 1. The copy

numbers were normalized to 100,000 copies of the

housekeeping beta-actin gene. The RT and subsequent

PCR cycling conditions were as follows: 50 �C for 10 min,

95 �C for 5 min, 60 �C for 30 s and then 95 �C for 15 s;

the number of cycles were 40 cycles. BioRad Miniopti-

conTM real time PCR cycler was used for quantitative

estimation.
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Results and Discussion

This study was conducted to investigated the role of both

miR-98 and miR-214 in apoptotic and angiogenic pathways

in HepG2 cells through screening the effect of mimics and

inhibitors of miR-98 and miR-214 on various apoptoitic and

angiogenic genes including BCL-2, survivin, CCND1,

CDC2, P53, VEGF, MMP-2, Ang-1, Ang-2, and FGF-1.

HepG2 cells were transfected with miR-98 mimic, miR-98

inhibitor, miR-214 mimic and miR-214 inhibitor and the

expression levels of miR-98 and miR214 in HepG2 cells

have been determined by qRT-PCR (Fig. 1).

Building on many previous observations it is accepted to

expect that there are numerous miRNAs having both

tumor-promoting and tumor-suppressing roles. The exact

role of miR-mediated tumor suppression in the different

complex pathways and different cancers is not fully yet

elucidated. Zhang et al. [17] suggested that miR-98 func-

tioned as a tumor suppressor by targeting Wnt/b-catenin
signal pathway. As it directly targets and inhibits EZH2

gene expression. In the same context, Zou et al. [18] found

that miR-98 plays an inhibition role in the proliferation,

migration, invasion and epithelial mesenchymal transition

of HCC cells, partly at least, via directly inhibition of

SALL4.

In the current study, miR-98 mimics significantly

upregulated the expression level of P53 gene as compared

to negative control treated HepG2 cells (Fig. 3). However,

the inhibition of miR-98 significantly downregulated BCL-

2, CDC2, and CCND1 gene expression levels as compared

to negative control treated cells (Figs. 2, 3). Besides, miR-

98 mimics significantly upregulated the CCND1 gene

expression levels (Fig. 3). All the above mentioned find-

ings could suggest that the miR-98 could serve as a pro-

apoptotic factor through the upregulation of P53 gene

expression levels. It was reported that the downregulation

of miR-98 resulted in increased expression of cellular

MYC and subsequent elevation of cell proliferation as well

as MYC-induced apoptosis [19]. Much evidences showed

that c-Myc plays a critical role in the control of cell pro-

liferation, regulation of cell cycle, and serves as a link

between proliferation and cell death by inducing p53-

dependent apoptosis. c-Myc has been documented to be

Table 1 Primers used for apoptotic and angiogenic pathway analyses

Gene Primer forward (50–30) Primer reverse (50–30)

b–b-actin CCTTCCTGGGCATGGAGTCCT GGAGCAATGATCTTGATCTTC

BCL-2 CCTGGTGGACAACATCGCC AATCAAACAGAGGCCG CATGC

CCND1 GAGGAAGAGGAGGAGGAGGA GAGATGGAAGGGGGAAAGAG

CDC2 CAAATATAGTCAGTCTTCAGGATG CCTGTAGGATTTGGTATAAATAAC-

P53 AGA GTC TAT AGG CCC ACC CC GCT CGA CGC TAG GAT CTG AC

Vascular endothelial growth factor (VEGF) TACCTCCACCATGCCAAGTG ATGATTCTGCCCTCCTCCTTC

MMP-2 ATGCTTCCAAACTTCACGCTCT- CAGGGTTTCCCATCAGCATT

Angiopoietin-1 (Ang-1) AAAGGTCACACTGGGACAGC TTCTGACATTGCGCTTTCAA

Angiopoietin-2 (Ang-2) TCCAAGCAAAATTCCATCATTG GCCTCCTCCAGCTTCCATGT

Fibroblast growth factor 1 (FGF-1) AAGCCCGTCGGTGTCCATGG GATGGCACAGTGGATGGGAC
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Fig. 1 Expression levels of miR-98 and miR214 in HepG2 cells

transfected with miR-98 and miR-214 mimics and inhibitors
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Fig. 2 The effect of transfection of HepG2 cells with miR-98 and

miR-214 mimics and inhibitors on expression levels of Bcl-2 and

CDC2 NC = miRNA negative control; miR-98 M = miR-98 mimic;

miR-98I = miR-98 inhibitor; miR-214 M = miR-214 mimic; miR-

214I = miR-214 inhibitor. Data are represented as Means ± SEM,

the data were reproducible, *P\ 0.05
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both a positive and a negative signal for induction of

apoptosis. It was established that overexpression of c-Myc

enhances normal cell apoptosis. On contrary, down-regu-

lation of c-Myc expression may be a must for induction of

apoptosis in many cancer cells, such as leukemia cells,

prostate cancer cells, lung cancer cells, and liver cancer

cells [20]. It was found that miR-98 inhibits the prolifer-

ation, migration, invasion and apoptosis through the down-

regulation of PAK1 expression in non-small cells carci-

noma lung cancer cells [21]. Our finding is in accordance

with Pathak et al. [21] who reported that after radiation and

SN38 (a topoisomerase I inhibitor) treatment, miR-98

expression significantly was up-regulated and this upreg-

ulation was dependent on p53 status in colon cancer cells.

miR-214 is upregulated in several human tumors, such

as ovarian cancer, gastric cancer, Sezary syndrome, and

melanoma [22–25]. However, miR-214 expression was

found to be reduced in cervical cancer [26], pancreatic

cancer [27], hepatocellular carcinoma [28] and breast

cancer [29], suggesting a tumor suppressor function. In the

present investigations, transfecting HepG2 cells with miR-

214 mimic resulted in significant down regulation in BCL-

2 and CDC2 gene expression levels as compared to nega-

tive control treated cells (Fig. 2). These finding could

suggest a pro-apoptotic effect of miR-214 as both BCL-2

and CDC2 are considered as anti-apoptotic factors. BCL-2

is considered as anti-apoptotic gene, it blocks apoptosis

through its cooperation with c-myc during cell transfor-

mation [30]. Growing body of evidences refers to the

Tyr15 residue of Cdc2 as the main target of the G2/M.

Inhibition of CDC2–cyclin B1 complex results in G2/M

arrest [31]. However miR-214 significantly upregulated

CCND1 gene expression levels and its inhibition down

regulated CCND1 gene expression levels (Fig. 3). Besides,

miR-214 significantly down regulated P53 expression level

(Fig. 3). This finding could be similar to that of Wang et al.

[32] who demonstrated that the upregulation of miR-214

down regulated the expression of p53, leading to the

enhancement of breast cancer cell invasion ability.

VEGF, MMP-2, MMP-9, Ang-1, Ang-2, and FGF-1

genes are considered as pro-angiogenic factors [33]. Our

findings indicated that miR-98 inhibition significantly

upregulated Ang-1 and FGF-1 and downregulated Ang-2

expression levels in HepG2 cells as compared to negative

control treated cells (Figs. 5, 6). However, the over

expression of miR-98 significantly upregulated VEGF

expression levels, meanwhile the inhibition of miR-98

significantly down regulated this gene (Fig. 4). Moreover,

the over-expression of miR-98 significantly upregulated

MMP2 expression level (Fig. 7).
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Fig. 3 The effect of transfection of HepG2 cells with miR-98 and

miR-214 mimics and inhibitors on expression levels of CCND1 and

P53, NC = miRNA negative control; miR-98 M = miR-98 mimic;

miR-98I = miR-98 inhibitor; miR-214 M = miR-214 mimic; miR-

214I = miR-214 inhibitor. Data are represented as Means ± SEM,

the data were reproducible, * P\ 0.05
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Fig. 4 The effect of transfection of HepG2 cells with miR-98 and

miR-214 mimics and inhibitors on expression levels of VEGF,

NC = miRNA negative control; miR-98 M = miR-98 mimic; miR-

98I = miR-98 inhibitor; miR-214 M = miR-214 mimic; miR-214I =

miR-214 inhibitor. Data are represented as Means ± SEM, the data

were reproducible, * P\ 0.05
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Fig. 5 The effect of transfection of HepG2 cells with miR-98 and

miR-214 mimics and inhibitors on expression levels of Ang-1 and

Ang-2, NC = miRNA negative control; miR-98 M = miR-98 mimic;

miR-98I = miR-98 inhibitor; miR-214 M = miR-214 mimic; miR-

214I = miR-214 inhibitor. Data are represented as Means ± SEM,

the data were reproducible, * P\ 0.05
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Angiopoietin-1 (Ang-1) was reported to enhance

angiogenesis through enhancing vascular branching, peri-

cyte recruitment and endothelial survival [34]. Fibroblast

growth factor receptor 1 (FGFR1) is overexpressed in

HCC. FGFR1 overexpression increased cancer cell growth

and infiltration and was involved in angiogenesis, which

promoted the progression of HCC [35]. Consequently, we

can suggest that the antiangiogenic effect of miR-98 could

be mediated through the down regulation of Ang-1 and

FGF-1 genes.

On the other hand, the transfection of miR-214 mimics

into HepG2 cells resulted in down regulation of VEGF

(Fig. 4), however, its inhibition down regulated Ang-2 and

upregulated Ang-1 and MMP2 (Figs. 5, 7). These findings

is Suggesting that the anti-angiogenic effect of miR-214

could be played through their inhibitory effects on VEGF,

Ang-1 and MMP-2.

Conclusion

This study concluded that both miR-98 and miR-214 have

a pro-apoptotic and anti-angiogenic effect on some apop-

totic and angiogenic genes, however, this effect was not

established for all apoptotic and angiogenic genes. miR-98

could serve as a pro-apoptotic factor through the upregu-

lation of P53 gene expression levels. Besides, miR-214

could serve as a pro-apoptotic agent through the down-

regulation of both BCL-2 and CDC2. On the other hand,

the anti-angiogenic effect of miR–98 could be mediated

through the down regulation of Ang-1 and FGF-1 genes.

Moreover, the anti-angiogenic effect of miR-214 could be

played through their inhibitory effects on VEGF, Ang-1

and MMP-2.
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