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Original Article 
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Abstract: Background: MiR-30a-5p has been reported to play vital roles in the carcinogenesis and progression of 
various malignancies via different molecular mechanisms. However, the role and target genes of miR-30a-5p in he-
patocellular carcinoma (HCC) remain still unclear. In silico analysis finds that there are complementary sequences 
between the 3’-untrasnlated region of astrocyte elevated gene 1 (AEG-1) and miR-30a-5p. Herein, we investigated 
the biological function of miR-30a-5p, as well as the potential molecular mechanism via targeting AEG-1 in HCC 
cells. Materials and methods: MiR-30a-5p inhibitor, miR-30a-5p mimic, AEG-1 siRNAs, as well as their negative 
controls were transfected into HCC cell lines HepG2, SMMC-7221, HepB3 and SNU449. Then, the in vitro influence 
and mechanism of miR-30a-5p on cell viability, proliferation, caspase-3/7 activity and apoptosis were studied, 
as assessed by different methods, including spectrophotometry, fluorimetry, fluorescence microscopy of Hoechst 
33342/propidium iodide double chromatin staining, western blot and dual luciferase reporter assay, respectively. 
Results: MiR-30a-5p mimic markedly inhibited cell growth, also induced caspase-3/7 activity and apoptosis in all 
four HCC cell lines tested. The strongest effect was observed in HepG2 and SMMC-7721 cells. However, this effect 
was slightly weaker than that of AEG-1 siRNAs. Transfection of miR-30a-5p mimic led to a markedly reduced AEG-1 
protein level and further dual luciferase reporter assay confirmed that AEG-1 was one of the target genes of miR-
30a-5p in HCC cells. Conclusions: MiR-30a-5p may play an essential role in the cell growth and apoptosis of HCC 
cells, partially via targeting AEG-1. 
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Introduction

Hepatocellular carcinoma (HCC) is a major can-
cer burden worldwide, with estimated 550,000 
to 600,000 increased cases every year, which 
ranks the sixth most common cancer and the 
second highest cause of cancer-related death 
worldwide [1]. Due to the challenge of early 
diagnosis, frequency of metastasis and recur-
rence, and poor response to variant treat-
ments, the clinical outcome of HCC remains 
still grim. In recent years, the incidence of HCC-
related deaths of USA has been growing. 
Furthermore, the 5-year survival rate maintains 
the ratio at 12% [2, 3]. HCC develops within a 
complex background. In particular, chronic 

infections of hepatitis B virus (HBV) and/or HCV 
can facilitate the oncogenesis and progression 
of HCC. Other etiological factors involve alco-
holism, aflatoxin, cirrhosis, nonalcoholic steato-
hepatitis, hemochromatosis, Wilson disease, 
diabetes and hemophilia [4, 5]. A multistep pro-
cess has been confirmed in the development of 
HCC. Some alterations at molecular level have 
been clarified to contribute to hepatocarcino-
genesis and poor prognosis of HCC [6]. 
Unfortunately, the precise molecular mecha-
nisms remain incompletely understood [7].

MicroRNAs (miRNAs) are a class of short non-
coding RNAs that can regulate genes expres-
sion through combining with specific sequences 
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in the 3’-untranslated region (UTR), resulting in 
mRNA degradation, mRNA translational sup-
pression or even gene activation [8]. A number 
of studies have showed that miRNAs possess 
crucial regulatory functions in growth, prolifera-
tion, differentiation, apoptosis and stress 
response of cells [9]. It is a common sense that 
the abnormal expression of miRNAs plays a 
critical role in the development of cancers [10, 
11]. Recently, growing evidences have revealed 
that the aberrant expressions of miRNAs are 
related to tumorigenesis and deterioration of 
HCC. Reports showed that some of these miR-
NAs were decreased or increased in the HCC, 
and other specific miRNAs even were associat-
ed with clinical features, such as the HBV and 
HCV infection, cirrhosis, portal vein tumor 
thrombus (PVTT) and prognosis [12-14]. 

The function of microRNA-30a (miR-30a-5p) 
dysregulation in carcinoma deterioration and 
its downstream signaling remained unclear. 
MiR-30a-5p has been reported to be relevant 
to the inhibition of the epithelial-to-mesenchy-
mal transition (EMT) in the non-small cell lung 
cancer (NSCLC) [15]. Zeng et al. established 
combinatorial regulatory networks of HCC with-
out and with metastasis, which include both of 
transcription factor (TF) and miRNA regulation, 
and this differential combinatorial regulatory 
network analysis related to venous metastasis 
of HCC indicated that miR-30a-5p could be a 
key miRNA regulator contributed to metastasis 
in the HCC [16]. The relationship between miR-
30a-5p and development of HCC has been only 
studied by only one group by far. Liu et al. found 
that the downregulation of miR-30a-5p was 
observed in HCC tissues and cell lines, and 
knock-down of miR-30a-5p could facilitate 
tumor cells migration, invasion and EMT pro-
cesses in HCC via targeting SNAI1 [17]. 
However, the role and mechanism of miR-30a-
5p on HCC is complex and many other potential 
target genes could exist. In silico analysis 
points out that the 3’-UTR of astrocyte elevated 
gene 1 (AEG-1) shares complementary se- 
quence with miR-30a-5p. Additionally, the role 
of miR-30a-5p on the cell growth and apoptosis 
has not been illustrated. Herein, the effect of 
miR-30a-5p on cell biological function in HCC 
cell lines was explored. Furthermore, the 
hypothesis that AEG-1 could be a new potential 
target molecule of miR-30a-5p in HCC was 
investigated. 

Materials and methods

Cell transfection and RT-qPCR

HepG2 (American Type Culture Collection, 
ATCC), SMMC-7221 (Chinese Academy of 
Medical Sciences), HepB3 (ATCC) and SNU449 
(ATCC) cell lines were cultured as previously 
described [18-21]. In vitro experiments were 
performed in triplicate. HCC cells were planted 
2.5 × 103 cells per well in 96-well plates and 
incubated at 37°C for 24 h before each trans-
fection. The transfection was respectively per-
formed in cells with blank control, mock con-
trol, miRNA inhibitor negative control, miR-30a-
5p inhibitor, miRNA negative mimic control, 
miR-30a-5p mimic, scrambled siRNAs and 
AEG-1 siRNAs (Ambion, Life Technologies Grand 
Island, NY, USA) at a concentration of 200 
nmol/L up to 96 h with combiMAGnetofection 
(OZBIOSCIENCES, Marseille Cedex 9, France) 
according to instructions of manufacturer. 
Sequence of miR-30a-5p was UGUAAACAUC-
CUCGACUGGAAG. Previously, we have tested 
different siRNA candidates to knock-down 
AEG-1 efficiently and found a pool with 4 siR-
NAs produced the best efficiency (data not 
shown), including siRNA-1033: AACTACAACCG- 
CATCATT, siRNA-1455: ATGATGAATGGTCTGGG- 
TT, siRNA-1967: AAGTCAAATACCAAGCAAA and 
siRNA-3566: CTTATTAATGGACAGCTTT. The pool 
of scrambled siRNAs was also obtained (data 
not shown) as negative controls. 

The transfection efficiency was monitored with 
RT-qPCR. The total RNA including miRNA was 
extracted from HCC cells in different groups. 
Combination of RUN6B and let-7a was applied 
as the housekeeping reference for the detec-
tion of miR-30a-5p expression. The primers for 
miR-30a-5p, RNU6B and let-7a were main-
tained in TaqMan MicroRNA Assays (4427975, 
Applied Biosystems, Life Technologies Grand 
Island, NY 14072 USA). Sequence of miRNA 
and references were: miR-30a-5p: UGUAAA-
CAUCCUCGACUGGAAG; RNU6B: CGCAAGGAU- 
GA CACGCAAAUUCGUGAAGCGUUCCAUAUUU- 
UU; let-7a: UGAGGUAGUAGGUUGUAUAGUU. A 
total volume of 10 μl was used in the step of 
reverse transcription with TaqMan MicroRNA 
Reverse Transcription Kit (4366596, Applied 
Biosystems, Life Technologies Grand Island, NY 
14072 USA) with the same reverse primers. 
Real-time qPCR to detect miRNA level was per-
formed with Applied Biosystems PCR7900 as 
reported [18-21].
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Cell biological function influenced by miR-30a-
5p

The biological function of miR-30a-5p inhibitor 
and miR-30a-5p mimic, including cell growth, 
caspase-3/7 activity, cellular apoptosis and 
nuclear morphology was accessed as described 
previously, with fluorimetric resorufin viability 
assay, MTS tetrazolium assay, Apo-ONE 
Homogeneous Caspase-3/7 Assay and Hoech- 
st 33342/propidium iodide (PI) double flores-
cent chromatin staining, respectively [18-27]. 
Western blot was performed as we described 
previously [18-27]. Primary antibodies in the 
present study included: AEG-1 and β-actin 
(Sigma-Aldrich N.V.). 

Verification of AEG-1 as a direct target gene of 
miR-30a-5p

AEG-1 has been confirmed to be a direct gene 
targeting miR-30a-5p in breast cancer and lung 
cancer [28, 29] with dual luciferase reporter 
assay. However, the role and mechanism of one 
miRNA could be tumor-specific. Thus, we repeat- 
ed the dual luciferase reporter assay on HCC 
cell lines HepG2, SMMC-7221, HepB3 and 
SUN449 as reported [29]. Briefly, the 3’-UTR of 
AEG-1 with two putative miR-30a-5p-binding 
sites was amplified and cloned into pmirGLO 
vector separately (Promega, Madison, WI, USA). 
Two miR-30a-5p complementary sites with the 
sequence UGUUUACA in AEG-1 3’-UTR were 
mutated singly via complementarity dislodging 
to miR-30a-5p [29]. Cells were prepared in 
96-well plates and co-transfected with 100 ng 
of wide-type or mutated AEG-1 3’-UTR con-
structs, or 50 mM of negative control or miR-
30a-5p mimics up to 96 h. Luciferase activity 
was determined with the dual luciferase report-
er assay system (Promega).

Statistical analysis

Statistical calculations were performed with 
SPSS software (version20.0). Values were pre-
sented as means ± standard deviation (SD) 
from at least three single experiments. For ana-
lyzing significance between different groups, 
one-way analysis of variance (ANOVA) test was 
used. If the probability for ANOVA was statisti-
cally significant, the least significant difference 
(LSD) method of multiple comparisons between 
two groups would be applied. A value of P < 
0.05 was considered to indicate statistical 
significance. 

Figure 1. Time dependent effect of miR-30a-5p on 
cell viability in HCC cell lines. HepG2 (A), SMMC-
7211 (B), HepB3 (C) and SNU449 (D) cells (2.5 × 
103 cells per well in 96-well-plate) were cultured for 
24 h and then transfected with miR-30a-5p inhibitor, 
miR-30a-5p mimic, AEG-1 siRNA and their negative 
controls (200 nM) up to another 96 h. Cell viability 
was monitored with fluorimetric detection of resorufin 
(CellTiter-Blue Cell Viability Assay). Columns were the 
average of three independent experiments. Bars rep-
resented standard deviation. *P < 0.05, ** P < 0.01 
and ***P < 0.001, compared to blank and negative 
controls at the same time point.
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Cell Proliferation Assay). Points were the average of 
three independent experiments. Bars represented 
standard deviation. *P < 0.05, **P < 0.01 and ***P 
< 0.001, compared to blank and negative controls at 
the same time point.

Results

Effect of miR-30a-5p on inhibition of cell 
growth in HCC cells

The influence of different agents on the levels 
of miR-30a-5p was first detected with real time 
RT-qPCR and the transfection efficiency was 
confirmed to be optimal (data not shown). The 
effect of miR-30a-5p on cell growth was identi-
fied with three independent assays, including 
fluorimetric resorufin viability assay, MTS tetra-
zolium assay and Hoechst 33342/PI double 
fluorescent chromatin staining, respectively. 
Fluorimetric resorufin viability assay showed 
that cell viability increased slightly in HepG2 
and SNU449 cells 72 and 96 h post transfec-
tion with miR-30a-5p inhibitor, as compared to 
blank and negative controls. In another 2 cell 
lines (SMMC-7221 and HepB3), only at 96 h 
after transfection, cell viability increased, how-
ever, less than 10%. In contract, miR-30a-5p 
mimic caused a large reduction in proliferation 
at 72 and 96 h in all the 4 cell lines tested, 
although with a lesser degree than the effect of 
siRNA targeting AEG-1 (Figure 1). The cell 
growth suppressive effect showed a time 
dependent manner (Figure 1) and also a dose 
dependent manner (data not shown) in all cell 
lines. To further confirm the effect of miR-30a 
on cell growth of HCC cells, MTS tetrazolium 
assay (Figure 2) and Hoechst 33342/PI double 
fluorescent chromatin staining (data not shown) 
were assessed, which almost mirrored the 
effects from the fluorimetric resorufin viability 
assay. The more potent impact of miR-30a-5p 
on cell growth was observed in the cell lines of 
HepG2 and SMMC-7721, for instance, 40% cell 
growth inhibition was achieved in SMMC-7721 
96 h post transfection of miR-30a-5p (Figure 
2B).

Apoptosis induction and activation of cas-
pase-3/7 activity of miR-30a-5p in HCC cells

To further evaluate the effect of miR-30a-5p on 
apoptosis and activated caspase activity of 
HCC cells, the CellTiter-Blue assay was multi-
plexed with a fluorescent caspase-3/7 assay. 

Figure 2. Cell proliferation in HCC cell lines influenced 
by miR-30a-5p. HepG2 (A), SMMC-7211 (B), HepB3 
(C) and SNU449 (D) cells (2.5 × 103 cells per well in 
96-well-plate) were cultured for 24 h and transfected 
with miR-30a-5p inhibitor, miR-30a-5p mimic, AEG-1 
siRNA and their negative controls (200 nM) for an-
other 96 h. Cell proliferation was assessed per day 
with MTS assay (CellTiter96 Aqueous One Solution 
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With miR-30a-5p inhibitor, no variation of cas-
pase-3/7 activity between different groups was 
observed. However, with miR-30a-5p mimic, 
caspase-3/7 activity was evidently enhanced 
in all 4 HCC cell lines tested with a time (Figure 
3) and dose dependent manner (data not 
shown). Analogous to the result of cell growth, 
the effect of miR-30a-5p on caspase activity 
was much slighter than that of siRNA targeting 
AEG-1. The time and dose dependent effect on 
apoptosis was supported by Hoechst 33342 
and PI double fluorescent staining microscopi-
cally (Figures 4, 5). Again, stronger effect was 
observed in the cells of HepG2 and SMMC- 
7221.

AEG-1 as a direct target gene of miR-30a-5p 
in HCC 

Within silico prediction, AEG-1 was identified to 
gain the potential to act as one of the target 
genes of miR-30a-5p and it was also of specific 
interest since our previous studies indicated its 
vital role in the carcinogenesis and deteriora-
tion of tumors [30]. Also, in breast cancer and 
lung cancer, the targeting relationship between 
AEG-1 and miR-30a-5p has been validated. 
Thus, the hypothesis of AEG-1 being also a tar-
get gene of miR-30a-5p in HCC cells was veri-
fied with 4 cell lines: HepG2, SMMC-7221, 
HepB3 and SNU449. As reported previously, 
the miRNA: mRNA alignment analysis showed 
that the 3’-UTR of AEG-1 contains two putative 
binding sites for miR-30a-5p located at 287–
295 nt and 1569–1577 nt [29] (data not 
shown). To validate direct targeting of AEG-1 by 
miR-30a-5p, each of the putative binding sites 
of miR-30a-5p was cloned individually into the 
pmiRGLO vector. Co-transfection of HepG2 
cells with miR-30a-5p mimic and the pmiRGLO-
wt1 and wt2 3’-UTR vector showed a remark-
ably reduced luciferase activity than the nega-
tive controls (Figure 6A), indicating both of the 
putative binding sites were functional. In line 
with the results, the equivalent effect was 
observed in other 3 cell lines: SMMC-7221, 
HepB3 and SNU449 (data not shown). 
Consistent with the dual luciferase assay, an 

was detected with the same samples. Columns were 
the average of three independent experiments. Bars 
represented standard deviation. *P < 0.05, **P < 
0.01 and ***P < 0.001, compared to blank and 
negative controls at the same time point.

Figure 3. Effect of miR-30a-5p on caspase-3/7 ac-
tivity in HCC cell lines. HepG2 (A), SMMC-7211 (B), 
HepB3 (C) and SNU449 (D) cells (2.5 × 103 cells per 
well in 96-well-plate) were treated as aforementioned 
in Figure 1. After the cell viability was monitored with 
fluorimetric detection of resorufin, caspase-3/7 ac-
tivity (Apo-ONE Homogeneous Caspase-3/7 Assay) 
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< 0.001, compared to blank and negative controls at 
the same time point.

obvious reduction of AEG-1 protein expression 
in HepG2 cells was observed (Figure 6B). Other 
cell lines yielded the similar outcomes (data not 
shown). 

Discussion

In the present study, RT-qPCR was performed 
to confirm the transfection efficiency of miR-
30a-5p inhibitor and miR-30a-5p mimic in HCC 
HepG2, SMMC-7221, HepB3 and SNU499 
cells. Further in vitro experiments confirmed 
that miR-30a-5p is closely associated with the 
malignant biological phenotypes of HCC cells, 
such as cell viability, proliferation, activated 
caspase-3/7 activity and apoptosis. The results 
suggested that miR-30a-5p has the capacity to 
depress the cell growth of HCC cells and induce 
the apoptosis, partially via targeting AEG-1.  

MiR-30a-5p has been implicated in several 
human malignancies, underscoring its poten-
tial roles in diagnostics, progression prediction, 
as well as molecular target for novel therapeu-
tics for different tumors [31-38]. Previously, our 
group detected significantly lower level of miR-
30a-5p in lung cancer, as compared to non-
cancerous lung tissues [39]. MiR-30a-5p level 
was also negatively associated to tumor size, 
lymphatic metastasis, clinical TNM stage, path-
ological grading, histological classification and 
overall survival, indicating miR-30a-5p may be 
regarded as a tumor suppressor in lung cancer 
[39]. When concerning the role of miR-30a-5p 
in HCC, only Liu et al. [17] found that miR-30 
family members were significantly downregu-
lated in 63 cases HCC tissues and also several 
HCC cell lines, especially miR-30a-5p, which 
was consistent with our previous finding that 
miR-30a-5p was downregulated in HCC, as 
compared to non-cancerous liver tissues or 
cells (data on file). Furthermore, Liu et al. [17] 
reported that miR-30a-5p downregulation was 
significantly related with worse disease-free 
survival (DFS) of HCC patients. With gain- and 
loss-of-function studies, silencing of miR-30a-
5p facilitated tumor cell migration, invasion 
and epithelial-mesenchymal transition (EMT). 
This could partly explain the mechanism of 
miR-30a-5p on the tumorigenesis and poor 
prognosis of HCC. Besides that, miR-30a-5p 
has been identified as a key miRNA regulator 
contributed to HCC metastasis via a “differen-

Figure 4. Apoptosis induced by miR-30a-5p in HCC 
cell lines. HepG2 (A), SMMC-7211 (B), HepB3 (C) 
and SNU449 (D) cells (2.5 × 103 cells per well in 
96-well-plate) were cultured for 24 h and transfected 
with miR-30a-5p inhibitor, miR-30a-5p mimic, AEG-1 
siRNA and their negative controls (200 nM) for an-
other 96 h. Cellular apoptosis was assessed with 
Hoechst 33342/propidium iodide (PI) double fluo-
rescent chromatin staining. Points were the average 
of three independent experiments. Bars represented 
standard deviation. *P < 0.05, **P < 0.01 and ***P 
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In HCC, SNAI1 was identified as a direct target 
of miR-30a, and miR-30a was also demonstrat-
ed as a novel regulator of EMT by targeting 
SNAI1, showing its potential therapeutic value 
for decreasing invasion and metastasis of HCC 
[17]. Via in silico prediction, AEG-1 had the 
potential to be a target gene of miR-30a-5p, 
which has been confirmed in breast cancer and 
lung cancer [28, 29]. AEG-1 is a single-pass 
transmembrane protein and it is composed of 
582 amino acids, which locate at chromosome 
8q22.5 [43]. Studies uncovered that AEG-1 
played a vital role in several crucial aspects of 
HCC progression, including growth, transforma-
tion, cell survival, invasion, metastasis and 
chemoresistance. Both of AEG-1 mRNA and 

tial combinatorial regulatory network analysis” 
[16]. However, no report has been available 
investigating the effect of miR-30a-5p on the 
cell growth and apoptosis, which are also 
important cancer biological phenotypes, in 
HCC cells. In the current study, the miR-30a-5p 
mimic could decelerate the cell growth in all the 
cell lines tested (HepG2, SMMC-7721, HepB3 
and SNU449), with three independent assays. 
In addition, miR-30a-5p mimic enhanced the 
caspase-3/7 activity and induced apoptosis in 
HCC cell lines, with both dose and time-depen-
dent manners. The in vitro effect of miR-30a-
5p in the current study, together with literatures 
[17], gives an account of the vital role of miR-
30a-5p in the carcinogenesis and deterioration 

of HCC via influencing the cell 
growth, apoptosis, motility 
and metastasis. 

MiRNAs majorly regulate the 
expression of downstream 
genes to play a critical role in 
the physiological and patho-
logical processes. So the 
understanding of the target 
genes of miR-30a-5p proba-
bly indicates its potential 
mechanisms in the HCC. The 
possible target genes have 
been validated in several 
other malignancies. Autopha- 
gy related gene (ATG) was 
reported to be a target gene 
of miR-30a-5p in the chronic 
myelogenous leukemia cells 
[40]. In the research of breast 
cancer, Ouzounova et al. 
found that miR-30 family can 
modulate redundantly the ex- 
pression of proliferation and 
apoptosis -related genes. It 
was an interesting finding that 
not only anti-apoptotic protein 
AVEN was the most signifi-
cantly downregulated genes 
post miR-30a-5p overexpres-
sion, but also AVEN can par-
tially revert the effect of miR-
30a-5p overexpression [41]. 
Chen et al. [42] found that 
miR-30a-5p inhibits cell migra- 
tion and invasion by decreas-
ing the expression of vimentin 
expression in breast cancer. 

Figure 5. HCC HepG2 cells morphology influenced by miR-30a-5p. HepG2 
cells (2.5 × 103 cells per well in 96-well-plate) were cultured for 24 h and 
transfected with miR-30a-5p inhibitor, miR-30a-5p mimic, AEG-1 siRNA and 
their negative controls (200 nM) for another 96 h. Change of morphology 
was evaluated with Hoechst 33342/propidium iodide (PI) double fluorescent 
chromatin staining. A: Negative inhibitor control; B: miR-30a-5p inhibitor; C: 
Negative mimic control; D: miR-30a-5p mimic; E: Scrambled siRNAs; F: AEG-
1 siRNAs.
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protein expression were higher in most of the 
HCC cancerous tissues than their paired adja-
cent non-tumor tissues. Additionally, AEG-1 
overexpression activates the Wnt/β-catenin, 
mitogen-activated protein kinase (MAPK), 
nuclear factor (NF)-κB, and PI3K/Akt signaling 
pathways, and accelerates its downstream 
gene expression to promote malignant poten-
tial. More importantly, transgenic mice with 
hepatocyte-specific expression of AEG-1 (Alb/
AEG-1) and AEG-1-knockout mouse both 
explored new aspects of the functions of AEG-1 
in an in vivo context [44-46]. In the current 

study, we primarily revealed 
that AEG-1 could be also one 
of miR-30a-5p target genes in 
HCC with both dual luciferase 
reporter assay and western 
blot. 

Conclusions

In the current study, we dem-
onstrate the role of miR-30a-
5p in cell growth and apopto-
sis in HCC HepG2, SMMC-
7221, HepB3 and SNU449 
cells. MiR-30a-5p can reduce 
cell growth and induce cell 
apoptosis, via directly target-
ing AEG-1 in HCC cells. MiR-
30a-5p may be a potential 
noteworthy target for the 
molecular therapy of HCC.
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