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Molecular Therapeutic Role Micro-RNA 221
Inhibitor in Hepatocellular Carcinoma
Abstract
Background: MicroRNAs (miRNAs) have plays important role not only as posttranscriptional regulation of gene expression also in development and cellular
processes. The association between pathogenesis of many diseases and miRNAs
very strong, between pathogenesis many diseases and miRNAs very strong,
miR-221 is an oncogenic miRNA that plays important role in the initiation and
progression of HCC, by affecting pro-oncogenic pathways from that miRNAs is a
new class of targets for the development of miRNA-based therapeutic strategy.
Method: The mature miRNA act by competition with cellular target miRNA
act by completion with cellular target mRNAs moreover that lead to inhibition
of the miRNA and repression of the its direct targets. For assessment effect of
anti-miR-221 on HepG2 cells, MTT, cell cycle analysis and apoptosis assay were
performed, as regard expression -miR-221 and its target gene were detected by
using reverse transcription-polymerase chain reaction.
Results: Our data revealed that the delivery of anti-miR-221 that mediated by
ultrasound micro bubble contrast agents. We observed that, cell proliferation
inhibited and promoted the apoptosis of cells the expression of miR-221 decreased.
Consequently, there was up regulation in the expression of CDKN1B/p27.
Conclusion: The transfection of recombinant plasmids contained anti-miR-221 to
suppress oncogenic effect of-miR-221 and cell proliferation was inhibited and cell
apoptosis was induced in HepG2 cells. This indicated that effective role miRNA
that may be novel gene therapy targets.
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Introduction
Hepatocellular carcinoma (HCC) is one of most common form of
primary liver cancer, accounting for 70% to 85% of cases and the
third leading cause of death from cancer (an estimated 549,000
deaths per year), HCC accounts for 85% to 90% of all primary liver
cancers and ranged as the fifth most prevalent malignancy all over
the world Unfortunately the majority of patients are diagnosed
with HCC progresses to the middle to late stages.
The primary transcripts of miRNA genes are pri-miRNAs, that
contain several kilobases long and having a 5’ CAP and a poly(A)

tail Pri-miRNAs are processed in the nucleus about 70 nt hairpinstructures, then exported to the cytoplasm by Exportin-5 (Figures
1-5). The miRNA duplexes are included into an Argonaute protein
in the miRNA induced silencing complex (miRISC) and unwound
rapid. In this process the mature miRNA is regain in to miRISC,
and the complementary strand, for realsing the miRNA star
(miR*) is released. MiRNA’s play vital roles in normal biological
processes as cell proliferation, differentiation, apoptosis, and
stress resistance [1-5]. The mis-regulation of genes leads to
enhancement development and progression of HCC exert its
effect on cellular processes such as cell cycle control, apoptosis,
cell migration and invasion. The implication of miRNAs in cancer
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Figure 1 miRNA biogenesis and inhibition of miRNA function
by antimiR oligonucleotides.
Note: miRNA genes are transcribed by RNA
polymerase II into long primary miRNA transcripts,
termed pri-miRNAs that are usually several kilobases
long and possess a 5' CAP and a poly(A) tail. PrimiRNAs are processed in the nucleus to ̴ 70nt premiRNAs by the nuclear Microprocessor complex,
consisting of DGCR8 and the RNase III enzyme
Drosha. Pre-miRNAs are exported to the cytoplasm by
Exportin-5 and processed further by Dicer, to ̴ 22nt
double-stranded miRNA duplexes that are loaded
into an Argonaute protein in the miRISC and rapidly
unwound. During this process the mature miRNA is
retained in the miRISC, whereas the complementary
strand, known as the miRNA star (miR1*) is released.
Metazoan miRNAs guide the miRISC to partially
complementary sites in the 3' UTRs of target mRNAs
to promote their translational repression or deadenylation and degradation. Chemically modified
anti-miR oligonucleotides sequester the mature
miRNA in competition with cellular target mRNAs
leading to functional inhibition of the miRNA and derepression of the direct targets.
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Figure 2 Cytotoxicity of HepG2 cell line show decrease number
of viable cells in the ultrasound SF6 micro bubble
group that indicate that effective role of anti-MiR-221
inhibitor of cell proliferation (p<0.05) when compared
to other groups.

miRNA expression correction the strategies of miRNA-based
gene therapy treatment as follows: By stopping the function of
oncogenic and over-expressed miRNAs, in cancer cells, by applying
anti-miRNA oligonucleotides (AMOs), and exert its inhibitory
effect on miRNA target genes with its complementary base
pairing. Thus this strategy also leads to disturbance of oncogene
miRNAs functional that aiming to protection and expression of
tumor suppressor genes function that had been lost [11-15].
MicroRNA (miRNA) based on gene therapy, as gene delivery
systems. With Comparison with other traditional transfection
vectors. Ultrasound micro bubbles have been used for gene
delivery because of higher safety, stability and higher transfection
efficiency also its non-invasive drug gene delivery systems. In
this study we investigate. The effects of miR-221 on HepG2
cells were determined by ultrasound micro bubble-mediated
gene transfection. The expression of miRNAs was detected
using reverse transcription-polymerase chain reaction, MTT
cell cycle analysis and apoptosis assays were performed there
was significant down regulation of miR-221 (p<0.05). With
treatments, with this approach, cell proliferation was inhibited
and cell apoptosis was induced.

research by inhibition target gene expression, inhibition of
protein translation or mRNA degradation.

Materials and Methods

Also miRNA have an ability to inhibit or promote expression of
many related genes, by affecting several cell-signaling pathways
that lead to development and progression of cancer, as cell
proliferation, differentiation, and apoptosis. Any disturbance by
increasing or decreasing of mature miRNAs that make miRNAs
may be acritical target therapy, up-regulated miRNAs are
considered as oncogenic miRNAs.

Cell Line cells were obtained from American Type Culture
Collection cells were cultured using DMEM (Invitrogen/Life
Technologies) that supplemented with 10% FBS (Hyclone) 10 µg/
ml of insulin (Sigma) and 1% penicillin-streptomycin. All of the
other chemicals and reagents were from Sigma.

The oncogenic miRNAs inhibit the tumor suppressor genes. And
exert its anti-apoptotic effect by targeting the tumor suppressors
as phosphatase and tensin homolog (PTEN) and programmed cell
death 4 (PDCD4) to inhibit mRNA translation through binding.
The interaction of intracellular miRNAs to the mRNAs of target
genes with its complementary sequences make miRNA act as
post-transcriptional regulators of target genes [6-10].
miRNA-based gene therapy is a new evaluation for abnormal

2

Cell culture

Plate cells (cells density 1.2-1.8 × 10,000 cells/well) in a volume of
100 µl complete growth medium+100 ul of the tested compound
per well in a 96-well plate for 24 hours before the MTT assay cells.
The human hepatoma HepG2 cell line (ATCC) was maintained
in Dulbecco's modified Eagle's medium (DMEM; HyClone; GE
Healthcare Life Sciences, Logan, UT, USA) using 10% fetal bovine
serum (FBS; HyClone; GE Healthcare Life Sciences) at 37°C in an
atmosphere containing 5% CO2. The cells were routinely passaged
every 1‑2 days.
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Figure 3 Cell cycle transfected cells analysis show that there is significant PreG1 apoptosis and cell growth arrest@G1, 64.39%. i

also G2/M significant arrest 3.67 while in s phase show.
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Figure 4 Apoptosis and necrosis in HepG2 cell line post transfection micro221 inhibitor induces cell apoptosis in HCC cellsmiR-221 inhibitor,
Thus, the apoptotic rate was statistically increased with anti-miRNA-transfected group (p<0.05).

HepG2 cells are highly suitable for invitro study system also for
the study of polarized human hepatocytes. With the suitable
culture conditions, having higher degree of morphological and
functional differentiation.

Inhibition of miR-221 in HCC cells
HCC cells were in 96-well plate (2.5 × 103 cells per well) and
incubated at 37°C for 24 hrs. The cells were then transfected with
miR-221 inhibitor, miRNA inhibitor negative control.

Design of modified anti-miR oligonucleotides
chemically
Sequences of anti‑miR‑221 was synthesized (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and inserted into BamHI
and HindIII sites of the GV249 vector [a vector containing enhanced
green fluorescent protein (EGFP); Shanghai Jikai Communication
© Under License of Creative Commons Attribution 3.0 License

Technology Co., Ltd., Shanghai, China]. The recombinant plasmids
were named as EGFP‑anti‑miR221. The sequence of primer used
for cloning as follow miR‑221 sense, 5'‑AGC TAA AAA AGC TAC
ATT GTC TGC TGG GTT TCG‑3' and antisense, 5'‑GAT CCG AAA CCC
AGC AGA CAA TGT AGC TTT TTT‑3'.
Cells were divided into 5 groups:
1 Empty control (no treatment)
2 Negative control = Cells+Plasmid
3 Positive control= Cells+Plasmid+Liposome (Lipofectamine®
2000, Invitrogen; Thermo Fisher Scientific, Inc.)
4 Ultrasound control= Cells+Plasmid+Ultrasound exposure
5 Ultrasound SF6 microbubbles= Cells+Plasmid+Ultrasound
exposure+SF
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Figure 5 Flow cytometer for detection of apoptosis.

Preparation and optimization of the concentration
of microbubbles
Transfection efficiency that is mediated by ultrasound micro
bubbles is affected by the following. Ultrasound exposure
condition; type and concentration of micro bubbles; and cell
types thus it is very important to optimize the conditions of
ultrasound intensity and concentration of micro bubbles as gene
delivery systems that are mediated by ultrasound micro bubbles.
The traditional gene transfection is generally mediated by viral
vectors or non‑viral vectors. However, due to the shortage of
available delivery vectors safety problem with conventional
viral vector security of viral vectors and the low transfection
efficiency of non-viral vectors, a while non-viral vectors have low
transfection efficiency application of these vectors is limited.
Ultrasound micro bubbles having a good biological compatibility
and stability. The ultrasound images are enhanced with ultrasound
contrast agents. Compared with traditional transfection vectors,
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ultrasound micro bubbles have the advantages of high safety,
stability and transfection efficiency non‑invasive gene/drug
delivery systems. Also Ultrasound micro bubbles have been used
to study the functions of genes and miRNA [15-20].

The ultrasound micro bubble contrast agents,
sulfur hexafluoride (SF6; Bracco Suisse SA,
Manno, Switzerland) was used in the present
study
Micro bubbles were prepared according to the manufacturer's
protocol. For preparation of SF6, 5 ml of saline solution was
injected into a vial containing freeze‑dried powder. The vial
was then agitated until the powder was completely dissolved
in the saline solution. The suspension was used within 6 h. A
total of about 10,000 cells were seeded onto a 96‑well plate
24 h, Contrast agents was suspended in DMEM containing 10%
FBS. The culture was maintained for 48 h at 37°C ultrasound
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parameters used are 2.0 MHz and MI, 0.28. Prior to treatment,
cells were rinsed with DMEM. Ultrasound treatment was then
provided the target group for 30 sec. Following transfection, cells
were maintained in DMEM. To this medium, 10% FBS was added
6‑8 h post‑transfection. Lipofectamine 2000‑mediated gene
transfection was performed according to the manufacturer's
protocol. Following 48h transfection, cells were subjected to
MTT, RT-PCR, flow cytometry and caspase [3]. Each treatment
was performed in 3 wells, and the experiment was performed in
triplicate [21-25].

The MTT method of monitoring in vitro
cytotoxicity as follow
Each test should include a blank containing complete medium
without cells. MTT (20 μl; 5 mg/ml dissolved in PBS; Genview;
Sigma‑Aldrich; EMD Millipore, Billerica, MA, USA) was added to
the well, and the cell culture was incubated for 4 h at 37°C. The
culture medium mixture was then discarded, and the cells were
dissolved in 150 μl dimethyl sulfoxide for 10 min. The absorbance
of the sample was determined at 490 nm on a Micro plate
Spectrophotometer (BioTek Elx 800; BioTek Instruments, Inc.,
Winooski, VT, USA). Controls were a blank control (no cells) and
a negative control (untreated cells). And final cell number should
not exceed 106 cells/cm2.

RNA extraction, cDNA synthesis and RT-qPCR
Cells were trans
fected with the recombinant plasmid
(EGFP‑anti‑miR221) and vector plasmid (GV249) through
ultrasound microbubble SF6. Cells were then collected 48 h
post‑transfection. Cells that were not transfected were set as
a blank control. Total RNA was extracted using RN easy RNA
extraction kit (Qiagen), according to the manufacturer's protocol.
Ratio of readings at 260 nm and 280 nm (A260/280) provide an
estimate of purity of RNA pure RNA had A 280/260 ratio of 1.92.3 (OD260/OD280) RT‑qPCR was performed using the reverse
RT‑qPCR kit (BioRad) according to the manufacturer's protocol.
Then cDNA was subsequently amplified with BioRad syber green
PCR MMX.
The primers for miR‑221, using the internal U6 control
(sense, 5'‑TCG CTT CGG CAG CAC A‑3' and antisense,
5'‑AAC GCT TCA CGA ATT TGC GT‑3') and p57 and p27
gene expressions (p27 F 5’-GTCCACCGCAAATGCTTCTA-3’,
p27 R 5’TGCTGTCACCTTCACCGTTC-3’) using B Actin as
house keeping gene, primers were obtained from sigma.
α-actin
F
5’-GTGACATCCACACCCAGAGG-3’,
β-actin
R
5’-ACAGGATGTCAAAACTGCCC-3’.

Using the iScript one-step RT-PCR Kit with SYBR®
Green
The miR-221 expression in FFPE experiment and p27 were
calculated with the formula 2-Δcq, and the change ratio of miR221 in the in vitro experiments was: (1-1/2ΔΔCq) × 100%.

Flow cytometer analysis was performed using
FACSCalibur (BD Biosciences, Franklin Lakes, NJ,
USA)
This procedure was performed at an excitation wavelength of
© Under License of Creative Commons Attribution 3.0 License
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488 nm and an emission wavelength of 530±15 nm. Cells were
transfected with recombinant plasmids (EGFP‑anti‑miR221) and
vector plasmid (GV249) through ultrasound micro bubble SF6.
Cells were then collected 48h post‑transfection. Cells that were
not subjected to transfection were set as the blank control. Cells
were stained with propidiumc iodide and subjected to cell cycle
analysis on FACSCalibur. The apoptosis of cells was determined
using an Annexin V PE/7 AAD apoptosis detection kit according
to the manufacturer's protocol. Flow cytometry was performed
using FACSCalibu.

Caspase-3 activity was measured using
Invitrogen Ca3 (Active) by using ELISA kit
Performed immediately after the detection of cell viability\on the
same wells, according to the instructions of the manufacturer.
After incubation at room temperature for 60 min, the fluorescence
of each well was measured by using ROBONIK P2000 Elisa reader
wl 450 nm.
In this study, we investigate effect of anti‑miR‑221 on HepG2
cell line that was treated with ultrasound contrast agent micro
bubbles, first cell proliferation was detected using MTT treatment,
then and flow cytometer for detection of cell cycle analysis and
apoptosis assay was confirmed by caspase [3] and fluorescent
microscope cell. The expression of miRNAs, cell cycle regulatory
gene P27 was detected using reverse transcription-polymerase
chain reaction RT QPCR (Tables 1-8).

Table 1 RT-qPCR was performed using the reverse RT-qPCR kit.
PCR was performed in a 50 µ reaction
2X SYBR® Green RT-PCR Reaction Mix
Forward primer (10 µM)
Reverse primer (10 µM)
Nuclease-free H2O
RNA template

volume
25 µl
1.5 µl
1.5 µl
x µl
(1 pg to 100 ng total RNA)

Table 2 Incubate complete reaction mix in a real-time thermal detection
system as follows.
Reaction
cDNA synthesis
iScript Reverse transcriptase
inactivation
PCR cycling and detection (30
to 45 cycles)

Duration
10 min at 50°C
5 min at 95°C
10 sec at 95°C, 30 sec at 55°C to 60°C
(Data collection step)

Table 3 Cell viability was reduced in all cell lines tested from 48 hrs posttransfection especially ultrasound SF6 micro bubbles MiR-221 inhibitor
inhibits cell growth in HCC cell line.
Types of Cells
Negative control
Positive control
Ultrasound control
Ultrasound SF6 micro bubbles

% Viability HepG2
100
97.77
94.61
44.26
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Table 4 Show that there is significant PreG1 apoptosis and cell growth
arrest@G1, 64.39%. I also G2/M a significant arrest while in s phase
show non-significant change.
Sample

Used conc.
%G0-G1 %S
µg/ml

Negative control
Ultrasound SF6
micro-bubbles

%G2/M

%Pre-G1

NC

54.37 35.02

10.61

2.38

sf6U

64.39 31.85

3.76

17.36

Table 5 Apoptosis of transfected cell show that there is increase apoptic
rate in early 5.27 and late.68 8 phases with anti microRNA transfected
group with ultrasound SF6 micro bubbles while decrease in necrotic
tissue 3.41.

NC

Apoptosis
Total Early Late
Necrosis
2.38 0.9 0.38
1.1

SF6

17.36 5.27

Conc. µg/ml
1
4

Negative control
Ultrasound Micro
bubbles

8.68

3.41

Table 6 Show that increase caspase 3 with anti microRNA transfected
group with ultrasound SF6 micro bubbles. 9.07 as compared to control.
microrna Transfected
Cells+ultrasound+SF6
Negative control

Caspase 3 conc. µg/ml

FLD

424.6
46.8

9.07
1

sf6U
NC

Table 7 Following transfection, miR‑221 was significantly down regulated
with microRNA inhibitor (0.388538) fold associated with up regulated
P27 (6.075251) fold change when compared to control.
Fold Change
Sample
P27 Fld
miR-221 Fld
Cells+ultrasound
sf6U
6.075251
0.388538
+SF6
Negative control
NC
1
1
Table 8 Following transfection, miR‑221 was significantly down regulated
with miR-221 inhibitor consequently, there was up regulation in the
expression of CDKN1B/p27 as compared to control.
miR-221
ΔCTC
ΔΔ CT
2^ ΔΔCT
CDKN1B/p27
ΔCTC
ΔΔ CT
2^ ΔΔCT

Control cells
3.75
0
1
-4.91
0
1

Transfected cells
3.75
1.53
0.388538
-4.91
-2.92
6.075251

Discussion
Mi-RNA based on Gene therapy, is a target therapy for HCC miRNAs
are included in the occurrence, development and prognosis of
cancers thus making them a g target cancer gene therapy. MiRNAs
are implicated in the pathogenesis of HCC. The gene delivery with
Ultrasound micro bubbles was used. In this study we aimed to
investigate the transfection efficiency of anti-miR-221 on HepG2
cells by using ultrasound micro bubbles and assessment effect
of anti-miR on HepG2 cells, through MTT, cell cycle analysis and
apoptosis assays were performed The expression of miRNA 221
and CDKN P27 were detected by using reverse transcription-
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polymerase chain reaction. The assessment of the functional
effects of miRNA inhibitior and its target effects that leads to
loss of oncogenic effect of miR-221 that result from interactions
between endogenous nucleic acids and antimiR oligonucleotide
thus miRNA inhibitior may be a critical target therapy for HCC
cell line. Anti-miR221 oligonucleotides as a potential therapeutic
for HCC from accumulation in the HCC cancer cells, thus the
level of endogenous miR-221 oligonucleotides was reduced by
modulating miR-221-related gene levels. After transfection of
miR-221 in HepG2 HCC cell lines, the cell growth was inhibited
dramatically.
This explained by with liver regeneration the overexpression
of miR-221 leads to rapid S-phase entry of hepatocytes. This
indicates the relationship between miR-221 and cell proliferation
in HCC. And also prove oncogenic role of miR-221 also formation
of larger colonies than controls.
These agreements with in this study revealed that treatment
with the antimiR-221 induce apoptosis in HCC cell line. Our
results in agreement with (30, 28) The cell cycle of transfected
cells was analyzed. By performing flow cytometer, the cell
cycle was divided into four stages: Cells increase in size in Gap
1. The G1 checkpoint control for preparation to DNA synthesis.
DNA replication occurs in S phase in G2 phase the gap
between DNA synthesis and mitosis, the cell continue to grow.
The G2 checkpoint is control mechanism for preparation to
enter the M (mitosis) phase and in M phase Cell growth stops
cellular energy is diverted to division into two daughter cells. A
checkpoint in the middle of mitosis (Metaphase Checkpoint) to
ensure that all cells complete divided.
In this study, cell cycle transfected cells analysis reported that
there is significant Pre-G1 apoptos is and Cell growth arrest@
G1, 64.39%. I also G2/M significant arrest 3.67 while in s phase
show no significant change. The progression of cell cycle, occur
by overexpression of miR-221 thus affecting both CDKN1C/p57,
CDKN1B/p27. Reported in HCC cells, stress that occurred in
endoplasmic reticulum (ER) induced apoptosis and decreased
by miR-221 inhibitor. MiR-221 promoted-apoptosis through
ER stress is with p27 (Kip1) that have great effect on cell cycle
regulation. Thus, suppression of miR-221 plays important role
in the protect HCC cells. From apoptosis that induced by ER
stress, p27 and p57are target genes of miR-221 and enhance
hepatocarcinogenesis. Thus enhancement of cell proliferation by
targeting B-cell lymphoma-2 modifying factor (BMF) thus could
inhibit apoptosis.
In the current study, flow cytometer was performed to test
the effect of miR-221 on apoptosis in HCC cells. apoptosis of
transfected cell shows that there is increase apoptic rate in early
5.27 and late 68.8 phases with anti microRNA transfected group
with ultrasound SF6 microbubbles while decrease in necrotic
tissue 3.41 apoptosis of HCC cell lines was significantly increased
with miR-221 inhibitor.
Our results in agreement is to prove the data of apoptosis,
we further detected the caspase-3/7 activity. The result of
caspase-3/7 activity was in line with apoptosis. Hence, inhibition
of apoptosis by miR-221 in HCC cells lines proved the inverse
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correlation between miR-221 and activated caspase-3, as a marker
of apoptosis. This explained by miR-221 can inhibit apoptosis,
thus miR-221 act as posttranscriptional regulator of both necrosis
factor related apoptosis. And FAS-induced apoptosis.
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HCC that approve an oncogene role of miRNA and its critical role
in the hepatocarcinogenesis.

Conclusion

The apoptosis of transfected cells was confirmed by performing
an Annexin V‑PE/7-AAD double staining assay. Compared with
negative controls, the apoptotic rate was significantly increased
with anti‑miR‑221/. The miR-221 expression level decreased
with miR-221 inhibitor, the biggest ΔΔCq was 1.53 (66% knockdown) for the expression of miR-221 was determined using
RT-qPCR. Following transfection, miR‑221 was significantly
down regulated; miR-221 was negatively associated with cyclin
dependent kinase inhibitors CDKN1B/p27 in HCC cell line. The
present data indicated that the delivery of, anti-miR-221 may be
mediated by ultrasound micro bubble contrast agents. Leads to,
cell proliferation inhibition and cell apoptosis may be induced.
These are new target therapy, the higher level of miR-221 in HCC
than other liver tissues. Also the overexpression of miR221 in

The strong confirmation of oncogenic role of miR-221 and its
vital role in the initiation and progression of human HCC, by
affecting multiple pro-oncogenic pathways. The use of synthetic
inhibitor of miR-221 might be a target therapy in HCC cell line.
The transfection of recombinant plasmids, which contained
anti‑miR221 in HepG2 cells by using Ultrasound micro bubbles as
gene delivery system. Finally, it was identified that anti miR-221
inhibited cell proliferation and induced cell apoptosis in HepG2
cells. This indicated critical role of miRNAs to be target novel gene
therapy.
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