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Anti-Micro RNA-221 a Promising
Genetic Therapy of Oral Squamous
Cell Carcinoma (SCC-25)

Shaimaa Ali Hamouda Ali El Basuony' , Reham S. Hamed"

Micro-RNA-221(miR-221) is one of oncogenic miRNAs that plays a vital role in the
development and progression of oral cancers. The aim of this study is to introduce a new
gene therapy for oral squamous cell carcinoma by blocking the expression of oncogenic
miR-221 by its inhibitor. The present work was performed on squamous cell carcinoma
cell line SCC-25 and anti-miR-221 was delivered to the cells using an ultrasound micro
bubbles. Assessment of the effect of miR-221 inhibitor on SCC-25 cells was done using
MTT assay, cell cycle analysis and apoptosis detection. In addition, reverse transcription-
polymerase chain reaction was also used to detect the expression -miR-221 and its target
genes. Using ANOVA, statistical analysis of the results showed significant inhibition of
cell viability with and induction of cell apoptosis of SCC-25 cell line after transfection.
Moreover, the expression of miR-221, Epidermal growth factor receptor (EGFR) and
CDKNIB/p27 were downregulated without significant difference. Transfection of SCC-25
by inhibitor of miR-221 resulting in blockage of its expression leading to arresting of
tumor growth. These results proved the effective role of micro-RNA inhibitors as novel
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therapeutic agent for oral cancers.

Introduction

Oral cancer account 3% of all cancer types in United
States and about 90% of oral cancer are squamous
cell carcinoma (OSCC). Survival rate of OSCC remains
significantly low when compared with other cancer
types and the death rate is higher than that of other
cancer types such as cervical cancer, laryngeal cancer and
Hodgkin lymphoma (1). Pointing to a need to new drug
targets for treatment of OSCC, analytical understanding
of oncogenesis and careful determination of therapeutic
targets are essential.

Cancer is a complex disease resulting from genetic
abnormalities that promote the expression of oncogenes
and suppress tumor suppressor genes expression. Treatment
of cancer with chemotherapeutic agent that target single
pathway increases the susceptibility of chemoresistance.
Therefore, developing new genetic therapy that regulating
multiple genes achieving a cumulative effect on target
proteins at multiple levels in the same pathway such as
micro RNA based therapies is crucial (2).

MicroRNAs are small single-stranded non-coding
RNAs (18- 25nt) that control the gene expression by post-
transcriptional binding to the 3'-untranslated region (3°-
UTR) of mRNAs leading to gene silencing (3). Accumulating
evidence indicates that certain types of miRNAs were
abnormally overexpressed in human cancers resulting in
genetic alterations and affecting several cell-signaling
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pathways that leading to carcinogenesis (4,5).

Moreover, miRNAs can act as oncogenes or
oncosuppressor genes depends on the target genes in the
cellular context. The oncogenic miRNAs such as miR-221
inhibit the expression of the tumor suppressor genes.
It exerts anti-apoptotic effect by targeting the tumor
suppressors as phosphatase and tensin homolog (PTEN)
and programmed cell death 4 (PDCD4) resulting in cancer
development (6-10).

MiRNA-based gene therapy is a recent therapeutic
strategy aimed to correct the bizarre expression of
oncogenic miRNA. This approach resulting in inhibition of
overexpressed miRNAs in cancer cells by introducing anti-
miRNA oligonucleotides (AMOs) and impact its suppression
effect on miRNA target genes with its complementary
base pairing. Thus, leading to restoring the role of tumor
suppressor genes that had been lost (11-14).

The effective delivery method of miRNA-based
therapeutics is the major challenge. Rapid degradation of
naked miRNA and AMO by cellular nucleases makes their
direct delivery is the unique option. In addition, micro RNAs
have a negative charge and tiny size which may prevent
their passage through the cell membranes. Therefore,
they need several forms of targeted delivery vehicle for
specific tissue. Traditionally, both viral vectors and nonviral
vectors were used for genetic delivery. However, because
the toxicity and immunogenicity of viral vectors and
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the low transfection efficiency of nonviral vectors, the
application of these vectors is constrained clinically (15).
Recently, ultrasound microbubbles have been used; they are
nanobubbles with many advantages when compared with
traditional transfection vectors, such as higher stability,
good biocompatibility and effective transfection property.
Ultrasound contrast agent has been used to enhance the
ultrasound image. Moreover, ultrasound microbubbles are
used in non-invasive gene delivery system and have been
widely utilized to examine the functions of miRNA (15).
The inhibitory effect of anti-miR-221was reported
in several types caner such as hepatocellular carcinoma
(16,17). In OSCC cells, to the best of our knowledge, previous
researches have not examined DNA transfection using
ultrasound microbubble. In the present study we examine
the effects of anti-miR-221 on SCC25 cells that delivered
by ultrasound micro bubble-mediated gene transfection.

Material and Methods
Cell Culture

Squamous cell carcinoma SCC-25 cell line (ATCC,
USA) was used. It maintained in Dulbecco's modified
Eagle’s medium (DMEM; HyClone; GE Healthcare Life
Sciences, Logan, UT, USA) and 10% fetal bovine serum
(FBS; HyClone; GE Healthcare Life Sciences) was added.
The cells were divided in 96-well plate and preserved in
5% CO, atmosphere at 37 °C for 24 h.

Chemical Structure of Anti-Mir-221

Anti-miR-221 sequences (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) were placed into BamH]
and Hindlll sites of the GV249 vector [a vector containing
enhanced green fluorescent protein (EGFP); Shanghai Jikai
Communication 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
TGTAGCTITTIT-3'Cells were divided into 5 groups (Table 1).

Table 1. Groups of the cell line

Group Treatment

Control group No treatment

Negative

control (NC) Cells+Plasmid

Cells+ Plasmid+Liposome
(Lipofectamine® 2000, Invitrogen;
Thermo Fisher Scientific, Inc.)

Positive control (PC)

Ultrasound
control (USC)

Ultrasound SF6
microbubbles (sf6U)

Cells+Plasmid+Ultrasound exposure

Cells+Plasmid+Ultrasound exposure+SF

2

Preparation of Ultrasound Micro Bubble Contrast
Agent (Sulfur Hexafluoride)

Micro bubbles were prepared following the
manufacturer's protocol. For sulfur hexafluoride (SFe;
Bracco Suisse SA, Manno, Switzerland), saline solution of
5 mL was introduced into a vial with freeze-dried powder.
The vial was then shaked until the powder was disappeared.
The mixture was used within 6 h. A 10,000 cells were divided
onto a 96-well plate, contrast agents was suspended in
DMEM containing 10% FBS. The culture was maintained
for 48 h at 37°C ultrasound parameters used are 2.0 MHz
and MI, 0.28. Prior to treatment, cells were rinsed with
DMEM. (16).The experiment was performed in triplicate.

Ultrasound treatment was then provided the target
group for 30 sec. According to the manufacturer's protocol
Lipofectamine 2000-mediated gene transfection was done.
After 48h transfection, MTT, RT-PCR, flow cytometry were
done (17).

Detection of Cytotoxicity By MTT Method

MTT (20 pl; 5 mg/mL dissolved in PBS; Genview;
Sigma-Aldrich; EMD Millipore, Billerica, MA, USA) was added
to the cells and maintained for 4 h at 37 °C. The absorbance
was detected on a Micro plate Spectrophotometer (BioTek
Elx 800; BioTek Instruments, Inc., Winooski, VT, USA) at
490 nm.

RNA Extraction, Cdna Synthesis and RT-Qpcr

Cells transfection with the recombinant plasmid
(EGFP-anti-miR221) and vector plasmid (GV249) was
performed via ultrasound microbubble SF6. Then, post-
transfection cells collection were performed after 48 h. Non-
transfected cells were considered as a blank control. Extraction
of total RNA was done using RNAeasy RNA extraction kit
(Qiagen) according to the manufacturer's instructions.

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 p27
gene expressions (p27F 5'-GTCCACCGCAAATGCTTCTA-3',
p27 R 5'TGCTGTCACCTTCACCGTTC-3') and Epidermal
growth factor receptor (EGFR) gene expression
(EGFR F 5'-CCTTAGGTGCGGCTCCACAGC-3', EGFR R
5'-CATTTAGGATGTGGAGATGAGC-3') using p-actin
as house keeping gene, primer were obtained from
sigma F 5'-GTGACATCCACACCCAGAGG-3', pB-actin R
5'-ACAGGATGTCAAAACTGCCC-3.

Using the lIscript One-Step RT-PCR Kit with
SYBR®Green

The expression of miR-221, p27 and EGFR were
computed with the formula 2-Acq, and the change ratio
of miR-221 in the experiments was: (1-1/2AACq) x 100%.



Flow Cytometry Analysis Using Facscalibur (BD
Biosciences, Franklin Lakes, NJ, USA)
It was done at an emission wavelength of 530+15 nm
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Figure 1. Cytotoxicity of SCC-25 cell line after transfection with
anti-miRNA-221, showing marked decrease in the number of viable
cells in sf6U group when compared with other groups.

Figure 2. Mean distribution of cell cycle analysis demonstrating
significant cell death at PreG1, cell growth arrest at G1 and non-
significant change at S phase when compared with the negative control.

Table 2. Cytotoxicity of SCC-25 cell line after transfection with
anti-miRNA-221

Types of cells % viability of SCC-25

Negative control (NC) 100+002

Positive control (PC) 98.87+0.0642
Ultrasound control (USC)
Ultrasound SF6 microbubbles (sf6U)

P value (ANOVA)

94.067+0.12
39.33+0.057"
0.0000

Groups with different letters are statistically significantly different.

Table 3. Cell cycle analysis by flow cytometry
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and excitation wavelength of 488 nm. After transfection,
cells were stained with propidiumc iodide and analysis of
the cell cycle was performed on FACSCalibur. Annexin V
PE/7 AAD apoptosis detection kit was used for detection
of cell apoptosis.

Statistical Analysis

Results were analyzed using IBM Statistical Package
for Social Sciences (SPSS), version 21 (SPSS Inc., IL, USA).
Numerical data was described as mean and standard
deviation and comparisons between these were performed
using ANOVA and a post-hoc Tukey test. P value considered
significant when it equal or less than 0.05.

Results

In the present study, we analyzed the effect of
anti-miR-221 on SCC-25 cell line that was subjected
to ultrasound contrast agent microbubbles. First, cell
proliferation was assessed using MTT treatment, and then
flow cytometry was used for detection of cell death and also
for cell cycle analysis. Finally, the expression of miRNA-221,
cell cycle regulatory gene P27 and EGFR were assessed using
reverse transcription-polymerase chain reaction RT QPCR.

MTT Assay:

Marked decrease in the number of viable cells
(39.33+0.057) in the ultrasound SF6 microbubbles group
was observed with statistically significant difference
when compared with negative control (p=0.000). This
result indicates the effective role of anti-miRNA-221 in
suppression of cell proliferation when compared to other
groups (Table 2, Fig. 1).

Flow Cytometry:

Cell cycle analysis by flow cytometry show that at
ultrasound SF6 microbubbles(sf6U) group there is statistical
significant cell death at PreG1(22.2+10) and cell growth
arrest at G1 (34.56+0.057) . However, in S phase show slight
change without statistical significance when compared with
negative control group (Table 3, Fig. 2).

After transfection of SCC-25 cell line with anti-miRNA-221
cell apoptosis and necrosis were detected by flow cytometry.
The anti-miRNA-transfected group showed a significant

increase in apoptosis (22.23+0.11
) when compared with negative
control (p=0.0006). In addition,

there is a marked increase in

P value
Sample code 9%G0-G1 %S %G2/M %Pre-G1 .. .
P (ANOVA) necrosis in ultrasound microbubbles
Negative control (NC) ~ 55.47+0.23°  34.58+0.07* 9.68+0.072*  2.23+0.080°  0.0000 Usf6 group (3.37+0.064) when

Ultrasound SF6

microbubbles (sf6U) 34.56£0.057

32.6+£0.12  32.59+0.085%

22.2+10° 0.059

compared with negative control
group (p=0.0009). (Table 4, Figs.

Groups with different letters are statistically significantly different.

3 and 4).

Oral cancer gene therapy
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RT-PCR:
Post transfection, miR-221 was markedly down

reqgulated (0.1726+0.005) in association with up regulation
of CDKNIB/p27 (10.276+0.068) and down regulation of
EGFR (0.163+0.0060) without statistical significance when

compared to negative control (Table 5, Fig. 5).

Table 4. Apoptosis and necrosis of SCC-25 after transfection with ant-miRNA-221

Concentration Apoptosis N ) Discussion
ug/mL Total Early Late cerosts MiRNAs are implicated in the
Negative control NC 2.26+0.02312 131 037  0.53340.05 pathogenesis, growth, progression and
prognosis of cancersincluding OSCC, making
Ultrasound SF6 sfeU 22.23+¢0.11°  6.28  12.61 3.37+0.064" . .
microbubbles them an important target for genetic
P value (ANOVA) 0.0006 0.0009 therapy (3). Overexpression of oncogenic

Groups with different letters are statistically significantly different.

Table 5. Expression of mi-RNA-221, p27 and EGFR in SCC-25 after transfection with

anti-miRNA-221

miRNAs such as miRNA-221 on OSCC had
been reported (13). Thus, gene therapy
targeting oncogenic miRNA is considered as
promising candidate in the cancer treatment
including OSCC. However, the big problem

Sample CDKNIB/p27 EGFR

miR-221

facing the application of gene therapy is

Cells+ultrasound+SF6 sfeU  10.276+0.068* 0.163+0.0060?

Negative control NC 1+00? 1+002

P value (ANOVA) 0.63 0.64

0.1726+0.005*
1+00?

0.63

the absence of safe and efficient vectors. In
this study, we used ultrasound micro bubbles
as gene delivery system which improves
transfection efficiency and expression of
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Figure 3. Apoptosis and necrosis of SCC-25 following transfection
with anti-miRNA-221 revealed a significant increase (p<0.05) when
compared with the negative control.

Figure 4. Detection of apoptosis by flow cytometery.

4

DNA in the local cells (16,17).

The aim of our study was to examine
the efficiency of transfection of anti-miR-221 on SCC-
25 cells by using ultrasound micro bubbles and analyzed
the inhibitory effect of anti-miRNA-221 on SCC-25 cells
through MTT, cell cycle analysis and apoptosis assays. The
expression of miRNA-221, Cyclin dependant kinase inhibitor
CDKNIB/p27 and EGFR were detected by using reverse
transcription polymerase chain reaction.

The loss of oncogenic effect of miRNA-221 after
transfection of SCC-25 with ant-miRNA-221 was resulting
from interactions between endogenous nucleic acids and
anti-miRNA oligonucleotide thus miRNA inhibitior may
be a promising for treatment of SCC. Thus, the level of
endogenous miR-221 oligonucleotides was decreased
by measuring miR-221-related gene levels. Following
transfection of ant-miR-221 in SCC-25 cell lines, the cell
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Figure 5. Expression of mi-RNA-221, p27 and EGFR in SCC-25 after
transfection with anti-miRNA-221 showing downregulation of both
mi-RNA-221 and EGFR and upregulation of p27 which means cancer
cell proliferation arrest.



proliferation was decreased dramatically. This indicate the
direct relationship between the overexpression of miR-221
and proliferation of epithelial cells in SCC . In addition,
the treatment of SCC-25 with anti-miRNA-221 resulting
in induction of apoptosis of the cells which leading to
another prove of oncogenic role of miR-221. These
findings are consistent with previously reported research
in hepatocellular carcinoma (16-18).

The progression of the cell cycle depends on various
cyclins, cyclin dependent kinases (Cdks) and their inhibitors,
which regulated by miRNAs (19). It had been reported that
in glioblastoma cells miR-221 is directly inhibited CDKN 1B/
p27 (20). Therefore, by performing flow cytometrey to
analyze the cell cycle of post transfected cells the results
showing that there is significant arrest of the cell growth
and apoptosis at G1 phase. However, at S phase there was
no significant change. In addition, it had been found that
the progression of cell cycle, accompanied by overexpression
of miR-221 thus affecting both CDKN1B/p27 and EGFR.
Our results were coincidence with previous research in
hepatocellular carcinoma (17).

In the present study, flow cytometery was performed
to examine the effect of anti- miR-221 on apoptosis of
SCC-25 cells. It had been found that there was an increase
in apoptosis at early and late phases with anti-miRNA-221
transfected group with ultrasound SF6 microbubbles.
Moreover, there was a increase in necrotic tissue . These
results concoluded that there was significant increase in
apoptosis of SCC-25 cells after transfection with anti-
miRNA-221.This means that miR-221 caninhibit apoptosis,
thus miR-221 act as posttranscriptional regulator of
both necrosis factor related apoptosis and FAS-induced
apoptosis.

The miRNA-221 isenhanced by EGFR and also regulates
the downstream EGFR signaling pathway, therefore it can
used as an indicator of tumor proliferation and growth
(21). For more confirmation of our results, we using
RT-qPCR, after the transfection of the SCC-25 with anti-
miRNA-221, the miR-221 expression level was found to be
downregulated. In addition, the expression of EGFR was
decreased and the expression of CDKNIB/p27 was increased
following transfection of the cell. These findings were
proved that miRNA-221 inhibitor can efficiently decrease
growth of the tumor and cell proliferation and arrest the
cell cycle progression.

The present data proved that the delivery of anti-
miR-221 to the cells can be done via ultrasound micro
bubble transfection resulting in inhibition of cell
proliferation and induction of cell apoptosis. This study
showed the vital role of miRNA as therapeutic target
carrying a new hope for cancer therapy. In addition, it
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can be used to potentiate the effect of the chemotherapy
as it requlate multiple genes and signaling pathway while
chemotherapy target only single pathway.

Finally, while the clinical application of micro RNA based
therapeutics is in its early stage, the recent introduction
of novel biodelivery method of micro RNAs which is one
of the main challenge together with better understanding
of their functions allow a rapid progress toward clinical
application of micro RNA based therapeutics.

Resumo

Micro-RNA-221 (miR-221) é um dos miRNAs oncogénicos que
desempenham um papel vital no desenvolvimento e progressio de
carcinomas orais. O objetivo deste estudo é apresentar uma nova terapia
génica para o carcinoma epidermoide oral por meio do blogueio da
expressdo do miR-221 oncogénico por seu inibidor. O presente trabalho
foi realizado na linhagem de células de carcinoma de células escamosas
SCC-25 e 0 anti-miR-221 foi administrado as células usando micro-bolhas
de ultrassom. A avaliacdo do efeito do inibidor miR-221 em células SCC-
25 foi feita usando ensaio de MTT, analise do ciclo celular e detec¢do de
apoptose. Além disso, a rea¢do em cadeia da polimerase com transcricdo
reversa também foi usada para detectar a expressdo -miR-221 e seus
genes-alvo. Usando ANOVA, a andlise estatistica dos resultados mostrou
inibicdo significativa da viabilidade celular e inducédo da apoptose celular
da linhagem celular SCC-25 apds a transfeccdo. Além disso, a expressao
de miR-221, receptor do fator de crescimento epidérmico (EGFR) e
CDKNIB/p27 foram regulados para baixo sem diferenca significativa. A
transfecgdo de SCC-25 por inibidor de miR-221 resultou no bloqueio de
sua expressdo, levando a interrupcdo do crescimento do tumor. Esses
resultados comprovaram o papel eficaz dos inibidores de micro-RNA
como novo agente terapéutico para carcinomas orais.
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