Effect and mechanism of miRNA to osteosarcoma cell

Ke Tian*, Limin Wang"", Ruiging Di? Jianzhong Xu', Guangheng Li' and Zhifu Li*
'Department of Orthopedics, the First Affiliated Hospital, Zhengzhou University, Zhengzhou, China
’The Otolaryngological Department, the First Affiliated Hospital, Zhengzhou University, Zhengzhou, China

Abstract: MicroRNA has proved to be low expression in many tumor cells. In addition, it was also proved that as a kind
of cancer suppressor gene, miR-199a-3p in miRNA can affect the growth and invasion ability of tumor cells. This paper
aims to discuss the effect of miRNA to osteosarcoma cell. It used synthetic mature miR-199a-3p sequence simulants to
transfect osteosarcoma cell and took negative contrast sequence (NC mimics) transfection cell as negative contrast. After
transfection, qRT-PCR was applied to detect the expression quantity of miR-199a-3p in every group. Western blot
method was applied to detect the expression level of MCL-1 protein and shear situation of PARP in groups of cells. Flow
cytometry was used for detecting apoptosis rate of cells and the experimental result was made a statistical analysis. The
result shows that in cells from experimental group of transfection miR-199a-3p sequence simulants, expression quantity
of mi-R-199a-3p significantly increased while MCL-1 protein expression decreased compared to control group. In
addition, shear level of PARP protein and apoptosis rate of cells increased. The differences all had statistical significance

(P<0.05). It was concluded that miR-199a-3p can effectively promote the apoptosis rate of osteosarcoma cells.
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INTRODUCTOIN

Osteosarcoma is the second most common malignant
bone tumor after myeloma. It stems from bone
mesenchymal cells and is always an intractable disease
intruding human health (Zhao et al., 2013). People would
be tremble with fear when mention it. It is because that it
brings serious torment to us and also because the period
from early stage to late stage of it is short. Once it is
found, family would suffer destructive hit. miRNA is a
kind of non-coding micromolecule found in recent years.
It has length of 22 nucleotides and is widely existed in
eucaryon. miRNA participates in generation and
development of various tumor, which is closely related to
the generation, development, invasion and metastasis of
osteosarcoma. It plays the function of oncogene and
cancer suppressor gene. Therefore, miRNA is thought to
have the potential of becoming new effective tumor
marker and therapeutic target (Duan et al., 2011).
Research found that miR-199a-3p showed low expression
in tumor such as hepatocellular carcinoma (Fornari et al,
2010), osteosarcoma (Duan et al., 2011), carcinoma of
urinary bladder (Ichimi et al., 2009), ovarian cancer (Iorio
et al., 2007) etc., which was closely related to the
invasion and metastasis of cells. However, there are fewer
reports on the expression and effect of miR-199a-3p in
osteosarcoma. Osteosarcoma cells were transfected and
the expression of miR-199a-3p in osteosarcoma cells was
up-regulated through the synthesis of miR-199a-3p
stimulant (Fan et al., 2000; Cheng and Yang, 2013,
Asghar et al., 2003; Jaffe, 2010). The expression change
of MCL-1, shear situation of PARP and the change of
cells apoptosis
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METHODS

Cultivation and transfection of cells

In the condition of 37°C and CO, with 5% volume
fraction, osteosarcoma cells were put into DMEM
medium containing 10% fetal calf serum for cultivation.
Nutrient solution was changed every 36 h. Logarithmic
phase cells were inoculated in 6-hole board. The
experiment was divided into three groups: blank control
group (no processing), negative control group
(transfection NC mimics) and experimental group
(transfection miR-199a-3p mimics). When area of
osteosarcoma cells was up to 75%, then medium should
be changed. Cells were gained for latter testing 8h after
transfection of reagent LipofectamineTM2000 and OPTI-
MEM transfecting simulant and 48h after solution change.

Detection of expression quantity of Mir-199a-3p

First, TRIzol kit was used to extract total RNA in groups
of cells and spectrophotometer was used for quantitatively
detecting sample concentration and whether RNA is
qualified. Qualified RNA sample can use TaKaRa RT-kit
and fluorescent qPCR kit to detect different expression of
miR-199a-3p in three samples. In the condition of 37°C
for 15 min and 85°C for 10 s, RT reaction started. U6 was
selected for internal reference qRT-PCR reaction. The
reaction procedure is: segment 1 (cycle 1; 90°C 30s),
segment 2 (cycle 40; 90°C 15s; 60°C 30s), segment 3
(cycle 1;90°C 15s; 60°C 54s;

90115 s). Ct values of internal reference and target gene
in every sample were gained after reaction. Expression
quantity of miR-199a-3p in blank control group was

expressed as 1. According to formula 2-22CT
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[4 aCt=(Cttarget-CtU6)test-(Cttarget-CtU6)

relative content of miR-199a-3p in negative group and
experimental group can be derived. Then according to
three experimental results, average value and standard
derivation of gene relative expression quantity in groups
can be derived. Then these data were used for fig.
drawing and done statistical analysis.

calibration],

Detection of MCL-1 protein expression quantity and
PARP shear situation

First, SDS-PAGE was used to electrophoretically separate
protein in groups of cells. Then the protein was
transferred to NC mimics. TBST solution (Tris Buffered
Saline, with Tween-20, pHS8.0) was added into skim milk
powder to prepare 50 ml confining liquid. It was stored in
50 refrigerator overnight. Confining liquid was poured
out and washed the mimic for three times by TBST
solution in 10 min every time. Then TBST solution was
poured out and added anti-MCL-1 (1:1000), anti-B-actin
(1:3000) and anti-PARP (1:1000). It was put in shaking
table in indoor temperature for 2 h of slow incubation.
Primary antibody was absorbed and washed mimics for
three times by TBST 10 min for every time. TBST was
poured out and respectively added relative second
antibody. It was put in shaking table for 40 min of slow
incubation. Second antibody was absorbed and washed
mimics for three times 10 min for every time. TBST was
poured out and added moderate developing substrate. We
observed concentration change of MCL-1 protein bands
and shear situation of PARP. Then Image-J software was
applied to detect B-actin protein and gray level ratio of
MCL-1 protein bands and make semi-quantitative on
expression of MCL-1 protein.

Detection of apoptosis rate of cells after transfection
Cells were collected 48 h after transfection for preparation
of single-cell suspension. It was washed for two times by
PBS (phosphate buffered solution). Annexin V-PI was
used for double dye according to operational instruction
of apoptosis detection kit. Then it was placed keeping out
of the sun for 10 min. At last, flow cytometry was applied
to detect the apoptosis rate of cells.

RESULTS

Relative expression quantity of Mir-199a-3p in cells
after transfection

gRT-PCR technology was applied to detect relative
expression quantity of miR-199a-3p in experimental
group and negative control group. The experiment was
repeated for three times The detection result showed that
experimental group was (8.24+0.55), negative group was
(1.51+£0.50) and expression quantity of blank control
group was supposed as 1; expression of miR-199a-3p in
cells of experimental group significantly increased.

Compared to control group, its difference had significant
statistical meaning (P<0.01, as shown in fig. 1).

MCL-1 protein content and PARP shear situation in
cells after transfection

Groups of cells were collected after 48 h of transfection.
Expression quantity of MCL-1 protein and shear situation
of PARP protein were detected with B-actin as internal
reference. The experiment was repeated for three times.
Expression effect of protein was that experimental group
(5.79+0.50), negative control group (2.04+0.19) and blank
control group (1.87£0.15). MCL-1 protein expression
quantity of cells in experimental group significantly
decreased. Compared to control group, difference had
statistical meaning (P<0.01, as shown in fig. 2).
Compared to control group, overall fragment of PARP
protein in experimental group decrease. Shear situation
was significantly higher than that of control group.
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Fig. 1: Relative expression quantity of miR-199a-3p in
cells after transfection
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Fig. 2: MCL-1 protein content of cells after transfection

= B B > =
T — T

e o>
T

Cell apoptosis rate after transfection

Lmm o

Black NC

miR-199a-3P

Fig. 3: Cell apoptosis situation after transfection

Cell apoptosis after transfection

Apoptosis rate of cells were detected. The experiment was
repeated for three times. Apoptosis rate of experimental
group is (15.33+1.42) %. Negative control group is
(3.43+0.80)%. Blank control group is (3.35+0.70) %. Cell
apoptosis rate of experimental group significantly
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increased. Compared to control group, difference had
statistical meaning (P<0.01, as shown in fig. 3).

DISCUSSION

Osteo sarcoma is a kind of malignant connective tissue
tumor. It has high malignant degree and weak prognosis.
Morbidity of it takes the first place in all primary
malignant tumor. Threat brought by osteosarcoma is
serious and needed to be attached importance. Different
therapeutic method was applied according to different
malignant degree. There are many kinds of malignant
tumor such as tumor with high malignant speed and high
transfer rate and tumor with low malignant speed and low
transfer rate. Complete resection can be applied in tumor
with low malignant degree. In most cases, it can be cured.
However, facing with these tumor with high malignant
degree, 5 years survival rate will not exceed 70% even
when operation combined with chemotherapy regimens
are applied,, Under the circumstance of non-ideal
therapeutic effect of osteosarcoma, the critical point is
using gene level to cure osteosarcoma and finding
effective therapeutic target (Hellwinkel et al., 2005; Wu
etal., 2011; Zhu et al., 2012; Kang et al., 2012). Research
showed that miRNA can adjust many kinds of important
biological process. miRNA plays a leading role in
adjustment of signal channel, differentiation, apoptosis
and proliferation of cells and tumor progress. It can be
used as effective cancer suppression gene. Research
proved that for 70% of B-CLL patients, expression of
miR-15 and miR-16 significantly decreased and are even
deficient. miR-15 and miR-16 mainly inhibit tumor by
decreasing expression of anti-apoptosis protein Bcl-2.
miRNA is not only cancer suppressor gene but also
cancer gene. Research illustrated that miR-155can play a
strong carcinogenic effect by mutual function with cancer
gene mycm. miR-372 and miR-373 can activate cyclin
dependent kinase 2 (CDK2) to inhibit activity of cancer
suppressor gene and promote the growth of tumor.
miRNA can also regarded as cancer suppressor gene and
cancer gene in the same time. For instance, inhibition of
miR-24 expression in Hela cell can promote cell
proliferation. However, decrease of miR-24 expression in
alveolar cell carcinoma can significantly inhibit cell
proliferation.

In recent years, many researches found that many kinds of
miRNA play a critical function on production and
development of osteosarcoma. They play an important
role when participating in many biological process such
as invasion, transfer and drug resistance of osteosarcoma
(Song et al., 2009; Kobayashi et al., 2012; Fan et al.,
2012). miR-199a-3p is a kind of miRNA that have tumor
inhibition function. It had been proved that it shows low
expression in many kinds of tumor cell. Research of Duan
et al shows that miR-199a-3p shows low expression in
osteosarcoma tissue and it inhibits invasion and transfer
of osteosarcoma cell by decreasing expression of
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mTOR./Met and Stat3. This paper made further research
on the effect and mechanism of miR-199a-3p in cell
apoptosis of osteosarcoma. Initial research of effect of
miR-199a-3p in osteosarcoma cell was carried out by in
vitro cultivation osteosarcoma cell, transfecting cells by
miR-199a-3p sequence stimulant and obtaining
osteosarcoma cell with high content of miR-199a-3p. The
experiment shows that content of MCL-1 in experimental
group with high expression miR-199a-3p significant
decreased compared to control group (Fan et al., 2012). In
addition, PARP is cutting substrates of core member of
cell apoptosis caspase. Activation of PARP is the
important mark of cell apoptosis. Overall fragment of
PARP in experimental group decreased. Spliceo some
content increased and pyrolysis activation appeared. It
illustrated that cell apoptosis of experimental group was
more significant than that of control group. Detection of
apoptosis rate by flow cytometry found that cell apoptosis
of experimental group with high expression miR-199a-3p
was significant higher than that of control group. The
difference had statistical meaning.

miRNA has important potential in promoting diagnosis
and treatment of osteosarcoma. As a new emerging and
effective gene therapeutic tool, miRNA has broad
application prospect in new anti-cancer medicine
development and treatment. This research illustrates that
miR-199a-3p can significantly promote osteosarcoma cell
apoptosis. Expression quantity may be used as a new
important index for judging prognosis. miR-199a-3p may
be become a new gene target for osteosarcoma treatment
with the constant development of research. In addition,
mechanism of miR-199a-3p to osteosarcoma cell
apoptosis waits for further study because the research was
lack of in vivo test proof. Moreover, there are still some
drawbacks for practical application of miRNA in
diagnosis and treatment of osteosarcoma such as bad
stability and bad targeting of artificial synthesis miRNA
(Jin et al., 2011; Wu et al., 2011), which hinder its
clinical application. Once critical problem of miRNA
technology development is solved, iatrotechnics
reformation would start. Therefore, research and
application of miRNA technology is of great significance.

REFERENCES

Asghar A, Tareen F and Bader I, Akhtar N and Khan N
(2003). Palliative surgery for advance osteosarcoma of
shoulder region. J. of the College of Phy. and Sur.
Paki. JCPSP., 13(6): 352-354.

Cheng DD and Yang QC (2013). Research progress of
MicroRNA and osteosarcoma. Medi. Recapite., 19(11):
1967-1970.

Duan ZF, Choy E, Harmon D, Liu XZ, Susa M, Mankin
H and Hornicek F (2011). MicroRNA-199a-3p is
downregulated in human osteosarcoma and regulates
cell proliferation and migration. Mol. Cancer Ther.,

Pak. J. Pharm. Sci., Vol.27, No.5(Suppl), September 2014, pp.1657-1660

1659



Effect and mechanism of miRNA to osteosarcoma cell

10(8): 1337-1345.

Fornari F, Milazzo M and Chieco P et al (2010). MiR-
199a-3p regu-lates mnTOR and c-Met to influence the
doxorubicin sensitivity of human hepatocarcinoma
cells. Cancer Res., 70: 5184-5193.

Fan SW, Yang DS and Tao HM et al (2000). Several
basic problems on current osteosarcoma chemotherapy.
J. of Clini. Ortho, 3(1): 70-72.

Fan L, Wu Q, Xing XJ and Shao ZW (2012). The effect
of MIcroRNA-145 on the proliferation and apoptosis of
osteosarcoma cells. China Oncology, 4: 247-251.

Fan L, Wu Q and Xing XJ et al (2012). MircroRNA-145
targets vascular endothelial growth factor and ingibits
invasion and metastasis of osteosarcoma cells. Acta.
Biochim. Biophys. Sin., 44(5): 407-414.

Han K, Zhao TB and Bian N et al (2014). Construction of
recombinant lentivirus vector expressing microRNA -
194 and effects of microRNA - 194 on proliferation
and apoptosis of human osteosarcoma cell line SOSP -
9607. J. of Moder. Oncol., 22(5): 985-989.

Hellwinkel O J C, Muller J and Pollmann A et al (2005).
Osteosarcoma cell lines display variable individual
reactions wildtype p53 and Rb tumour suppressor
transgenes. J. Gene. Med., 7: 407-419.

Ichimi T, Enokida H and OkunoY et al (2009).
Identification of novel microRNA targets based on
microRNA signatures in bladder cancer. Int. J. Cancer,
125(2): 345-352.

Iorio MV, Visone R and Leva GD et al (2007).
MicroRNA signatures in human ovarian cancer.
Cancer Res., 67(18): 8699-8707.

Jin L, Gao J and Liu YY et al (2011). Effects of
MicroRNA-194 mimics on proliferation and apoptosis
of human osteosarcoma cell line SOSP-9607. Fourth
Milit. Medi. Univer. Master’s Thesis.

Jaffe N (2010). Osteosarcoma: Review of the past impact
on the future. The american experience. Cancer Treat
Res., 152: 239-262.

Kang Y, Gao J and Yang TT et al (2012). MiRNA-34a
inhibits the proliferation and metastasis of
osteosarcoma cells both in vitro and in vivo. PLoS One,
7(3): e33778

Kobayashi E, Hornicek FJ and Duan ZF (2012).
MicroRNA Involvement in Osteosarcoma. Sarcoma,
2012: 1-8.

Montanini L, Lasagna L and Barili V (2012). MicroRNA
cloning and sequencing in osteosarcoma cell lines:
differential role of miR-93. Cell Oncol. (Dordr), 1: 29-
41.

Song B, Wang Y and Xi YG et al (2009). Mechanism of
chemo resistance mediated miR-140 in human
osteosarcoma and colon cancer cells. Oncogene,
28(46): 4065-4074.

Wu ZY, Yang SH and Weng XF et al (2011). MicroRNA-
21 is involved in osteosarcoma cell invasion and

migration. Med. Oncol., 28(4): 1469-1474.

Wu ZY, Yang SH and Weng XF et al (2011). Research
on the effect mechanism of MicroRNA-21 in the
biological behavior of osteosarcoma. J. of Huazhong
Univer. of Sci. and Tech Doctoral Thesis.

Zhu JF, Feng YP and Ke ZF et al (2012). Down-
regulation of miR-183promotes migration and invasion
of osteosarcoma by tar-geting Ezrin. Am. J. Pathol.,
180(6): 2440-2451.

Zhao YL, Yang LB and Geng XL et al (2013). The
association of XPG and MMSI9L polymorphisms
response to chemotherapy in osteosarcoma. Paki. J. of
Medi. Sci., 29(5): 1225.

Zhu N, Zhang JS, Jing JH, Qian J and Qiu WB (2012).
The effect of MicroRNA-199a-39 on apoptosis of
human osteosarcoma cells. J. of Conte. Urolo. and
Reprod. Oncology, 4(4): 229-241.

1660

Pak. J. Pharm. Sci., Vol.27, No.5(Suppl), September 2014, pp.1657-1660



