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EXPERIMENTAL STUDY

The inhibition effect of expressions of miR-221 and miR-222

on glioma and corresponding mechanism
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Abstract: Purpose: This study was designed to investigate the expressions of genes miR-221 and miR-222 in
glioma cells and elucidate the mechanism of the inhibition of expressions of miR-221 and miR-222 in glioma.
Methods: After being cultured, in vitro cells of U251 malignant glioma were divided into five groups, namely,
blank control group, nonsense sequence ODN transfection group, AS-miR-221-ODN transfection group, AS-
miR-222-ODN transfection group, AS-miR-221 ODN and AS-miR-222 ODN co-transfection group.

Results: The growth of the cells in AS-miR-221/222 group was significantly inhibited after transfection of 24
hours. Moreover, this inhibition degree became more apparent with prolonged time. The cell percentage in AS-
miR-221/222 transfection group was 57.2 % in GO/G1 phase, 35.1 % in S phase, and 38.2 % in G2/M phase.
The cell percentage in S phase was decreased. Cell cycle arrest was found in GO/G1 phase. Animal experi-
ments showed that the glioma volume of AS-miR-221/222 treatment group was significantly different to that of
the control group (p < 0.05). Furthermore, this difference gradually increased with time. It reached the maximum
at the end of the observation period. In the U251 glioma specimens in AS-miR-221/222 treatment group, local
glioma tissue developed necrosis foci. In addition, the nuclear size, color, heteromorphism, and new vessel
number of these glioma tissues were decreased.

Conclusion: There are a series of abnormal miRNA expressions in glioma. Among them, miR-221 and miR -222
are clustered miR s with elevated expressions. The over-expressions of miR-221 and miR-222 can be consid-

ered as new molecular tags for human glioma (Tab. 5, Fig. 4, Ref. 30). Text in PDF www.elis.sk.
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Glioma is one of the most common primary intracranial tu-
mors. It accounts for about 46 % of intracranial tumors. The inci-
dence of malignant glioma is 5 ~ 8/100 000. According to the rank-
ing of World Health Organization published in 1998 by mortality,
malignant glioma ranks second for the tumor patients under 34
years old and fourth for the tumor patients 35 ~ 54 years old (1).
Due to its invasive growth glioma cannot be completely cut off
through surgery. Moreover, glioma cells can’t be highly specifi-
cally destroyed by chemotherapy or radiotherapy. Thus treatment
effect is poor. Meanwhile, toxic and side effects may be generated
on central nervous system (2—3). The situation above has not been
fundamentally improved in clinical practice in the past 30 years.
Therefore, glioma is still a refractory disease in the neurosurgery
field. Elucidating the pathogenesis of glioma and looking for new
treatment methods are still hot topics in the neurosurgery field.

Current molecular pathology suggests that glioma is a polygene
disorder disease in nature. The development process of glioma is
indicated as: the over-expressions of one or more cancer genes
plus the mutation and deletion of tumor suppressor genes induce
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the abnormality of signal transduction pathway. Thus glioma cells
escape the normal growth regulation mechanism. By indepen-
dent proliferation and invasion, they finally generate a malignant
phenotype (4-5). Micro RNA (microRNA or miRNA) is a small
non-coding RNA with a length of about 21 ~ 25 nucleotides. The
studies in recent years found that miRNA could combine with the
3’ noncoding region of target mRNA. Then through promoting
the degradation of target mRNA and suppressing the translation
of target mRNA at post-transcriptional level, miRNA could nega-
tively regulate gene expression (6—7). Existing studies proved that
more than 50 % of miRs were positioned in cancer related gene
region or vulnerable region. Especially, it was found that the ex-
pressions of some miRs were completely different with those of
tumor cells and normal cells. These results made people believe
that miRs were related with tumor formation (8).

By investigating the miRs expression profiles of glioma, it
was observed that the expressions of some miRs were different
from those of normal astrocytes. In these miRs, the expressions
of miR-221 and miR-222 were significantly higher than those of
normal astrocytes (9). Therefore, some important issues are worth
attention, i.e. what kind of target gene expression is regulated by
miR-221 and miR-222 in promoting glioma formation? Whether or
not the malignant phenotype of glioma can be reversed by knock-
ing down the expressions of miR-221 and miR-222 and generate
new therapeutic target for glioma? To solve these issues, this study
focused on investigating the effect of miR-221 and miR-222 in the
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malignant phenotype of glioma. Moreover, it confirmed the inhibi-
tory effect of the reduction of miR-221 and miR-222 expressions
on glioma growth through in vitro and in vivo studies.

Materials and methods

Materials

A total of 55 BALB/c-nu (SPF) female nude mice were used
in this study. They were 6 ~ 8 weeks old and weighed18 ~ 20 g.
These mice were purchased from Shanghai Slaccas Experimental
Animal Limited Liability Company, China. The certificate number
was SCXK (Shanghai) 2013-0003. Rearing conditions: the mice
were raised in specific pathogen free (SPF) aseptic laminar flow
room at constant temperature (22 °C ~ 25 °C) and constant humid-
ity (55 + 5 %) and fed with sterilized food and water.

U251 malignant glioma in vitro cells were purchased from
Shanghai Yanjing Biological Research Technology Co. Ltd; miR-
221/222 in-situ hybridization kit was purchased from Shanghai
Weijing Biological Technology Co. Ltd; Diethylpyrocarbonate
(DEPC) was purchased from American Fermentas Company; di-
amidino phenylindole (DAPI) nucleus assay kit was purchased
from Beijing Biocoen Biotechnology Co. Ltd, China; TUNNEL
in-situ apoptosis detection kit was purchased from American Santa-
Cruz Company.

Culturing and grouping of glioma cells

U251 malignant glioma in vitro cells were digested using
proper amount of 0.25 % trypsin. When the cells turned ground and
had not floated up, a proper amount of complete culture liquid was
added in. The cells obtained were blown repeatedly. Then frozen
stock solution bearing 10 % glycerol was added in. After gradu-
ally cooling, the cells were reserved in liquid nitrogen. Then cells
were resuscitated by rapid thawing in 37 °C water bath and then
by adding complete culture liquid in appropriate amount. Eight
hours after, complete culture liquid was replaced, and cells were
normally sub-cultured. The obtained cells were divided into five
groups in total, namely, blank control group (control), nonsense
sequence ODN transfection group (scramble), AS-miR-221-ODN
tranfection group(AS-miR-221), AS-miR-222-ODN transfection
group (AS-miR-222), AS-miR-221 ODN and AS-miR-222 0DN
co-transfection group (AS-miR-221/222).

Glioma cell proliferation activity analysis by MTT (methyl thia-
zolyl tetrazolium) colorimetric method

U251 cells were normally digested in their logarithmic
growth phase. Then they were inoculated into 96 well plate, with
5000 (200 pL) for each well. Twenty-four hours later, they were
conventionally transfected with scramble, AS-miR-221 ODN
and AS-miR-222 ODN. After transfection, they were inspected
using MTT on the 1st, 2nd, 3rd, 4th, and 5th day, respectively.
MTT detection process was indicated as: MTT in concentration
of 5 mg/ml was added in to the 96 well plate mentioned above
by 20 pl for each well. After the cells were cultured at 37 °C
for 4 hours, supernatant was discarded. Then each well was
added with 200 pL DMSO and oscillated for 15 min. Finally,
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the absorbance of each well (A) was measured using the 570 nm
wavelength of ultraviolet spectrophotometer. The mean values
of each of the 8 wells were obtained. Glioma cell proliferation
rate calculation method: glioma cell proliferation rate of test
group was calculated using the glioma cells untransfected by
ODN as a control.

Glioma cell cycle analysis by flow cytometry

Forty-eight hours after transfection, the U251 cells were fully
digested into single cell suspension using appropriate amount of
trypsin (0.125 %). The single cell suspension obtained was com-
pletely suspended using phosphate buffer solution (PBS) (0.01
M, pH .2) by centrifuging at 000 rpmx5 min and 4 °C. Next, they
were centrifuged at 1000 rpm x 5 min and 4 °C twice. The cell
suspension obtained was filtered using strainer of 400 mesh. After
centrifugation, the cells were fixed for 24 h using 1 ml ethanol ata
concentration of 75 % at 4 °C. Then ethanol was removed by cen-
trifugation at 1000 rpm for 5 min at 4 °C. The cells obtained were
washed twice by PBS (0.01 M, pH 7.2) at 4 °C. Then they were
incubated at 37 °C for 30 min using 200 pL Ranse A (1mg/m1).
After mixed with 800 pL PI staining solution, they were stained
at 4 °C for 30 min by avoiding light. Finally, their cycle phase dis-
tribution was determined using flow cytometry. The percentage of
DNA index and cells in each phase were calculated.

Glioma cell in vitro invasion test (Transwell test)

The U251 cells growing in well were the next day after sub-
culture gently rinsed twice using serum-free DMEM medium.
After serum-free medium was added these cells were cultured
in incubator with 5 % CO, at 37 °C for 24 ~ 48 h. Then the cell
culture supernatants were collected and centrifuged at 1200 rpm
and 4 °C for 10 min. Supernatants were collected. Then they were
filtered and sterilized using 0.22 pm filtering membrane. Finally,
they were packed and preserved at 20 °C for utilization.

One hundred pL diluted Matrigel (3.9 pg/ pL) were added
onto the polycarbonate membrane of Transwell upper chamber
(6.5 mm in diameter). After placed at 37 °C for 30 min, they
were polymerized into gel. Then 500 ml chemokine were added
in Transwell lower chamber. The pretested cell serum-free me-
diums were processed into single cell suspensions, with three
holes for each kind of cell. Then in to each upper chamber hole
with 1 x 10° cells and 100 ml cell suspension was added accu-
rately. Then the upper chamber was placed in 5 % CO, incubator
at 37 °C for cell culturing for 24 h. After culturing, the liquid in
upper chamber was discarded and the upper chamber was care-
fully removed out. The cells did not pass through the membrane
were wiped off using wet cotton swabs. The remaining cells were
stained using hematoxylin. After being rinsed, they were bilater-
ally mounted by Clearmont and dried at 80 °C. The cells passing
through membrane were directly observed under inverted mi-
croscope (200x). Then we randomly selected 5 visions from the
central part or surrounding part of each membrane and counted
the cells passing through 8 p m micro-hole. U251 group, non-
sense control group, and AS-miR-221/222 group were set, with
3 holes for each group.
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Glioma cell suspension inoculation and experimental animal
grouping

The U251 glioblastoma cells in logarithmic growth phase
were digested using 0.125 % trypsin. They were then centrifuged
at room temperature by 1000 rpm x 10 min. After the supernatant
removal, they were centrifugally washed twice using PBS. The
cell number was counted. Then cell concentration was adjusted
to 5 x 107/ml. The cells were made into cell suspension by being
suspended in serum-free DMEM medium. Next, we extracted 200
ul of cell suspension using the syringe with No. 6 needle. The cell
suspension was inoculated into the skin of axillas and groins of 5
nude mice. The 5 nude mice were taken as the first generation of
glioma-bearing nude mice. The gliomas of these mice were then
used as xenograft to the nude mice in other experiments.

The gliomas successfully transplanted by cell inoculation
(about 5 mm in diameter) were grafted to the nude mice in other
experiments. The process was indicated as: glioma-bearing nude
mice were executed by hauling necks. Under sterile conditions,
glioma tissues in appropriate size were cut from these mice and
then immediately placed in serum-free DMEM medium. Then they
were sheared. After fat and necrotic glioma tissues were removed,
the remaining glioma tissues were washed with serum-free DMEM
and cut into tumor tissue blocks in size of 1 mm?® for inoculation.
Before inoculation, the skin on the inoculation site was disinfected
using iodine tincture and 75 % alcohol. Then a small incision was
sheared on the left groin skin of each nude mouse using disinfected
scissors. Subsequently, a small block was inoculcated under the
skin along the incision using sterile forceps. Finally, the incision
was disinfected using 75 % alcohol (10).

The gliomas of glioma-bearing nude mice in the first genera-
tion developed into gliomas with rapid and stable growth rate in
nude mice after xenografting. Experimental groups: all index de-
tections in this experiment were in accordance with the following
groups: blank control group (control), nonsense sequences ODN
transfection group (scramble), AS-miR-221-ODN transfection
group (AS-miR-221), AS-miR-222-ODN transfection group (AS-
miR-222), AS-miR-221 ODN and AS-miR-222 ODN co-transfec-
tion group (AS-miR-221/222), ten mice for each group.

Glioma growth observation

After glioma tissue blocks were inoculated into nude mice for
about two weeks, subcutaneous glioma volume grew to about 50
mm?, the glioma grew to about 5 mm in diameter. At this time,
ODN mixture was injected by in-situ multiple points, treatment
experiment of glioma followed. From the beginning of the first
treatment, we performed one treatment every three days, and five

Tab. 1. Results of cell proliferation rate by MTT method.

treatments in total. Control group: each mouse was injected with
40 n1 DMEM medium in each treatment; treatment group: each
mouse was injected with 40 pl Lipofectamine 2000/0ODN com-
plexes in each treatment. From the beginning of the first treatment,
the block lengths (a) and widths (b) of tissue blocks were mea-
sured using vernier caliper every 2 days. Glioma volumes were
calculated by formula.

Conventional HE staining of glioma tissue specimens

After fixed, glioma tissue blocks were conventionally embed-
ded in paraffin and then sliced into sections of 5 pm. Then the
glioma tissue sections were de-waxed using xylene and hydrated
using various levels of ethanol. Afterwards, they were stained by
hematoxylin for S5Smin and washed by tap water. Subsequently,
they were differentiated using hydrochloric acid alcohol for 30 s.
Then they were immersed in water for 15 min and eosin for 5 min.
Finally, they were dehydrated, clarified, mounted and observed
using optical microscope.

Cell apoptosis of each glioma tissue group detected by TUNEL
in-situ apoptosis kit

Paraffin sections were conventionally de-waxed to water. Then
they were placed in 3 % H,0, methanol for 30 min at room tem-
perature to inactivate endogenous peroxidase. Subsequently, they
were washed using 0.01 M PBS (pH 7.2) for 5 min three times.
Glide covers were immersed using membrane liquid at room tem-
perature for 30 minutes. Then they were added with 20 plmarking
liquid and placed at 4 °C overnight. DAPI was diluted by 1 : 500
0.01 M PBS (pH 7.2) and used to re-dye the nucleus for 5 min.
The obtained nuclei were washed using 0.01M PBS (pH 7.2) for
5 min, 3 times. After mounted, they were observed and pictured
using laser confocal microscope.

Statistical analysis

The experimental data were statistically analyzed using SPSS
13 statistical software, X test, and single factor variance analysis
method, with p <0.05 as test level.

Results

Cell proliferation rate analysis by MTT colorimetric method
Uncontrolled cell proliferation is the main malignant phe-
notype of glioma. In this study, we conducted dynamic observa-
tion of the proliferation of the U251 cells in each group using
MTT method. The results showed that at the 24th, 48th, 72th,
96th, 120th hour after transfection, the cell growth in scramble

Time Control group Scramble transfection group AS-miR-221 group AS-miR-222 group AS-miR-221/222 group
24h 100+3.62 100+£3.73 100+3.48 100+3.56 100+3.28

48h 100+3.68 90.38+3.82 89.35+3.52 85.16+3.48 73.62+3.67*

72h 100+3.72 93.67+3.65 75.36+3.71 72.61+£3.87 54.87+3.71%*

96h 100+3.81 95.71£3.92 58.39+3.67 56.12+3.69 33.19+3.85%

120h 100+3.90 92.32+3.99 64.58+3.96 62.91+3.83 34.75+£3.42%

Comparing with control group, scramble tranfection group, AS-miR-221 tranfection group, AS-miR-222 transfection group, * p < 0.05.
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Fig. 1. MTT experiments showed that glioma cell proliferation de-
creased in AS-miR-221/222 treatment group.

transfection group was not inhibited significantly, while that of
AS-miR-221/222 group was obviously inhibited at 24th hour
after transfection. Moreover, with time the inhibition was more
apparent. The cell growth of AS-miR-221 transfection group and
AS-miR-222 transfection group were lower than that of the con-
trol group and the nonsense sequence transfection group. The cell
growth of AS-miR-221/222 co-transfection group was much lower,
as shown in Table 1 and Figure 1.

Cell cycle analysis by flow cytometry

Cell cycle is an important index to judge the state of cell prolif-
eration. Cell cycle is generally divided into GO/G1 phase, S phase
and G2/M phase, which correspond to earlier DNA synthesis stage,
, later DNA synthesis stage, respectively. The cell percentage in S
phase reflects the proliferation state of cell. The smaller the glioma
cell percentage in S phase, the more effective the treatment. Ac-
cording to cell cycle analysis by flow cytometry, the U251 cell
percentages of AS-miR-221 group, AS-miR-222 group, control
group and nonsense sequence transfection group were 41.6 %, 38.4
%, 37.6 %, and 35.3 % in GO/G1 phase respectively; they were
63.1 %, 60.2 %, 65.2 % and 67.6 % in S phase; they were 25.3
%, 30.4 %, 24.8 % and 27.2 % in G2/M phase; the cell percent-
age of AS-miR-221/222 co-transfection group was 57.2 % in GO/
G1 phase, 35.1 % in S phase, and 38.2 % in G2/M phase. These
data suggested thatin AS-miR-221/222 co-transfection group, cell
percentage in S phase was decreased and cell cycle arrest occurred
in GO/G1 phase (p = 0.007). Moreover, compared with nonsense
sequence transfection group and control group, AS-miR-221 group
and AS-miR-222 group did not show significant GO/G1 phase ar-
rest, as shown in Table 2.

Cell in vitro invasion test results (transwell test)

The cells that did not pass through the membrane were wiped
out using wet cotton swabs. The remaining cells were stained us-
ing hematoxylin. We randomly selected 5 visions (100x) from
the central and surrounding part of the counting membrane and
counted the cell number in these visions. It was found that the mean
numbers of invasion cells in the control group and blank loading
group were 57.18 £2.67 and 59.36 + 2.71, respectively; the mean
number of invasion cells in AS-miR-221 group and AS-miR-222

688

Tab. 2. Cell cycle analysis results (%0).

Group GO/G phase S phase  G2/M phase
Control group 37.6 65.2 24.8
Scramble transfection group 353 67.6 27.2
AS-miR-221 group 41.6 63.1 253
AS-miR-222 group 384 60.2 304
AS-miR-221/222 group 57.2* 35.1* 38.2%

Comparing with control group, scramble tranfection group, AS-miR-221 tranfection
group, AS-miR-222 transfection group, * p < 0.05.

Tab. 3. The invasion of U251 cell strain measured by transwell in vi-
tro invasion test.

Group The cells passing through membrane
Control group 57.18+2.67

Scramble transfection group 59.36+2.71
AS-miR-221 group 44.62+2.41
AS-miR-222 group 41.84+2.38
AS-miR-221/222 group 22.13+1.82*

Comparing with control group, scramble tranfection group, AS-miR-221 tranfection
group, AS-miR-222 transfection group, * p <0.05.

group were 44.62 + 2.41 and 41.84 + 2.38; the mean number of
invasion cells in AS-miR-221/222 co-transfection group were22.13
+1.82, as shown in Table 3 and Figure 2.

Nude mice subcutaneously inoculated with glioma blocks

The glioma blocks subcutaneously inoculated to 55 nude mice
all developed into gliomas a week later, with formation rate of 100
%. Glioma size was 48.72 +3 .76 mm®. Except for 5 tumor-bearing
nude mice of the first generation, the remaining 50 nude mice all
received glioma xenograft. Then they were randomly divided into
5 groups, with 10 mice for each group.

Glioma growth inhibition state

The cell growth in U251 glioma AS-miR-221/222 treatment
group was slower than that in control group. Moreover, 4 days af-
ter inoculation, the growth rate was not significantly accelerated.
According to the measurement results before the 4th day, although
the glioma growth rate of AS-miR-221/222 group was relatively
lower, the difference did not have statistical significance comparing
with control group and nonsense sequence transfection group (p >
0.05). From the 6th day, the glioma volume in AS-miR-221/222

70 r
60'%
50 r
40 ¢
30 r
20 1
10

The cells passing through membrane

Control Scramble  AS-miR-221  AS-miR-222 AS-miR-221/222

Fig. 2. The invasion of U251 cell strain measured by transwell in vi-
tro invasion test. Comparing with control group, scramble tranfec-
tion group, AS-miR-221 tranfection group, AS-miR-222 transfection
group, * p <0.05.
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Tab. 4. The growth inhibition condition of U251 glioma after being transplanted into nude mice.

Time Control group Scramble transfection group AS-miR-221 group AS-miR-222 group AS-miR-221/222 group
0d 49.242.3 48.3+2.4 48.7£2.2 47.6£2.5 479+2.3
3d 51.3+2.4 52.7+2.8 50.3+2.4 492423 48.1£2.2
6d 73.7£2.5 78.4+2.6 67.2+2.5 65.6+£2.2 52.2+42.5%
9d 84.2+2.9 89.6+2.9 74.2+2.6 71.1+£2.6 58.6+2.4*
12d 98.6+3.3 101.7+£3.0 88.7+2.9 82.2+3.0 63.5+2.7*
15d 112.3+3.7 119.2+3.5 94.3+£2.8 90.1+3.1 69.1+£2.9%

Comparing with control group, scramble tranfection group, AS-miR-221 tranfection group, AS-miR-222 transfection group, * p < 0.05.

Tab. 5. Glioma tissue apoptosis detected by TUNEL method.

Group Apoptosis index
Control group 3.95+0.42
Scramble transfection group 4.41+0.53
AS-miR-221 group 8.96+1.62
AS-miR-222 group 10.17+2.04
AS-miR-221/222 group 21.64+3.91*

Comparing with control group, scramble tranfection group, AS-miR-221 tranfection
group, AS-miR-222 transfection group, * p <0.05.

group was significantly different to that in the control group (p <
0.05). Moreover, with time , this difference gradually increased.
To the end of the observation period, it reached the maximum. But
there was no difference between nonsense sequence transfection
group and control group (p > 0.05). Besides, the growth rates of
AS-miR-221 group and AS-miR-222 group were lower than those
of nonsense sequence transfection group and control group, but
significantly faster than the AS-miR-221/222 treatment group, as
shown in Table 4.

When gliomas were peeled after mice were killed, part of
gliomas of the control group and nonsense sequence transfection
group were observed with significant hemorrhage, liquefaction,
and necrosis. These phenomena were in agreement with the growth
characteristics of malignant glioma; while in AS-miR-221/222
treatment group, except individual gliomas, gliomas were all
substantive. Moreover, obvious liquefaction was not found. Spo-
radic necrosis was observed on local glioma tissue occasionally.
The performances of AS-miR-221 group and AS-miR-222 group
were close to those of control group and nonsense sequence trans-
fection group.

Glioma pathological changes detected by HE staining

We detected and analyzed the results obtained by perform-
ing HE staining of the tissue sections of glioma specimens. In the
U251 glioma specimens in AS-miR-221/222 treatment group, local

25 1
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Control

Apoptosis index

Scramble  AS-miR-221  AS-miR-222 AS-miR-221/222

Fig. 4. U25I glioma cell apoptosis curve. Comparing with control
group, scramble tranfection group, AS-miR-221 tranfection group,
AS-miR-222 transfection group, * p < 0.05.

glioma tissue developed necrosis foci. The nuclear size, color, hete-
romorphism, and new vessel number of these glioma tissues were
decreased. While in the control group and the nonsense sequence
transfection group, glioma cells presented vigorous growth, large
nuclear, deep color, and significant heteromorphism. Moreover,
the new vessels in the two groups were more than that in AS-
miR-221/222 treatment group, as shown in Figure 3.

Glioma tissue apoptosis detected by TUNEL method
Fluorescence microscopy observation displayed that the apop-
tosis index was 21.64 £ 3.91in U251 in the glioblastoma subcutane-
ous glioma-bearing model AS-miR-221/222 treatment group. Com-
pared with and that of control group (3.95 + 0.42) and nonsense
sequence transfection group (4.41 £ 0.53), there was statistically
significant difference (p < 0.05). While in As-miR-221 treatment
group, apoptosis index was 8.96 + 1.62. In AS-miR-222 treatment
group, the apoptosis index was 10.17 + 2.04. The apoptosis indexes
of As-miR-221 treatment group and As-miR-222 treatment group
were higher than that of control group and nonsense sequence
transfection group. But they were far lower than that of AS-
miR-221/222 treatment group, as shown in Table 5 and Figure 4.
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Fig. 3 Pathological changes of the transplanted glioblastoma of U251glioblastoma detected by HE staining.
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Discussion

Cell cycle is divided into five phases, namely GO phase (sta-
tionary phase), G1 phase, S phase, G2 phase and M phase. G1phase
refers to the stage from mitosis completion to DNA replication.
The activities in this phase mainly prepare for DNA replication
and protein synthesis. S phase mainly includes the whole process
of DNA replication and genetic material developing from diploid
to tetraploid. G2 phase denotes the phase from DNA replication
completion to mitosis beginning. In this phase, cells are observed
with two sets of diploid chromosomes (11-12). Thus this phase
is the mitosis phase. Cells begin to divide in M phase. At the end
of M phase, two new sub-cells are formed. A cell cycle is ended.
Then cell enters into the G1 phase of the next cell cycle, or sta-
tionary phase GO (13). The analysis on cell cycle showed that af-
ter miR-221/222 expression are knocked down, AS-miR-221/222
effectively interferes with the mitosis of glioma celsl by blocking
the glioma cells in GO/G1 phase.

At present, malignant glioma is mainly treated by combin-
ing intraoperative resection with postoperative radiotherapy and
chemotherapy, etc. Due to the invasive growth of glioma, tumor
boundaries are difficult to be determined. Besides, since some
gliomas are located in main functional areas, the focus cannot be
cut off completely during surgery (14). Meanwhile, because of the
resistance of a majority of malignant glioma cells to radiotherapy
and chemotherapy, the side effects of radiotherapy and chemo-
therapy, and the influences of blood brain barrier on chemothera-
py drugs entering into glioma tissue, treatment effect is not ideal
(15). In comparison, gene therapy method can treat glioma from
pathogenesis (16). Since glioma is a polygene disease, previous
single gene therapy presents poor effect by clinical validation (17).
With further studies on miRNAs, single-target polygene therapy
can possibly be performed.

Angiogenesis and tumor cell heteromorphism are important
indexes in evaluating the malignant degree of the tumor (18). The
more new vessels in the tumor tissue, the higher the blood supply
obtained by tumor cells, and the more exuberant the tumor growth
(19). Moreover, tumor cells can generate invasion and metastasis
by destroying the basement membrane and entering into the blood
circulation via vascular endothelium by many ways (20). After ex-
pressions of miR-221 and miR-222 are knocked down, the number
of new vessels in tumor is reduced. Correspondingly, the nutrients
obtained by tumor cells are decreased. This situation blocks the
proliferation of tumor cells. Compared with in vitro experiments,
the pathological changes of tumor can be more directly evaluated
during in vivo experiments. Through the direct observation to the
HE stained pathological sections, it is found that the new vessels
in the malignant glioma treated by AS-miR-221/222 were signifi-
cantly lower than those of control group and nonsense sequence
transfection group; the heteromorphism of glioma cell was re-
versed to some extent; local glioma cell developed necrosis foci.

The heterogeneity expressed by the miRNAs in the glioma
tissue of glioma patients provides very good molecular tags. By
combining with tissue pathology detection, the biological behavior
and response to treatment of glioma can be adequately predicted.

690

Since the miRNAs expression of tumor is significantly different
to that of surrounding normal tissues, tumor diagnosis is provided
with basis (21-22). In fact, the specific expression profiles of tu-
mor tissue are conductive to the discrimination on normal tissue
and tumor tissue, such as in liver cancer, breast cancer, glioblas-
toma, papillary thyroid carcinoma, hepatocellular carcinoma, lung
cancer, colon cancer and pancreatic cancer (23-24). Simultane-
ously, according to the specific miRNAs expression profiles of
tumor tissue, the origin and development stages of tumor can be
accurately judged. Moreover, the tissue origin of metastasis with
unknown origin can be determined. Yang et al confirmed the miR-
NAs expression associated with tumor in the serous fluid of oral
cancer patients was significantly higher than that of healthy people
(25). Wurz et al found that the expression profiles of the exosome
miRNAs released by tumor of ovarian cancer patients were highly
similar with those of tumor miRNAs (exosome refers to the micro-
bubbles containing RNAs and protein released by tumor cells or
normal cells and formed in internal phagocytosis) (26).

Currently, a lot of evidences proved that tumor tissues showed
miRNAs abnormal expression. The abnormal expressions are ex-
hibited as the increased expression of tumor-promoter miRNAs
in tumor or decreased expression of tumor-suppressor miRNAs
in tumor (27). Thus miRNAs can be taken as a therapeutic tar-
get. By inhibiting the over-expressed miRNAs or promoting the
low-expressed miRNAs, the miRNAs with abnormal expression
can be corrected. By this way, the purpose of treating tumor can
be achieved. At present, there are in vitro and in vivo researches
investigating miRNAs activity inhitbition by artificially synthe-
sizing antisense oligonucleotides that are mutually complemented
with mature miRNAs or the precursor sequence of mature miR-
NAs (28). Meanwhile, to improve treatment options, antisense
oligonucleotides are tested with various chemical modifications.
These chemical modifications include the modification on the
second hydroxyl of antisense oligonucleotides (adding methyl,
methoxyethyl, fluorine radicals, or locked nucleotide), and the
modification or phosphorothioate connection on thiophosphoric
acid skeleton (29). With these modifications, the antisense oligo-
nucleotides modified by locked nucleotide are more stable. They
show strong affinity and low toxicity. Thus they begin to be used
in clinical practice (30).
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