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[Abstract] Objective To investigate the expression of miRNA-449b in gliomas and its effect on

cell proliferation and invasion. Methods The expression level of miRNA-449h was detected by locked-

oligonucleotide - probe in situ hybridization (ISH) in 60 human glioma specimens of different WHO grades
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and 10 non-tumoral control brain tissues. miRNA-449h was quantified by Stem-loop quantitation real-time
polymerase chain reaction (qRT-PCR) with U6 as the internal control in U251, LN229 and UC2 cells.
EdU staining, MTS method, flow cytometry assay (FCM), Phalloidin staining and Transwell assays were used
to evaluate the effect of miRNA-449b on the proliferation and invasion of U251 and LN229 cells. Results
The expression of miRNA-449h was decreased in gliomas compared with that in the non-tumoral control
brain tissues (P < 0.001, for all), and was significantly declined with the elevation of glioma grades (P <
0.001, for all). miRNA-449b level was significantly lower in U251 and LN229 cells than that in UC2 cells
(P =0.001, 0.002). The relative expression of miRNA-449b in U251-miRNA-449b group was higher (P <
0.001), while EdU-positive rates (P =0.029) and cell proliferation (P =0.004, 0.001, 0.002) was lower than
U251 -Ser group; the relative expression of miRNA-449h in LN229-miRNA-449b group was higher (P <
0.001), while EdU-positive rates (P =0.032) and cell proliferation (P =0.003, 0.001, 0.004) was lower than
LN229-Scr group. The percentages of each phase Go/G in U251-miRNA-449b group and LN229-miRNA-
449b group were higher than those in U251 -Ser group (P < 0.001) and LN229-Secr group (P = 0.018)
respectively, cell proliferation were lower than U251-Ser group (P =0.002) and LN229-Scr group (P =0.005).
F-actin was centralized mostly on cell cortex or lamellae in the groups of U251-Ser and LN229-Scr, whereas
diffusely distributed in the groups of U251-miRNA-449b and LN229-miRNA-449h. Conclusions miRNA-
449b is an important tumor-suppressive miRNA and its downregulation may be an important cause leading
to tumorigenesis of glioblastoma, which could be used as a valuable biomarker to assess the malignant
degree of gliomas. Furthermore, the exogenous miRNA-449b could effectively inhibit the proliferation and
invasion abilities of glioma cells, confirming it has potential value in malignant gliomas therapy.
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Figure 1 Fluorescence microscopy findings The expression of miRNA -449b in non-tumoral control brain

tissues was higher than that in different WHO grades of glioma groups. The expression of miRNA-449b was
declined with the elevation of glioma grades. In situ hybridization staining
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R AL TE 450 B2 40 miRNA-449b FH PR AR
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Table 1. Comparison of the miRNA - 449b positive
labeling index among non-tumoral control brain tissues and
3 glioma groups (x £s, %)

4151 11 %% miRNA-449b BHE bR iC 45 %
XF B2 (1) 10 51.43+10.16

WHO Il 240 (2) 20 2329+ 5.52

WHO I 246 (3) 20 10.96 = 4.49
WHOIV 9241 (4) 20 536+ 3.95

FAE 159.857

PAH <0.001

(1) (2)t=9.901,P <0.001; (1) (3)t=15263,P<0.001;(1) :
(4)t=17.976,P <0.001;(2) (3)t=7.756,P <0.001;(2) (4)t=
11.817,P<0.0015(3) (4)1=4.184,P <0.001

F2 U251 4 /1 \LN229 4l il 5 UC2 21 i miRNA-449b Al
X FRIBRM K (v +5)

Table 2. Comparison of the miRNA - 449h relative
expression among U251, LN229 and UC2 cells (x +5)

451 151K miRNA-449h H %t 3 ik
U251 2 (1) 3 0.34 £0.05

LN229 4ii i (2) 3 0.39+0.04

uc2 4 (3) 3 1.00£0.13

FAE 56.839

PAH <0.001

(1) (2)1=-1.498,P=0.208;(1) (3)1=-8.180,P=0.001;(2) :
(3)1=-7.608, P =0.002

&®3  U251-Ser 15 U251-miRNA-449b 41 . LN229-Ser 2
45 LN229-miRNA-449b 4 A1} miRNA-449b AH X ik £ Y
(v xs)

Table 3. Comparison of the miRNA - 449h relative
expression between U251 - Scr group and U251 - miRNA -
449b group, and between LN229-Scr group and LN229 -
miRNA-449b group (x +3s)

A5 B miRNA-449b MIXT kB o ff PAH
U251-Ser 41 3 1.01£0.12

-21.205 <0.001
U251-miRNA-449b 41 3 (4.89+0.40) x 10°
LN229-Ser 4 3 1.02+0.24

-15.559 <0.001

LN229-miRNA-449b 41 3 (3.20£0.36) x 10°

miRNA , micro RNA, f#i/NRNA. The same for tables below

] 72 J 22 75 miRNA-449b(P < 0.001) , #5 2 3] 1 J5i I8
21 miRNA-449b BH P bR ic 48 00K F X AL (3 P <
0.001) , H.ifi I J52 96 2% 1k 72 B2 35 00, miRN A -449b FH
PEARIC TR B (3 P <0.001, % 1)

qRT-PCR ¥ & 7~ , U251 4fi g . LN229 4 fit #1
UC2 4l miRNA-449b #HXf ik it Z R A H ¥ &
M (P<0.001),U251 40 g \1.N229 4ii fff miRNA-449h
AHXF R IBEALT UC2 4 g (P =0.001,0.002; % 2) .

qRT-PCR ¥ W7, JK 50988 4 i %% 3% 48 h ),
U251-miRNA-449b 20 miRNA-449b A Xf 35 i 7
U251 -Scer 4 (P < 0.001) , LN229 - miRNA - 449h 44
miRNA -449b #H X 2% 35 & & T LN229-Ser 41 (P <
0.001,%3).

EdU 45 R BoR, &k 5 FHE Rk &
DNA I BR &2 il 9 U251 48 B F1 TN229 4t Jfd i A% 5 41
5%, T2 DAPT & Ye i Jf A W) 52 4 €5 28 % (&
2) . U251-miRNA-449b 40 () EAU BHE 40 i 2K T
U251-Ser A1 (P =0.029) , LN229-miRNA-449b 41 EdU
FH 2 40 Ji R A T LN229-Ser 1 (P = 0.032, % 4) .

MTS ¥ 5% Y4 J5 48 .72.96 h, U251-miRNA-449b
ZH Y 4 N AE S AR T U251 -Ser 4 (P = 0.004,
0.001,0.002) , LN229-miRNA-449b 21 #fl jitd 4 42 5 1k
IRAK F LN229-Ser 41 (P = 0.003,0.001,0.004 ) , 1fi P
Folv 24 Jf 3R %% YL I 24 b 4t JE 39 A TE PR 4 R 22 R JE 4
T2 E (B P>0.05,%5), KU miRNA-449b A LA
A 300 00 ) e Jo - 4 98 4 L P 4 B0 o

28 3t 24 AR A I 7R L U251-miRNA-449D 41
GoJH/G I 4 L & 43 e T U251-Ser 4 (P < 0.001)
SHIANME & 4 FE A T U251-Ser 41 (P =0.002) , #& 1M,
G J/M W1 4 it/ 4 L g ) 22 R R it 2= B (P>
0.05) ; LN229-miRNA-449b 4 G, 1/G, 91 41}l & 43 kb
T LN229-Ser 2 (P = 0.018) , G, /M 3 40 I 1 43
FEAK T LN229-Ser 4 (P =0.001) , 117 S 1 41 il 1 43 Eb
A 2R LGt B L (P>005;K3,%6),
W] miRNA-449b A] LL3d 52 BH i i 53 BE 44 i 72 244 it
G 93/ 39 A0 i) ke 248 B 396 3

Transwell {28 555 1 78, U251-miRNA-449b 41
(1) 12 78 41 B 20 B A% F U251 -Ser 41 (P = 0.002) ,
LN229 - miRNA -449b 41 75 Il T LN229-Ser 41 (P =
0.005; & 4, 7) o &AM FE /M IEPE miRNA-449b 7]
LA 53 ) e 5 068 4 ML 1= 2B e D . OB IR IR AR
45 BB B, U251-Ser 411 LN229-Ser 41 F-actin
Jry 5 R AR T 20 i 5% RS B AL LA K B RS P, R I
U251-miRNA-449b £ LA }2 LN229-miRNA-449b 41
F-actin BUAE 200 TR 4l i 9 (L 5) .

Woo®

miRNA i 52 76 5% 5% J5 9 3 42 9 IR = 4 9 [
T REKFEMS 5 Z R MR LA LR,
A WEIE R, miRNA-449h K& H 50 m 53 7E B o
FLRRIE VO /NG B g R S e A 2 R
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U251-miRNA-449h 4H
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Figure 2

findings

Inverted phase contrast fluorescence microscopy
EdU - positive cells of U251 - miRNA - 449b and
LN229-miRNA-449b groups were significantly lower than that
in U251-Ser and LN229-Secr groups, respectively.
magnified

medium

Fzd4 U251-Serdl 5 U251-miRNA-449b 4 \LN229-Ser 41
45 LN229-miRNA-449b 41 EAU BH A4 41 g 5% i H 5
(x+5,%)

Table 4. Comparison of the EdU -positive rates between
groups of U251-Ser and U251-miRNA-449b, and between
groups of LN229-Scr and LN229-miRNA-449b (x s, %)

2151 Bil% EJUMHPEAESE o P{E
U251-Ser 4 3 48.11+5.81

3.320 0.029
U251-miRNA-449b%H 3 35.77+2.77
LN229-Scr 21 3 36.51£5.39

3.215 0.032
LN229-miRNA-449h 41 3 24.86 £3.20

RS U251-Ser 415 U251-miRNA-449b 4\ LN229-Ser 41 5
LN229-miRNA-449h 41 45 0 58 i [] £ 41 38 50 18 1 ) B A
(x £5,0Dusoum)

Table 5. Comparison of the cell proliferation between U251-
Ser and U251-miRNA-449b groups, and between LN229-Scr
and LN229-miRNA-449b groups at the indicated time points
by MTS assays (x £5, ODuooum)

A5 Bl 24h 48 h 72h 96 h
U251
U251-Ser 41 3 0.51+0.01 0.92£0.04 1.45+0.05 1.72+0.04

U251-miRNA-449b 41 3 0.50£0.00 0.73+0.03 1.02£0.05 1.35+0.08

f 1.093 6.143 10.196 7.256

P1H 0.336 0.004 0.001 0.002
LN229

LN229-Scr 41 3 0.46+0.01 0.83+0.02 1.34+0.04 1.66+0.03

LN229-miRNA-449b41 3 0.4720.01 0.75£0.02 1.07£0.04 1.44+0.06

tfl -1.045 6.197 8.114 5.950

P 0.355 0.003 0.001 0.004

AN A ik Jg v X8 2 0k AR, ELiZ SR R AR AR S R &
ERBEDIME, EEEAHSF, miRNA-449a/h F

S2/ N A o 1O I I S = A = R N VP
miRNA-449 A L3 i #8 r) w K 20 g ) 300 2 1 44t
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Figure 3 Flow cytometry assay showed that the Go/Gi-phase percentage of U251-Scr cells was 47.15%, U251-miRNA-449b cells was
59.78%; the Go/Gi-phase percentage of LN229-Scr cells was 59.67%, LN229-miRNA-449b cells was 66.09%.

®6 U251-Ser 415 U251-miRNA-449b 41 . LN229-Ser 4
15 LN229-miRNA-449h 2 40 i J& 301 £ L2 (e 5, %)
Table 6. Comparison of percentages of cell phase between
U251 -Ser and U251 - miRNA -449b groups, and between
LN229-Ser and LN229-miRNA-449b groups (x +5, %)

415 % GG S G /M
U251-Ser 2 3 47.15:0.84 33.29:1.98 19.56+1.37
U251-miRNA-449b% 3 59784128 2220+1.88 18.02+0.64
fif -14.320 7.036 1.774
PE <0.001 0.002 0.151
LN229-Ser 41 35967210 24.11:156 16.21£0.90
LN229-miRNA-449b 41 3 66.09+1.95 2336+1.44 10.55+0.71
tfi -3.879 0.615 8.583
PAH 0.018 0.572 0.001

PE WG 6 (CDK6) 55 i it J& 1 98 45 IR 7 i A3 30075 =
95 240 M G /S 0T BEL ¥ L AT 00 o 4 i 4 A
S, 0T RL R PS3 8 (A, MR F 41 i
P S FUIR g A IR AL L, LR 41 41

miRNA-449b-5p ik i 2 FEAIK, T 38 1o 1 422 48 1) i

I8 CREPT 3 A 1fii 18 #25 Wnt/B - 3% ¥ 8 H ( B-catenin)
T T T T ) L g AN A SR
AW TEEE F B, A 6] O 5T 9 miRNA-449h %
KK AR T X B4, $2 78 miRNA-449b 58 35 il />
S I TR 1 3 5 43 T B AR 5 [ B Bl R
T AL TR T AU SN, miRNA-449b 263K K V- FEAR , 42
78 miRNA-449b & 35 1 /0 78 ¢ BT 1 HE 5 1k
J rp 1 ke E AR T, AT LA S B BT A B R R
WG T SRR

Jie e 24 L P T e B R T SOE M TR S R
RAMERIE R EETHNZ — ., A% ER,
miRNA-449a/b 7] DL ] Jib 96 240 B 39 5, 2% 3 o 48 1]
M CDC25A F1 CDK6 FE R 30 1l 5l 12 b 4 1) S ot 2
Jig J5 96 26 11 (pRb) B 2 Ak T B AIK IR 9% 25 B2 )5 ) 7
A5 F 1(E2F1) Ik KL B, E2F 1 AT FIE R
Ui 210 B J) 3 4K 3 25 1 Cyelin B1 I Cyelin E 3K, 1M1
Z 54 MEAM G /S R L Ah, Cyelin
D1 FlE2F3 52 G, /S 1A iy s 1 7 o7, R 5
7R, miRNA-449b 75 45 H W 8 Hh ml DL 3dE of 38 ) f
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U251-Ser 2

U251-miRNA-449b 2

LN229-Scer 2l 4yt WAFHOR

Figure 4 Inverted phase contrast fluorescence microscopy findings
miRNA-449b groups were significantly lower than that in the groups of U251-Ser and LN229-Scr, respectively.  Crystal violet staining

medium magnified

FR7 U251-Ser 415 U251-miRNA-449b 41 \LN229-Scr 415 LN229-miRNA-449b 4112 22 4 M 4 H B9 b4 (R 25, 1)
Table 7. Comparison of the number of invasive cells between U251-Ser group and U251-miRNA-449h group, and between
LN229-Scr group and LN229-miRNA-449b group (v +s, number)

The numbers of invasive cells of U251-miRNA-449b and LN229-

LN229-Ser 21

v e
b e 4 ,";:‘

LN229-miRNA-449b 4

21 5 fil%  (RZEANEEH i PAE || 419 flgy  RRMIEEE f P{E
U251-Ser 41 3 126.67 = 15.53 .N229-Ser 4 3 116.33 £ 18.04

7.257  0.002 5.747  0.005
U251-miRNA-449b 41 3 60.33+ 3.06 LN229-miRNA-449b 4 3 53.00+ 6.25

U251-Ser 4 U251-miRNA-449b 41

20uM

20uM

BlS SOt R & B AR R, U251-Ser 4 A LN229-Ser 2H F-actin J5 5 5 4 T 40 D 5 2 20 £ AL B PO 000, U251-miRNA-449b 26
I LN229-miRNA-449b 41 F-actin BUEE S A F R AN P CT D9 E B RREOR)  Foactin 2865 0

Figure 5 Laser scanning confocal microscopy showed that F-actin was centralized mostly on cell cortex or lamellae in the groups of
U251 -Ser and LN229-Scr, whereas diffusely distributed in the groups of U251-miRNA -449b and LN229-miRNA -449b. F-actin

fluorescence staining

LN229-Ser 41 LN229-miRNA-449h 4]

1% Cyclin D1 AN E2F3 e DR T 40 550 Jo 780 200 L 10 38 51 05
PE7 s miRNA-449 BT LU ) 7L 3k bR FF0R M5 200 e 1)
WATE AR ), Ab FE AP miRNA-449 0] LLSE o 88 ) @
I8 RET 5 [R1 11 f @- 3 P52 19 2% 3%, T 5 50 G 391/G. ]
ML E 4> B s miRNA-449 38 7] 38 1+ T 38 - 41
M 2 R T2 4 2 B 0B A1 5 50 45 9 172

(ERK1/2) L8R AL, 30 ERK {5 5 5% 58 1, T
0 JEF 98 A0 AR A 38 BTG M Y . miRINA-449 X iR
20 B 1 B e 7 b AR R A B R JL AT R R B
40 R miRNA . A BF 58 45 3B &R, 5% e 40 U5 o
miRNA-449h A LUA 25015 5 5 o3 BF 240 A 98 44 M
U251 F1 LN229 (1% G, /S JABH i , FF410 il b 928 24 e 3
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B5] o fieb Jg8 200 M 5 BR 1 3E S 1R 28 e 1 e 2 R oy
BLH , F-actin 194 )5 5 A FIAR 2 40 ML i B 12 28 1Y
HEIK SN HT, F-actin & 1 G-actin 28 82 M A% 44 B g
SEM N Bh IR 1 22, 2 R A0 M R R SR A AR
ZERY . Foactin 78 40 P9 0058 13 ADP-F-actin 1Y
fiff 25 1 ATP-F-actin (4 28 48 Jhy 40 B 1) i % 1= 22 £ 4t
g, NCTPEIR G R — RS HEMESHS
I ) AR, G A 51 R LB B 1 Al i A
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Fp 3 32 X BR & 3R] 3Rl ( F)

2N/ IR s
BESE IR 1 proteolipid protein(PLP)
IR L AL somatosensory-evoked potential(SEP)
RN AMTFIZ L intravoxel incoherentmotion(1VIM)
WM TAM  regulatory T cell(Treg)
PSR BCHTIAYF  intensity modulated radiation therapy (IMRT)
[E 2 e 22 homocysteine( Hey)
[ 058P W 1 T - 5 ) £

phosphatase and tensin homologue( PTEN)
BRI M S8 F A pseudomonas exotoxin A(PE)
45— A4 AR I B R

Parkinson’s Disease Rating Scale( UPDRS)
o- R Ml AZ A 1
SFLE AR “F-fluoro-2-deoxy-D-glucose (""F-FDG)
M/ RNA microRNA(miRNA)
TeiE A AF M progression free survival(PFS)
TR threshold free cluster enhancement(TFCE)
REEABIRHAE  systemic lupus erythematosus(SLE)
IR FPESETS  programmed cell death(PCD)

AN AR P PEIET A 1
programmed cell death protein 1(PD1)

AR Y AL T AR A 1
programmed cell death protein ligand 1(PDL1)

filamentous actin(F-actin)

a-synuclein(a-Syn)

< 7]~ jE] L .

20 6 7 P T O O A A G Bt 4
cytotoxic T lymphocyte-associated antigen 4(CTLA-4)

T 400 cytotoxic T lymphocyte( CTL)
HHIFTF 73+ 1 cell adhesion molecule 1(CADM1)
MMAEMA  cytokeratin(CK)

T 20 M S BR A A A 1 T3

T cell immunoglobulin and mucin-containing protein-3

(TIM-3)
FFF 1 cell adhesion molecule 1(CADM1)
AL extracellular matrix(ECM)
AN EHL  extracellular vesicles(EVs)

20 L £ 1 R 172
extracellular signal-regulated kinase 1/2(ERK1/2)

200 i ] 400 A A Y 4/6
cyclin-dependent kinase 4/6(CDK4/6)

LY BRI AE K T fibroblast growth factor(FGF)

2 Y B A i A K T2 A3

fibroblast growth factor receptor 3(FGFR3)
IR E2 R s 456 F 1 adenovirus E2 factor 1(E2F1)
I T2 1 Ak AR

adenosine monophosphate-activated protein kinase( AMPK)
AT ML & relative cerebral blood flow(rCBF)
AR L 7% & relative cerebral blood volume(rCBV)
/NFPERNA  small interference RNA(siRNA)



