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Mutations in Notch3 gene influence expression of Mfn-2 and regulation of specific signaling

pathways
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Abstract: Objective Cerebral artosomal dominant arteriopath with subcortical infarcts and leukoencephalopathy ( CADASIL) is asso-
ciated with mutations in the Notch3 gene but the causal mechanisms of the disorder remain unclear. This study explored the effects of
Notch3 gene mutations on mitochondrial fusion protein 2 ,bel-2 and survivin, which may help to further elucidate the pathophysiological
mechanisms of CADASIL. Methods Human aortic vascular smooth muscle cells (HVSMC) were transient transfected with wild-type
Notch3, mutation-type Notch3-R90C and empty pcDAN3. 1 vector according to the Lipofectamine 2000 method. In order to verify the
transfection efficiency, real-time PCR and Western blot were used to detect the expression levels of Notch3. The relative gene expres-
sion of survivin and bel-2 was measured using reverse transcription followed by real-time PCR, and the protein expression level of mfn-
2 was also examined by Western blot. Moreover, the rate of apoptosis was detected by fluorescein annexin V-FITC/PI double labeling
in the three groups. Results Compared with the other two groups, the expression levels of mfn2 mRNA and protein were significantly
higher in the mutation-type group (P <0.05). A significant down-regulation in bcl-2 and survivin mRNA expression levels was also
found in the mutation-type group (P <0.05). Moreover, Annexin V/PI double staining assay showed the apoptosis rate significantly
increased in the mutation-type group (P <0.05). Conclusions Notch3 gene mutation-mediated up-regulation of mfn2 and down-regu-
lation of bcl-2 and survivin may be an essential pathomechanism of CADASIL.
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R Ak AE VE B FE AR 1Y 5t A% P G Bl Bk e o 324l Ik,
KT CADASIL 1 % 55 BIL il 415 A 5 2, or 7 it 1L %
Lo B2 BT 52 3% BT AZ00 19 K 0 5 Noteh3 5 P %€
A 3 B Y- T LR AT AR T GO A0 e O T U0 A
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19 H B TE TR % G S U 58 22 AU Notch3 2k P X
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SO HE = e A 22 oA B S R L

F 0 A S Noteh3 $T 44 ( Cell Signaling 24
USA, 90 kD) ; fi{, mf-2 $i {4 ( santa cruz 2\ ) , USA
80 kD) ; il GAPDH #i {4 (37 kD) LA K2 A B il 3= 47t
S AL AR BT B = BT (DU FE A W A v ) 5 Trizol
( Invitrogen 7> &] ) ; RevertAid™ H Minus First Strand
cDNA & (i 7 & . Deoxyribonuclease I ( DNase 1) Fll
RiboLock™ Ribonuclease #l ] ] 25 W H Fermentas 2%
7)) ; SYBR GreenPCR Master Mix ( ABL /v 7)) ; A E3h
Jiik - 5 WL i ( HVSMC ) ( ATCC 72 &, USA ) ; Lipo-
fectamine™ 2000 J§ it 4 ( Invitrogen 72\ 7] ) ; ECL fk %%
Ot GRS A IR R B A0 2R AR R
& (o RAT) ; Annexin V-FITC & PT 8 T2 4% Il i
A& (XE ADL A #) .
1.2 FHik
12,1 3l 4pait & & M4 Genebank ¥ ifE [ #r
H ¥ Fh - A Notch3 | Bel-2 | survivin . mfn-2 Fl GAP-
DH J# 51 , iz ] Primer3 $EA47 51 ¥ &3t , Bt 5 51 ¥ 24
o B A TH M SR

AH 514 73\ K& (bp)
Notch3 L% 5-tgaagacagctcccactact-3 180
Fi#% S-acgtegtecteacagttate-3
Bel-2 k7% 5-tgaagacagcteccactact-3 180
T # 5-acgtegtecteacagttate-3
mfn-2 k%% S-ctetgtactggtggacgatt-3 181
Fi#% 5-caagecatctatcatgteet-3
survivin L7 S-glgtttetietgettcaagg-3 200
T % 5-ataaaccctggaagtggtg-3
GAPDH _E %% 5-caatgaccecttcattgace-3 106

T i# 5-gacaagettceegticteag-3

1.2.2 E@m Ak KRAEMNEAME M pubmed
gene B4 2 A ) Noteh3 45 i B [F ¥ 371 4 %5 NM -
000435.2(CDS X4 K J551:77 ~7042 bp) , i fl
genscript 23 F) [ 4 5 R G i K 518 PCR 1
7 pcDNA3. 1-Notch3 By A= B 8 2H 3¢ ik Jf ki ( wil , B
1E % Notch3 FE K i F K4 ) . pcDNA3. 1-Notch3 %
RUEII il TR (= R R A R s N 1= N [ P = I
2 38 1 Je H UL 51 2 CADASIL & 95 19 Notch3 2 [
AN &3 B AR T RO0C(C344T) | FH It
H4 Notch3 K& A ¥ 91 55 344 i f4b iy C IR EE SR T
B L B 0] By %8 7% B peDNA3. 1-Notch3-R90C
LR kL. ORI ZS 341k peDNA3. 1 ki A4 2
Je 3 2t il D) A 7k B IE , 4 e genscript A ]
W M W 45 SR B NCBI f BLAST %6 4iF . AR 4%
QIAGEN 2% w) Jii A 4l £ 3 590 & #5110 B 1 47 I3 kL
DNA K&, - 20°C R A7 T 20 Ml 5% 3% .

1.2.3 a3 c A vk ad 4 % HVSMC Ki % £ &
12 % Jify 4 1l 3 9 el R &Y RPMIL640 35 57 3 (5 3
o) B AL BT RO RN T AE 6 fLIE SR
W (5%x10° /L) ,37°C,5% CO2 K344 h B 3%,
4 40 il il F B K 80% ~ 90 % B IF 4 IR B A g o S
By =20 . D% Y peDNA3. 1 28 3 i R 4 « 15
LM A pcDNA3. 1 [ ki 4 ng, Lipofectamine 2000 J§
R 10 pl/FL, TG I 3 35 56 OMEM 500 pl/ L ks 3%
6 hJ5, T it 12% FBS 1640 52 4 k5 3. %% Y F
AL ZH . peDNA3. 1-Notch3 kL 4 pg #% B | ik
Tk . @ YA AL K peDNA3. 1-Notch3 -
ROOC JFihi 4 ng #& M Lk ik gu, WAL 9 3
AL, AT 3 WM S S, B Gk 2P 3R 2 IR Lipo-
fectamine™ 2000 Ui B 45 . 20 g 5% 4 72 h J5 Uk 3k 40
J, BT 4R B RNA DL R EH .
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ia F 9 6 e B} 12: HE 1T Real -time PCR A6 I, 4R 45 52
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f) Ct {H . ACt {3758 AACt {5 A & 2-AACt(RQ) , A
1M 45 2 H Y 3 Bl mRNA A7 X &

1.2.5 Western blot # B # & F mnf2 & & 8 £
K i MR R AR A R A e i 4R ) 4R
FAMME A, B RS AW E . B30 pg 4
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Flr 1 By 95 B WO AE 37 A AR K F-
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E 1
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mfn2 & [ F1 mRNA 335 7K P75 5748 21 B S 34 o, i 2
3K Notch3 &[5 9 B A4 BV 2H min2 Rk AR, RASA

Mfn2
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FRBERBEE2 ABEHF AN T, 3 A
FREABRAAUA,

& 3

U x 4545 2 0hif 400 pl, 15 min PN FEAT A
HEE 3 W IBCFIME, 45 5R ] Cellquest #4473 #7
1.3 ZitFE

T GEOR DL R = AR UE2E (v x5) ROR, LI 5L
¥ R 1 SPSS 13. 0 &t i i #F ik A7 Ab B 4 ) i i
BUORM LEBOCR T ¢ K B R R AT 7 SRR R . P <
0.05 NZEFAH LI L.
2 $R
2.1 HERYERNER

i 1f real-time PCR Fl1 western-blot #5 i 2% %%, ik
B2 (FE X B, con) (B A= U240 (wil ) i1 28 A8 AU
2 (mut) 558K BLJS W41 Notech3 mRNA J¢ 3 3£
KUY R, A A2 RN S A 00 S A AR A 2
e, 2 BAG (P <0.05), Ul W 4% 4
A, W K2,
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E 3
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g ==
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2 & 28 Notch3 mRNA #5 & A5 DL, con H %f BE 40
wil A AW ;mut AREAHE, «KEAP<0.05,

TR AE A min2 SRR R E A T2 L (P <
0.01) , ifif 25 2 FoRE 21 55 B A= T 2 min2 3% K A2 57t
AL (P<0.05) , X K W] Notch3 &[N 548 )
AJREMEHE min2 AR, TR K A2 58 AE Y Noteh3 i 3%
K AT REAN ] mfn2 (R, WLIE 3 & 4,

* |
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E
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2.3 FATHMEXERE mRNA 5Kk

iz Ff real-time PCR X #% Yt %% 40 ¥ 47 bel-2 K
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real-time PCR #: ] & 20 bel-2 & survivin mRNA A8 xF 15, A 24 bel-2 2% B ; B 24 survivin & B
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0.0000 I T T
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B
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P RYIRIE M, Z R A 50X (P<0.05);
1713 S 2 0 2 0 BB 25 3 4 R B B U T A 22 e TR 4
AR (P >0.05) o XU W Notch3 I [H 5 48 )5
A AR TN 3 Bl Bk V- T ULAR R A T, AT S i
Tife, W6,

10

1P

ochide

m

e

10

10°

0

¢

F 1P i

¢ 10

6 Amexin V/P & EAXN ML MNGEARATHLE ;A ABETEREL; BABEFAYN LA C

AHEEEEREA,
3 i9ie

CADASIL f RIRAE I 7E 30 ~40 %, — A X
B B kR ETL LR, WKERZF, FEE
LA LA DA 5 T O A s A e IR ) Sk R @

S5 52 M I O 1 A A R I A s @ AT M Y
Bl P U R 1) B2 ST O R DA B R R A 5 ()17 SR
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fl#e B ARG H o RAR A K A AT UL RO R B =
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T )Tz 3% R T XA B R SR L,
REEAZ B, MALURE A RN Z 1K
5T H R BT 22 B R AR RN 5T G i A M
Ib, FE R K 200 ~ 400 pwm 1 G/ BBk REAE T
g LSO« IfL A 9 LA M ( VSMCs ) 3B A7 M 28 AT 2
Vg HWURL ( GOM ) K Notch3 52 14 &b il 45 4 1§,
(N3ECD) i EE UL,

124 K 1k, & T CADASIL 1 % % AL i 45 A i
. CADASIL 145 Fl J2& Notch3 FEPR 58745, 5 B 45
RN Bl KT T LA B R AT AR B B R 51 /N
B Ik 45 ¥ 0 Zh BB Y 2S5 M B ORNG BE BT B
1 H0 A A8 e i ot ke SR O R DL BB i . R A
HE PR 978 I An ] 5 8 /N Bl Bk it 4 1 9 UL 40 i AR
TP UL M BRI WE? — S AF 58 3L B 5] 2 Notch3
BN (B 34 NREFEAERBEFHR) 5 10
~12 AR A K H T (EGF) 2 iR 2 1y
Notch3 J& Al 58 42 0] DL 3Z mi {5 5 % S 3& 1 (A A
EGF10 ~ 12 SRRz (R 45 & X ) , 52 H mr & 8
i) Notch3 Ji& [ 5¢ 48 R 22 I A 52 i 3% IX S8l /) 25
SN ST S R Y W NG N R s R DR T S N
5 4 fift B CADASIL ) % £ . 53 45 BF 58 & W CA-
DASIL 1955 B 1 & T 18 H#EB0R. ( GOM) 1Y 75
FEF BT 80, {852 H At R 1k GOM 1y 3k I LA J A T
WA AR, R T VR R T L 5 VSMGs R AR 1) ¢
Z . 2011 4, Lewandowska 250 7 Wk 32 H Ui LA
VSMCs 1) GOM i £ ~F- ¥ JUL 4t Jfd % #L 1 7] B /& GOM
B 0% B R R LA K 20 M A 5 5T 0 7, AT S 1R Y
R JEE DA K 240 i bk o 1) S A 24 S BT i UL A
VIfe 2, (A F 58 A FE i — 2P UESE . Thalain-
en 27V B BF 5% 2 B Notch3 2 [ B9 45 1% 47 & 7T fE 5
S PN S5 1) 1 7 38D T T A B A R, S B0
ST I 3G LA KT LA B e . AR H AT
ZME U W B BF 5, (B4 T CADASIL /Y
g BRARE S, R 0T F- W UL 40 L T R A7 4R TR A B BH
CADASIL 5 AL i 1 OC B o A 15 45 1 0 & — 2L f)f
FREW MM EEANAESLB AR NS S
7 CADASIL % 9 HIL I o Z&R0 Ak & A 48 Ak W 12 1k
MEERE S TPHIAREERY . F5% TN
F B, A A A0 M OE R A A B
VER o AT Ao £ 00 1R D) i 19 55 6 B 2% 51 S A8 By F 1
JL4H i 1) B fE B A% . de la Pena %™ 1) F 57 3 W
CADASIL % Notch3 JE P [y 28 48 52 Wi T 2% ki {4

R 5w
PR EE SR SR T MV, S EEORIR D RE R . Ma-

landrini 25" %} 3 4% G 45 8% WLSE K 9 CADASIL L 4
T K6 14 BF 98 25 B Notch3 56 PR 53 48 1] B 5% Wi 48 ki 14
(B i AC i . R 3T Perumalsamy 25 iy #F 5% 2 W]
Notch {55 5 9% Wit A 52 7 388 sk 2k i K il 26 1 R
5 40 ML ) A7 T

SRR TE A0 AR K S SR S R E
AR, LR kLR f 4 & 2 ( mitochondria fusion
protein 2, mfn2) & AEFF R RARTE B W N FE T
B KRR E MR . mm2 758 4
LR R FE AN, T RBAR AN LART Y — L
5T £ W] mfn2 () T RE £ E AN T LR KRS,
HEFFLRRLIR M IE S MIIARE . ol UF 98 2 B min2 J2
— AN SR 7 TR A B Ras 41149 , Karbowski 25
W 58 % B, JL-F FF A 08 T 40 M b Bel -2 # mfn2 J2: 3
SENLIY . Shen 251 BF 5% £ B mfn2 3% T 0 ALA0
e 98 T S L A TS ROk AR U T 3 AR R A ] Akt
Rk . Guo 25 XF IF % K Bl VSMC 1 #F 5% % W
mnf2 J& P VSMC ] 72 ) — 4~ F 2 W 1, L Ih gl
ST AR LG, B R R R R A0 m2 St
PR AT LA 3o O A A T 3 A R i A R Bl 4 P
LA (VSMC) 19 08 12, HO7E b B R b A
Bel-2 25 (146 35 (1 38 20 | Bax 2K [ % 35 19 3 Jin DL Je
e K 2 [ i ( caspase ) -9 19 3% k. I b Shen 2
FE 0 I BT SR A0 M P8 T b R B min2 325K KO 1Y
&, Bel-2 Rk K F J PI3K/ Akt 3% P F B o axX 26 Bf
S22 W] min2 7642 A0 PR T 0 i R b R R R &
LA VE AT, 0 Survivin 2 98 7= 3 $] 2 [ ( Inhibitorof-
apoptosis , TAP) Z T J b1, J2& H 1 & B % 3 19 4 12
A 7, 8 2 Fhopc s i I T o A AR h ke B R
PR,

A 5% By B Y HF AR R R %€ AF B Notch3 41
Feak kL, 1M FL 3@ & K Sb % Y Notch3 HF A 7 1 58
S TR, & B Noteh3 3 Rl & 4F 55 745 J5 fig % W] Wi
PR E N 3 kT DLAE i mfn2 59 3R 35, JF H 6B
I 0] bel-2 | survivin 55 2B 98 10 5L R R G5Ok
A 17 LA R T B & AR 45 v L A0 i % i
B RE , fx & 5 3 CADASIL 19 & 4=, e A1 i #F
RV RAHFF A, i — P IESE T min2 fEi%
PR T R VE R, B EE B R BT K & B Noteh3 3t
PR 9% 728 ] g 38 4 _F R min2 A9 3Rk DL R AL i A
T G S5 PR 1) 3 32K of 42 20E - 8 JUL 400 1 1) O T, A
5245 M F T ATHE— 20 CADASIL 9 & 9 LI .
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