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Mechanism of de novo mutation in the MTUST gene involved in

compaction of ventricular myocardium
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Disorders Key Laboratory of Ministry of Education ;International and National Science and Technology
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[ Abstract]Objective ; To investigate the mechanism of de novo mutation in the microtubule—associated tumor suppressor 1 (MTUSI)
gene in the compaction of ventricular myocardium. Methods : Lentiviral vectors containing mutant MTUSI gene or wild MTUSI gene or
empty vectors were co—infected into CP15-5a cells(mutation group,wild group,and vector group,respectively). The mRNA expression
of MTUSI and small GTPase-ras homolog family member A (RhoA) was measured by real-time PCR. The protein expression of
RhoA was measured by Western blot. The fluorescence intensity of a—tubulin was determined by immunofluorescence assay. Cell mi—
gration activity was evaluated by wound—healing assay. Results . Lentiviral vectors containing mutant MTUSI or wild MTUSI or empty
vectors were successfully co—infected into CP15-5a cells, which was confirmed by fluorescence staining and real-time PCR. Immuno—
fluorescence assay results showed that the mutation group had a lower fluorescence intensity of a—tubulin than the wild group (P=
0.006,P<0.01). Real-time PCR and Western blot results showed that the mutation group had significantly higher mRNA and protein
expression of RhoA compared with the wild group (P=0.005,P=0.01). Wound-healing assay showed that the mutation group had sig—
nificantly higher migration rates at 6 and 12 hours after scratch compared with the wild group (P=0.000,P=0.000). Conclusion A de

novo mutation in the MTUSI gene is a protective mutation for decreasing the incidence of noncompaction of ventricular myocardium

. via reducing the stability of microtubules in CP15-5a cells and
EENLE: &5 %, Email ; 1016287150@qq.com,

T 60 s L b R B 6 B increasing cell migration activity by regulating the expression of

BEEE:® A, Email;jietian@cqmu.edu.cn, RhoA.
HEETH . D58 AH2ALE LRYAA (%5 :81570218), [Key words Jmicrotubule —associated tumor suppressor 1;mu-
455 H AR : http://kns.cnkinet/kems/detail/50.1046.1.20190420.1411.002.html tation; microtubule ; RhoA ; cell migration

(2019-04-22)



BERERKZEFIR 2019 £5 44 55 6 H7 ( Journal of Chongqing Medical University 2019.Vol.44 No.6 )

— 697 —

L LEL S AL AN 4 (noncompaction of ventricular
myocardium , NVM ) J& —Filfi PR _E 80 72 0L g 5e K
PO WU, BT 2% E 010 WU B0 fed 7
S PRES , FECONUR A AR UE % TS
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AR YR G 33X S 1 DAy 200 B R R G Ak R A TR
X SR PR G AR B RGO I L R A A AR s
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OHERIR BT, O UM RS S8 n] 5 R e
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HAEFENERZ I, SRS T T— N UANVM
INR Z T 45N B DT (whole exome sequencing,
WES) , il i A WM5 275081 S #ii | 3 Sanger
FPIE, A e th 32 BT R R AR (R AR KSR
Hodr ksl XA MTUST ¢2617A->C(rs187103704)
VER— A A OCEE N, 5 A0 A 2R DA G, i
FEAENL AT RFE R AT P | AR AT HE B A RS 1
B, I HOAR 5 G ith B 8 HE R AR PR A A= AU TRt
FRATTHEIN 122 5 728 FE DY nT RE2 vie) 200 M B AR A5 AR E
T O VBRI R 7 A — g B, Bk —
TR AT 5T i 1 A i SRR S AR FE D AR T L
HLANAL (CP15-5a 4H L) , W5 A0 B i A v Mk S 20
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L1 SEISREAR ISR —0 0 NVM R, Jeiif s KA Al
K s R R A B L B B2 NVM, ARG
B SEUEF WA | FeiiE & B 6 RO il AR 2EA T WES T,
FFHEAT Sanger MFIAE, A5 EIVE R BT e B A AR
Y510 BE 73 B2 23 1 AT A LR (5. (2015 4R 48 77 (BF) 58
(24)5)], FFHUE A B IS R A

1.12  CP15-5a 4L &= /el CP15-5a i & 10% M
A= ML B 100 mg/mlL, 75 %5 /AE R R ) DMEM/F-12 5 37 5%
W3R BT 37 °C.5% CO, IR FRAh IR B8, #F—
HEEZ TR CP15-5a (AR RNy 4 21 . 587820 BF/E4] 28
WA KA,

L13 EFZERF]  CP15-5a 4R (FEKERRFE MR LE
& g JLFL O A T EARAT ), DMEM/F-12 553 5L G 4 1fn.
i (Hyclone, 2 [H) , H & R/AE 2 R (HIKERR A MR JLE

P e O S B ) RESRIE I DNA SRRl & (4T
W) TAE.S A ), TRIzol Reagent kit (Ambion) , Jil 25 1 /il (So-
larbio, H1 [ ) , 130 %% 535055 & (Takara, H A< ) ,SYBR Green i
F £ (KAPA, £ [ ) , B FIBF 617 (Roche , 1) , BERR I
i3 (Roche , Bt ) , 28 HEHUAF & (DIEY) , T HE) , %
bl s W SR (LR, D), SDS 3 FAESE il (B
AWy, E ), SDS-PAGE LR & CGE =K, P ED) T a-
tubulin FLIEK (Stanza, £ ), BT RhoA HLIEK (Cell signaling, 32
) ,GAPDH HLi& (TP 42 &0, h ), B 5 5 (Millipore, 3%
E),Cy3 Fmic B/ NR oG il (ZEdiR B, 5I0) , DAPI
YL (Roche, Jii 1) , 18 s A 206 B £ (A LIE R, 19 )
12 F#*

1.2.1  24MEFIF M Sanger M7 i e R AL 5 SR JHWE
BRI MR REAS TP 8 DNA, SEAT 00 S 70, I
SR TR B2E 0, T 32 B & S A8 LR T
VEAEA B G IR T 5L R S b SE L, 7% GenBank , A2
F [ 58748 (HGMD) .UCSC 3 [ 41 (UCSC Genome Browser) |
T ANIEF 48] (1000 Genome Project) 255 12 | #EAT 128
AR ST RE T | X 5 AR AT Sanger M7 40iE , 1
Chromas BAFHEAT A LT 434

122 ARG 4 4 CP15-5a MMk R EMATE N
15%~30% 85}, i F UL B KA 30~40 B 351k B2 i e 4,
KRR R IR L Y  43 BIHE CP15-5a A P i A 52748
ZH MTUSI 18957 J72E 4] MTUS 18975 K 2s 3o a5, Sy
2 A0 9 G (green fluorescent protein, GFP), BEFH 12 h G
TR B TR AR S IR, THEFR 48 h R AEDO LA Wil
BETFWEZ GFP 2635, LA R iR

123 qRT-PCR SRHAXTECAE K WIM CP15-5a 41l ,0.25%
[ AL, e R R E RS , DL 5x10* M/mL T 6
UM, 1L 2 mL, &41 3 NE AL, FRANEs 3R 2k A BEA 80
%~100 %, TRIzol B H2HUANM RNA J5 I, L 1000
ng B RNA %% 55 % cDNA, MTUS1 51915, U5 -
GAGCTGAGCACTTACAGCAACAA -3”, ¥ :5° “TTCAA -
CTGCATTAAGAGCTGTAA-3" ; RhoA BI# 41 . FiiF.5" -
GCTACCAGTATTTAGAAGCCAACCAC-3’, Fiff:5’-GCTGTT-
AGAGCAGTGTCAGAAGGAC-3’ NZ LK GAPDH 51#1/541 .
9 :5°~GGGTGGAGCCAAACGGGTC-3", Filf:5 -GGAG-
TTGCTGTTGAAGTCGCA-3" , Real-time PCR JZ % £1:95 °C
THASHE 2 min, 95 CCUBE 10 s,60 CUBE 1 min, 2 40 MEHR,
1.2.4  Western blot 4520 4l i8R FH 24 i 22 wh 3y fin 26 11 B )
700 e At P A A 50 TR G PR R IR 1 A 2% 5 B
SEWRRINE R AW BB AR 150 pg, 12% SDS-
PAGE BHIHIK B EI % 022 wum PVDF I )5, 5% BSA
$04] 1.5 h, HT RhoA H4A(1:1 000) F1 GAPDH i (1:1 000)
4 CHFH L, TBST PEfR 3 ¥k, &R 10 min, —HT (1:8 000)
ZEHFFE 1.5 h, TBST PeAR 3 5 52, ffiFH Bio-Rad EI{543
PHAGHEAT G AT3 , R Quantity one BRAF3HT SHF KA.,
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1.2.5 4IMERPETSE K 4 AN B AL RS LA 1 x
10* A4 mL BeFP T A0 2 R ERRIC A 1) 24 FUAR , FR41 iR
3IANETL, RANMALS 2 50 %~60 %, K] 4 %2 B PEE [
5E 15 min, PBS ¥ 3 i , 43 3 min,0.5% Triton X—100 i i
J& W2 L7 2 R B BN a—tubulin MR (1:50) ,4 CIR
BT ZIRJE PBS ¥ 3 i, 50t T (1:250) B E IR
FFF 1.5 h, W% PBS vk 3 i, DAPL IRIEH 15 min, FNHT
TR NS R Ja THROCIE R A WS F sk faiid, RH
Image J F1FK: B 898 A6 AL UETE
1.2.6 AERIESCE  £F 6 FLIRET S, LA 0.5~1.0 em FEEYY
AJH] 5 AREERABE N . 4 HATMH AL RS, DL 2 x 10° Y /mL
FERP TSI 6 FLBR T, 4 3 AN ESL, SRIGRGZA N
100%, F 10 wL ARSI B TR IR, IR 45 0 v i —
i, PBS Y VE 3 WK, EERIIE AN, BN & 2 % T Y
DMEM/F-12 7575 (88 BB F T 0.6,12,18 h #AlE, fifi
H Image J BARR I AL &3 R QR ALG E 4 il
SRR R A A o b= ORGSR T AR B ) 5
SR EF) /R RIIR EIFE x 100 %,
13 %itoHf

TS D E AL 3 K, R SPSS 22.0 Rt # AT
G, BHR S IR R = b2 (v x5 ) R, 240
(S5 b B R B R R 22901, T 255 R FH LSD—t K 6
J5 555K H] Tamhane’s T2 K56, 456 7K HE 0=0.05,
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W1t Real-time PCR #:i MTUSIT 3K mRNA 7KF, 7]
UL 58 A5 21 K BF A 41 MTUST 3 mRNA 7K F- B 2 38 55 (P=
0.009), iM% #dl Je a8 A FRIR AR . #52H MTUSI mRNA
FRACEAAXHE L 1,

Fz 1 HHE MTUST mRNA RikKFEHEHE

251 mRNAZK-
RARY 10.727 = 0.923¢
L1 g2 ce ) 11.372 + 1.532"
AR 0.298 +0.022
“HA 0.366 = 0.039
FAy 140.557
P{H 0.009

T ra, 5258 AUA L, P=0.009 ;b 525 UM HE , P=0.009
P BOR 45 BAIE B CP15-5a 3 3861895 5 2k A M 2tk

2.3 it &k R & MTUSL J& 2 CP15-5a 48 At 4w BB 28 44

NT P IAE S AR FE D MTUST S 2 M o e 2 Pk 0
SEMA SR FH A RE S TR 45 41 CP15-5a 4l a—tubulin )
PEIEBRPBENREIL . OIS TR, 754 a—tubulin 29
W AR T B 25 2 a—tubulin ZEOGHRE | 25 57 HA Gt 2# s X
(P=0.006, 4n[&l 4 i), #4110 a-tubulin 28638 B 48 114X
L 2,

Gzl

=L

a —tubulin

Byr2e el

DAPI

L0596 o —tubulin Je {0, W5 (45656 DAPT et
AL AL PR a—tubulin 2¢ ' 2 32 A% B0 A4S 1

100 0007
80 000+
60 000
40 0004

20 0004
0

a—tubulinZé S F ik
f-*]

W

S

RARH WP A A
a: SHEFA 41 HE, P<0.01
B. %L FEZH o —tubulin PSR LTSI ALK

B4 RRRERRNRIETHE FEARTHRA
o —tubulin FiXFR

%2 &4AA a-tubulin PR ERIKEE

51 PO E G EUE

RASH 37 670.318 + 21 125.35
A2 51951.146 + 33 972.962
2SR 40 888.988 + 19 369.569
S| 24 131.746 + 14 585.035
FAE 23.994
PH 0.006

T ra, SEF A EE, P=0.006

2.4 it kKR &4 MTUSI J& 40 ML f 42 4% 2 P 0K 2T RhoA
R SR

e )5 |, Real-time PCR Z5 5 WoR , S¥ A4 AL,
274520 RhoA mRNA KPRk &, 2R HAG52=E
L (P=0.005), Western blot 53R 7R, 5B AL AR, 57820
RhoA /K FFRIAW WG E , 225 B geit2# 2 L(P=0.01),
W 5 Fros , &2 RhoA mRNA KA AN 2R 3K 3,

Rhod | o W e - 2] LD

GAPDH w 34kD

BB S B

A. BAbFILH RhoA B FTHLVK 554

2.0+
i 1.54
2 0] T L
T
= 0.5 ﬁ:-"-"'::
0.0 :5

¥

H¥
4
B
Bk
o
t\:E:l\

RARY WP

b

a: S A 4 EL , P<0.05
B. AL FEZH RhoA & /K4t R

5 SRIAA BFAEAR THA RhoA EEMRIAKTE

% 3 #4185 RhoA mRNA RERHENRILE

215 mRNA BT
AR 13.321 £ 0.941° 1.358 +0.257"
A2 10.737 + 0.429 0.905 = 0.352
A 12.822 + 0.682 0.980 = 0.322
2 HA 18.424 +0.829 0.789 = 0.347
FAH 94.953 4.695
Pl 0.005 0.010

1 :a,mRNA 584 ZHAH LG, P=0.005 ;b 25 [ 57 5 8 A= 2HAH L, P=0.01
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2.5 it kKR F 28 MTUSI i@ 3E 9838 RhoA *F4m il iE 45 49

A4 CP15-5a UM EA TR S , F 0.6,12,18 h 4%
S R ORI S MR B LN & 6 R
AR S g S5 R R FERIR S 6,12 h 28 AR 4 Rl R T AR
AR R A W] A (1 P=0.000) , 22 5+ R GEit#
B, ERRSE 18 h, AR A RIE A A R 5P A AR L
TeH 2 E2E5H (P=0.066) A HRIRRJF 6.12,18 h 41fLRIIR
WA EDE RN 4,

Gl

Lugace:]

=
Sl

801
S S
X X
fm fm
o <o
o =
= =

g‘%

SR R
P o g P #

B. R 6 h St ATBE

a: GEAIAEE, P<0.001 ;b SEFA UM HE, P>0.05

F4 FEEMEME6.12.18 h XREEMEESE (%)

415 6h 12h 18h
AR 58.265 + 1.684" 86.364 +2.256" 96.048 + 0.286°
Y21 21.996+3.938 65510+£2.731 88.435 + 1.541
e 42.082+8.491 63260 +3.159 99.518 +0.065
=k 33499 +4.514 67.117 £6.466 87.354 +2.594

FAH 35.617 21.837 45.439

P 0.000 0.000 0.066

C. YEJG 12 h B4R R

Hca, SEF A H, P=0.000;b: 5 A H A EL, P=0.000; ¢ 5 854
HAIE, P=0.066

12h 18h

| | .
- |
o
Ui 3
Yo y
A T
|
”»

! Sl ’
A. BRI EUG Sy BT RIR S 0.6.12.18 h $A4

1507
S
- e b

= 1001

&

7

& 50+

=

= L] B
ST SR S S . S
S A

D. ¥PEJS 18 h it &K E
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33 it

NVM MFRAE O 3O LB A 22 & —Fh ok o3
R WU | PTEARAEAE B T T A S A Co R,
Joa B A B BUOR O = PO R I IV NRE 5 22 0 =
i 2Z TR A I /N B eS| IR IR LR 22 5 K, TS
FEAR BN AR H O ) s IR ZE SRRAE 12
Wt Z2 AR SE R P o Bl ] B A i R0, BR R L
TASASBA A, B0 TG RAI T I i . B A g
&2 Br & 3L ,NVM 2L AT BH I (1% 505 35 A% it 1)
12%~50%1 NVM g N BA 505 L, SCHk R iE S
NVM &AL AT 40 Z2N0-130 PR] e 356 P gl
e i A X6 T NVML B &2 A Fe g SIRIT A
X,

T R 2H R 309 % NVM XU R E AT Ah T
¥, o3 AT 5 459 B &4 SLEAE MTUST ¢.2617A->
C (1187103704 ) , i & FI A F 8p22 YLt i | 4wt
ATIP &9, 4t 7 /N7 %I (AIP3a ATIP3b ATIP1 7 %!
4 ATIP2 ATIP4 VAL 7), H ATIP3 11 2 514
ERUEEREE, S HT R, A S IEN T ALIP3
HEEEE b MTUST VR —Fh S 40 AE |
ZFEA B SR T R S SR R e e R A AR
A SCHRARE R, 76 AR U b O LAR i A £
R EPE R A | JF B MTUST By 32 31K 14 067
PEIR MTUST 5 R 5 5 26 57 50 8 IR 42 1) .0 LY AH
X%, EME AN E AR AR N — , 5 A0 N )
2 AT A5 A 2 | 40 B R 40 B A 7 2 )
AFDEIS19 U LT r ok 2 350 UL AT T 25 K 3
e A EEIEH, AR, EEATS 5
5 NVM A58 H AN ryanodine SZ KA DIfE 12
N TTRES NVM A — 2 1 S , (A 2R an ey 5
BRIA T B — 2B SIS IE I, M AnH S RS
HHZ—) RhoA Z—FP il 52845 & &, /& ras
HF /N GTPase BB B 2 — , % A ik
7 T A 37 A I A R R IR 2020 el A i )
7 SORG BT ELAT S A 2, W58 R B, 7 2R e 4
Jrf, RhoA A9k B i % &5 278 RhoA 11955 3
pa ficpri e [0 Ra g A 3 A5 1 ol P TR 4 Y D
WU ARt AR O LR A I A 1 I R )
A A VERE . 75 NVM BRT5E i & 30, RG]
O JULEH R0 P T % TR 0 2 2 4 i O LR

AL R B ) — N B R 2 S S S s 1
RGO WLECE AL FE |, RhoA FVRUE I e 1k
A RERE TE A R R MTUSI 255
Horp | T2t — B IFIUESE

A5 38 1 B 2 5 AE MTUST 180 2 B V)it
FIRE CP15-5a AL , X4 L AN A TR0 #ak
TR, 250 R AR S P AE AR LY, CP15-5a 4]
LS e VERRA, PR S8 52 1 40 MG, s
THeE R EM: [FIREA] Western blot & Real-time
PCR K 145 2 4N B 2845 6 26 11 RhoA BRI
O, &3 RhoA mRNA S8 Rk &, 45 R A
A grtaEE X, X R 2848 1T e i B RS Fa e
P T e 1) 410 B R AR OO >R FH 4 0 2 A T 240
JRITERE AR, B2 725 2 A ) I T AR A 5 e 1
IXPEIR S AL AT AL AR TR, RS A IR
W, TEAR SN L S s v, 3B & 9878 MTUST figfe el A%
YRS R b R A AT R

25 TR B R 987 MTUST W] LUFEARCo LA 4T
Md CP15-5a 178 RS e P | (R R 40 I A%, HomT fig
(RIAIL T 38 1 38 55 RhoA Y 3Rk K 52 I 40 iR 1275
izt B8 kA TR RO ISR L fE
AT BEAE A — P R 58 A8 SR X0 O WL A fs i
T4 3T NVM BLRL R kAT 248 MTUST 3
PRI S5, B TR IR R B0 e NVM SR, il IR
5 KIGTT NVM LRI

2 % X B
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