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AL, R 92 9t it PCR (quantitative real-time PCR,qPCR) %) b iR J% P #EAT 50 UE , WA E AT
B R PRI R A, 85 WES ffi ik i 3 4> LVNC K & 3L [a] 1 m] BEBUwR B 14 4>,
qPCR A6 25 R4 7R 3 S DA AR AN [] () IR 250 (0,10,20 .30 d) ik & &A= sl ek 22, I HAE I 4 Je
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[ Abstract ]| Objective  To screen the pathogenic genes in the patients with left ventricular
noncompaction (LVNC) and validate their functions in order to provide references for pathogenesis, genetic
counseling and early intervention of the disease. Methods  Blood samples from 3 LVNC families attending
the outpatient clinic of our hospital from January 2018 to December 2020 were collected for whole-exome
sequencing (WES) to obtain the possible pathogenic genes screened in all 3 families. Induced pluripotent
stem cells-cardiomyocytes ( IPSCs-CMs) were derived and constructed separately from LVNC patients and
normal individuals. The cells were collected at different time points and validated by quantitative real-time
PCR (qPCR) to observe the expression profiles of above obtained genes during induction and differentiation.
Results WES screened 14 possible pathogenic genes commonly expressed in the 3 LVNC families. qPCR

results suggested that the expression of these genes changed dynamically at different time points (0, 10, 20
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and 30 d), and their expression differed significantly from the normal and LVNC patient groups. Conclusion

There were 14 common possible pathogenic genes screened by WES in the 3 LVNC families, and they are

involved in affecting cytoskeleton, cell polarity, calcium and potassium ion regulation and energy metabolism.
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left ventricular noncompaction; whole-exome sequencing; quantitative real-time PCR
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WES) , 1B & 3o & Y 0 [ Fn & AR AL 5 280 4
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pluripotent stem cells-cardiomyocytes, iPSC-CMs ) #2
RNA SR qPCR AR N 13 #6 5E [K 70 L4
PR R R i RG22 AT e, T — AR
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HEATHR ARSI , S B0 A D (260/280) {E7E 1. 8~2. 1
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1.7 qPCR # X B mRNA #9 ik K-F

#E A NCBI GenBank {#8)%E , $4Z& iz 3£ K] mRNA
JEH, 4 mRNA J7 81 A%k 2 A T2 w) sk, 4 6k
1R85 il it NCBI primer Blast #4751 4745 5 4
Bk, B e B th A LA R 1, SRS R L
SR 4695 CHAEME 2 min, 95 CAE 1k 15 5,55 ~
60 CiE k 30 s(HE YA, R EA ) ,72 C
FEf 30 s, FiRDIRE L 39 MEER
1.8 %itFo#

LA GAPDH JEPRFE R 2, L 27 2y mRNA 4t
ACBUE , BB AR mRNA JKSF A2 5256 2 /0
B 3 K, %M GraphPad Prism 8. 3. 0 3 {}: #4750 57
FEAS ¢ 0 JF I, P<0. 05 2 A geitor s o

®1 ERASIMFE5
FEH SIS (5'—3")
1E X : GGTGACCGAATCCCACCATC

ABCCS8
X : CAGGGCAATTAGCAGCTTGG
F X : ACGCAGCAGTCCATATTCCTA
CACN2D1 B
% L : GCCACAATAATGAAGGGTCTTCC
1E X : CATAACCGCTGTGCGGAAAAT
COLG6A3
JZ X : TCATCTAGGGACTTACCACCTG
1F X : TTAACTCTCCAAGGGAAGTCACG
CPAMDS B
& X : GGTCTGGTTGTGAAAGAGGGG
1E X . GACATCAACGACCATGCTCCA
DCHS1
JZ X : GTGCCAAAAGCTGTATGCTCA
ATI 1F X : CATCCTGTCAAGATGGGTGTTT
JZ X : TCCGAGAATGTACTCTTCAGCTT
1F % : CCCTACCTCTGTGCCCTGTA
MUC4
JZ X : AGTCCCCCAGCCCATTGAA
1E X : CACCAAGGATAAGTACCTGCTTC
NEB
JZ X : AGTTCCGGGCTATCATTATAGGG
EX . CTTCCTTGTGTCCTTGTGCC
PCDHI5
2 S : GCTTGGATTGGTGGCGTAAC
iF % : CTGCTTTCGCACGTCTTGG
PDE4DIP
JZ X : CAATCCGGGCAATAACTGTGT
1E X : CAACGCGCCAAATCTAAACTG
PRUNE?2
JZ X : GTTCAGCACTGGTAAACACAGA
i 1F X : CCCCATCGCCCATAAGACAC
JZ X . CCACGTAGCCCTCTTGCTTC
1E X : AGATTGGGAGGACTGGCAATA
USH2A
JZ X : TCCAGGTGTCAGGATGCTAAA
1E S : AAAACGGATGAGCGCAAAAGT
ZFHX4
JZ X : TGGTAAACGATCTCCCCTGTTAG
1E X : CCCATCACCATCTTCCAGG
GAPDH
JZ S : CATCACGCCACAGTTTCCC
2 #R

2.1 LVNC R&4rEFMFpLR

KER R 3 > LVNC Z R [3 N R AR Ty
Aok KC2018-CO78 (i 2k CO78) KC2020-E160 (i K
E160) \KC2020-E353 (i E353) 1AM i 6 i
FRMBHA R A 3047 WES, R R A W45 827 53 50 %
% 3K R IE] ) SNP (PAAZ IR 2 851 #:17
GO 4387, 345 A= 9 1 #2 ( biological process, BP) | 2 Jiid
2H 1%, ( cellular component, CC) | 43+ 3 §& ( molecular
function , MF) % KEGG B &0 #r. Z5R WK 1.2.3,
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Gap junction- *
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BHESIRTFA20 25 RAEXRE WG ETRE

1 C078 X% WES i) GO ## & KEGG i Bt £ FH = £ 1H5RL
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0 ||||||IIIIIIIIIIIIII ||||I|I||||IIIIIIIII

transmembrane transport - [
Vitamin digestion and absorption- -
sensory organ development - .
teil tr llul: trix - .
proteinaceous extracellular matrix Ao —
passive transmembrane transporter activity - ®
multicellular organism catabolic process - . Pathways in cancer- @
metanephric loop of Henle development -
Rich factor , . Rich factor
loop of Henle development - 25 Inositol phosphate metabolism = .
4.0
ion transport - ® 20 35
Hypertrophic cardiomyopathy (HCM) - \

ion transmembrane transport - . 15 'ypertrop bty (HCH) 3.0
10 25
@ ion channel activity = ® 4 2.0

q§> il g Focal adhesion - . .

= inner ear receptor cell differentiation-  « [
homophilic cell adhesion via plasma membrane adhesion molecules -  ® Input number ) . Input number
Endocrine resistance - s

gated channel activity - * 2 o °

o 40 e 10

extracellular structure organization - . e 60 ECM-receptor interaction - . o B

extracellular matrix organization - .
extracellular matrix component- e gulated sodium ion =«
distal tubule development- =
collagen catabolic process - * AGE-RAGE signaling pathway in diabetic complications - .
channel activity - ®
ABC transporters = .
basement membrane - ¢
40 45 50 15 20 25 30 35
- logyg (P value) B - log1o (P value) C

A: GO ¢ Rm A4 M 5T AR AR F KB GO 24731 20 & 5 K A K #9748 ; C. KEGG
BFA20 25 R ERAXAFENETEE

B3 E353 %% WES i) GO H41 R KEGG @M ERE £ R
CO78 ZR ARSI 2 519 AT RESURHER E160 58 B(Venn) & ([ 4), 4Rk 45F 14 4~ [, 73531 Oy : ABCCS,

ZILIF 585 T REEURIED ; E3S3 XA T 622 CACNA2DI COL6A3 ,CPAMDS .DCHSI \FAT1 MUC4 NEB
AT REBOREEIN ; = n] REEOWIEIN S LI, /45 PCDHIS PDE4DIP PRUNE2 TTN USH2A ZFHX4,,
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Co78 ) ) E353

E160
Size of each list

number of genes

core E353 E160

Number of elements: specific (1) or shared by 2, 3, ... lists

T T
314 1
2

B4 OMBZEUAREEF=ARETERERER
Z&FE (Venn)

2.2 qPCR #&m & B mRNA £k & 2 %

Ay P EBCE % 4 Gl iPSCs F] iPSC-CMs 75 5
S FEHASTE] B[R] £5.(0,10,20,30 d) Y 40 i, $2 5 RNA
JEE 5 eDNA K Bk 14 ASJEPRH qPCR A
FERGIN , 453 PRSI 45 SR S G4 Mr an F s (% 2)
TR E (B S) .

®2 ERHEMEKRKAEPCREIEFITFENX

L2 R 0d 10d 20d 30d
ABCCS P=0.1229 P=0.1499 P=0.3384  P<0.0001
CACNA2DI  P=0.1621 P<0.0001 P<0.0001  P<0.0001
COL6A3 P=0.2165 P=0.9653 P<0.0001  P=0.0002
CPAMDS P=0.0001 P=0.0011 P=0.1965 P=0.0857
DCHS1 P=0.0455 P=0.0014 P=0.0015 P<0.0001
FATI P<0.0001  P=0.0054 P=0.0054  P<0.0001
Muc4 P=0.1085 P=0.0283 P=0.0123 P=0.8844
NEB P<0.0001 P=0.0455 P=0.6465 P=0.0208
PCDHI15 P=0.0073 P=0.5175 P=0.1776  P=0.4604
PDE4DIP P=0.4176  P=0.0076  P=0.0003  P<0.0001
PRUNE2 P=0.0930 P=0.0065 P<0.0001 P<0.0001
TTN P=0.0506 P=0.0011 P<0.0001  P<0.0001
USH2A P=0.2758 P=0.4494 P=0.0188 P=0.0002
ZFHX4 P=0.0005 P<0.0001  P=0.0028  P<0.0001

G BIR TR S A AN R B (1] (%) 3 PRl 22 28 U T
ABCC8 .CACNA2DI .DCHS1 .FATI .PRUNE2 . ZFHX4 %
S BE A I T S, e mRNA (158 5 eI nfs
A% ; CPAMDS .MUC4 . NEB . PDE4DIP %5 3% [F B % 4y
AL ] AE K mRNA (1% 3% 35 8 Je 34 I 5 AP
COL6A3 PCDHI5 USH2A % 3R W% 43 Ak it ] i 4 e
mRNA ARG N TTN JE R B 25 0 4k I ] 2 K
mRNA (335 e E ORIFANAS o FEAS [ 4 531 ) 25
Rk 722 5% 7 11 ,ABCC8 .CPAMDS FEH 1F & 2 595
i 41 ) mRNA 3% 35 & G W] 1 22 %5 MUC4 ., NEB
PCDHI5 %51 R IE 241 5% 4 1) mRNA Rk =M A
#55. COL6A3 PRUNE2 \USH2A %53 1F % 41 5 % 5
20 mRNA AR E A 2R, HIEwHKRE
B TR 41; CACNA2DI . DCHSI .PDE4DIP . ZFHX4
SEFERIE R 41 5 40 mRNA 3236 A7 B I sl i
F25, HBEE LB E], IR Ak m o s Fomdl
JEAR T 0 41 FATI | TTN 3[R 1F 8 40 5 52 9% 41 10
mRNA Fik A ] Wl 3 25 %, HBOW 43Rk
TIE®H 4. P b qPCR 35 iiF 45 2R $2 /8 CACNA2DI |
COL6A3 . DCHSI . FATI . PDE4DIP, PRUNE2 . TTN
USH2A \ZFHX4 %5 3EPR7E 1E H 20 S 9 4 AN [R) Bsf i) s
mRNA Fik 22 SR $OR 5.0 L T H VI,
JE N Rk LVNC A& AL B3 ) AT R SR

3 itig

LVNC 2/ L LAY B & M st 1% M0 DL, 4 &
JHN 0.5%~2. 4%, BHZAED R, I IRAIRE |
Wi 22 GBI TBUR R, 2 b JL 28 (e A )™ 210 148
PIp , X R RS TT R O R W 9 1) 4 AT
o MR BAR) 5 1% R AE AL B, BRAE 3 T 4 0
PRI 4 SR BEA MT B 4 A1 B T2 SR B A AT ) LVNC 384427
T A IEL T o A DG 1Y 7y B R, A 45 5 L/
IAH S R 5 T3 T A DG 1) 5 R RN 5 R A A
SRR E Y T LVNC st i SR, 17
FVF 2 1 BE R 5 R0 1 A AR AR B IESE

ARG 8 1o A S -0 O 14 S [ AT RS
LD I HEAT qPCR B6AIE, & BB 24H 5 1E # 4L AH
IRFER mRNA 750 LIS 3 436 09 AS [R] B 8] 2 A7 7R
FiR B ES, AT HE R LVNC B Eum L, 25
Wk, 3 PDE4DIP NEB . ZFHX4 . TTN 540 & 224
X%, H th PDE4DIP . TTN .0k £ 5 =2 5, NEB,
ZFHX4 O NE Rk 83K, PDE4DIP ¥ 5 # nl g5
SR LG 18 T B WY & A AR ST TTIN B 587
A RE SRR LY S RO UG s ZFHX 4K R
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ABCCS CACNA2DI
8 = EHAL 67 - 34
Jui . i
B ] = wea B | = maa d ;
® K 4
Z 4 [
£ £
= 2] d = d
£ Z
3 = . - :
£o 10 20 30 =0 10 20 30
I Ia]/d [ ] /d
DCHSI FATI
=25 e 35 6
2
K go] AL X
® d Ky
= 15 b b /i =
=101 =
= = 24
-
51 <
4 =
0 10 20 30 £0 10 20 30
I [E]/d i) /d
PCDHI5 PDEADIP
g 2.5 - A g 15
9| o] = X
® )
1.5 =z
z =z
& 1.07 2 5
= 0.5 =
Zo.
T T = T T 1
g 0 2 30 0 10 20 30
[ /d i i) /d
TTN ZFHX4
1\5 5000 - %;}iﬁ g 80
7 il -} d i«
i& 4000 HF%) 60
Z 3000 =
= =40
= 2000 =
= 20
1000 d <
= =
co07 10 20 30 E o
Ffa)/d HiJ i) /d

COL6A3 CPAMDS
= 3007 T A i 8
# o A 6
g
200 i
= = 4
£ g
2100 2 ]
p =K
z 4 2 ] . .
50 FO 10 0 30
I /d i IEl/d
MUC4 NEB
i 157 = iEHH 1.5 = A4
5| uka 5 wka
10 K10
=™ =™
E a :
= 5 ) 2
: Zos :
Z a Z
= =
-0 10 20 3 0 10 20 30
GIEN i
PRUNE?2 USH2A
g 57 - EHal 15257 - EHd
ﬁij - Jﬁzo - A
&4 &
£ Z15 .
juesg o
=z =
S 2 =104 .
B d 1
é 14 b d é 51
= % : .
0 1020 30 g 10 20 30
B 1al/d i/

a:P<0.05, b:P<0.01,c.P<0.001, d.P<0.0001, % % 20 /45

BS UWARREOIEZUAEBEEAESERAEFTSSRETHEE-OAMAMEAERE R mRNA B3 REENTLITEE
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