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o R S O B B B RS AR PT DLEAT B2 T, (R AN RRAE S HL IR AT o WF T IO UVLER 8 1 45 5 52 1 C(cardiac myosin
binding protein-C, cMyBP-C) % K 2875 5 HCM Z V1M 5%, #£ R cMyBP-C 5 HCM 155 &, 1] L3 HCM [ 5132 i 51697 S it
83, BEETIE . SCEX cMyBP-C (17> 458 540 TAH EAE A, Ho 55 HOM (196 5 BA RS- Bt H IR AK eMyBP-C 2 Wil 5% O
JUILER - ATP BRI 106 T7 T SRR T VR 34T S50k
[E§ER]  JEERLOHUR ; cMyBP-C; 2 W7 1697 s JLE
[(FEHES] R7254 [3CAkFRERD] A
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Research progress of cardiac myosin binding protein - C in children with hypertrophic
cardiomyopathy

SHEN Tong, HU Jing, ZHANG Haiyan®

Department of Cardiology , the Second Affiliated Hospital of Nanjing Medical University , Nanjing 210003, China

[Abstract] Hypertrophic cardiomyopathy (HCM) in children progresses faster and has a higher risk of sudden death, which is a great
threat to children’s life and health. Presently, echocardiography or magnetic resonance serve as auxiliary diagnosis, but these methods
lack the capability to detect the disease at an early stage. Studies have found that mutations in cardiac myosin binding protein-C
(cMyBP-C) gene are closely related to HCM. Exploring the relationship between ¢MyBP-C and HCM can provide guidance for early
diagnosis and treatment of HCM in children, ultimately improving prognosis. This article presents a comprehensive overview of cMyBP-C,
including its molecular structure, physiological functions, relationship with HCM, as well as the diagnostic potential of S -
glutathionylated cMyBP-C, the therapeutic potential of myocardial myosin ATPase inhibitors, and the gene therapy.
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oS S R R R O - MYBPC3 43.2%  MYH7
24.2% . TNNI3 13.7%TNNT2 11.9%.TPM1 3.2%, 1]
L MYBPC3 RAE KA Za7 iy T MY HT7 B HoAth 35055 2
Ko 4 EREENR, R 1L IRAKREE, X
29 50% LTS 8 R R R HE 7 5 78 15 SR B VS
Ok FE N HOM, Horb % B0 B R 40 i Z208 : MYBPC3
43% MYH7 66% . TNNI3 17% . TNNT2 50% . TPM1
42%- % Fh A8 5 63%, 7] W, MYBPC3 41 & R,
T A0 I 5% Sk P A 2 e 5 1ol )5 AR 8 HCM
(0 AR, T 92 5 0 R N Hh fif B MYBPC3 5 3 42 il
MEE R MR . BT MYBPC3 1 & R
A 55 58 ik S TN ) AS HE R, 6T L R R )
HCM, 15552 FEF 7t MYBPC3 548 i 5| A2 ) cMyBP-C
U LEE HCM 2 W 57677 1948 552 50 X cMyBP-C
HEAT BB AT R 26 AT LA ) LEE HCM (1912 W7 A Tl
JE VPGSR AL T £ BRI i

1 cMyBP-CHIS FE&ME R FHREERA D

L1 T84

WUER 2 145 & 22 1 C(myosin binding protein-C,
MyBP-CO 3 FlE AL, 1 AN A e o 1 b i) AN [ 5 A
& B TR A BRI RI R S50, #2 th 7~8 sk
BEREE [ GGmmunoglobulin, Ig) PA & 3 A4 4 25 1 J&- Tl
(fibrinogen, Fn3) Z¢Ji% i BRCHR 45 K4 3k pie 1, [ IS
W EA 1A MERIOERE C1 AT C2, LLR A & 5
R AN TN Z R 1 [X 38, (proline/alanine, P/A) {7 T N
I (BT 1D o Hodt eMyBP-C A2 0 JUL4H B A 1, 72 3
A IR I ASZ, Fe WA 5 A LR 8 I A
L, FFBAA AR — AR BT PR C B ED , (HAEBE 5 #IE
B WU AL 7y, RAIFE AR . cMyBP-C 73
AT T OIS I A 7, 5 LR 22 3 ELdEHE, A

(A2 43 nme %450 F 1 274 N FEBRREE A K,
43T 8214140 kDa, HAE N 554 44 CO 45 K35,
M G538 4 AR AL AL 2, 43 51N Ser-273
Ser - 282 Ser - 302 Al Ser - 307 ( /v f& , Uniprot 1D
070468) , 3 HAE C5 25 f s b A7 1 AN B Ak 1) 28 M2
FEMR IS, Z A I RR O ERF e VR4S N, A 57
HHE R cMyBP-C IR Dh e ¢, (B A frite— 2
w7,
1.2 ¢MyBP-C 5L & & &9 48 Z4E A

cMyBP-C FEAL/N T AL EAPR T A 77 1) C
X, i@k ¢7 F1 C10 45385 Nk & B B8 L
PO A 2R MR s A A e e« b
CO &5 1 30d 1o 7y 1E W (I S 6 R 5 LBk B B AR B 1Y)
14N X[ RS 1554~1581(NRw5) 1454, A
i C7~CO RN 55 )1 R A 0.5~3.5 pmol/L
(R AR, oMyBP-C AL T R G H=
e U HESE X (B 2) . BT cMyBP-C SN (1)
= JUART % 2 1 R AV B i, AN AEE VR 2R
EHAL S FE R A MUY . R EAER
34 eMyBP-C 437 5 5 B [ SR L 22 T8 i = 5%
17 BRI . cMyBP-C £ 5 i ULER 2 15 3k 34
(G, FEREmm 3 2H LK 8 1 A0 A 28 A0 I AR
(AR ELAE T, X RE R E 1S eMyBP-C 43T 5t 7] LA
3 WIERE AU, BRI S BRI AE X
cMyBP-C W IEH Dhaeth A HEAEH . HRTSRI T
Z /1T R BT, B TR B cMyBP-C 11 L B R
HehnsE 5 R & B BPE T, s Ll B B S LK
WA BRI X 2 T 8O SN
FR R AR N SR I R, £E HCM A58 Hh e
Pl cMyBP-C ¥l B 1 2 1, 1 ] 3 ik 52 min O UL 17
WAL R T 2 5 90 ) R LR

ssMyBP-C Mysrcl N-mm(Ch)/| (C)EHEHEHECOECHEHE)ED -c O Fn3

£sMyBP-C MYBPC2 N-r—(C1)/| (EE)CHECHEHEDNCEHE10 ¢
(]
cMyBP-C MYBPC3 N- (23X COTDCEC)C19

Schematic diagram of full length slow skeletal (ss), fast skeletal (fs)and cardiac (¢)MyBPC paralogs. Each isoform comprises three Fn3 domains and

@

seven or eight Ig domains. The known binding partners and positions are indicated by the horizontal stripes. The phosphorylation sites in the P/A and M

domain of the ssMyBP-C and ¢cMyBP-C paralogs are indicated by small black ellipses. The cMyBP-C has an additional 28 amino acid loop in the C5 domain.
E1 3#MyBP-C TE REE
Figure 1 Schematic diagram of three MyBP-C subtypes
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43 nm

cMyBP-C

myosin

With a total length of 43 nm, there are nine myosins, and three ¢cMyBP-C proteins, divided into three groups. Three groups of myosin heads are

arranged in aa triple rotationally symmetric spiral array, protruding from the trunk at regular distances. Three cMyBP-Cs, with their C-terminal domains

C7 to C10, bind to a series of myosin tails and extend to actin.

E2 cMyBP-C7EAHRALL P =248 JLIATHE

Figure 2 Schematic diagram of three-dimensional geometric arrangement of cMyBP-C in coarse myofilaments

1.3 c¢MyBP-C 5ML3h & & &9 48 Z4E A

Ig Ff CO 8l 0o JUE [F) Bl L i 45 A 1), T CO A
Cl Z M E &R X IAEA S5V E A &1
JF B, 3% 6 7 51 A IR SELE AN [F] (R 4 o A7 7 22
S Risi PR RIL, C1 S5 K301 215~218 5%
£ (Arg-Ala-Ser-Lys) # 6 1 — 71 1E HLAT (I3, IF 08
AT JE ULk 1 S H e B S5 44 5%, T 5 TR LER
EAEMBEAER, 0 co Ziikiae . Aatahtt
SIS AEMAG R ATP B I 8 AN B Sy A A AR B
cMyBP-C 5 S FIAH L2380 5 Ca™ BRSPS 5=
SR, 7E =045 2614 K 5 cMyBP-C £ [ VL3 & 13 5k
A0 L 22 (1) ¥ h o I PR AR LR 2 B 1 ATP B
PR I H S5 RS A Sk w4l 22 B4 &
R MR B AH B, FEAIK Ca™ 56 A1 T 5 e N 3
SN E AL G, R EERE S, BT
REOSMI 246" EE—RME, DMK
W, WLBN AR 1 22 (AL RS X eMyBP-C [RRR 52 45 Ky Ik
Rk, HA Co~C3 B S8 F2 - 3 n
X Ca™ PR , T3 1 N 3 F BE (CO~C 1y BERI
FAHT 17N M 45 FREE N CO~CLf B Re 5 4
W22 55 &, AR Ca BUBME A ST 455 A s
XRM T FEWM cMyBP-CENLEE A BRI K
HgE IS 255 AL R

2 HCM 5 cMyBP-C Byt &

21 AEARE

IR, 1500 24N AT fe 5 HOM A 65, H
HMYBPC3 5 HCM # JJAHSC . cMyBP-C 2 K R AR
F 5 R 2 AR R AR A S, v e e Y
SRR [ LA R I 7592 . a8k e A 9 AR (g 5
)4 FECHCM B3 | A FE R A & k2

By, TS 22 JIR B AR, fih A T A K mRINA [
fit (nonsense-mediated RNA decay, NMD) Fll7Z 2% - &5
1 i 74 3 4t (ubiquitin-proteasome system, UPS) ]
W, S eMyBP-C 1 B AR IE K B AK, 2 HCM
() HE AT AL MYBPC3 JE AL Y ) e R AR
Cans SCRA FIHLHE H BT AN 72 5 Spudich S 2
$2 Y mesa fi Ut MW 1 5 MYBPC3 $8 LA K1
RSP, BN N2 — P AT BE AR RE ™. mesa i1t
Fe K WUBR E F 38 3078 BIE 1 — MR PRI R
Ifi, 25 cMyBP-C BUYLER 8 [T o S2 Fr BU AR
HAER, RAGEWIERE AL ABE5 K . HCM RAZ IR T]
RE 23 R b 45 1 RS P, BORNLER B =k 5L
FE AR, s S BoE

MYBPC3 5 42 5] &2 1) HCM I JR R 3L 2 #
MYBPC3 %742 (6 B IO E I BEFRAG . MYBPC3
¢.2149-1G>A FA% 55l [ ALK | e 0o 5 3 1 50 K fr
BRI 54 ARG SR, 455717 MYBPC3-Q10961X
(N, ToiR o A 2o O B AR R, #R BH 3 = )
[ R . G 1 e gl 7 MYBPC3 i
RAZ W] HU™ HE HCM E A, A2 O s ZUH A
S A E] R R 451, IXAE LB R B R . IXLERIT AT
W], X MYBPC3 RAZHE 7 & 5 I ol A2 1 e AL
RN, T BEER AT FUR LA I 2 3 2 32 A PR
2.2 #EEMSA

cMyBP-C (15 5 J5 B 1 A 5 B IR A . S- B e H
JRA ~ 2T A, T2 A R T 1 15 i (O-linked B-N-
acetylglucosamine, O-GleNAc) b, H AR AL F1 S-2¢
ot H Bk AL R BLA 0T 7T L AL 2 OB R B 1 . AR I
ZJLE R, IR 2 25 % cMyBP-C I 5% 2 14 33E 47 i
7., P14 e MyBP-C BB A4 55 Ho At LY (109 AH BLAE X
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O IEWCHE A R KR, A AL E
ity C %5 1 £ OV d B O T SR B O D AR
WER S6 R 1E F T cMyBP-C [ M 45 /) 380 iR 1047
K FETTSE M LT 25 K M D) RE . G0 o 1 I8 A 1Y
BRI T cMyBP-C i N I X 4545 5 ULsh 3 UL
BRER (4-S2 B WLZZ 1) Ca® BURMERY . cMyBP-C
N iy [X 35, e ) 2 Tl I M5 A3, DL Ca™ i 77 N 5
5185 A (calmodulin, CaMAH EAE R, CaM #&—Fh
UL Ca™ 24k, EAE5 Ca¥ &5 &I Al A1 JLAS H AR iR
45 G HR T S, Q0 Ca” O I . N I (C1-
M-C2 Z5 K380 1 5 WUER B F 1 S2 v B &, SE AL
R e PR, mT DLIE S cMyBP-C R85 R {6 F1
R AL K B2 W 1T LR & 3 AILEN £ 1) 1) AR
HAEH . O NUIUB S A B+ G AT LS i = e 2 R
B S-A e H kA . AR A BEH IS AR
A e H AR R A5 20 9 100 1, B 7E S840 B 08 i 1
DUR AT 101 AL TAR ot H IR T A LI 2 = 9
BT, TR Tg A3, A R 2 D =R 2 D
HIRAL, B L 22 Ca™ U A , BT 175 A O) B 5 1
a3 ) LET Kk D e R A, 0 UL R AR JE DL S 2
Hep e, RN cMyBP-C B S IIIse e 1
EZ (=31 s S Y 3N A S W Y R (A E R
LA S YUT W i PR Ca® BRSBTS, H X LS
B JE B AE 0 JU 0 B A B 2 o 4R AT SR R adk
*55}?%[”0
23 MRFaMEGAT

FEWLFT o, AT LR 3 3 MO R LER 8 A R
W 153X LK G B AT AT DA RO UL BE T A
FE WL WA o o R b, 2 2R LB R B H
PSSk 5B E R Es & o ENLAL st Bl &7 5Kk i
FE, A P E LR S A G, BIEEAA 5t (super-
relaxed , SRX) FIJE 7 44 3t (disordered-relaxed , DRX)
IR, KPR RAL T B P4, SRX J& —
LR FORTERAS , ZERX PR N WA ATP B
WAl ; DRX & — M LER R A B VIR, fE XA
A NUIBRE B REWE /KM ATP BEISRE =, S 9L
HIUSCAE 30 25 K6 23 B 00 5 T, T k) R o 4L
BRER [ Sk ALK (Ginteracting-heads motif, IHM) #3/],
JEORA B LR 2 1 23 70 AEWLEREE 9 SRXAR
ST, ATP B 13 A AF 5 18, 10 ATP K iR i% 3 5
DRXCIRASA J%: cMyBP-C R IL (21 DRXCIRES, Lk
HEHH cMyBP-C FIAHEAE HAEE 1 SRX F 2,
Toepfer & ¥ & | cMyBP-C i [ /]y BB A, & B
A R B, Mybpe3” /s BR AT Mybpe3™ 71y B DRXCIR 25

WLERER A 23 A3 N T 50%F194% . # FH 0.3 pmol/L
MYK-461 A /NS » Mybpe3' /)N BT Mybpe3™ /N i
SRXCIRAIUERER E 73 3G 0 T 65%F170%, {8 DRX/
SRX LU IEH AL, UER T F MYK-461 51— AL 38 L
BREE 7] LAk 3% t MYBPC3 2878 52 i LT Th e
fig, 24 1E HCM f 20 R I ——US 48 1 3G 558 & 7k PR DL
SIATATPIHFEL 2 .

3 c¢MyBP-C 7L HCM H Bl R Kz FA i 5

3.1 S-BREH KA cMyBP-C 8935 7 AT 5

H A, HCM A2 520 L AT /AR 3 2 K8 L
CM LI, 2 BRI A O UL I FE AL 446 6T 5K Th g
F. cMyBP-C [ S-23 bt H Ak o] i S8 A0 (5 = 3 o,
M 512 Ca* U 3G 0 R0 A M B 77 2 ek 1, 2
HCM 75K T Re B A 150 7 )5 R . Rosas %774
I35 S-43 Bk H Bk AL cMyBP-C 7] fig & — s L3 fig
Fr&EW) . Zhou S5 T R ILA O LAY 5K D) R B g
(1) 52 L S-23 Bt H A cMyBP-C (1) & 2
O WLET 5K D g 1R H 2 1 (1.46+0.13) % . £ T
JFR R 1) B 1R 2H 2 IR B — PP AR A LS L e AL
A 0B 5 S (0 5 1 R 5 0 I A A 0 A O
(IR R S I XTI PR 2 S0 M, Rk, Rk
JE L AST WU AR BRI R 1 S - BEH R AL eMyBP-C 5
BRIZW HCM &)L, (B VR0 A Frilt— B o
3.2 SSMUILHRE & ATP Bgdp &) 7] 6976 77 7T =

cMyBP-C (1) R AH G A7 s A BT 6 ATP B
PEFD Ca™ BB M 1% il — 28 521, {81453 DRX/SRX L
5%, BB YE T . Mavacamten (B MYK-461)
A1 Aficamten (Bl CK-274/CK-3773274) =2 O IUVLER &
H ATP B0 77, 2 3040t 78 A 7 7119 HCM 6
JTL T BT LSRR, 3 B R AR L
BREE A TR & D AR B IR PRI, (EIRWIBREE
H IHURAL 53R, Db He ATP BEE 12, Mavacam-
ten fl Aficamten £2 € | SRX #4244, A] ffi DRX/SRX Lt
EaT 1B, 5 OILIRE . Mavacamten 1] i 35 [F
IR HCM 2 1 7 0 900 Hh 38 VA T 22 FE 7 v i ik
A B, Aficamten ] {345 FE P4 HCM & 19
e 0 ZE Y TE W AE T 22 3 BRI, el R Y.
Mavacamten - MK, K26 Ji A GEik RN Fa 50k
P&, T Aficamten (1) 3 BT, 2 J&] P9t g o 21 A2
AP, EEF T EE ST . 4, Mavacamten
(N 3 BRI R IR 56 (EXPLORE-HCM %) &1 4
e, IET 2022 4 4 R TR E B A2 E
TR HIEAESY, 78 7 [H , Mavacamten tH ©. 4 f1 [E 52 24
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i B R SR A A T HOM 8. [RIRS, X6 Aficam-
ten [ HF 7 B AE BB IR AN BARDIINLER EE A
ATP B ) 770 75 B AF BR 3 R (RRIF 2 3 A 28, (H 2
BAELEEE PRI B = . T, Kinnear
SEERECHCM B L5 5 2 68 T4 B Sk 5 10 UL
4 A, I 12 00 LA X b 3 2R AN TR 25 4 1 7 R%
BRI A 40 25 W) 4 e oK RN 26 FE 9 7R AR LG, BB 1)
O WUVLER B 1 ATP P40 1) 770 e % 58 58 4 Hh 2 147
FE MYBPC3 5 PR AR 1) 5 O JULH i 38 B —— e
AT IR ThRERERS  Ca™ W S AT ATP BEE PERG 3. 25930
J7 ¥ ) LEE HCM I AR IR 1 S A6 97 77 200, 1F
FLC UK 1 ATP BEH0H77E HCM &L 6T
R AN 2 PG 4 A B
3.3 AREJFEATF

HCM ZERVEIT (1 3 4> £ BLR 15 2 56 R B )7
2%, BV IR R A R R 2 1 R R T2, 4
TETETE BB AR BRI Can e SCRAS) s FERITBRY T, B
F/NF3E RNA (small interfering RNA, siRNA) &7
FIIRR B R RIE , B A B TR . Argivo S5 UE
FARRAE 0 5 9 UM L RIG T IE ] T R4 &/ R
HE ) AN MYBPC3 B A K HIT 2%, Ma 5558 A
CRISPR/Cas9 J& K| 2 5 £ AR kA& K5+ MYBPC3
KR (R RS 4%, a0 5 CRISPR R 71 5 8 1 8] 5 93 55
72% [P i B 2 H B 44 B MYBPC3 5 [, 1T DL
IEEAG, By 1k HCM . 43/ RNA (micro RNA, miRNA)
HIsiRNA #J& T HAEZw b5/~ 70T RNA, miRNA 501
S M AER A AR TR DG IR T IS AR 0%, )
PUER B _F i miRNA A] G X% HCM &35 /0 15 A 1
Mo B ZHEARDAET 5258 B B, o miRNA-133,
miRNA-451.miRNA-21 55 T @ i 5. miRNA-451
PE BT AR K B0 UL B Hh ot FE 3R, #k) TSC 3Rk,
TSC1 /& miRNA-451 [ B 452 4 550, miRNA-451 18 i
YRR T I BE SR A 5O BEAE K . miRNA-451 1) F
VA AT HCM B & &, PR 6 AT £ B miRNA-451 3R
7 )LE HCM™ . BEPRVATT 2 ILA IR 78 #4 , A Jik
DRI 1) HCM AR LAE A Sk i i B R A 7 A 3 K 1

PN

cMyBP-C 1E A 5 WLzh & E LBk E B AH BAEH
) E o, HOR AR FER TRAL AT IERE B 4.
R B TR A S B VR S5 B AT R s e 0 JUE PR AT 4 AN
ik Thae, 5)LE HCM % YIMHK . JLE & HCM &
F I —ANREER EE, AT ARG = 5 PR 2 S it A i

PR &5 JAE 7 TH I BEE B AW B4 S48 e 1k
1k cMyBP-C o IUULERER 1 ATP B0 751 DA B 2 1A
ST 8 HOM LR W 5iayrii Rk 7 52 ]
RE, 4 Ja T AFE HCM 8L B I 28 77 T 3R 47 58
Z Wlm RIR RO -

FZEHRFE A
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