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Abstract

Objective: To summarize the clinical and genetic characteristics of a neonatal X-linked myotubular
myopathy and review the literature. Methods: The clinical data of a case diagnosed with X-linked
myotubular myopathy admitted to the neonatal care unit of Woman and Children’s Healthcare Hos-
pital of Linyi in April 2024 were retrospectively analyzed, and the relevant literature was also re-
viewed. Results: The male infant was born with a gestational age of 34+! weeks and had a history of
birth asphyxia. He had a large head circumference, cryptorchidism, low muscle tone, respiratory
and swallowing dysfunction, and eventually died after his parents gave up. Whole-exome sequencing
found a nonsense mutation ¢.70C>T:p.Arg24" in the MTM1 gene. Based on the clinical characteristics
of the child, the patient was diagnosed with X-linked myotubular myopathy (XLMTM). Family vali-
dation showed that the mutation was a new occurrence. Reviewing the literature and searching the
database found that there are currently few cases of XLMTM caused by MTM1 mutations reported
in China, with a total of 18 cases in the past five years, and relatively many cases abroad. As of April
29, 2024, the MTM1-Leiden open database has found a total of 598 mutation sites in 568 mutated
individuals. It has been reported at home and abroad that most of the phenotypes of this type of
myopathy are severe, often onset in the neonatal period and death in infancy. Conclusion: A case of
neonatal-onset X-linked myotubular myopathy was diagnosed by clinical data and genetically con-
firmed, and the MTM1 gene c.70C>T:p.Arg24" was genetically confirmed to be the causative muta-
tion in this child, which is the first report in China and abroad, and expands the spectrum of muta-
tions in the MTM1 gene.

Keywords

MTM1 Gene, X-Linked Myotubular Myopathy, Whole Exome Sequencing, Neonate

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

H L% U (centronuclear myopathy, CNM) X AR UL, & — 4L EE B e r se RN, Hom
R RO b S LB I 2, 1 BT 4ER i 0Tt 1 A 4E00FS . 1966 4E 1 Spiro 1 IRIE[1].
CNM # WHIBUREE R A 30 & A 2 (DNM2). HHEES T 1 (BIND). UMEES 1 (MTM1), 235]
WG OAR R QORI X IEBRE R T JAZ IR, DNM2 RAZFREL CNM oy L, Hikoe
MTMI1 ZAZFTEL X &8 fa vk 15t % 1 S AZ 195 (X-linked myotubular myopathy, XLMTM). fEIX = Ffidk K 5
A2, MTMI RAEFTEH) XLMTM U R R i o™ o, H AR A ) LT R 2 LSBT 2], Ao AR
H SN T, Lotk ACRER B I A A A IR AR FE LI R (3] (4] AR ) LIRS 1) XLMTM &
BRI R IAFENIEK IR « BRI B ERPIR DI RERRRG DAL I T HE45 (5] [6]. AR FiHIE 1 6] MTMI1
FEDRAR S B8O AR UL AR LI IR PR R Y, % HadkAT 4 1 5 7l /7 (whole exome sequencing, WES) /& Sanger
WUFFIAE,  FERTAR S FE D AT AL 508, IRAGIE PRIZE T MTMI1 FEPR A% 3 B seh Sz U AR

2. MREHFE
2.1. &R
EEL 2024 ERLiL TR O ERSH A JLERE R =1 181 X ST R VU £ LT 7%
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R AWITIET T EE G PR S22 1 A (QTL-YXLL-2024069), LW A28 T ik R BT 7850
BRED.

22. &

2.2.1. IEFREERSE

RELURARTURE, WIE: BRI L B E, LB DO R AR s SR k%
B, LRELEEARE. LRERECFE=REM. EH. BIhEE, 820 RN &0k
HEFE L BRI SE AP SR L B R S R IR T 4155

2.2.2. £5pEFMFF(WES)

FHEUE LA RS ILAE 2 ml, i H RAR DNA $EEGR G HEEE R 4 DNA. H xGen®Exome Re-
search Panel v1.0 (32 [E IDT 2 ") 3R iAG0 Edk 47 SCEM &, A 1lumina HiSeq 4000 ~F- & (36 H 1llumina 2
FDIAT =B T o P FIREE N 150%, BrA XIRIIA BI>20x 7 55 1 o AR B _F 3 0r AR A AR
VIRLZERIE TR 6 A o AR 55 B 5 2 0 4% 25 15 BE IR 4 27 22 25 (ACMG) 2 57 A DG i B HEA T A8 S BUi Ve . AR
5 WES 94558, %8 ) LA BE#AT Sanger M5 46E

2.2.3. XHER[EIM

fE CNKI. /778 e & PubMed S5iEATSCHRAS R, ke sinoh “hIAZ IR~ S0z
“centronuclear myopathy” , [FIJBiFE 247 4 48 3 8 SRR AL, AR3E MTMI1-Leiden FFISCEHE 22 1 fi
MTM1 J [K] [ P9 S8 7 4

3. 58
3.1. IERRER

BIL, B, HAEFR “HREs 347 H, KEEHARE 21 o807 ABi. BILRE 1IRE 177, K B
Rk, BRILEANEE” FIEre, HAERE 1890 g, /KN, M. MREIER. PRiicolirmE, 2a
B R Mashb, 4225 A A SR F K 2 CEKIR S 27.0 em). B LAEE EIKE 5. T H PR,
TR PYSBANER . 03 60 IR/5y, TUEEEIHER, 1 min. S5min. 10min. 20 min Apgar ¥F55 5 47+
655 748 845, THJG 13 408, FREHA HMIERES), Pk kTS, Nk kNZE, A6
WEIRALARBIIEIR N B EREIR S, 4 B 2 AT, 72 B R R BRE, XU k3 it ik 2 kL
WM B FEZS K, Aofih S A ZEUERSTHE (D), kEmA, WEFRK: AE 1890 g (41 P25), K
46 cm (2] P65), k[l 34 cm (P97), MAHE 26 cm, JEH] 23 cm. APFi/5H GIFRALAHBIE SR E)LE F 0T
We55, SOE KPR, R, B EEERA, B 2), EIRMERIEm 2. T LRI
BN SIMV + PSV ML E H ERFR, TEEbl, m&ATHSE 8 K, RKIEREGHEYT, W
J5 %730 min B JLAETS.

32. IWERHBFHUEER

= REMARNSEF, ISR EE(CKOAE LW B, MR m] W A4 (e 3), Pl 2 R L5+
PR IR AV s 57 LRI SO TR B8 S B L fe,  19H 3 SO0 52 Sk B S 75 2 e XU o 52

33. ERENFER

LA RTINS RN )L MTMI ZERAFAE NM_000252.3:c.70C>T(p. Arg24 )2 53, %48 53 AT
RAZF(E 4). Y ACMG 7 AH B FE W EUR 4 5 (PVS1 + PM2_Supporting + PM6), HAKIEHE
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Figure 1. Abnormal body shape with oversized head circumference
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Figure 2. Hanging wrist
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Figure 3. Thin ribs
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MTM1:NM 000252.3:exon3:c.70C>T:p.Arg24*
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Figure 4. MTM1 gene mutation c.70C>T: p.Arg24*
& 4. MTM1 ERFE R ¢.70C>T:p.Arg24*

WIR, PVSI: J&XRAE, BRSEIear &I %1, MmN EAES 24 MR R A8,
I & A TE A S 1) mRNA [##(NMD); PM2_Supporting: 4 ESP ¥# . T AKdEE . gnomAD %
PEPE AT, %A AL S B = ABEAIZN 05 PM6: R E AL R .

34. XEKERER

[ SCER R R R B 5 F R EILIRIE 18 1] XLMTM (L3 1), BFEIGARERE 1 3 WJ””,%%%
HA DY MR =g 58 BB 1 (7] Padbid o LB R 2 fl[8]. RN H LR FE 2 #1[9]. HH K
B8 ) LRHEE BT 5 6I[10] [11] iR ErRfEre 2 BI[12]. e i s — N REERE 1 #[13]. %T@%Km
B BERE 2 B[ 14100 ML R & KR RIAE 3 BI[15]. K ARKIE 3 FlhseiEs 28 %, A “EhiE S
B, AREHUE” w2, SHBHMTR REFRBAEIHEW 318, JeilE 5% o6 AR BIIERHIF MTM1 2 X
RAZ, LT 5 SHMNE T URAE ¢ 251A>T(p.D84V), IGIRFEABNEAE . F40 15 B3 938 A ) LI AR
HI8 MTM1 BRI R4, AHRAGAL & AAH A . 2 ARG A % s S I RHER I, 12 BB T, 55 3 43
A IR 590 e A I L

MTMI-Leiden JT 3 7 (http:/www.lovd n/MTM1)# 1E 5] 2024 4E 4 A 29 H, LRI 568 4357
AR 598 N FAL R RN B2, HARZHA TIMNEF 11(16.2%)- 8 (14.0%)- 4 (9.9%)~ 9 (9.7%)-
12 (8.4%) 3 (7.7%), SEANCERIRE —5U[16] [17]. 2013 4 Oliveira Z5[ 1813 H T % HUEIE ZE 472 4
R 474 DN RASHIEAR(BUE 2012 4F 6 H), KRIVKEEEEPIMNL TN 8. 11, 9. 4 F1 12 (3%
BB P HES), IXLEA B B RAS JLT 7 BT A A5 1) XLMTM il —F o A Bt 1) AR 2 2
AL TR B (5 B RALH) 68.8%), FIAHsr 9. FE . o s BIFEER IR 1) RAL .

4. Wig
(1) XLMTM HE 4,

XLMTM & —FF WL &R A RENRE, BmILIVEEAR MTMI ERRESE, N X iE
Bk . EAMRIE XLMTM KHRFEAN 2/10 73 B4 )IL[19], RE MR RITR 2 5dE, 25
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Table 1. Phenotypes and gene variations of 18 patients with centronuclear myopathy with MTM1 gene mutations

= 1. 18 fl MTM1 EEZEFHRZABEENRERERLER

BiFE 5 I PR IR Ap AT 4 TRFM  HiE
g 362, KD, HERE, B, chrX-150649714, e o 20K
FREME, B, WRICETEIT)RERERG ¢.868-2A>C = BT
o g 39FSHL DR, KRR, WIRIIRERES NM_000252:exon7:chrx- ) T
149809740 ¢.529 2A>G
3 40 J§, BEE=RE, PEKME, PR FEIIEE NM_000252.3:exon8:chrX:149809 -
P 877 ¢.664C>T(p.Arg222") )
4 5 34, RE=RLE, WRAEHEIRER chrX-149832040,¢.1602G>A - AR
s g 3O RPREEL WS, WIS 0002522..142005T - EEEEZE%
6 5 HERR, HIE, UKAWAK, TRk NM_000252:exon12:c.1262G>A - KRR
7 9% EERE, HIE, KK NM._000252:exon10:c.1053+1G>A - RAR
8 55 38+4 i, WIBKJIMK, WP K FHIE ) ReREfG Exon4:c.231+1G>T - T
9 5 36+2J, NIKIME, PRI RERERT Exonl3:c.1446_1447delTG - AN
10 5 %%Zf’ BREER, Nk, PR IEWY) Exon9:¢.832G>A(p.D278N) - BT
n o 33 LEJ BERE, WEKME, WP EEREDIRE C1261ASG ) G 2‘1%
fefis BET:
38+4 Fl, EEREE, WKIMK, WFRAGHEI) 4G 1A
12 =B (e c.342delT - 18 FHBT
40+6 F, BEER, EWELE V7 TR, T . wo e B2 H
13 5 Sl WS, TP 7 Exon9:c.142G>C(p.E48Q) X RAR 24 FHET-
37+4 M, HERELR, FKIZL, WFEH, & MTMLc.584G>A p.Cys195Tyr R 43R
14 5B & 0Py R AT AR RYR1:¢.6251G>A(p.Arg2084Gln) 4 3 275 ;E
F ¢.11516G>A(p.Ser3839Asn) =
37+5 8, RERR, B, NN, BEm, e EJE 4T K
15 5 G I 1 A O LR c.1116delT p.Val373fs g RA BT
Jeifd, 28 %, HERHEEEESL, ALK
DRSS, ANREFRHL. faRSEY), WA T IE, , ) e .
16 5 TS, WAk, BRI “v” =, Exon5:¢.251A>T(p.D84V) BN AR
Freptank, AR 2T NS
SR A, 22 %, HAEREE EEER S, _ o) e .
17 % SRS A 2L (B T W Exon5:c.251A>T(p.D84V) R A
JLEFE RN, 18 %, HAEREZEEERE,
H S RIS 55, AN H AR S, LRk, . b .
18 5 (R S I R AT, B0 L BRI 20 Exon5:¢c.251A>T(p.D84V) HRAE ARG
71, LHwHEY
34+1 0, BEER, KEX, B, hER, , . v e 8K
A5 B WUk 6 WP 7T S R e NM_000252.3:¢.70C>T(p.Arg24") T XL RAZ -

Fyib E A EHRIE T 18 5l MTM1 2848 XLMTM. MTMI1 :EAS 52 S8 X S8 et CNM K&
BHZE, (HKZ) 30%1 XLMTM 838 2 DRy AR RIS [14], 12 Wik T 3 (i BURRE . MTMI
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BT X Gtk KB Xq28 i, 115 MME TR, MISIVE & AR 2R R 4 k. SR ATE
AR 4 b e A OSBRI A D, 2 5 LA B 22 0 T 2 R UL PO TR R 15 12010 BRLIEE MTMIL 2[RI ) 28
AR R IVE E O ENA R § AR IER, SEEABMESS . Pk RPN . 6=
RS2 SR 77 T CNM (835 w] R I LG IE & B T [21], FAt ks ga a8 RTCRENE . A HOE WS RIR
FITH A WA E AR A8] [22]. A K XLMTM R JUAHIRHET 5E[23] [24 3 m A ZE R J LI ] IR K it
2. BREhiRD . D E .

MTMI1 RAE XLMTM K r A B R MR LB B R A LT, B LE —RE XL, BAEAR
REfE PR, fAiGEEERINEM. PRI T ALK [6] [8] [9] [14]. K& 80%IH) X HEBIK
B A% Hh JAZ U 55 AT HE AR B IR E PR LRI G D R 5K U8 5 SOV R R A R P IR AL A4 (R g 7Y
FEAR) e KL — 2 BA g™ 5 A ) AR A 53 B 4E 18 N H RISET: . MR IhAE AN 4 XLMTM 38 W
BT JRF[6]. MTMI A8 oty 5 B B3 A LU I Bea%, K0 Ve 5 AT AT IR R L,
X LR RIS AR R B L PR A 2 R O™ B AR [3] [6]. AW LA AT B RN K
%, ARSI, HARAZEL, WRRIOIFR A Pk &, B EEshikd . TRk
S, AREE AR WK FER K, AR FR AR IS R, 55 U AR — 3. B S5 R AR 5L MTMI
BERAEAE NM_000252.3:¢.70C>T(p.Arg24") A 5, R ARBIE ) LARBAT A H LR B 2R f, HE5E6 8L
BURLIG RAFAE SRR 5 3, TS T .

(2) MTM1 Z& A D e 5 o 1%

MTM1 & H @ TR NEE R R 505, %K BT 14 iR, Hd MTMR2 & MTM13 RAZA]
SEMEEESE . MTM1 HEFA T X Jeafh q28 £, HEFEAK 104570 MR, & 15 MMET, s
WMAE RN, B TR ERRER . MTM1 E AW 4 DS EAE . & AR R RS k. #a
MR R REEE M. Rac i FIISFEL M. SET AHE/ERH S5k, HUVEE AR rEIE 2 Frfr il
R (PIs)Rl PtdIns3P Al PtdIns (3,5) P2, Ji5 P i8I 456 RS (A1 Pls 45 & 25k 2 15 B0 a1 19 FH Ak
25, ABIEILAT R, LR SEERa LIRS T, FHmDNEALES 24 MRIERLKE
B, TR AT A S mRNA

4Nk, ENAE e T 600 > MTMI KA, RABEME 2, HPh K280 TAHMNET 3, 4, 8,
9, 11, 12, FBRBIN)Z 28, BRFEATRAE A SR B AU R LUK i BCEHES . A 25
IR TE R AR TRAR T F A X ) SRS R DN B e, SRR IR T A SO, W SCRAT BT URAR s ik
A BT RERE I YN, A0 & I BT AURAE, TR S EUR H I mRNA By, dEi e A2 4R D)
REVESR . MWIERARIR A Z MK R KRE, B XERSFEIGRENZ B, MR R BN
SR S RN S5 S BRI PR RIS BN ™ HE [ 16] [ 18] TEAR LRSI, TSR ¢.70C>T:p.Arg24”
FEAEANE T 3 ORI, 8 REAE 195 T8 i At I S IR ) TG SR AE o BARZ R LARAT LTS ASE,
EARAE = TR ILCE K 2 R AGEhIRD) . WGIREE mCLEIR. B W, PUBILK TR, IFIR
S AW Th RE R RS )45 A BEA IR IE, 1% LI RN ¢.70C>T:p. Arg24™ 5E K T SLIAF AT L) XLMTM.

(3) XLMTM 3697 51i)E

HAT, X gt Ravhe g b U s e i 7 s, B SR R BRI, WEERNZ
R, BAEROKIR AR S T RERE ST AR D BRI IR RAE . X REBILE L J LR 1) H AR SR TR FR,
EHAEIIRT 2 FEWIETRRE; |2 KUK A R>16 /N R NN UGB A B & SR IE6].
XLMTM 2 FART7 T 2018 FRE NIGIRIAGS, — DN 26 4 X B ULE L0 3 BT VR I PR 0 2
IR[26], KZHHEZ MTMI1 ZR S AT 1 X EBUWLE PR )L TR PR LK A2 3 Thae T 1
HEMEE, RS2 ARE S TR, — e NSEEL T NI ATE I RE . (HENAELE— ST
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PERRA- AR I v S5 A R, B DLW 3R 7 IR AT 7 S8 2 I Sk SCRe . FESR RMENUR AL E
FEARIF=RTiE Wi, A/ R4 F 7R 2 5015 BT Re g DUis 4 8 BUR MEBAL 6RIG[127], H RTEEBOTHZ
i K B A A AT I A G, T 2R K 2 AN REHERR FH OB AL BRI 51 SR, T RPRSE B R (WES)
RIS T

XLMTM #A4A 5 %% . Smith BK [28125WF 55 K, 80%~85%[] XLMTM )1, 75 B M UMGE Sk 4+
SRR e, — I DT [21148 90%[K XLMTM H A F5 0P S0 FF, 48% 1) £ 24 /NISHEK RS
WAL, 60%MEESEVIIFAR, EHARNE —FR, BFEPFWEZT 3.7 KFR, FHHA 35%MN [F7E
R HE . XLMTM &3 WP B 29 AN H . #0507 LAFES 2 [ 14].  Sabine Hoffffjan [29]
LAARIE T — XLMTM {75 2] 67 % I E#H . AUEILR B THFBEFWFHIT, THAES 8d AT,

(4) agh

XLMTM J&Hi MTM1 RAE 5], HIET- %R E, HETMIaROaIT 7R, MEATP;, JCHEX
TAHPABR(EFEIESIA R FKIE 2 . 6 L0 BRI 200 B 5 2 B B2 T A il . AT
FUREE T 14 XLMTM 38 MG IR SRR i, B )L MTMI 5K ¢.70C>T:p. Arg24™ B0 748 4 [H P 4
HUARE, HET MTMI ZEE R, 4 EIIRRIR I T SH K.
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