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(=] BHY - /47 18] Barth 551 (Barth syndrome, BTHS) £ JLAIfG R4S AL FI 822445 4, S BTHS BB 14 3R 4EK
o FiE - IA20104F 1 ] —2023 4 11 J] A28 K2 B~ Be bt 11 L3 e~ P12 BTHS /Y 18 49118 L. Wi L
R R GORE, AFRAERE . AR R . R . O BR.ONE, PR IR S, Mo B, 2k ke s LR AL
BRI SE R, T BLMIG R RHAE . JEE A S R L WG . 458 - 18 BTHS LY 4 (245 2 4] [ B SR )
VB, 17 B0 . 18 BB LEY R A2 AR M 3.0 (1.0, 5.6) A 1501 LRI HBLOIIRE T, A5
4380 (left ventricular ejection fraction, LVEF) KT 50%; 15 {4 5 JL & 5 i B P 5K BY.0 LYK (dilated cardiomyopathy,
DCM), 126 LA EE b A4 (left ventricular non-compaction, LVNC), 9% # LB ERENNE . FERti2 FBa i)
B, 9BE LI I QTe MIMIFE: , 2l L IO AR, 9B LHE B PR AR B = 5E , 10 451 58 JL D 30 BRL A 4 ff
ZHE . 13 BEBILA IR BB TS R I 25 S, A3 8 M3 B 3-H L SO R JRAE  (3-methylglutaconic aciduria, 3-MGCA). 18
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LB ZREMNBAER, FEGRSEAIONE . PR AR Z S, IR, R E, WS 2. 6 N e R
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Analysis of clinical and genetic characteristics of 18 pediatric patients with Barth syndrome
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[Abstract] Objective: To analyze the clinical and genetic characteristics of Chinese pediatric patients with Barth syndrome (BTHS)
and provide data to support the prevention and treatment of BTHS. Methods* Eighteen pediatric patients diagnosed with BTHS at
Shanghai Children’s Medical Center, Shanghai Jiao Tong University School of Medicine, from January 2010 to November 2023, were
included. Clinical data (age, birth weight, family history, electrocardiogram, echocardiogram, urine tandem mass spectrometry,
complete blood count, blood biochemistry, and genetic test results) were collected to analyze the clinical characteristics, genetic
findings, and prognoses of the patients. Results: The study included 18 male patients with BTHS (including 2 monozygotic twins),
consisting of one Yi ethnic and 17 Han Chinese patients. The median age at diagnosis was 3.0 (1.0, 5.6) months. Fifteen patients
experienced decreased cardiac function at disease onset, with a left ventricular ejection fraction (LVEF) below 50%. Dilated
cardiomyopathy (DCM) was observed in 15 patients, left ventricular non-compaction (LVNC) in 12 patients, and myocardial
hypertrophy in 9 patients. During the diagnosis and follow-up, QTc interval prolongation occurred in 9 patients, ventricular arrhythmias
in 2 patients, neutropenia in 9 patients, and monocytosis in 10 patients. Urine tandem mass spectrometry revealed 3-methylglutaconic
aciduria (3-MGCA) in 8 of 13 tested patients. Fifteen types of 74Z gene mutation were identified in the 18 patients, including 5 novel
mutations. Genetic testing of the parents of 16 patients indicated maternal inheritance in 15 cases. The median follow-up period was 8.5
(2.6, 29.3) months, during which 12 patients died. The median age at death was 7.5 (6.0, 12.8) months. Causes of death included heart
failure (7 cases, with 4 concurrent infections), sudden death (3 cases), ventricular fibrillation (1 case), and accidental death (1 case).
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Conclusion*BTHS is a rare genetic disorder with multisystem involvement. Its primary clinical manifestations include

cardiomyopathy and neutropenia. The condition typically presents early in life, with severe progression and poor prognosis. Prompt

recognition, accurate diagnosis, and early intervention are essential for managing this disease.
[Key words] Barth syndrome (BTHS); 74Z gene mutation; cardiomyopathy; neutropenia

Barth Z¢ A fif  (Barth syndrome, BTHS) J&—Ff
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FULY5, M Peter G. Barth 7£ 1983 4F 7 I & L Ff i
YRR 0.1/10 J7 HHEBIL P % i L
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T A UL TR B 0 191 e 38 o AR S [l s 4 A 18 4]
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1 WNBRE5HE

1.1 WM S

W 2010 4F 1 H—2023 4F 11 A1 Bl sgili R B2
e e B L L EE B b A2 T 12 s AR R
185 BTHS LI IRZORE . FEPIRHI R 2 L K BE DT %¢
Bl IAIRE: OFER/NT 188, @ B 1 FhaliZhh
BTHS Y Ilfi IK & 80, (L4597 5K 2.0 L A5 (dilated
DCM) . & = H B A 2 (left
ventricular non-compaction, LVNC) . k7 40 Jifg fk =
JiE . 3-MGCA %5, () K I 5] TAZ Fe IR (4 8Os 1 5 7%
ST REEOR MRS . HEBRARME: D JC BTHS MG Y.L
MEZRIR . @ G I F b 38 A% A5 1O LI A G 17 2 18
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cardiomyopathy,

1.2 Jiik

1.2 FORMRE  EAEREE RGEUE R ILWIG
IRGERE, GFER L . Rt dr . DK 24 /NI
Holter #I0 ILVA= A6 . F H3 I B 335 46 T A b 0 3l
FISEGORE, R s il GO BRI ™ . ok
B AR ESE, LK% DCM, LVNC 5 s sl HoAh
O I B B . JL 3 DCM A AR R &Y .0 WL
(hypertrophic cardiomyopathy, HCM) K12 K S H
2019 4 5% [F .0 B2 (American Heart Association,
AHA) & i (89 JL 0 LR 19 43 25 Fig Wi b o
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DCM W2 Win i b AR R ARG [DuBois 24
X REmA (m®) =0.007 184x H & (em) “™x
& (kg) “°) By A0 =G KR N (left
LVEDd) Z fi
(Zscore) 22; [ABTAAAEZL OB IIRERENL, %5
1f143%% (left ventricular ejection fraction, LVEF) /NF
50%. HCM Wiz Wibnife h R R TH R EA S i A2 %
Ja BE&F 9 K W )2 E (left ventricular end-diastolic
posterior wall thickness, LVPWd) % % [&] B &F 7k K ]
J& J¥ (interventricular septal thickness at diastole,
IVSd) ZAE=2, FFHERR TR CoME Gt 3 i A e
LVNC (2 B 2% TENNT %5 ) .0 ILBCE AR 4
LWibriE, BARNEWT o B 55 R A b
%= BE U 45 R W AE B L O WUE E (noncompacted
5 3% % o R B
(compacted epicardial layer, C) 9 HAE>2; 0% BELT
TEXURSEH , LR SR 12 S A B2 WG
FRBA/ NG B s AR B0 25 ARBeRE BRI E
BEALTOAR . MIBERIRBE ;LIRS B B B i B/ 3
(] B P I 9 >R 1 O B i AR S AR B Bk o QT[] 4
>460 ms FI|Br A QT A AE . A 240 A e = AE A L% 2
8 229 (12 72 I STEWART %5 ' 4123 i BTHS it
L e = R AR E DL S AR 20 R 220 A . Rtk
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RE; B AN X H>1.0<10° YL, 2 W N B A0
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1.2.2 FEHEWF SRELILAYIMNEIL, FLEH 405
K41 DNA, HEATER 2450 BT sl 440 57 i )7,
F| H Agilent SureSelect i i 17 4b & + 4 4k, K H
Hlumina I J37 52 48 647 @ 3 B0 7y, 007 B8l &
NextGENe" 4 #7 )5, H Ingenuity 7F 28 X 14 R 42 it
F778 S ask i B AR, Ak 28 53 28 Sanger W P X 58 22 1K
FUEATERIE, NM_000116.4 1 K TAZ 5 [N 4 i X 14
Z %75 . M SR [ B 2 AR A 5 R A 2 2
(American College of Medical Genetics and
Genomics, ACMG) VFZIERT, X8 S KA i AT
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1.3 Hil#iiik

K H SPSS 27.0 A AT T2 F 40 . AR IES S
M E RGP B M (Q,, 0,) Fom. EMERER
PAn (%) Fom. AMREEEE RS m AR A
I, KR O3 I S e A R ZAE A T AR A AL 2

2 HR

2.1 I ARFFAE

18 B /B LI BERL WL 1, 241 (BTHS 1 1 BTHS
2) HFGIXAEAG, BR 16 (BTHS 8) R#%jkZ sk,
HA 17 BB LI R IU% . IR A7 H A 45Ty
2725 (2400, 3220) g, THZWHAER 8 3.0 (1.0,
5.6) AN H o ONUE . O Ty DL SRS 2 BTHS
JLteH LI R B

18 BB LA 17 BITE A 1AE 2 IR O L
Hodr 2 Bl B 2 W R IR L O AR A, Fmisat, 15 6l

F®1 180 BTHS £ JLAIEFREFHE
Tab 1 Clinical characteristics of 18 BTHS patients

Ageof Ageat Birth Ageat

2024, 44(11)

L LVEF F&AIC, 15 B B0 B 3k (LVEDd Z{E>
2), OB ERERSE (LVPWd Z{>2), 124]H
LVNC., #Ji&mf, 1845 & JL#Y H {2 LVEF 2 41.1%
(35.9%, 47.7%) . i E 4% 5350 (left ventricular
LVFS) H 192% (16.3%,
23.2%), H{ LVEDd Z{H & 4.56 (2.54, 5.46),
£ LVPWd Z{fi }2.17 (091, 3.33) ($2). 184k
JLr, 9 Bl BE QTe [l ZE K . 2 i) (BTHS 4 F1
BTHS 15) MR E KEM SR, 15HH
N ity B 44 R IR R A 55 -

18 LA, 9 M) iy B PR A L B = i, 10 451
A AN £, 10 BITE &k R b B 4R
2 IS, 8 M I 3-MGCA . A 5 5 FlA o
SR L T, 10 1) B L AR i & AR R % RO
H3AE A, 1R JLE S ART R L
3N E MR THEJLHE B R AiE sh R B IR LR,
(O TSN E=S 1S INDY WAl N =

fractional shortening,

LVEF/

K . i First LVEDd LVPWd Prolonged .
Sample  onset diagnosis weight death Cause of death . Genotype LVFS NC/C Neutropenia
presentation Zscore Z score QTc
/month  /month /g /month /%

Heart failure .

BTHS 1 2.5 3 2000 7 . Pneumonia c.527A>G 45.6/22.1 5.7 045 1.58 - -
with fever
Heart failure .

BTHS 2 2.5 3 2400 7.5 X Heart failure c.527A>G  36.2/16.7 3.8 -0.12 22 - -
with fever
Accidental
asphyxiation Muscle

BTHS 3 6 20 2850 77 . c.367C>T  40.1/19.1 33 1.96 2.11 - +
in a vegetative weakness
state
Ventricular i c.710

BTHS 4 6.5 6.5 2300 7.5 . Pneumonia - 36.8/17.3 5.3 2.18 275 - +
fibrillation 711delTG
Heart failure c.134_

BTHS 5 1 1 2 650 12 and respiratory Heart failure 136delins  40.1/18.9 5.7 0.9 4 + +
infection CcC

c.324_
BTHS 6 0 6 3620 Alive - Cardiomyopathy 325insCA 62/31 0.24 1.54  2.19 + +
GlCE

BTHS 7 4 6 2500 6 Sudden death ~ Growth delay del TAZ 48.1/23.2 2.24 424  2.09 - +

BTHS 8 0 1 3100 Alive = Cardiomyopathy ¢.718G>A  46.2/21.5 1.51 1.84  2.68 + +
Heart failure

BTHS 9 1 1 3250 13 and respiratory Diarrhea c.589G>A 41.1/19.2 3.56 NA 1.95 + -
infection

BTHS 10 In utero 2 2550 Alive - Cardiomyopathy ¢.193A>G 35/15 446 -0.65 2.85 + +

BTHS 11 4 4 2 400 5 Heart failure

e
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Continued Tab

Ageof Ageat Birth Ageat . LVEF/
i . X First LVEDd LVPWd Prolonged .
Sample  onset diagnosis weight death Cause of death . Genotype LVES Neutropenia
presentation Z score  Z score QTc

/month  /month /g /month 1%
BTHS 12 55 5.5 2500 Alive = Pneumonia c.207C>A 44/21 4.65 227 24 + =
BTHS 13 2 2 3550 alive - Heart failure c.85G>A  32.6/15 5.93 3.09 1.9 + -

. Del exon
BTHS 14 1 1 3050 7.5  Sudden death  Cardiomyopathy 3 s 50.8/24.9 2.64 2.17 2 = =
BTHS 15 5 5 3210 17 Sudden death  Diarrhea c77T+1G>A  20/8.6 5.22 2.84 1.63 + -
BTHS 16 In utero 0 2315 0.1 Heart failure Cardiomyopathy c699+1G>A 26.4/11.7 6.28 0.92 2 - -
BTHS 17 3 3 2800 Alive - Cardiomyopathy ¢.589G>A  61.4/31.3 -0.02 441 194 NA +
. Feeding
BTHS 18 4 4 4150 6 Heart failure . R c.367C>T 41/19 4.93 422 15 + +
difficulties

Note: LVEF—left ventricular ejection fraction; LVFS—Ieft ventricular fractional shortening; LVEDd—Ileft ventricular end-diastole diameter; LVPWd—left

ventricular end-diastolic posterior wall thickness; NC/C—ratio of the end-systolic non-compacted endocardial layer to compacted endocardial layer.

F2 18GIEILVNS I BEEOFE

Tab 2 Echocardiographic measurements of 18 patients at initial

diagnosis
Item M(Q,, 0,
LVEF/% 41.1(35.9,47.7)
LVFS/% 19.2 (16.3,23.2)
LVEDd Z score 4.56 (2.54, 5.46)
LVPWd Z score 2.17 (0.91, 3.33)
NC/C 2.10(1.93,2.52)

Note: LVEF—Ileft ventricular ejection fraction; LVFS—Ieft ventricular
fractional shortening; LVEDd—left ventricular end-diastole diameter;
LVPWd—left ventricular end-diastolic posterior wall thickness; NC/C—
ratio of end-systolic non-compacted endocardial layer to compacted
endocardial layer.

2.2 JEPIRAEREAE

A8 BB IL P B I BT 15 Fp TAZ SEH % 7%
Hor SR R I RAE, 4358 ¢.85G>A | ¢.207C>
A. c.193A>G. ¢.226C>T Fll ¢.324 325insCACTCC,
W3 AL,

15 % TAZ LR 5B 045 2K Bk (14124~
SMRFEIE . T EERSEARES) | T LSRR 2
oA | 2T UIBRE . 1 AHE PR A SRS LR 1A
T RAE (£3) . AT RAFBAE T TAZ B AN
MILIREAMZER X L (D) % 16 1L ACREREA
PEAT RGN, &80 15 B B LI 22483k | R, HAR
JLERSETR 30 BTHS AH GBI PRAER

AWFFEH, B BTHS 1 A BTHS 2 [R5 S A
HEHF A R 2225 (c.527A>G, p.HI76R) 4, BTHS 3
HIBTHS 18, BTHS 9 Fl BTHS 17 s #5717 A [A] 2845 .
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H: v BTHS 3 1 BTHS 18 & X &4 (c.367C>T,
p.R123X). BTHS9 fI BTHS17 J4 X A (c.589G>
A, p.G197R),

2.3 7 Kemin

HRAE 18 61 F LAY I AR R B A5 XRE IR YT, A 15
B LA T M S e B0 IR TT, 1T BERLER T
FIRFAN, 1 BEILER THiERRYY, 13618 JLE
T s Bk RZ B sna T, A BEY T
FEHEG R . FEQ10. A RIETTSE.

B2 49 JL (BTHS 11 #1BTHS 16) 745 — Ak
BeIA T I AU T, HoAx 16 61 B LAY v 057 Bl 37 5[] 4
8.5 (2.6, 29.3) ™H. 6 BTHS i JL & kT i 0>
IRE TR, H1 % EREVIn, & I HOIhEEMK & IF
. Hi, 24 (BTHS 3 MIBTHS 15) 7E.OINREIKE
Je PO IE SRS . BTHS 3 78 33 H iy i H 300 JIE 3%
15, it RUG AR NRA, 77 e R &4
FET-; BTHS 15 7€ 17 J1 i B 3000 JUE SR 45 1M JR 3
18 B B LA 6 9l ;B LAFNE , 12 BB LI ZE T AT
%875 (6.0, 12.8) MH, TR E AL )2l |
PEFE . BRI H L GEANET . A7 1Y 6 191 ER UL
i BE T IRy 28.5 (12.3, 58.0) A, Hih 24
f#JL (BTHS 6 MIBTHS 17) #Ji2HF.0 I EwH A
RO NUIBIE, By & B U RS . O ohedE
FRIE# K5 5444 J)L (BTHS 8, BTHS 10,
BTHS 12, BTHS 13) #Ii2HHBLOIIRE T /%, R4k
B 17 IO D BB S 1E
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*3 18fIBTHS BILMEERERFR
Tab 3 Mutations in 18 BTHS patients

Mother with proven

Location Nucleotide change Amino acid change Type of mutation Number of pedigree T4Z mutation
Exon 1 c.85G>A p.G29S Missense mutation 1 Yes
Exon 2 ¢.134_136delinsCC p-H45PfsX38 Frameshift mutation 1 Yes
Exon 2 c.193A>G p.T65A Missense mutation 1 Yes
Exon 2 c.207C>A p-H69Q Missense mutation 1 Yes
Exon 2 ¢.226C>T p.P76S Missense mutation 1 Yes
Exon 3-5 Del exon 3-5 Exon deletions 1 Yes
Exon 4 ¢.324 325insCACTCC p.111_112insSH Inframe mutation 1 Not mutated
Exon 4 ¢.367C>T p-R123X Nonsense mutation 2 Yes
Exon 6 c.527A>G p-H176R Missense mutation 2 Yes
Exon 8 c.589G>A p.G197R Missense mutation 2 Yes
Exon 10 ¢.710_711delTG p.-V237AfsX73 Frameshift mutation 1 Yes
Exon 10 c.718G>A p-G240R Missense mutation 1 Yes
Intron 9 c.699+1G>A p.? Splicing defect 1 Not available
Intron 10 c.777+1G>A p.? Splicing defect 1 Yes
TAZ gene Del TAZ gene Gene deletion 1 Not available

B TAZ gene deletion |
< Exon 3—5 deletion -
CQ
NS &0
Y:,O & cﬂ,\\\o o cﬂ
) & @q «\Qf\’/\% ,\«\’\
TAZ gene

UniProt: Q16635-3
0 14

W Mitochondrial intermembrane domain

B Mitochondrial intramembrane domain
HXXXXD motif

Mitochondrial targeting domain

69 74

o Missense mutation

82 92 155

« Nonsense mutation

¢ Frameshift

« Splice site mutation

o Inframe mutation

2024, 44(11)

E1 18fI BTHS BILMREXEMS T
Fig1 Types and distributions of 74Z mutations in 18 BTHS patients

3 idie

Huiwrs B, BTHS 1 A& 9k it N2 X 4e (8 44k
(Xq28.1) _F Y TAZ JE N 548 S wi s B BESL 6 R g ot

Tafazzin (TAZ) 1, S5EEARARN B LA .0BE AR
FeH bR, MR BRI IE A . 5K DL T RE

ZW, MM RS2 RGN KT i Y) 62
O WL S F8 LR LA S5 5 DL 1) 80 R 21T N
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LEN, 2RO IUFELL DCM, LVNC, &P At
K AR R RERE A0 ) 208 g BRI 7, bk
B 4 i i = i 2 BTHS A8 L 55 — 4> B i I IR 4y
i o O LR S BRI 7 8 58 R v e 4 sk 2 5 |
ARG FEERISET W EE R BRIz, &
BNURAE . A K& E IR KGs 3hii 11T M2 i
JLH A AE T i

ARG LB, BTHS B# 1Y &I K27 4
Ja VAEN, BR#EE6AN AW, SESMYBTHS &
FRAEI ML 7 TR R ML B 4% AR B0 LR
B ILAR A 1Y BRI o LA RO
PR A B R R B O R 2 M s T R SR, e &k
()56 R A& v R IR AFE TAZ S R A8, iz A
BTHS. It4), BTHS & JLik 2 3 QT [H] B E < L
FezE M0 0 S5 0 L TR 0 2E . SPENCER %5 ) 4
345 BTHS 85 JE47 BB T int 2 80, #7618
WP QT FIAER: , 741 11 % LA F Ay H i = e
R . AW 186 L, 9] B QTe [A] B 4E
K, 2B B R EEM S OHRH, 261 250
ek )5 Bl FEERIS . hokrT W, BTHS & 7E
O INREVR 5 J5 4T3 9K AT RE B O R 2R SO IR 4
[, % T BTHS B B O AR 8 2R 5 AR IS T REAH
K, KiEBILTREE A5 UL DA, b s
T B

rh L 4 Jf 5 = 5E S BTHS 8L Y5 — > B8 (4 1)fs
PREFAE 7, DA B e th 2 BTHS fE L WL k2 5
M. —I44 A 88 {4l BTHS L LAYAFSE ' 45 R4
74% W UL BURLAH MR, I H IRk i R A AT
LS Tl el M 5 75% A SR H B B A i 3
% . ARWFFEIEL E 50% (1) 58 L H B0 4 i ik =
iE, 55.6% L H BLERAZ AN i £

AN, 1846 LA 10451 & s it A vy BRI 4%
2B BUIEYS , 33X AT R b M 20 s AE G . 7 4]
BILHIH R MZ sk BIRSE, Wik, BEmH
FER DL NS, Pk, X Jea B B
R AR D B AL ARG 22, U IR IR M
ZIRITRCRAER , W TR N BTHS . X8
Bz sh & B IR B EIL, NI TSRS, 2
AT 35 PR A

il 35 BTHS #£4: % (Barth Syndrome Foundation,
BSF) WAV 14 273 0 1 25 PR 28 A8 e DO
AW GE B R R B S PR 0 2848 F 5 T BTHS 1 3k
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R AR i o 3K 5 OB A& B0 % 58 748 43 391 o Al 140 T
1. SMBTF 2L AR T4, X TAZE ARSI HER
R PTRERE B (B 1) o R4S UniProt £ i )22 ¢
T TAZ & [ 450 XS s ) 12, c.85G>A 58745
Al HE 2 B2 M TAZ 2 0 T 4R R 5 P9 19 45 4
c.207C>A RAZ N e SR X TAZ B G 2 CHE
1) HXXXXD & [ 755 535 34RAE (¢.193A>G
¢.226C>T Fll ¢.324 325 insCACTCC) W] fig 23 5% W 5
TAZ i TR P AMISEIE] 9 X 38, 33X 5 4N 8 98 A8 Ar
A, AIHES BTHS MG IR R IA &, (HiX 558
7 1 1 ELAAR T RE A R AH DG 1 1 & 58 2V i, A7 1+
HE—2 5%

18 {91 JLHF A9 BTHS 3 FI BTHS 18 #5417 A [F] 1)
Je 548 (¢.367C>T, p.R123X). R4 UniProt £ 4
JEE 2 TAZ B (S5 XA & B, FRATTHEI % 5%
AR A BB 2 B0 A LR AR 7 DX BN 2 Ak 5
X fER A ZERE . 20184F, HARR—IHFSE 1 i
BT L AR R AR ROl IR ARk A B,
BIL6 I &, 8 F iR H 8 T B I 175 PR f et
STt RPN AR AL T 90%, Hi2idfEh
RARIRTD, AR RO K, Kt i
HREZLEES, 3dEROHBERT . AR50
FEH], A R Ah 2 AR 1 2 LR AR Pl o S B T
OFERRAE L O T BRSBTS X Lk 3 4 [
Fh G AR JELIIG R ERIE , FROTERBL, #5490 X
FRAS LR . RIE M E L O IRER R, [RIET
WEE 5 K ORS8N

AW e A 2 ) )L (BTHS 9 Al BTHS 17)
A A 0 4l L 575 (¢.589G>A, p.G197R) ., HR#E
UniProt $dit 12 '™ M9 A S5 I RE X UM & B0, 1%
RAFTBE S FETAZ B A B IXCR (A eAs . AR
1997 4E D’ ADAMO %5 ''*) | 1999 4E CANTLAY % "%/,
2013 4F RIGAUD % ') | 2018 4E HIRONO % |7 i}
S5 R — 28 AE B SR LI ARGE , Xk LS AR5
FRLHE R AR — 8, XU ILA DY KR,
2HLIRE TR, A01E I R A IR AR 4 1R L
TS, 16I7E 4 A ut ST O MRS A (1 % B R Ik B
Ui, A7) o AP R 2 2 6 8L, R
A BTHS 9 1} ¥l DCM, BTHS 17 LA HCM #2 5% H..(»Zh
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