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[(FZ] Bey H3-H R L O BEHRE A R L ZAE  (3-methylerotonyl-coenzyme A carboxylase deficiency,
MCCD) HILBIG R M B 2450 . ik BUBRE 20T 2018 4F 1 H—2023 45 10 A w2 T A8 K 2E 08 L 2 = B
E’\JWUMCCDFEJLE’\JIIEHE%%I%&%*&‘Zﬁlﬂéﬁ% ZR  efIMCCD BILT, B4, ik, FEHSER N

, PSR N 45 o LBI/IMERR SR, SBITCIGIRIEIR . 6 LI 3- 55 5 BRI . R 3-F2 L 7%
@4 3-FHSLE G H SR, S IR B BRI . R B MCCCT 3L AR R 611 ¢.1630del(p.R544Dfs*2) |
¢.269A>G(p.D90G) . ¢.1609T>A(p.F5371), c.639+2T>A . ¢.761+1G>T, ¢.1331G>A(p.R444H), LUK MCCC2HE A 53
34 e.838G>T(p.D280Y) . ¢.592C>T(p.Q198%, 366) . c.1342G>A(p.G448A), FHirfr MCCCIIEH ¢.269A>G(p.DIOG)
¢.1609T>A(p.FS37N) A WL SCHkRIE . 1 1R MCCD, BULEEN R AR — ARG 5. S BIRRIGES AR
RBIL TN RIETT, R BB E 25 R R 2= IE 5 K. &1 MCCCT 2 ¢.269A>G(p.DI0G)
c.1609T>A(p.F537) N HT R BUNAS S, 8 T MCCCIFER AR 3 1 2 3 1 T I 5 PRl A PR A8 AL A5 JE )
Kol A B T MCCD RUHiZIrANGYT, JFmstfed it s%,  [hEHRILEIZEE, 2024, 26 (8): 845-851]
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Clinical and genetic features of children with 3-methylcrotonyl-coenzyme A
carboxylase deficiency: an analysis of six cases
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Abstract: Objective To investigate the clinical and genetic features of children with 3-methylcrotonyl-coenzyme
A carboxylase deficiency (MCCD). Methods A retrospective analysis was conducted on the clinical manifestations and
genetic testing results of six children with MCCD who attended Children's Hospital Affiliated to Zhengzhou University
from January 2018 to October 2023. Results Among the six children with MCCD, there were 4 boys and 2 girls, with a
mean age of 7 days at the time of attending the hospital and 45 days at the time of confirmed diagnosis. Of all children,
one had abnormal urine odor and five had no clinical symptoms. All six children had increases in blood 3-
hydroxyisovaleryl carnitine and urinary 3-hydroxyisovaleric acid and 3-methylcrotonoylglycine, and five of them had a
reduction in free carnitine. A total of six mutations were identified in the MCCCI gene, i.e., c.1630del(p. R544Dfs*2),
¢.269A>G(p.D90G), ¢.1609T>A(p.F5371), c.639+2T>A, c.761+1G>T, and c.1331G>A(p.R444H), and three mutations
were identified in the MCCC2 gene, i.e., ¢.838G>T(p.D280Y), ¢.592C>T(p.Q198%*,366), and c.1342G>A(p. G448A).
Among these mutations, ¢.269A>G(p.D90G) and ¢.1609T>A(p.F5371) had not been previously reported in the literature.
There was one case of maternal MCCD, and the child carried a heterozygous mutation from her mother. Five children
with a reduction in free carnitine were given supplementation of L-carnitine, and free carnitine was restored to the
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normal level at the last follow-up visit. Conclusions This study identifies two new mutations, ¢.269A>G(p.D90G) and
¢.1609T>A(p.F5371), thereby expanding the mutation spectrum of the MCCC1 gene. A combination of blood amino acid
and acylcarnitine profiles, urine organic acid analysis, and genetic testing can facilitate early diagnosis and treatment of

MCCD, and provide essential data for genetic counseling.

[Chinese Journal of Contemporary Pediatrics, 2024, 26(8): 845-851]
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3- WKL I 52 P OB A R AL B S = 5E (3-
methylcrotonyl-coenzyme A carboxylase deficiency,
MCCD) P R AR B 5 T S0 5 e o 1A B
ML, 1970 4F i Eldjarn %5 " B RIRIE . %06
HIZE ] MCCCII MCCC2728 53 T8, 3-FH L 10 L7
WO A R b
carboxylase, MCC) J&4% 2 R4 A 2R 4 A5 i IR
fiE, MCCCIFI MCCC2IEPR AL S 23 FHLG MCC Ay IE
B, RS- H AR AT A AR A 3-
PN TR A W AL I 395 L S R PR B (3-
hydroxyisovalerylcarnitine, C5-OH) 3= . FR3-F 3t
M2 H & (3-methylerotonyl-glycine, 3-MCG )
F/ak 3-F£FE 55 R (3-hydroxyisovalerate, 3-HIVA)
TR =3 22 S dk e R pd sk = = A8 L] PRk
e o TR VIR B A AR 3N R e A U A
ARG U e BT R vh AR AR A e e R, B
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T2 i, MCCD RIS AG T 2R H 2
] & 17 FH 5 K Jo i T R A L A 5, il P
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(3-methylcrotonyl-coenzyme A

1 #ZREHE
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[ o 2 B 2018 4F 1 H—2023 4F- 10 H FAB4H
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2R MR 12 . B34 % 6 i )Ltk A T
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W LI IR IR TR, Adh — POk IR
FEAR L B A IR I A5 5 | IR TT K BT
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1.3 £SpBFHAERFERN K Sanger T R IGIE

KA LIL B ILACEERY S 1L 4% 2 mL, EDTA 4
&, A R R R R A PR O3\ R 2 A
55 T AT A A 0 2 B A . PR BGE R AR AT
FEAIDNA, B, ik . yaifb)s,
{8 F 2% 22 i 3K 7 1l 25 DNA SCE, AR5 R e
U F T B 6 AN 244 i 21 v 20 099 4~ BE A (1Y
AP XIS S5 N X8 (20 bp) #EATINF
285t S (1000Genomes . ExAC, HGMD,
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%, HICHEBAL SSRGS o 6 4] LI
HEMR S It HE A B A I B 7 CS-OH I i, 5 (i

B RO A s PR A LR 3% A I 2 7R 3-HIVA ., 3-
MCG R =, Wk 1,

F1 66IMCCD BILWEREE KIGKEF=
W it L FER B T P PRABLIRIE
w22 B OE mk nE Kk LW ok W AR B KK
i 51 £ R PR FI (wmol/L) LI C5- LI C5-  ©5-0H/ HF3-  3-  Bf3- 3-
#® % ") = C5-OH BFCo €O cé
@ (@ (ke) OH/C8 z MCG MCG HIVA HIVA
1 3 4 51 38° 295 HAEJUM /ME 320 4975 2450 9.96 44.93 38130 276.78 224.0 123.7 806.0 86.30
AR Ak
AR SR
2 B8 38 39" 3.10 HAJLM T 88.3 17.47 12.84 4.09 3296 873.50 17456 132.6 105 231.1 85.90
AL
i S
3 B 12 37 397 3.60 #HAJL T 98.6 12.15 1.83 6.62 1858 419.00 13920 131.0 525 142 7.81
AL
i 2% S
4 x5 47 407 3.40 HEJLm T 17.2 328 0.10 14.05 33.92 157.86 183.40 1486 0 2524 0.0
A
i S
5 24 7 42 39% 325 HiAEJLm 73.5 1403 028 335 2515 701.50 211.00 472 02 417 0.15
AL
A S H
6 % 3 53 38* 280 FAJLim 43.6 824 022 8.83 28.75 412.00 19450 768 0 571 0
LA
A S

e MEIEH S %0 9~33 wmol/L. [C5-OH] 3-BILFIREEATL, 1FEHSHE N<0.6 pmol/L; [3-MCG] 3-HILEGREHEmR, E%F
B H<0.5 pmol/L; [3-HIVA] 3-BIEF IR, E% S N<4.0 pmol/L; [CO] BT, 1EH S M 10~60 wmol/L; [C5-OH/C8]

3-FRFLS R AR AE A, IE W S %A 0.62~9.50,

2.2 MCCC1, MCCC2H H % & 4y #7 & Sanger
IE4E R

6 {7l MCCD £ JL MCCC1, MCCC2 3N 72 4%
3, BEMAESIM, difBR 24, MG
S, ARG OSSR L, ALAEAS U R 5,
BAR R 24, BSR4, BSR4, H
HIACEHGE, 2 NEES . MCCCT BN 6 ~7%
ALY R .1630del(p. R544DEs*2) . ¢.269A>G(p.
D90G). ¢.1609T>A(p.F5371), ¢.63942T>A ., c.761+
1G>T. ¢.1331G>A(p.R444H); MCCC2HEH 378 5
BF 150 9 R c. 838G>T(p. D280Y).  c. 592C>T(p.
0198*, 366). c.1342G>A(p.G448A), MCCCI
¢.269A>G(p.D90G) . ¢. 1609T>A(p. F5371) A UL 3C ik
s . Hodr ) 4 B 3 1fi €5-OH 20.42 pmol/L, CO

2.44 pmol/L, 3-F2 Jk S 1N Mt A B80/~F Pk TN B (C5-
OH/C8) 2650.8, JR3-MCG 239.8 pmol/L, 3-HIVA
320.9 wmol/L, HERR HAtL C5-OH 34 i AH X B A HLIR
R, A IEIRICER, BEZW R0 R
MCCD. 1% #F 35 MCCC2 3 [H #5 45 c. 838G>T(p.
D280Y) Hl c. 175C>T(p. R59%, 505) & & 24478 &,
LI R B BRI — 22 5 A8 7 ¢.838G>T(p.
D280Y), Wi NEFEEMCCD, )5 MCCC2 %
c. 1342G>A(p. G448 A 4l 5 i X A2 57, HLBE2E N
. 1342G>A(p.GA448 A J A A8 SH i &, SCR AR
FZAE S, AHERR BLAEAE SR AR A IR 42
BRI B PTREME . 6 4] MCCD £ LIER A8 540 #r
W2,
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*2 66IMCCD&EILMCCCT, MCCC2ERZ R

il ARRIEA EEFARIINE T AT R AR RIERMEAE BRI ARRORIE Humetk EAHGH
1 McCCl NM_020166.3/exon14 ¢.1630del p.R544Dfs*2 B 5 Hr BN S
NM_020166/exon3 ¢.269A>G p.D90G s U S AR =& NI =
2 MCCC2  NM_022132/exon6 ¢.592C>T p.Q198*,366 LS LB B 2
McCCl NM_020166/exon7 ¢ 761+1G>T - AR BE BUR 2
NM_020166/exon12 c.1331G>A p.R444H 5 AR S5 L ROSURH P
4 MCCC2  NM_022132/exon9 .838G>T p.D280Y SRS Bk ATREBUW 2
MCCC2  NM_022132.4/exonl4 ¢.1342G>A p.G448A i AR Bk TTREEUW 2
6 MCCCl NM_020166.5/exonl4 ¢.1609T>A p.F5371 AR BRSO TTREEON T
NM_020166.5/exon6 .639+2T>A - WEARR Ak HUR 2

1) 1 5 MCCC1IERAFAE ¢.269A>G(p.DI0G) 24 F
S, mfe A RMIEF A, BILESE.
Kz s (K1), R¥EACMG 15 1748 55
FORPEIT, 2SR R, ARSI A 269 47
BAEE AZE SN G, FEm E BT A 90 13 24
MR FHAS AR AR R W R AR . fERMEm LT,
R E R R EORTEE S (PM3); %28 A
M AE ClinVar, HGMD. 1000Genomes X ExAC 255§
P e R WARGE  (PM2_Supporting) , A= ¥115 B
S BB T 25 RN —3 (MutationTaster 0 7]
AEA %, PolyPhen 2 FI SIFT Tl B4 ) 3 H LI IR
RIFFEMCCD (PP4), BHIL, %4 FIEHNIGIR
B XRB] (PM3+PM2_Supporting+PP4) . X 7] 1 ik
78 DUBOR S0 i, R & B HO LI PRIE IR AH 58
(A SO P I R Bt ok /e R AR S

6 1) MCCC1 2 AFETE ¢. 1609T>A(p.F5371) 2%
HARSE, L A RANE R R, BILACE R
Wiz S (K2), Wi ACMG 55 #1778 2 80k
PEOAT, AR S R SRS, GRS X 1 609 {37 Bk
TS AA, SEEES3TMEN T HRmLIEN
AR At F AR . fERPEB T, kX
g LR B ESoREE S (PM3); 2 E S HFEL

AR FE ClinVar., HGMD. 1000Genomes /& ExAC
SR P Y R LR (PM2_Supporting) , £ F
A=A B A3 AT A T 12 A8 S5 %of 3 PR s 3 PR = )
%A E % (REVEL #i U {5 4 0.802, PP3_
Moderate) ; & LIk R R BIFF S MCCD (PP4) .
Ub, R SO Sh VT BE B MR S (PM3+
PM2_Supporting+PP3_Moderate+PP4) . XI5 6 ¥ 17
o DUVEAS oM, R R B B LI R RE IR 2 B AR
PRULE AN g N
2.3 BITSHEA

6 Bl MCCD [ ILA THHRIGYT, 561 CORFAR
BILKNFEARIETT . 6 BB LARRBEVI A e/ 1
R, k4%, W3, 4, 5. 6 RkFHTIR
1Ml C5-OH, JR3-MCG. 3-HIVA FEZEIE%, H
il 4 FEEPEPEMCCD, {5 1R REFLIR 3R 5 B WK & 1E
W B, 20 3RV A B ML C5-OH (1.83~
245 pmol/L) . JR 3-MCG (10.5~123.7 pmol/L) . 3-
HIVA (7.81~86.3 wmol/L) /3w (£3), 43l
BmARRITHREMRE L. Ira BILARKBEYY
Tl RAEIR, FFEThAE . OWUEE . FLRRSE A 1bE
FRELEH, AKEE . BHEFIEHR.
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B1 1 EJLKZR Sanger il F & il 1 )L MCCCIHEHAEAE ¢.269A>G(p. DIOG)F AR S, i8tf% A5, P13k .
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other of the proband \ "\
e /\/\/\/\A\/\/\/ \A\ A/\J\/\/\/V\/ VAVATAYAN

B2 {6 2JLK % SangerilllF 16 L MCCCTREFRAFLE . 1609T>A(p.FS3TIHE AR S, ditffe 172, SOHRR

AN EIAAE S o Wik TR N RAE ALk

*&3 6%IMCCD&JLigF 5

S 151 bi=pag REE R AR BEVAF [SERTESTES
1 ZERJEIT 5 mL, qd EERE 2% 94 H C5-OH., 3-MCG. 3-HIVA{/HE
2 ZERJEIT 10 mL, qd ERIRE 114H C5-OH. 3-MCG. 3-HIVA{/iE
3 ZRRITS mL, qd IEWIRE 3% 1A C5-OH., 3-MCG. 3-HIVA {35
4 Tc EERE 24 71A 1EH
5 Ze )T 5 mL, qd EFIRE 4% E#
6 ZERJEIT 2 mL, qd EFIRE 24 111H IE#

TE: [C5-OH] 3-FAES RBEAm; [3-MCG] 3-MAEM GBI [3-HIVA] 3-8 0km .

MCCD %5 5 R B e Fth X AR Rl i 22 5%, [ Ak
Wl B A LR IR Z N 1/36 000, 22 R Tohek i 7

FKEWIL ST R 1/68 333 1, 2022 4F i 23
e O AR Last A A i A IR K )
HHR B TR T AR L MCCD S5 R 8 1/62 557, 1/
B IRIRFN118/10 07 " Ifi R L MCCD 4 R A
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AR TCRERFEEIEE 3FhISTY . AT RERAE 7T RN
MR O MiZsh R BIRGE . WEHE ., Bk,
WA . FhEE . WUk I S eI T AR L KRS
SR (SRR, MEgtmet, B5) . ERKREE
RGE, “HERIR” AW . B [ R kAR
HAhiR AT A F PGB | DK . Reye ZRGIE
FEFPRAE B BRI MCCD J2 T 545 MCCD (5}
A C5-OH 3 i FEFL sl iR S AE a9 B L, S5
BrA: JLR A i I C5-OH Fh i, UL #E s R U8 T1F
F— e BAR S, B — B R rT PR IR
ARAEGE 6 BB LT S B (B2, 3. 4. 5. 6) Tl
PRIEAR , ) 11l PRI Ry /MBS e85 Horh 5] 4
J& T MCCD,

MCCD i R 2 T3 K, sz Fe Lk
BAn, 12 W 32 AR I AR R DT 1% AR A £ 3 T
T3 BT S BE DR R Y, LAY AR I C5-OH 3 &
AT IR 3-MCG, 3-HIVA #5875 5 H AL S 2
C5-OH 34 =5 A HLER AR S50, anZ AR fh Rt
ZHE . 323 TR A SRR Z 0T . 3-
FH R 8 R4 A 7K fik Bt e = S R - B A Bt =
iE . ABFFREE RN 6 6 8 LI C5-OH 547 AN [F] 2
FER¥G . 5B COREML; JRH 3-HIVA, 3-MCG
WS S i . SEPRAS I MCCD 2 I8 1 4 b 1
MCCC1 Fl MCCC2 % [H 2 MCCD 1y 209 5 B .
MCCC1FEHA T Y alk 3q25-q27, & 1944ME T,
it 725 N EEIENR , K ¥ R 2 580 bp, fLE ik
B R L OB R S A = B R IR A 4 A
i, JEAEMRERRIR, MCCC2IER L T YL ik
5q12-q13.1, F 174N T, Hhi% 563 4= SR,
K R2304 bp, A8 F L G BRI A OS5 507
ML MEeE R R, Bart RS E N O iRiE
MCCCI I MCCC2IERZRAZ 45 60 3 Fh, A5 LA
SRS ARSI YI AR R R
ZRUMCCD B i RGBT s JE [ 7
AR IO DIAHOCHE ™ BUEI5 % Y HaE E A
T BASE AR S ELMCCD L., ERRFESE Y 7E
BN B RARIE T 5 B MCCD., MCCCT 3: A
c.1155A>C(p.R3858) W # i WA s A2 5 1, i[5
HRIE c. 838G>T(p. D280Y) S MCCC2 K& A #4 4 78
S 4R AE UY ASE c.ins1680A S HE BRI
MCCCTEER TR S5 o ABFgE 6 il )L MCCCl .
MCCC2HEN7E 5345 3401, LA OB RAL AL, R
ULBH RS AR 5, Hoh 24> MCCCT 3R AR 5407
1 ¢.269A>G(p. D90G) Fll . 1609T>A(p. F5371) Ay 3 A%

5, AR SEPERA ORI IR B SCR B W REBURE T
s o HoA | 4 REE A MCCD, 1%EEE MCCC23E
WEAREGLS, BILEEWHD A REGTS,
BILACE B AT, ASHERR BB LAEAE R A5 A
SACIR AR A R AG ( AT BB, T2 RIE

Tk MCCD B35 TAIRYT s AR 75 25
MR A ARG R AR IR, fEak R TER
W= AN RIRTT s SR EIIN 44 T
HWE . AR . AR AR TSR YT . AIESR 6 451
BILR THRIRIGIT . 5 0 CORRMRB LA A
JiT, JFaE it L TRED . o 4 AR R BED
I C5-OH. JR 3-HIVA ., 3-MCG ¥k i 1% &2 1F %
AR ERAEIER, SEmES " grRdiE—
B BISBEVIEA4S . PlebEiE2% 11 7, B4
1. C5-OH, JR3-HIVA, 3-MCG ¥ FFIHEHR 3 61,
2. 3KRWBEYI A I C5-0H, JK 3-HIVA, 3-MCG
WREA = o T A BLAR R BEV B Thie . DL
fitg . FLER . MBEEA ISR IIER, EREF .
BHREIEHE o W8k s K USRS L
gy R R TR AR AL, e LA
i

gi LR, HrAs )L s A Qi i A & 3 MCCD
BILZTREIR,, AT LB 24> MCCCTHE F AR
5 ¢.269A>G(p. D90G) 1l . 1609T>A(p.F5371), F &
T MCCC1 AR 543 o %35 A= LG A A 1. C5-
OH B Er L, Xt LKA REIEA T IRA MLER /3B
FAERKGI, 45 BT MCCD R 12 fayy, gk
WIS RIS R

YEHTHRE W FRA R THIBE AT, B
BE, FAM. FTMHITTRADKE; BES.
N R AT R A AT R RS R
T IRE J5 F A

MEFRFER: HAREHFARALEN S

Ro

*
(& % X #]
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