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[ Abstract | Objective: To explore the clinical features and long-term outcomes of
patients with ¢blC type methylmalonic acidemia (MMA) carrying ¢.609G>A (p.W203X)
mutation of MMACHC gene. Methods: The clinical and laboratory findings of 720 patients
with MMA carrying the ¢.609G>A mutation were retrospectively analyzed. There were 172
cases carrying homozygous mutations of ¢.609G>A (group A), 169 cases carrying
compound heterozygous mutations of ¢.609G>A with ¢.482G>A (p.R161Q), ¢.80A>G
(p-Q27R) or ¢.394C>T (p.R132X) (group B), and 379 cases carrying compound
heterozygous mutations of ¢.609G>A with ¢.658_660delAAG(p.K220del), ¢.315A>T
(p-Y105X) or c.567dupT(p.Il90fS*13)(gr0up C).The clinical manifestations, the level of
blood acylcarnitine, homocysteine and urinary organic acid, and the therapeutic efficacy
were compared among groups. Logistic regression was used to analyze the factors
influencing the prognosis of patients. Results: There were 306 patients (42.5%) detected
from newborn screening, including 156 cases with disease onset; and 414 patients were
not detected from the screening, among whom 10 cases were diagnosed by testing after the
sibling confirmed, and the remaining 404 were clinical cases. In 560 patients with disease
onset, the median onset age is 1.2 months (3 days to 20 years). The onset age of patients in
group B was later than that in group A and group C (P<0.01). Patients aged <1 year mostly
manifested as vomiting, diarrhea, feeding difficulties and convulsions, while those
aged >1 year mostly manifested as movement disorders and mental retardation. Patients
with renal disease all carried mutations of ¢.80A>G or ¢.482G>A, and patients with
pulmonary hypertension all carried ¢.80A>G mutations. A total of 621 cases had long-term
follow-up, 156 cases (25.1%) developed well, 433 cases (69.7%) had development delay
and 32 cases (5.2%) died. The available data of 559 cases were analyzed by logistic
regression, and the results showed that the neonatal screening, disease onset, age of onset
and gene mutation site were significantly associated with the prognosis of patients (P<0.05
or P<0.01). Conclusions: The ¢.609G>A mutation in MMACHC gene is associated with

early-onset MMA, and most patients, clinical onset occurred within 1 month after birth.
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The neonatal screening and early treatment can improve the prognosis of patients,whereas

clinical onset is unfavorable for prognosis. Patients with ¢.609G>A homozygous mutation

have a worse prognosis than those with the compound heterozygous mutation of ¢.609G>A

with other mutations.

[ Key words | Neonatal screening; Methylmalonic acidemia; MMACHC gene; Cobalamin

C deficiency; Prognosis; Influencing factors

[J Zhejiang Univ (Med Sci), 2021, 50(4): 436-443.]
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7 Bt P 5% (propionylcarnitine, C3) ; Z Bt ] A% (acetylcarnitine , C2)
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Table 1 Time of onset in three groups of patients with cblC-type methylmalonic acidemia

[n(%)8M (min~max) ]

ik L . . .

45l n — - - I PR % 5 BRI

W 2 RIT I &t
A4 172 77(44. 8) 41(53.2) 136(79.1)* 0.241H (3d~3.6%)"
B#H 169 82(48.5) 29(35.4) 113(66.9) 5. 001 A (3 d~20. 0%)
c4l 379 147(38.8) 86(58.5)" 311(82.1)° 0.961~H (3 d~8.0%)"
X/ 71H — 4.537 10. 952 15. 450 61. 061
PlE — <0.05 <0.01 <0.01 <0.01

CT AR S BAL R, TP<0. 01, "E A RSO B AR LIRS SR BIER. AZL . BEHF c. 609G>A (p. W203X) 4l AL s 5
BZH . 4 c. 609G>A (p. W203X) 5. 482G>A(p. R161Q) .c. 80A>G(p. Q27R) K. 394C>T(p. R132X) HE— R W E S22 G R ¥,
CAL . #4c. 609G>A (p. W203X) 5 Ik LR 5875 7 £ LASN 5825 [ llle. 658_660del AAG (p. K220del) ,c. 315A>T (p. Y105X) .c. 567dupT(p.

1190fs"13) | 5 A 2 B AL ER 35
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oW WLZEAE | AR IE 1 MMACH CHE R A 5 58748
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Table 2 Biochemical test results of 606 patients with c¢blC type methylmalonic acidemia before and after treatment

[M(min~max) ]

C3

41 5 n (mol/L)

C3/C2

FHBETN 2
(mmol/mol JJLIEF)

FR MR
(mmol/mol {JLEH)

MRV EBEAR
(wmol/L)

A4

JRITHT 157 7.16(0.28~46.32)" 0.72(0.26~2.79)" 135.60(4. 84~1010.80) 4.29(0. 80~57. 00)
6.45(0.00~49.76)* 0.77(0.00~14. 08)™*
#(H 157 4.90(0.40~42.00)" 0.59(0.04~2.69) 123.35(1.18~1010.80) 3.40(0.00~53. 80)

RITE 157 3.03(0.04~11.35)" 0.12(0.02~0.32)*

B4

BIFRT 132 5.30(0.41~35. 44)

BIT IR 132 2.57(0. 04~19.33)* 0. 11(0. 02~0. 32)*
Z1H 132 2.90(0. 10~34. 19)

CH

0.43(0.25~15.44) 78.90(6. 84~2988.42) 3.02(0. 50~137.70)
3.21(0. 00~37. 40)*
0.31(0.07~15.40) 67. 11(1.50~2982.99) 2.79(0. 50~135. 90)

124.00(21. 30~463. 00)"
35.00(6. 47~58. 80)™
101. 90(1. 00~420. 70)

94. 40(25. 60~750. 00)
30. 40(1. 37~57. 54)*
66.70(7. 80~741. 50)

0.49(0. 00~4. 99)*

IRYTHT 317 8.28(0.69~41.66)" 0.72(0.25~3.55)" 126.00(3. 04~1660.20)" 4.80(0.20~451.60)" 117.40(22.00~765.10)"

WwITE 317 3.65(0.06~17.83)™ 0.13(0.01~0.39)*

7.66(0.00~50. 00)*  0.70(0. 00~4. 95)*

37.10(4. 17~59.70)"*

2fH 317 5.15(0.10~36.00)" 0.56(0.01~3.42) 123.56(1. 66~1445.25) 4.41(0.00~248.88)  80.24(0. 00~739. 30)
Z gyl — 60. 458 68.613 11.418 10.785 9.257
Py T — <0. 01 <0. 01 <0. 01 <0.01 <0.05
Zgyo i — 24.102 15.589 29.217 11. 841 18.266
Py fH — <0.01 <0.01 <0. 01 >0. 05 <0.01
Zyl8 — 7.432 2.447 0. 896 1.211 0. 540
Pyl — <0.01 >0. 05 >0. 05 >0. 05 >0. 05

“7CTCARSEROE. SBALILE, P<0. 01. SYAYTETILES, TP<0. 01. A4 #EW e, 609G>A (p. W203X) 4l 4578 %, BAL . 54
¢. 609G>A (p. W203X) . 482G>A (p. R161Q) .c. 80A>G (p. Q27R) Kc. 394C>T(p. R132X) T — AR i B A 2 G 78 i 5 C4H . 5
¢. 609G>A (p. W203X) 5 [3RA7 # LIAPGEAE [ Ue. 658_660del AAG (p. K220del) .c. 315A>T(p. Y105X) .c. 567dupT(p. 1190fs 13) 1%

BHAERAERE. C3.INBEAL; C2: ZBEAb.
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Table 3 Results of logistic regression analysis of factors influencing prognosis of patients with cblC type methylmalonic acidemia

[n(%)]
AN ES n iE % 5 ORfH 95%CI PlE
P

5 298 78(26.2) 220(73.8) 1. 00 — —

k'S 261 74(28. 4) 187(71. 6) 1.26 0. 674~2. 368 >0. 05
b LR A2

£ 246 125(50. 8) 121(49.2) 1.00 — —

% 313 27(8.6) 286(91.4) 0. 18 0. 088~0. 355 <0.01
e PR &

o 434 61(14.1) 373(85.9) 1.00 — —

% 125 125(100. 0) 0(0.0) 7.38 4.335~12. 562 <0. 01
RIS — — — 0.99 0. 979~0. 996 <0.01
FEH A

A 145 40(27.6) 105(72. 4) 1.00 — —

B4 123 58(47.2) 65(52.8) 0. 45 0.218~0.921 <0.05

(ot i 291 54(18.6) 237(81.4) 0.37 0. 159~0. 863 <0.05

MBI, TR R R S WEFEIFAKEA. A4l 5. 609G>A (p. W203X) 4l 4 5 L B Y
¢. 609G>A (p. W203X) Hec. 482G>A(p. R161Q) .c. 80A>G(p. Q27R) Fc. 394C>T (p. R132X) FE— AT MO G4 & RS ; C4L  HAlT
c. 609G>A (p. W203X) 55 [ IRFEASN7 45 LISMGEAR [ frle. 658_660del AAG (p. K220del) .c. 315A>T(p. Y105X) .c. 567dupT(p. 1190fs'13) (%

BRERALLE.
g 2R SRR TR 25 T BEATAE 22 5%, H A

KT HEMT c. 609G>A 275 3 Y R A 5 W5 1 i
IR GARIE . A SCEZE 720 137 ¢. 609G>A %
A5 FBE TG PR R, A S R 78 5 36 78 U i A
M S BRI

cblCHY MMA B35 7] TALA 4RI Ao , Horp B
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c. 609G>A [R] HAh R AE 7 S A B A A G R A
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1 % NS , 7 BT AT R (Y 78. 9%(442/560)
HH159. 5%(263/442) BB ETE LA H LA AR,
H.85.9%(226/263) 4 A £H 1 C 4H 3% 76 25 %
(4.5%)4 % Ja i Bhilm R IR 1 B2 v  AZH AN C 4
LA 6, HAT 19BN BB E . HEHE B
&, AU CH P LR B8 5 e R ekt 2
(R, RN T & & 15 5 0 I (] ] v] AN A%
WERA , FR 5 A S R B 0] AT BE 5 S0 Bl i
)R B A 2R C 4L A 1% N 0 Y SE B L)
AIRESE .

Wit A LU A 3 SRHE) Bk £ 1
MM A F8 & il 287 2 L A o 12 90 347 7 A
I7 o ARSCHOR 42, 5%(306/720) Y& AR IR

PEAT T A LR Hih 51, 0%(156/306) iR %
TELIAIT AT Hh B PRAEAR | A 20 C 235 L
LIS IR ST IS AT R S o F) BB LU 191 T 3 4 0
EBE LI T B, B £ BRI PREEAR 11 1L
1917 66. 8% , T A 1234 i 1 BRI PRAE IR 11 L9 7]
W% 35. 4%, B c. 609G>A 4l A 5848 FZ 28748 55
HA T 5 5 R AR DG M ST B B e 2
7 3 SR 5 e e R S T I S 2
GLARTH P . M. 609G>A 5 c. 482G>A .c. 80ASG
Tz c. 394C>T HE—RASTE WA 4 2 45 S0, If
PRAEAE VR BRI 2 750 5 718 (R R AiE. | ELMABIL 1 ¥ o 1
B, ME AT R A DR FT 43 B v R 5 Rk PR
GAF W SRR SR Fe ik 2

cblC T MMA B I PR 5 it BH ., B2 LI &
M 2 5 LA S RIS PR it S A R B 4R
MR FERI R E R RE
S505  [RI I T RS B0 JULEK v B R 4
YL Z Lk IR AR, AT
5 A0 AN B L I I R
FELEAAE WRIG MLV Y 25 AF R 30 ik s
JEU R R R | SRR AR S
Fhebr, S R LR A VSR R A 12 S b
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8RB v, LAB R g AR s 1) A A S 4
c. 80A>G B c. 482G>A ZRAF  AA7 fili sl ik v R 1) i
HIHET c. 80A>G ZAE , 1M R 2 8 1 B A
o 58 fii 2l Dk s R Y AR A 4 ¢ 27 1dup A (p.
R91Kfs 14) .c. 276G>T(p. E92D) .c. 464G>A (p.
G155E) 5K . 484G>T(p. G162R) %5518

H AT, B 5 Z406E BR cblC T MMA B ET6
SR I C3 ,C3/C2 HufH IR TP BN g | W1 JE A
AT B i [ 78 > e S R (B 346 AN IR JE T L 3R
FPJG bR A LA bR R R R TR ARt
W, AR C AR AT A AR FR bR C I B 22 5% (H Y
T Bl R BB R B SR (1 R I
PRI B A=A AR 3485 2 1 & U 58 7 1 A ™
& T B A R B2 R AL, TG
KA E AL TS 44 R B127RYT . HALH
AT RESHE X58 75 5 R I R AR A A /N0 58
AF B REALA 5, i R MMACHC 25 145 4 cbl
SR TG 2 S B RS B 1 R
[ ZIRESR 5 o

FH 3R P 2 INRE AR B TS SRR A &
5 1) LR SRR DI AR G (G T cbIC B MMA 5 1)
KIS OB D . 2 E—TFE R 12 4] (8 i
Fr I BEDT I AT L B VEAS , K TR R A
TERRIRLEE Y S B v A5 3 Pl T ) — T P 5
EFXT 86 Il MMA /B HETTA% 28 /R & B R 0Pk &
W, B BRWAIEIGIT , R 28O 512 Wi
MMA BEABFEEM S L & Bl A Lififie
W B B A R Y AR, K IUIRE
Vi 62149, Horp Tl 1B #1564 (25. 1%) , & 5
433 (69. 7%) ,JLT=321(5. 2% ) , & n 7
c. 609G>A Z7R [ FR A SRR TS A . 209 il B
AT T & B M e B RIS, Hoh IE % 40 4
(19.1%) , 1% 326 (15.3%) ,7% )5 1374
(65.6%) o XTHEREST 4 HATBAEIE 14 559 i) £ it
T logistic FIH 24T & B, B A2 LI 252 Wi 5 1
TG T B AR R 5 2 Wi i B Rl A=
LI A2 W5 AT 297 1 £ AR PR 2993 1T 2
(1) B3 T Y3 AR s SR K 22 , UL T A 12
A S IR REVR /D T AN BT BB | T2 W Y
WIVRYT REfE O (A S B2 s AR 6 5, s Tl
Jei o XA 3 e 45 R | FE PR 58 A8 2%
RUJE S M TS i OGS R R 5l c. 482G>A |
c. 80A>G J c. 394C>T R4S B4 TS I T H 4%

5 c. 609G>A F8745 K A L& BRI AR (W 34, T BE
& H AN JE R 58 A8 25 R 2 [ T s i Rt
AN, FHORFERREE S5, S e
Tl fE 25 R ANl

25 L TR A BT i KA AR A TR 1 4
FrIESZMMACHCHEH ¢. 609G>A 55 & Kl cbIC 1Y
MMA 2%, B FH 2 F A 14 H PR, ISR
WX Rt TS AR A B RS R E, diE
2 BI2 WL S X5 AN [R) 5848 1) S8 B YA 3L
AR LA ER A TS A 25, 1 R & WA
HRE TS, BEHF ¢. 609G>A 4lif 2878 H 3 il s 4t
M c. 609G>A 5 HA ZE AR AT UM A 4 5%
BB TG 2

Tl A EE R AR £ 0P

S 3k

[1] ZHOU X, CUI Y, HAN J. Methylmalonic acidemia:
current status and research priorities[J]. Intractable
Rare Dis Res, 2018, 7(2): 73-78.

[2] WANG F, HAN L, YANG Y, et al. Clinical,
biochemical, and molecular analysis of combined
methylmalonic acidemia and hyperhomocysteinemia
(cblC type) in China[J]. J Inherit Metab Dis, 2010,
33(S3): 435-442.

[3] WANG C, LI D, CAI F, et al. Mutation spectrum of
MMACHC in Chinese pediatric patients with cobalamin
c disease: a case series and literature review[ ] ]. Eur J
Med Genet, 2019, 62(10): 103713.

[4] LERNER-ELLIS J P, TIRONE J C, PAWELEK P D, et
al. Identification of the gene responsible for methylma-
lonic aciduria and homocystinuria, cblC type[J]. Nat
Genet, 2006, 38(1): 93-100.

[5] ALMANNAI M, MAROM R, DIVIN K, et al. Milder
clinical and biochemical phenotypes associated with the
¢.482G>A (p.Argl61Gln) pathogenic variant in cobala-
min C disease: implications for management and
screening[J]. Mol Genet Metab, 2017, 122(1-2):
60-66.

(6] SRERWk, whideds, m 7 4% WAEN —RRINGEMMACHC

HEH ¢.482G>A RAL B I RGBT AT () ].
LRI IBTZRE, 2019, 35(7): 581-585.
ER Huishu, HAN Lianshu, YE Jun, et al. Clinical
analysis and outcome of patients with ¢.482G>A variant of
MMACHC gene in cble type methylmalonic acidemia[J].
Chinese Journal Endocrinology and Metabolism,
2019, 35(7): 581-585. (in Chinese)

(7] whifeds, w4 BRSCHR, A HBRBUERS UG
PE-BOEAIE PRI ]. REEFHRGE, 2008,
88(30): 2122-2126.


https://doi.org/10.5582/irdr.2018.01026
https://doi.org/10.5582/irdr.2018.01026
https://doi.org/10.1007/s10545-010-9217-0
https://doi.org/10.1016/j.ejmg.2019.103713
https://doi.org/10.1016/j.ejmg.2019.103713
https://doi.org/10.1038/ng1683
https://doi.org/10.1038/ng1683
https://doi.org/10.1016/j.ymgme.2017.06.011

T B4 2000 LN R MAEMMACHCH:H . 609G>AZS78 (B s RAE K 5 3 b - 443 -

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

HAN Lianshu, YE Jun, QIU Wenjuan, et al. Diagnosis of
inborn errors of metabolism using tandem mass spectro-
metry and gas chromatography mass spectrometry[J].
National Medical Journal of China, 2008, 88(30):
2122-2126. (in Chinese)
YOU J, SHAMSI B H, HAO M C, et al. A study on the
neurodevelopment outcomes of late preterm infants[J ].
BMC Neurol, 2019, 19(1): 108.
LERNER-ELLIS J P, ANASTASIO N, LIU J, et al.
Spectrum of mutations in MMACHC , allelic expression,
and evidence for genotyped phenotype correlations[J].
Hum Mutat, 2009, 30(7): 1072-1081.
CARRILLO-CARRASCO N, CHANDLER R J, VEN-
DITTI C P. Combined methylmalonic acidemia and
homocystinuria, cblC type. I . Clinical presentations,
diagnosis and management[J]. J Inherit Metab Dis,
2012, 35(1): 91-102.
LI Q L, SONG W Q, PENG X X, et al. Clinical
characteristics of hemolytic uremic syndrome second-
ary to cobalamin C disorder in Chinese children[]].
World J Pediatr, 2015, 11(3): 276-280.
LIU J, TANG X, ZHOU C, et al. Cobalamin C
deficiency presenting with diffuse alveolar hemorrhage
pulmonary  microangiopathy[J].  Pediatr
Pulmonol, 2020, 55(6): 1481-1486.
LIU J, PENG Y, ZHOU N, et al. Combined

methylmalonic acidemia and homocysteinemia pre-

and

senting predominantly with late-onset diffuse lung
disease: a case series of four patients[ J]. Orphanet J
Rare Dis, 2017, 12(1): 58.

WEISFELD-ADAMS J D, BENDER H A, MILEY-
AKERSTEDT A, et al. Neurologic and neurodevelop-
mental phenotypes in young children with early-treated
combined methylmalonic acidemia and homocystinur-
ia, cobalamin C type[J]. Mol Genet Metab, 2013,
110(3): 241-247.

KARAVA V, KONDOU A, DOTIS J, et al. Hemolytic

[17]

[19]

[21]

uremic syndrome due to methylmalonic acidemia and
homocystinuria in an infant: a case report and
literature review[J ]. Children, 2021, 8(2): 112.
KOMHOFF M, ROOFTHOOFT M T, WESTRA D, et
al. Combined pulmonary hypertension and renal throm-
botic microangiopathy in cobalamin C deficiency[ J/OL ].
Pediatrics, 2013, 132(2): €540-e544.
IODICE F G, DI CHIARA L, BOENZI S, et al.
Cobalamin C defect presenting with isolated pulmon-
ary hypertension[J/OL]. Pediatrics, 2013, 132(1):
€248-e251.
GUNDUZ M, EKICI F, OZAYDIN E, et al. Reversible
pulmonary arterial hypertension in cobalamin-depen-
dent cobalamin C disease due to a novel mutation in the
MMACHC genel]]. Eur J Pediatr, 2014, 173(12):
1707-1710.
FISCHER S, HUEMER M, BAUMGARTNER M, et al.
Clinical presentation and outcome in a series of 88
patients with the cblC defect[J]. J Inherit Metab
Dis, 2014, 37(5): 831-840.
IR, BT, B4, S cbICHIFUEEN TR
iE 23 B ILI IR SN RS i A (0], PERES
LR, 2018, 26(6): 10-12, 21.
LI Wenjie, WEI Chaoping, LYU Jinfeng, et al. Clinical
and genetic analysis of 23 MMA-chlC cases[]].
Chinese Journal of Birth Health&Heredity, 2018,
26(6): 10-12, 21. (in Chinese)
REARIL, B %, gk, 2%, WAL IR MLAE 86
BILWMZE K ERAE]]]. PESSRILBHRRZE,
2020, 35(3): 221-226.
LU Xiangpeng, ZHENG Hong, LIANG Ruixing, et al.
Study on neurodevelopment of 86 children with
methylmalonic acidemia[J]. Chinese Journal of
Applied Clinical Pediatrics, 2020, 35(3): 221-226.
(in Chinese)

[ A S

wo & 7]

1EEZ RS RALORCID

C U A

TFE5E & S5tk & S0 TR A ( open researcher and contributor identifier, ORCID ) J&H I FRIE BN B SR H AR A 45
AT 20094E 2R [ At B Y, R SCS RE SCHR ST 70 ZARTRAF (DOT) 264 : DOA R SCHR i B 3k, — 30—
UE; ORCIDABMIF A R 25 AR B OHIE, — A—IE. 25 1 AR IKEORCIDAYVER G S0 8 s https - //orcid. org/ , TEMHG fa $8 31K
ORCID, A< TIM20154E 45 3R TEAE 15 BAL TR IIORCID, Elhttps : //orcid. org/ /5 160 40F . fIBFHORCID70000-0002-
9579-9593 , ¥ 15 B HJ5 il _L-https ; //orcid. org/0000-0002-9579-9593


https://doi.org/10.1186/s12883-019-1336-0
https://doi.org/10.1002/humu.21001
https://doi.org/10.1007/s10545-011-9364-y
https://doi.org/10.1007/s12519-015-0032-4
https://doi.org/10.1002/ppul.24781
https://doi.org/10.1002/ppul.24781
https://doi.org/10.1186/s13023-017-0610-8
https://doi.org/10.1186/s13023-017-0610-8
https://doi.org/10.1016/j.ymgme.2013.07.018
https://doi.org/10.3390/children8020112
https://doi.org/10.1542/peds.2012-2581
https://doi.org/10.1542/peds.2012-1945
https://doi.org/10.1007/s00431-014-2330-6
https://doi.org/10.1007/s10545-014-9687-6
https://doi.org/10.1007/s10545-014-9687-6

	例甲基丙二酸血症 酸血症MMACHC基因c.609G>A突变患者临床特征及随访分析
	1对象与方法
	1.1对象
	1.2串联质谱法检测血酰基肉碱和气相色谱质谱法检测尿有机酸谱
	1.3治疗方法
	1.4随访及预后评估方法
	1.5统计学方法

	2结果
	2.1三组患者发病时间比较
	2.2三组患者临床表现及合并症比较
	2.3三组患者血酰基肉碱、同型半胱氨酸及尿有机酸检测结果比较
	2.4720例患者随访结果及559例患者预后影响因素分析

	3讨论


