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W - IR

cbIC WALy P& i JE PRIR Y5
i AC 2 R I 9 ¢ 300 G &

FRF ORF REH

(PEREAXFHEERERLAILA, L7 M 110004)

[FZE] BA 501 cbIC B EDY R MAE AE R R BRI (577 MMA ) FEPI S80I IR
RS BRI R, BRI R S I R R B P U B OC R . Foik IR 3T 16 0128 L DU I B2 ceblC
T MMA SBILBIIRR YR AR R (< 1 8) BER (51 %) o IRKREN A% difh
AU R ST T AL T A 2 B, (UG ) /34 . ORREHSEm . MR SR ARG . R Rk
RIS A 115 ARl 4 5] ), iR R (R )1 B B 7 Rl R 9878 2 Fivl K 9875 ( ¢.445_446del TG
H1¢.349G>C) o ¢.609G>A X ¢.658_660del AAG M WLIZEAE (13/16, 81%) , —FHFEUNE HGI4ERAE N
WL (4716, 25% ) MYIEDIRL, FEF/NKIGTE SRS ) B 02 FLYARYT I O Mt . ok B ) B LAYT IR I R
FRUEH, RIS I EJLRRIE Jraikzs . 418 FRE cbIC B MMA LI LT T FFAEUN 75 ¢.609G>A
1 ¢.658_660del AAG; FELIG IR 5I7RUHC [EPEIéﬁJLﬂ*M, 2015, 17 (8) : 769-774]
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Relationship of genotypes with clinical phenotypes and outcomes in children with
cobalamin C type combined methylmalonic aciduria and homocystinuria

YU Ya-Fen, LI Fang, MA Hong-Wei. Department of Developmental Pediatrics, Shengjing Hospital Affiliated to China
Medical University, Shenyang 110004, China (Ma H-W, Email: mahongweil 960@163.com)

Abstract: Objective  To analyze mutation types, clinical features, and treatment outcomes of cobalamin C
(cblC) type combined methylmalonic aciduria and homocystinuria (MMA-HC) and to investigate the relationship of
genotypes with clinical phenotypes and outcomes. Methods The clinical data of 16 Chinese children diagnosed with
cbIC type MMA-HC by gene analysis were retrospectively analyzed. According to the onset age, the patients were
classified into early onset (<1 year) and late onset (>1 year). According to the clinical phenotype, the patients were
classified into mild, moderate, and severe groups. All the patients were treated with vitamin B, (cyanocobalamin) or
hydroxocobalamin, betaine, folate, vitamin By, and L-carnitine. Results  Fifteen patients belonged to the early onset
type, including 11 in the severe group and 4 in the moderate group. The remaining one belonged to the late onset type.
Seven reported mutations and two novel mutations (c.445 446delTG and ¢.349G>c) were detected. The ¢.609G>A and
c.658 660delAAG were the most common mutations detected in 13 (81%) out of 16 patients. The genotype caused by
compound heterozygous mutations of these two alleles (c.609 G>A/c.658 660delAAG) was the most common in the
patients, detected in 4 (25%) out of 16 patients. Patients with this genotype had severe microcephaly and eye diseases
and these clinical manifestations were not improved after the treatment. The patient with late-onset cblC type MMA-HC
had normal clinical phenotypes after treatment. In the 15 early onset patients, the more severe the clinical phenotype,
the worse the treatment outcome. Conclusions The cblC type MMA-HC mainly manifests as early onset in China and
¢.609G >A and c.658 660delAAG are the most common mutations causing this disease. The clinical phenotypes are
associated with the outcomes in children with cblC type MMA-HC. [Chin J Contemp Pediatr, 2015, 17(8): 769-774]

Key words: Methylmalonic aciduria; Homocystinuria; Early onset; Gene mutation; Outcome; Child
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LY — R Il SE ( methylmalonic academia,
MMA ) & Jf i [ 24 2 B 2 R il A () Bk 5 O Y
MMA ) J&& MMA 55 WA 28 1 b 23R [ MMA
BE B W EALRAL, {245 cblC, cbID il cbIF
3R, o eblC BRI [E 5 JF A MMA 1 3
TR P, A IR MMA (B3 11 PR A 4 ali
MMA TR e, W™ E R R LRIZ R85 % 255
TR R, MERZEFARK. BHATENET cblC 2
MMA HBF5E 2 Al R B B A2 i i, ABITSE7E
IR FXF 16 4] cblC B MMA S8 35 JEAT 1 HE A Y
Sl R RS 7R 8] G R ARV
1 ZRERZE
1.1 HRMK
2004 4F 12 H 2 2014 4F 12 AR B & & L
Rt 618 MMA L 16 4, FHr 55 12 44,
AP, KRFERPAECY 45 A (TR A5
5d~9 2 1011 ) o 1R BB A JList A& A EHp i
A, HAL 15 0 FZLLEFRAR, M R4
MANAEIED . flE . vEhE ., AR A EEEM (50)
1R N g ki2, SCREY AR RISHC. Fr A A
AR B ILE KA &,

1.2 Ak

(1) & JIF & MMA 4 2 Ik b5 1
MMA ) IIf PR 26 B, 22 JR A0 635 / B3 (gas
chromatography mass spectrometry, GS/MS ) 7 R £
WA B 2 . i B BT (tandem mass
spectrometry, MS/MS ) FE A il PN A A ( C3)
5OWATL (C2) MHE (C3/C2) [A)my4 e JfHE
BREAELE R B, B SE4K & P2 AL L [A) B2 e 2R
T, A IR (methionine, Met ) AT
EILZWT 3 I MMAP,

(2)MMA BJ73 8L FiAIRAF R o R R (ke
WA < 1 %) RIEER (CRFER >1 %) 7,
AW AR R R B 73 Jy e i vhia) B R d A, i
RAYB LI iR, A B LA v ) A R A
Hp R 1NN HE IE, EF1 AR
12 g ) gt 30 Bl PRI AP 8 1 b e DA
EAY: e, ARBHES . CEAFIRSE . SN
1 B2 A A A A AR B/ NSRRI, 5 D0 Ay v ]

it

A

(3) B . BUR LS HAS RSN E bk A,
AT MMACHC FE A, % 3E A ChlC B4 5
T MMA FYZRASEER o Rl oe 28 LI . R L
MASHT. Ma. M. ML . T E DI aEFC
JULBEE I 5 . A CT 5 MRI 4948 . Bxd &, &)
N B A B ARG A

2 #R

2.1 cbIC & MMA EJLIGKRE#
16 fi cblC %4 MMA &L 15 6 > 5 & 5,
1) R e A R () o 15 )Rk R A A 4 5]
e LR 11 B R, TS 3 i, AR E S 3 i,
e 7 61, ANKEE 761, KFHIRZ 10 6], IR
IR 6 7], 16 il LI TLE8 MRI Kt , 4 il
S (R R L], R A 2 4) 12 Bl
SeH (EAL 10 6], HJrm 2 4] ), FEE Rk aE]
B v sl A I A 3G K 9 i, G BT SE S i,
EIRIR & B AR 4 61, MUK S #, kM i
Wi 1 9 Bl LAT G R A, 1 TSR
B ), 1B RE (ER) 7 FlHhE R
UG H R A ) S, R Iz RS 14,
R EAATE LB, SRk s PR 5
LAV RAE LA A FAR B B AR RR hRE ( pH
7.05~7.28) , #B4rEIJLFLER K& Tt E . IR R
GiseH 11, Hd e imgnpass 4 6 (ER)
FFShaESEH 36 (EAL) o 16 flHJLIELF A 5%
AR ILER 1,
2.2 MMACHC EE#iN45R Kk RTIMER S
Al LA G H 9 Fh MMACHC 3[R 28 75( 6
2) 4 FhIEARRAY (TE S AN | B B B AE )
DITE XS8R 3 (419, 44% ) o c.609G>A (2 4l
BRAE . SPIZRERAL ) Fl c.658_660delAAG FEAL
(1 BlEiERA . 6 BIZRERA) NEE LR E
RIZEAR (87%, 13/15) , Hi# SEAEMRI & (38%,
12/32) , Ja#E Wz (25%, 8/32) . X 2R
SE I ERARRE WNE G ERA (412,
33%) , WA BILP R UL . FALS Y 2848
W (413, 31%) , ZREILL/NKEIE . F5
KB AR TIRE N FERI ., c.609G>A ZE745 &
B WA 2278 (214, 50% ) , IR FA Ky rh
85, ¢.658_660del AAG 4l 2878 Mg IKARIE,
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JLFAITE 2 4] ¢.567_568insT 5748 (1 filalifoe7s,
55 141 ¢.567_568insT/ ¢.658_660del AAG Z4E5 578

BILHIET . 3 ] c.394C>T FE78 1 B R AT 4
TG (2 lrhla AL 1 BERY ) o 2 ] ¢.80ASG
RGN GA R (1 G, 1 BI5ET)

¢.445_446delTG J% ¢.349G>C 8745 [F P48 4 A LR
W, AR 3% (1/32) 5 50 il A
R 2 I AR AR, 2 (91387 A 2738 1ty ek DR ) s 5 S
R

*F1 16 fIEHE MMA EJLIGKRER
T R O A I S Tl N R T
5 S e U gy E S gy SRR DS i S Ko

AR ARIR w o fag # it R )@ 3k I MRI e Wi

1 ¢.567_568insT #li4 T 5d  4H 45H% + o+ o+ o+ - - - 4+ + + - -
2 ¢.567_568insT/c.658_660delAAG 5 45H 45H 45H° + + - + + - - + + At - -
3 ¢.609G>A/c.80A>G o 1H 7TH 15HY + o+ - o+ + -+ 4+ - + + -
4 c.609G>A/c.658_660delAAG BHoo3d 21d 9%d - - + - - - 4+ + + + + +
5 ¢.609G>A/c.658_660del AAG B 6H 108 103% - - + - + + o+ o+ o+ + + +
6 ¢.609G>A/c.658_660delAAG B 25H 258 60H - - + - - + o+ o+ o+ + + +
7 c.609G>A/c.658_660del AAG B o 6H 6H 2H - - - - + + + - + A - +
8  ¢.658_660delAAG 45 BWo1H 3H 41H - - + - - 4+ + + + + + +
9 ¢.394C>T/c.217C>T & 33 6H 30H - - + - + - - + + + + -
10 ¢.609G>A/c.315C>T Bo1s5H 3H 25HA - - - -+ - o+ o+ o+ K + -
11 ¢.609G>A/c.445_446delTG Bo37d 48d 41H - - o+ - &+ - - + 4 4 o+ -
12 ¢c.609G>A 4 B 9H 1A 414 - - - -  + - - - + K + -
13 c.609G>A Zlit B sA 6A 15A - - - - &+ - - - - Kt - +
14 ¢.394C>T/c.609G>A Z 6H 19 36A - - - - &+ + - + - - 4+ -
15 ¢.394C>T/c.658_660del AAG B - AR 24H - - - - - - - - 4+ kK o+ -
16 ¢.80A>G/c.349G>C B o98% 98% 10748 - - - - - - - - - K - +

T CRAETCIHAERS . ¢ A LS AR A . /- g B / B R Bk A A 4G SR S /R s U I . R AT 5. el

1~11 TR, ] 12~15 R e R, il 16 ey, Hoddgghil 2. 3. 9 & 10 24k .

%2 16 f12JL MMACHC EE 2 25ie il 45 B A4

AR " . . SRR 2%

el BOuck  SRAAR Sadesiag aseses R o
1 ¢.80A>G p.Q27R 2 0 2 6 94
2 ¢217C>T pR73* 1 0 1 3 Je
3 ¢315C>T p.Y105% 1 0 1 3 Je S
3 ¢.349G>C * p.A117P 1 0 1 3 5 X
3 ¢.394C>T p. R132% 3 0 3 9 Je X
4 c.445_446delTG*  p.C149Hfs*32 1 0 1 3 sk
4 ¢.567_568insT p1190Yfs*13 3 1 1 9 A
4 .609G>A p-W203* 12 2 8 38 Je X
4 ¢.658_660delAAG  p.Lys220del 8 1 6 25 (ER

IE: AR R
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Za49G=C |I ]|
A n I A | |
B o A | |

: mll'u"l ll'»"ll ll{,"lll ll". Ag'

If'|

(bl ]
| I

| | | I""I
|| | J 4
| III 1

ey o

B 1 24l cblCE MMA BJLEARTERE DNA NFE

A: BILY, 37d, MMACHC Z:[A exond Hlde287%

B: HJLE, 9% 101H, MMACHC JE[A exon3 4 X578 . Hisk AR A HE R S48 3 5

2.3 cblC & MMA £JLiEFF 9
SERTIEIRGERL, B AT RN G IHE S
oL, X EJLSETT AR AR IR 5 25 0R
J7, EPXER . METS . YL EFEARFSIFAE
HATXHIE T . 48 T 5 Mol 54k e 1 46 K B,
(1 mg/ J& ~1 mg/d) WSS, HARMFREOT R
5 (10~30 mg/d ) . ZERJETT [30~200 mg/ (kg-d ) ].
AR (0.5~3 ¢/d) K44 % B, (10~30 mg/d )
VBT HEER (200 mg/d ) 5 IERKE, Hip
Y= 3K B B HRTT 8 B, FRAEL IR IT 3 .
R L R E I 3 B G226 78 (.609G>A/
c.658_6601AAG ) HILZIRYT /N REIE . IRB}HR] B
PIJCRH B ek s, (H 2 Bt 4 A K B AU R R
FReh e R, 5 1 Bl R A MR T IR
ToHIHE . c.658_660del AAG 4l 4 58 78l B IR
g, BILFRME, R, m4EE B, 54
JHe 4G R PR B e B 2 M o ¢.394C>T 445 5748
2 R A AL L (¢.394C5T/e.609G>A K2 ¢.394C>T/
c.658_660delAAG ) HEA:Z B,/ FURN YT BUBAT
1 BIERE L (394C>T/217C>T ) FRI T, 4k
A E B WU AT I AR S R 1 B A T E Y
KHIRG . c.80A>C A+ 5878 2 4, Horp 1 {2 Al
BILEFEMARIT IR IR R BT 2 E R, & 1%L
105, 55 1 BIFET . AT LR T IS I R
R BAEACR I o, PR RN Rk B
ETRME. BB ER LA, HAMEILIGIT S

PR AR R s s K T )5 o

3 iTfig
A IR MMA & MMA Hriess IR AL, 2
FRIE MMA i 2 Syl i R AR 5 5 e
T A e 3R RN Y AR Bl R B LR, ROk AAR P
LN R A AR i S M 9 R R R
AT PE T %, A SEUNLT /R RN /. I
T R Y 2 e e 3 e A i i R AR R s> . AT
B MMA 43K cblC. cblD & cblF 3 %1, H Hr cblC
T kg H O, 4 A 3 R S MMACHC (OMIM
277400 ) , IZHE P E AL TR G 4K 1p34, 1
4 A fis A F K 1 A ARG AR B F L eblC &
M7 282 AN LR, A WIATIReds . S
i RS X (122-HXXGX126-154GG-156 ) M 5
TonB Y7 & 25 F DI REAHLIY C- ARy (5EEE 185-282
X, C- R A] &2 5 5l e 28 5% i T 1) Joa - 2R e
AL, DAY R e R R T e pe 4 ) U
chlC [ FEAFAEMIK N, HFZIRe M1k
CNCI i Ji I ORGSO T B e 28 B B G R
4 MMACHC PR &A= 828 1, HLR P H T — i
R[] 7R Jile i 2 AR F A 2 R R

H af E 4 2 i MMACHC 3 R 28 A8 i1
80 F, Py 30 Fp 2, FRE cbIC HFER MMA (1
FLR A 5036 E R BB AR o BRIE E R ARNR by
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EIHYE ¢.271dupA ( RO1Kfs*14 ) ( 40%~55% )12
¢.271dupA 4l & 52748 JL-F- 35 Wk 0, i 3R f
UL LR R 98 I ¢.609G>A (48.1~67.8% ) M
c.658_660delAAG (7.1%~13.9% ) 21 Xt P g8 A5
(IS 5 T RS 7 FHRON BB AE i e P,
SCHRFRIE AL 241 ¢.6090G>A J ¢.658_660del AAG
AT B B H WL PR RV AS AR T
A7 X A AR SR TR & A cbIC B MMA F4
FRAFIIE T 0 AR KRB B R BN S
A5 (¢.609G>A/c.658_660delAAG ) 17T B LT
B, BMERE, TURRENRAE, ZREIL
ANSKRIEEIE . BRSIR) AR S F T W, (AR
A By THiE o c.609G>A S JG X278 ] i
B 203 (0 SR B FE HTZE L, ¢.658_660del AAG
FHERE 2S4S, T30 (A5 RHIE M 26 220 13 #t &
B, K WA Z8 AR 3 7 AT B T
MMACHC £ I ZIfgskiE . SCRARIE S ¢.609G>A 4l
A RAR K ¢.609G>A/c.658_660delAAG & A 2 4 5%
AR 2 L R BT AT 1 g A T AR
R I 609G>A alify 73748 (LI IR R AR (h
)% ), 1M c.658_660del AAG 4li45 778 Il R F A |
JPR2%; .567_568insT S5 1 MR 190 fif

Sov AR R AERBMEA, UEIRIKE R Z R
5 c.609G>A RE R LRI G RAS, HAaiGRAE
K5 ¢.658_660del AAG [ 2% G 5745 8 SCH IR AR
iH, 2 BIEILIBET . 456 SCERAEN ¢.567_568insT
AR FEIFRE AR EIL, RAE, W52,
H R AR AR B R 5 R PR 2 ] 1) 56 RA FRilk— 2
1 7€ . MMACHC 2 4 45 ¥4 50 BT #2278 ¢.609G>A |
.658_660delAAG J% ¢.567_568insT 2875 fif T C- K
iR X, YA AT RE R Ak e BB TR I T
HREBHEAL T, ¢.658_660del AAG 28 725 1 T[]
UEF 5 1) 1 BE R ST X, 4R 7R IZ A B B H D BE Y
M A A P A BF 5E Hh ¢.394C5T Fil ¢.80ASG 28 748
A3l 5 HR A AR S R B A A A I PR AL
KIFRIIH MRS 2 Hlp A AY ¢.394C5T 424
RAF B ILIT R . A 1 R LR R,
BITRUR 22, ¢.394C>T RASTEENFE . B LM |
URERTRIAT . BRI, A IO IR E Y
FHE PO DLAEIN R e.394CST 4l G =728 £ Ny
W&, IR R B 7 skt MY Bl A
SCHRFE H ¢.394C>T 4l A 58 748 5 i & AU 5 T S Bk

U2 c.80ASG 24 A & A8 i 1 i L (¢.349G>C/
c.80A>G ZRERAS ) SEAMFGE T — Y 4R AU e Y
BIL, M5 —FEIL (c.80A>G/ c.609G>A 44 %
A5 ) WBETS, ¢.349G>C 4 L RAS W & RAE, %
FRASALGE 117 N AR R IR, 5 HTia R
ARG PR A% . IFERIE Y ¢.80A>G 4l 28748
I c.80A>G/c.609G>A F: 4 5878 ¥4 hy B g o5 B,
Morel %5 " 251 S RNA B20E PR R R 5% 432
R T IMIRRBIAR, BEASRACRNE
ZeENTRE S5 AN AR RN | R 5
WEEAVEH SR B IR R A G, ARt 5 —
Pl BT & 28748 (c.445_446delTG ) i T4 e 2454
X, 2R RNEE 149 7 2RI ih & A FEhD,
1E 180 i Fab a2t , =AM EA, N
1M MMACH £ %26 6 53X 2 B & 287428 1
Tl RSN RIR R — IS, B, c.609G>A |
¢.658_660delAAG K ¢.567_568insT %8 7% & & [
DL R RIGEAR | RAUVHE | JTREEZE, ¢.394C>5T
Je . 80A>G RAZFRMIZRETK .

BT A J1 8 MMA S H 38 9 R K [m] 8 i
AMRWFEEER, 510 A K P Bt 2002 AE
BENIKRRIE ZRZH . 2R 2, SRR
XTI, Z DS T s 2 R g o &,
AR A S P D R A G455 i 7 i B 95 il PR B 27
TEFE DY TR M Al 5 B 40 2 ARESE p 1 iR
JL GBI 10) A I M BRI AUK ,, FRZCREUT ik
FEIRIE S RAIRIT, B WA LUK A cblC
I MMA 3 91 438 ™ I A 22 1 e 3507
FEAL AN R AT BB cblC B B35 7w i 495 1) 32 22
PR 1O [ 0 2 ol e i 5 R AT A L A PN R 48345
N- HKE -D- R A2 R A2 AR b B T T i B ph 22 5 1k
PEFI M, 32 ARG SR e A o Y i i bR
BEZRA TERA N S AR B 22 R B e [R) Y e 2
M iE 3 A R B 25 1 M AR e AN 2 ) A
PR, ALY ST S R G H R E,
KRGS MR LR BAE

H AT 8 DA ST eblC Bl LYk
FRAER e, IR RS B MMACH 88 F XU
e ORGSR 45 B Re I AETENTE2ZE 5, H 5%
R To e ™, BRIbZ 4h, ABFITIE K
JrRC G SRR G, RBEY T, RER
UL A 2R AE ¢.609G>A 55 ¢.658_660del AAG
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HOIFRE . B 16 ] cblC BBE B LZIET T IR R
FER LS EFE R B R H R BIR% . K
RGE . NRETE . RIS 2B SR ) T
WA AT R NE o SCHRHR T F8 A e o A A b 7]
T 58 S 4 S FF 24 1) 3 AT 3k 39036 2 A AR 4 il A
WA 7™ A 2 05 i L2 25 P (HEGE A A
FEHEH cbIC B MMA FB5 7R P9 A7 76 458 e H A i
AL, 2R S TR A D T I AT 3
AALRIAT B H RS N, 38 RS e H ks D
A5 W AR 8 25 6L A At AS BH SR 1) 2% 9 ML il o]
AE 2 H AT cblC K MMA J7 R0 6 2 1 JR R 22—
A IEH MMA BB L— BRI 5 I AR UE R AR &
Bt N, WA TR S AERKE T A
FE 1 B ILA B AR 78 SR A B AR R it 2 2
SiE, TE A B A B D B A HE 3R R e
P BT EAAE T, Ay Bl Ae 5 ok B R R 4R
P SO U AT R 2R I B 4k M R e e
ZHK,

B2, FE cblC BB MMA LIF &R 3
FETE IS 5278 .609G>A il ¢.658_660delAAG, —
HIFENE GG RBRRE WHRAEA,
I R JFRL2E . c.609G>A A RATZ L |
I PRFER TR | JP B4, ¢.394C>T 5828 i IR
RARVFT R E T IR 550 WA LUk ek
E [ Y St S W 0 (| N A o s - S R [l
ZHBRE A MG RBLE T m L, Ak, A
98 K B 2 A N AR R R GE BT 548 (¢.349G>C
H ¢.445_446delTG )
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