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Genotype and clinical features of Korean patients with
methylmalonic aciduria and propionic aciduria

Eun Hye Lee, M.D.", Jung Min Ko, M.D.", Jae-Min Kim,' and Han-Wook Yoo, M.D." '

Department of Pediatrics’, Genome Research Center for Birth Defects and Genetic Disorders”
Asan Medical Center University of Ulsan College of Medicine, Seoul, Korea

Purpose : Methylmalonic aciduria (MMA) and propionic aciduria (PA) are inborn errors in the catabolism of branched-chain
amino acids. The study was undertaken to investigate the genotypes and clinical features of Korean patients with MMA and
PA.

Methods : This study examined 12 patients with MMA and eight with PA. We analyzed various clinical features, laboratory
findings, treatments, and neuro-developmental outcomes. Diagnoses were based on the presence of characteristic compounds
detected by amino acid analysis in serum and organic acid analysis in urine. Mutation analysis was performed in the genes
of MUT, MMAA, MMAB, and MMACHC for MMA and PCCA and PCCB for PA.

Results : Among the 20 patients, six patients were diagnosed before one month of age and nine patients were diagnosed
after the newborn period. Five patients were diagnosed via a neonatal screening test. Patients with early-onset forms had
more severe illness at presentation and generally poor outcomes. A favorable outcome was obtained in 55% patients; most
of them were of a late-onset type or diagnosed by neonatal mass screening test without symptoms. Genotypes were confirmed
in all patients with MMA. We detected 11 different mutations by MUT gene analysis in 10 patients, and three different muta-
tions in MMACHC genes in two patients. PCCA and PCCB gene mutations were identified in 14 of the 16 alleles, in eight
patients with PA.

Conclusion : Organic aciduria is a fatal disease; however, better outcomes are expected whenever early diagnosis and
prompt management are made possible. Mutation analysis is useful for confirming diagnoses and planning management
strategies. (Korean J Pediatr 2008;51:964-970)

Key Words : Methylmalonic aciduria, Propionic aciduria, MUT, MMACHC, PCCA, PCCB

A8

e @2 UA: 5 (methylmalonyl aciduria) ¥ X 23] 2 Ak

%3 (propionic aciduria)< branched chain o}v]i=At thA}F %ol

2 odojub: A AYABoR, it Y F Al Y 72, 2P A :

T2 old dAS 54 E4o] Aol FHEoEM I T A A AR, IGEYES, WdT B Aaugas

A B ARAEQ A oS ehiA g, g 52 1y 5 gy

FRE Agolle] wiste] o] R, TE, AF 4, A4 BEA el B Z2odiheFe olafAl, W,

HEed, Eded, 59 vAE 7 AWAtelA f2l€ pro—
1 S = hvilORs —

Received : 3, March 2008, Revised : 23 July 2008, Accepted : 5 August 2008 pionyl-CoA”} methylmalonyl-CoA= W 2H=H 23 pro

Address for correspondence : Han-Wook Yoo, M.D. pionyl-CoA carboxylase (PCC)2] Asto =z olgl wAysh> (’)y

Department of Pediatrics, Asan Medical Center, University of Ulsan College of o°

3 GA2te] EAWol7t 1 dlo|t}”, welk
Medicine, 388-1 Poongnap-2-dong, Songpa-ku, Seoul, Korea PCCA 1— PCCB ]—’] = ] ]— ]q— e
S

=
Tel : +82.2-3010-3390, Fax : +82.2-473-3725 U252 methylmalonyl-CoA°l A succinyl-CoA® %4
E-mail : hwyoo@amc.seoul.kr

- 964 —



Genotype and clinical features of Korean patients with methylmalonic aciduria and propionic aciduria

= ©A9 ooz AEH, methylmalonyl-CoA mutase
(MCM) apoenzyme?] Zgo] = A9 2849 ofdl i+
92}l (adenosylcobalamin) $32] ZAEo] &
Atk AAbE MUT fze] Edwoelzh el
MMAA, MMAB, MMACHC 32
oaulq glom dard ez nlEk Bl12 g vl
ool wlEk B12 ¥k&3 widd e dabegolzta g,
AAEE G 7)HelA 149zt A wdgEd

Lo 2 Asey dn

19934 1955 2007d 19707 AZopbE e AofafelA]
Phego R Xvkd 200 (ot 147, ofo167g) 2] $hot= thdo
2 FHoR gNUES BASIATE AT A et Ak
A 27, A5} A1 g djsl] AT ek A
S8 AsteA s EulE 84 hRYol, g TkA 14
(ABGA), 2% 714 &4 % high—performance liquid chro—
matography (HPLC) W02 & oln|Aks EAske] &3
it MEgE il Fo R
1

N
¢

[o3

Ae Sofel A= so] = A2
mg/Ae 52 Bk LFE T 4
A

W71 BAE Al ele] awle] Mg so) 50% o4
% I

r
o

Ho
=
_>'~1_,
oft
|
Si]
X
ol
38
o
=
=,
i
e
fiu
re
27
kr
ol
o
>
¢
k7
o
=
o8}
N

off WhgakA] o= A MUT F4AE, BlERI Bl2e| W8k
BEole MMAA, MMAB, MMMACHC A7 43519
31, TR AT E PCCASE PCCB 37t digh
A& Atk

DNAL  Shofe] @z Hel f w3gteA
PUREGENE DNA isolation kit (Gentra, Minneapolis, MN,
USA)E AMg-3te] 2alatsith ZF 44442 exon 4 exon-intron
A4 F91E A9 primerE o]§sto] SR EAAMNE poly—
merase chain reaction, PCR)& &3l T%3I3ith 5%% PCR
AHEe] A7)5 Elskal gAIs7] f18ke] ethium bromide”t )
= 1.2% A (agarose) AR A7195S AT PCR
Abzo] AEA o ® FEHGSE g1 &, PCRO AMHEH 22
primer?} BigDye Terminatore V3.0 Cycle Sequencing Ready
reaction kit (Applied Biosystems, Foster city, CA, USA)&
o] g3to] ABI 3100 Genetic analyzer (Applied Biosystems,

Genomic

Foster city, CA, USA)Z DNAS AHA 7] A4 &4

(direct sequencing)< X133k}

i
%

lo

i

(e}

E‘—r‘
o

% 204
W) o], LEI oY
°olE F A% UL o
o, A% 1€ olF A
< 13570 (15457 )elqirk. WA 5 9] FholES Sl
YeRr] A Aol tia) o] AARR ek ot

Ak G FEAorE= FE 7 A 3 FA oA
A 715 Bl A% A 208 F 81 (40%), 'HL X do] 33
(15%)0190m, FH-7710] 198 (G%), 3450 14 5%), 23
o7t 178 6%), &+ 7t 178 G6%)ol ek WA 73 (35%)
o] Fol= o2 ASHE, 4 (20%) 9] Fot= AP Btk A}
A Ao RE ugREYol FFo] 108 60%), tAMY AFse] 9
™ (45%), A=t 6% (30%), Ade] 51 (25%) A YEbste.
o, 71 9o 3FF TaF, 4% aFol ZF 47 (20%) N4
Uebth a4 $219) A 3% (15%) oM ERE 9, s
A o)A 29 (10%) oA BT},

Ak Aol wet o] RS w, Algor] HHy 6 F
oA 5ol TES /W S Ba 18 o v o
FE FA A oz wdE g 22y 1Y o] z
e 959 Flofel A= 3gnte] AwAle] FESL W S-S

N
=3
B

i

=

H3lom, o]g9] ghxtel A= W (A (3%), 47 A
I AAFAY), B3 el (1) 4 £ AHAY)
2 o] AAel] W] Aeur) ket Q4 PE
oﬂq_.

fU 3
o M2
— i
ofN 32
P
OEO?Q,
2
=
MO
o2 gl
2
L >
pAle
ot oy =
o e
>~
£ %
jé
&
g
1o T
rﬂr’@rlr
o & X
gr\r;};ﬂi
= B oy K ol
oN ot & [0 & o .

(DS

Fhol= 3P O R o]FelA WehA] R YetdT o tAMg
< U 3hols ©F 1 %o th(Table 1).

oo = m

I, oo
ofh
o
fu
P
¢,
s
32
H
°
2
RS
—_
Q
o,

lo
k3
o
=
ey}
—
N
1o
Bt
£
=2
(Lo

r.
2
ofy
w

od X of
G o

=

o
N
)
0,
o
v
ol
|o
i
rlr
=,
i)
=
i
T
R
kr

2
)
1 ol ofX
(e}

o

fo

o

oo 22
AU )

;O
o
+
rEI
oX
>
-z
)
o
U o
™
o
i
32 i
Y
°
Bt
s

=)



EH Lee, JM Ko, JM Kim, et al.

Table 1. Clinical Symptoms and Laboratory Findings at Diagnosis in Patients with Organic Aciduria

Clinical signs Total N=20) (%)

Newborn <1 mo (N=6)

Infant 1-11 mo (N=6) Young childhood >12 m (N=3)

Presenting symptoms

vomiting, lethargy 8 (40) 5
unconsciousness 7 (35 3
seizure 4 (20) 3
gait disturbance 1 (5 0
failure to thrive 1 (5 0
Laboratory findings
hyperammonemia 10 (50) 5
metabolic acidosis 9 (45) 5
ketonuria 6 (30) 3
hypolgycemia 5 (25) 4
neutropenia 4 (20 2
thrombocytopenia 4 (20) 1
AST/ALT elevation 3 (15 2

— O = W w
O = O = O

— W N DN W
O O O O = = =

Table 2. Neurological Outcome According to the Symptom Onset Time in Patients with Organic Aciduria

Prognosis Neonatal onset (N=6) Late onset (N=9) Diagnosed as screening test (N=H)
Death 2 (20" 0 1 /D
Delayed development 2 (1/1) 2 (1/1) 2 (1/1)
Normal development 2 1/ 7 (4/3) 2 (2/0)

"Methylmalonic aciduria / propionic aciduria

o
o)
ol
ofy
o
ol
o

i
5
m
X
!
T
5
2
=
)
o
fiu
-
>,
kr
ol

1z

1E5
o [ ro

fu
o,
to
=
2
N l:["
ofN
[\l
QE:
<
fu
o
to
o
2
kr
ofN
riot
[
ol
flo ¢
1k
=)

_‘Nd
N
by
N
krll
u
I
=
N
=2
K
'
>
kr
ol
ofy
=3
o
=,

H
=
=

g oo

g

2

_O'L
Jgi‘jioﬁ‘,

rlr

=

4

it

i
RUBE
il @

3lolo} Z 73| QAL Slolof A
WEQY, Eged uk

)
= 1o =
MPA /& Ffshiod, Al

o
B
u
2

(o3
o
=y
o8
rl
o
2
ot
ol
o,

o
=t
=2
1o

o, e

+ 2o
~N
r_‘>_44
0%
oX
o

2
ol
)
o
ol
2
=)
HJ'L
—_
)
e
N
=)
m
ft
°
v
fUkN
o
z 0
2
o
32
v
=

o
)
os]
—
\\}
it

Eh B12 9H8E Sk 2ol A
W 2% Folsheint.
QAR AT A ATE AFo] HA ot ATES AW

Sroh= 39 (R IAEF 29, 229 odiheE 1%)ol ik

1>
o
ot
2
o

=

124 F 74 68%)2 HA
X AE BolH, 2 17%)

o), o]Zof HlEk B12 w53 wEdz Al
T A4 S wola Qth TR QU

47 B0%)& 4% dE Holw, 3% (38%)> e A
o

ok
=

A}

o}

-

L
ofy

(2 olN kr
o oo OfN

=l
0
K
—
of,
=
N
X
1o
riot
o
©
rlr
>
=
o2
ol
ol
2
&

A& Holx e Wh, AL Fot 9ol M = APEE &
ob7b glar, 7ol AN weg Holi glown, 2yl g A
o] uebdth Ao} thatold HAALE Fell Axhe gof 51
T 12 5 734 A 712 APgeslar, 2 4 B
=, 2% e AdE Boli vk (Table 2)

o s 127
QI Eddwiol7 Al o] F HIEkRl B12 HRkE-d $o}
155}

o|7} gislglch o]& F obd RuHA ¢ MR Ednele
MUT 53474 V502DfsX 11, MMACHC 5-AA o)A R189_
Al19del?] 27}AtH(Table 3). WEZ 2w Zo A ALY 2
o] glol= FF R108C 2 R108HS compound heterozygote
o7 fFRAAYe] FUslon, & o F4 diAHd 7R AVS
=

ZRIedinFdAE 16709 diE A3 F 1470eA
PCCA & PCCB 32 EaWolE #ad 4 Qlsled],
o] & PCCA AR )4 R313P% V396G, PCCB HAA el A
R103X, L17NfsX8 9 V12fsX 9] Zdwo]7} ofd BuE=] o
& AZL =AW THTable 4).

— 966 —



Table 3. Mutations of MUT and MMACHC Genes in Patients with Methylmalonic Aciduria

Genotype and clinical features of Korean patients with methylmalonic aciduria and propionic aciduria

Patient Gene Nucleotide change Amino acid substitution Outcome

1 MUT c.1031 T>A S344Y Normal development
c.1481 T>A 1L.494X

2 MUT c.356 G> A S119N Normal development
c.2179 C>T R727X

3 MUT c.682 C>T R3228X Severe metabolic crisis
c.1481 T>A 1.494X — Developmental delay

4 MUT c91 C>T R31X Developmental delay
c.349G>T E117X

5 MUT c91 C>T R31X Normal development
c.349 G>T E117X

6 MUT c.322 C>T R108C Severe metabolic crisis
c.323 G>A R108H — expired

7 MUT c.349 G>T E117X Normal development
c.11056 C>T R369C

8 MUT c.322 C>T R108C Severe metabolic crisis
c.323 G> A R108H — expired

9 MUT c.349 G>T E117X Normal development
¢.1505_61del" V502DfsX 117

10 MUT c.1481 T>A 1.494X Developmental delay
c.323 G>A R108H

11 MMACHC c482 G>A R161Q Severe metabolic crisis
¢.566_574del” R189_A191del — pormal development

12 MMACHC c.482 G> A R161Q Developmental delay
c.609 G> A W 203X — normal development

“Novel mutation

Table 4. Mutations of PCCA and PCCB Genes in Patients with Propionic Aciduria

PCCB gene
Patient Outcome
Nucleotide change A.A substitution Nucleotide change A.A. substitution

1 c.1283 C>T T4281 Developmental delay

c.1316 A>G Y 439C
2 c.307 C> T R103X" Developmental delay

Unknown

3 ¢.49_98del insl5 L17NfsX 8" Normal development

c.1316 A>G Y 439C
4 ¢.30_39del" V12fsX” Normal development

c.1316 A>G Y 439C
5 c.1283 C>T T4281 Early onset with severe metabolic

c.1283 C>T T4281 crisis— Developmental delay
6 c.1283 C>T T4281 Expired

c.1316 A>G Y 439C
7 c.938 G>C” R313P" Severe metabolic crisis with

c.1187 T>G" V396G" coma— Normal development

8 c.1316 A>G Y 439C Normal development

Unknown
“Novel mutation
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