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Clinical Application of Mass Spectrometry in the Pediatric Field:
Current Topics

Seiji YAMAGUCHI, MD*

Mass spectrometry, including tandem mass spectrometry (MS/MS) and gas chromatography-mass spec-
trometry (GC/MS), is becoming prominent in the diagnosis of metabolic disorders in the pediatric field. It
enables biochemical diagnosis of metabolic disorders from the metabolic profiles obtained by MS/MS and/or
GC/MS. In neonatal mass screening for inherited metabolic disease (IMD) using MS/MS, amino acids and
acylcarnitines on dried blood spots are analyzed. The target diseases include amino acidemia, urea cycle
disorder, organic acidemia, and fatty acid oxidation disorder. In the MS/MS screening, organic acid analysis
using GC/MS is required for differential and/or definite diagnosis of the IMDs. GC/MS data processing,
however, is difficult, and metabolic diagnosis often requires the necessary skills and expertize. We devel-
oped an automated system of GC/MS data processing and autodiagnosis, and the biochemical diagnosis using
GC/MS became markedly easier and user-friendly. Mass spectrometric techniques will expand from re-
search laboratories to clinical laboratories in the near future. [Review]

[Rinsho Byori 61 : 817~824, 2013)
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| AMINO ACIDEMIA

1891 Alkaptonuria

1908  Albinism Discovered by Dr Kay Tanaka
1932 Tyrosinemia
1937 Phenylketonuria
Iy 1954 MSUD
5 OS - 1956 Argininosuccinic acidemia
1961 Histidinemia
, 1962 OTC deficiency ORGANIC ACIDEMIA l
60s - 1964 gg’“:‘!'.éy“‘:t':‘fm . 1966 lsovleric acidemia
1969 CPS deficiency 1567 Methylmalonic acidemia
’70 1970 Argininemia 1968 Propionic acidemia
S - 1970 Methylcrotonylglycinuria FATTY ACID OXIDATION DISORDER
Pyroglutamic acidemia
1971 BKetothiolase deficiency ;
1975 Glutaric Aciduria type 1 1978 CPT deficiency
’808 - 1976 Glutaric Aciduria type 2
HMG-CoA lyase deficiency 1989 MCAD deficiency
1977 Glycerolemia 1984 SCAD deficiency
Multiple carboxylase def. 1985 LCAD deficiency
1980 2-OH-Glutaric acidemia 1985 ETF deﬁciency
1981 4—0H~Butyric acidemia ETF-DH deﬁciency
,9 0 1985 Mevalonic acidemia 1988 LCHAD deficiency
S - Carnitine uptake deficiency
v 1991 SCHAD deficiency
. . 1992 TRANS deficiency
Amino acid autoanalyzer : 1993  VLCAD deficiency
1994 TFP deficiency
GC/MS l_ 1997 MCKT deficiency
HMG-CoA synth. deficiency
Tandem MS 1998 LCFA uptake deficiency

Figure 1 Discovery of amino, organic and fatty acid oxidation disorders.
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Table 1 Clinical features of amino acidemia, urea cycle disorder, organic acidemia, and fatty acid ox-
idation disorder, and biochemical diagnosis

Clinical features

Tools for
biochemical diagnosis

Amino acidemia

- Neurological impairment

» Convulsion, unconsciousness
+ Liver dysfunction

- Renal stone

Amino acid analysis
(Organic acid analysis)

Urea cycle disorder

» Convulsion, unconsciousness
+ Mental retardation
» Hyperammonemia

Amino acid analysis
Blood ammonia
Organic acid analysis

Organic acidemia

- Acute onset with hypotonia,

unconsciousness from early infancy
- Intermittent episodes of ketosis, hypoglycemia

* Neurological retardation
+ Other (ex. intractable eczema)

Organic acid analysis
Acylcarnitine analysis

Fatty acid oxidation disorder

- Lethargy, hypotonia, myalgia

+ Acute encephalopathy, sudden death

« Cardiomyopathy
- Non-ketotic hypoglycemia
- Liver dysfunction, CK elevation

Acylcarnitine analysis
Organic acid analysis

I 73/8 - A#E - BUHBRAHEEED
EREREIEHR

Table 1i{Z,R3 X 54z, 7 I/ @3RI M
W(EIXR 07 2/ Bar, REBRRE T
M7 rE'2=THET I/ BAWMREITL>TEE
Ihd, HHEEBAHREELIBHERAHREED,
GCMS iz XD R HAHEEZH, X Fhw ALK
BMHPT ININ=F I L > TEALERE &
N3, mELLHNRBOKNTEEATHBELT
WA BRSO EN BRSNS, WiH T EBRE
ORBHEOFTREABASGND Z EMNEL, HHZ
FNE—FEERRIT X BIERASHITICH B,

BUFARRAETRT I/ BETIAMIN=F
SEMBERETH Y, Zhd Lid 4 MFoRBRO R
7V —=vJItRAWwWbNhD, GCMS Iz kB RbH
B Tk, AEERARMNREEO RSB
bRAERIET DN, —HO7 I/ ERILET AR
it vsh 3, flxiE, FBEBImicL-T,
Tz hYRET7 2oV EA Y VEER 7 2=

NAER, A=Ay FIRIETHEH a7 FEED
mAERIND, REBKRWETIE, —Ho%K
BTYIo0, oy MNEORMAARSNBEIZH
MTHb, XHITIEWERICHREEOR LSS
RMBEIETIRIES b AT AR BRIREERA S
n, DT 2 -CoA BARBBXRIUE TR~V
JANTY S oRARY AT Y VDL S RN
HER2AERARHIND.

I, #FLTRE GCMS IZDWVT

A, FVUTLTR

MS MRz A 72 M (MS1 & MS2) M2 He b,
MS1 & MS2 THlEE NN FORBEZHEEL T
SFRMHEEIND, FLTENFROZTFDOA L
VI E > TREREN D, IERITHIRIE A2 i As
At TH VY, FERRARAZ Y —=2 7T, i
WAHD 3mm KDF 1+ A7 T, MHf 10uL T
S TH DY, R ESHX v MMeEh
N b IERT IR o TS, 1 RIEOS I
Wi 2 ABETHY, Sr=yZax bbLifik
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Table 2 Main target diseases detectable by MS/MS and diagnostic markers

DI Diagnostic marker
sease MS/MS* ] GC/MS**
Amino acidemia
Phenylketonuria Phe PPA, PLA
Maple syrup urine disease Ileu, Leu, Val 2KIV, 2M3VA, 2KIC
Homocystinuria Met -
Urea cycle disorder
Citrullinemia (type I Cit Orot, Uracil
Argininosuccinic aciduria Cit (ASA) Orot, Uracil
Organic acidemia
Methylmalonic acidemia C3, C3/C2 MMA, MC, 3HPA, PG
Propionic acidemia C3, C3/C2 MC, 3HPA, PG
Isovaleric acidemia Cs VG
Methylcrotonylglycinuria C5-OH MCG, 3HiVA
HMG-CoA lyase deficiency C5-0OH HMGA, MGA, MGCA
Multiple carboxylase deficiency | C5-OH MC, MCG, 3HPA
Glutaric acidemia type | C5-DC GA, 3HGA
S-ketothiolase deficiency C5-0OH, C5:1 2M3HBA, TG
Fatty acid oxidation disorder
MCAD deficiency C8 HG, SG
VLCAD deficiency Cl4:1 DIC
TFP deficiency C16-0H, C18-0H DIC, 3HDIC
CPT-1 deficiency Co/[16+C18] DIC
CPT-2 deficiency (C16+C18:1)/C2,C16 | DIC
Primary carnitine deficiency CO(reduced) DIC
Glutaric acidemia type 11 C8, C10, C12, etc DIC, EMA, IVG, GA, etc

*MS/MS, amino acid and acylcarnitine in blood; GC/MS, urinary organic acid.

Abbreviations: MCAD and VLCAD, medium-chain- and very-long-chain-acyl-CoA dehydrogenases, respectively;
TFP, mitochondrial trifunctional protein; CPT-1 and CPT-2, carnitine palmitoyltransferase-1 and -II, respectively;
PPA, phenylpyruvate; PLA, phenyllactate; 2KIV, a-ketoisovalerate; 2M3VA, a-keto-3-methylvalerate; 2KIC, a-
ketoisocaproate; Orot, orotate; MMA, methylmalonate; MC, methylcitrate; 3HPA, 3-OH-pyruvate; PG, propionyl-
glycine; IVG, isovalerylglycine; MCG, methylcrotonylglycine; 3HiVA, 3-OH-isovalerate; HMGA, 3-OH-3-
methylglutarate, MGA, methylgiutarate; MGCA, methylglutaconate; GA, glutarate; 3HGA, 3-OH-glutarate;
2M3HBA, 2-methyl-3-OH-butyrate; TG, tiglylglycine; HG, hexanoylglycine; SG, suberylglycine; DIC, dicarboxy-

late; 3HDIC-3-OH-dicarboxylate; EMA, ethylmalonate.

L, #X6h3BWu%7 97y NT&EB, ZD
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THEWM DS BIzflix b & 512725, Fig. 4icH
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iz b LWRM) LT et riitiE: b
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AT, 7 BRILE & W ) BB
IR BICEE T B LM TE 5,

VI, 32 FALRRIZEBTONALZFUSW

L3 5 HE-o i 7% 104L BUE DM IRA T, H12 4
OB EBODNER, TI/BETIAILS
FrEMML, ELTFig 5iIcRiTXk5%, 7o
INZF U T ) BOF— 2B LBTES,
T IUNIN=F T AR OIRBRBITHHE LT,
C2, C3, Cd....... LRRMEND, ERT VT
KEBEROWTWHIZC-OH D &k S it REh,
FEMEEESE D OT AR BIFEC5L, PHRY
IANBTHIIFCS-DCOXSickBENB, —H,
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isoleucine

Organic acid Acylcarnitine
valine | (GC/MS) (MS/MS)
threonine
methionine tiglyl-CoA tiglylglycine
bacteria :

l C5:1
(tiglyl-carnitine)

2-methyl-3-OH-butyryl-CoA —— 2.me-3-OH-butyrate

l + (C5-OH
(2-me-3-OH-B-carnitine)

2-methyl-acetoacetyl-CoA —— 2_me-acetoacetate

Pketothiolase methylcitrate
deficiency / 3-OH-propionate
3 QOH-valerate

propionyl-CoA ———-—* propionylglycine

C3

I Propionic acidemia
(propionyl-carnitine)

methylmalonyl-CoA -~ methylmalonate

l Methylmalonic acidemia

succinyl-CoA

Figure 2 Metabolic pathways of isoleucine and related organic acidemia.
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Figure 3 Gas chromatograms of urinary organic acids and mass spectrum of some peaks in
propionic acidemia.
HDA, and C24 are heptadecanoate and tetracosane added internal standard.
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®  Coapound VALIE NORMAL RANGE PFACTOR .
1 Lactic=2 - 37703 ( 0.80 0.00 - 470) 471 abnormal metabolite judges
4 Glycolic-2 .8.8258 * ( 0.70 0.00 - 2.20) 12.61
7 Glyoxylic—0%-2 25.6261 * ( 1.20 0.00 - 6.10) 21.36 .
j_}ﬁ:g%%ggicﬂ 49.2909 *+ ( 0.20 0.00 - 1.10) 246,45 ~——> 3-OH-propionate
9 Pyruvic-0X-2 19. 8531 1 45 0.00 ~ 2410) 4.4
11 3-B-butyric-2 1.2034 ( 0.70 0.00 - 3.70) 172

‘12 3-0H-isobutyric-2 3.0097 ( 2.5 0.00 -~ 9.00) 1.20

120 Uroa-2 21, 4587 (376.10 10460 - 763.00 )  0.06

'28 Benzoic-l 5. 6808 ( 4.4 0.00 -~ 18.70) 1.29

28 Octanoic-1 0.722 + ( 0.10 000 - 0.40) 7.2

31 Glycarol-3 2.2787 ¢ 0.30 0.00 - 0.80) 7.60

38 Acetylglycino-l 0.7546 = ( 0.00 0.00 - 0.10) ?

;38 ¥aleic2 2.1030 * ( 0.00 0.00 ~ 0.40) ?

i39 Succinie-2 18. 8168 ( 32.70 8.5 - 6580) 0.57

'40 Hothylsuceinic-2 2.6841 ( 1.3 0.00 ~ 6.40) 2.08

42 Uracil-2 12. 9867 ( 2.8 0.00 - 7.00) 464

143 Fumaric=2 150561 * ( 2.00 0.00 - 7.30) 7.5

‘44 Propicnylglycine-1 8.8201 * ( 0.00 0.00 -~ 0.00) ?

i48 Isobutyrylglycine-l 0.8291 * ( 0.00 0.00 -~ 0.40) ?

|50 Hesaconic (Hothylfumaric)-2 11288 ( 1.8 0.00 - 8980) 0.7

151 Glutaric-2 - 1.8928 ( 1.90 0.00 ~ 4.00) 1.00 , .

lsg Propienslglycine-2 21,6209 * ( 0.00 0.00 ~ 000) <? - propionylglycine

{56 Isobutyrylglycine-2 19196 = ( 0.00 0.00 ~ 0.00) ?

157 2-Deoxytetronic 4. 1205 { 2.40 0.00 ~ 6.30) 1.72

159 3~Methylglutaconic-2 2. 4716 { L10 0,00 -~ 4.20) 2.28

XX XX

107 Cltric-4 244. 8967 ( 441.10 31.40 - 672.30) 0.56

109 Hippurie-1 27.0143 ( 30.10 6.20 - 284.10) 0.90

110 Msthylcitric-4(1) 14.6752 * ( 0.20 0.00 - 1.10) 73.38

111 3-(3-0H-phenyl) -3-OH-propionic-3  4.3026 ( 0.30 0.00 - 0.00) 1434 )

112 Hothyleitric—4(2) 11.2598 * ( 0.10 0.00 - 1.00) 112.60 —— methylcitrate
113 3-OB-octensdioic—3 11 ( 1.50 0.00 - 530) 1.41
114 3~0B-subaric-3 1.6198 ©  ( 1.20 0.0 - 48 ) 135
115 Vaniluandelic=3(VilA) 42. 5950 ( 45.60 11.70 - 8460) 0.91

116 Sebacic-2 0. 3455 ( 2.20 0.40 - 7.00) 0.18

117 Decadienedicnic-2 1.1074 ( 0.70 0.00 - 2.30 ) 1.58
118 4-OH-phenyllactic(PHPLA)~2 3. 4467 ( 180 0.00 - 7.00) 1.91
121 Indole-3-ncotic—2 89. 0536 ( 27.60 0.00 - 78.70) 3.23
125 2~-0B-hippuric-2 0. 4872 ( 120 0.60 - 17.60)  0.40
128 Uric—4 4.5905 ( 2.60 0.00 - 7.20) 1.77
No. Disease suspected: —» Propionic acidemia is

"4

2. Propionic acidemia

suspected!!

Figure 4 Results from the automated system
pionic acidemia
*: abnormal metabolites flagged.
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of GC/MS data processing and autodiagnosis of pro-
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Control
(acylcarnitine)

= C 5 Isovaleric acidemia
B. = \ (acylcarnitine)
= P-LEm——
c. |- Phenylketonuria - Phe
= (amino acid) o
F_
— *
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s — — —-— - - — — - e —— — — - —

Figure 5 Mass spectrum of acylcarnitine and amino acid in MS/MS analysis (scan mode).
A, B: blood acylcarnitine analysis using MS/MS of control and isovaleric acidemia,
respectively. C: blood amino acid analysis using MS/MS of phenylketonuria.
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