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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] ,
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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 :

. Tools for
Clinical features biochemical diagnosis
Amino acidemia \
» Neurological impairment ‘
- Convulsion, unconsciousness Amino acid analysis
» Liver dysfunction (Organic acid analysis)
» Renal stone
Urea cycle disorder
« Convulsion, unconsciousness Amino acid analysis
* Mental retardation Blood ammonia
= Hyperammonemia Organic acid analysis
Organic acidemia
* Acute onset with hypotonia, ] .
unconsciousness from early infancy . .
» Intermittent episodes of ketosis, hypoglycemna Organic ?‘:_[d analyst§
* Neurological retardation Acylcarnitine analysis
« Other (ex. intractable eczema)
Fatty acid oxidation disorder
* Lethargy, hypotonia, myalgia
» Acute encephalopathy, sudden death . .
 Cardiomyopathy Acylcz{mlnfwe analygs
- Non-ketotic hypoglycemia Organic acid analysis
« Liver dysfunction, CK elevation ‘
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Table 2 Main target diseases detectable by MS/MS and diagnostic markers

92013~

Di Diagnostic marker
isease MS/MS* { GC/MS™
Amino acidemia
Phenylketonuria Phe . PPA, PLA
Maple syrup urine disease Tleu, Leu, Val 2KIV, 2M3VA, 2KIC
Homocystinuria Met 4 -
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 C5 NG
Methylcrotonylglycinuria C5-0H MCG, 3HiVA
HMG-CoA lyase deficiency | C5-0H HMGA, MGA, MGCA
Multiple carboxylase deficiency | C5-OH MC, MCG, 3HPA
Glutaric acidemia type I C5-DC GA,3HGA
F-ketothiolase deficiency C5-0H, C5:1 2M3HBA, TG
Fatty acid oxidation disorder
MCAD deficiency C8 HG, SG
VLCAD deficiency Cl4:1 DIC
TFP deficiency C16-0H, C18-OH DIC, 3HDIC
CPT-1 deficiency C0/[16-+C18] ~ | DIC
CPT-2 deficiency (C16+C18:1)/C2,C16 | DIC
Primary carnitine deficiency CO(reduced) DIC
Glutaric acidemia type I 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 trifunctionai protein; CPT-1 and CPT-2, carnitine palmitoyltransferase-I and -II, respectively;
PPA, phenylpyruvate; PLA, phenyllactate; 2KIV, a-ketoisovalerate; 2M3VA, a-keto-3-methyivalerate; 2KIC, o-
-ketoisocaproate; Orot, orotate; MMA, methylmalonate; MC, methylcitrate; 3HPA, 3-OH-pyruvate; PG, propionyl- -
glycine; IVG, isovalerylglycine; MCG, methylcrotonyigiycine; 3HiVA, 3-OH-isovalerate; HMGA, 3-OH-3-
methylglutarate, MGA, methylglutarate; MGCA, methylglutaconate; GA, glutarate; 3HGA, 3-OH-glutarate;
2M3HBA, 2-methyl-3-OH-butyrate; TG, tiglylglycine; HG, hexanoylgiycine; SG, suberylglycine; DIC, dicarboxy-

late; SHDIC-3-OH-dicarboxylate; EMA, ethylmalonate.
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RANGE FACTOR
4.7

D Compownd VALIE HORIAL : ' .
1 Laceic=2 - 37703  ( 0.80 0.00 -~ 4.70) abnormal metabolite judges
4 Glycolic=2 .8.8288 = ( 0.70 0.00 - 2.20) 12.81
7clm1xc-ox-22 g.ezsz (1,.53 g.gg - ?.ig; 2341;'43% 3-OH ot
[~ L2909 = . . - . N ey 3 -propionate
9 Pyruvic-Oé'z 19. 8531 5 4.50 0.60 - 24.10) 4,41 prop
11 3-0E-butyric-2 1.2034 ¢ 070 0.60 - 37) L2
12 3-0F-iscbutyric=2 3.0097 ( 2.3 800 - 9.60) 120
. 120 Urea-2 214887 . (376,10  104.60 - 763.00)  0.08
28 Bamzoic-l 5.6808 ( 4.40 0.00 - 18.70) 1.29
28 Octannic-1 0.7222 % ( 010  0.00 - 040) 7.2
31 Glycorol-3 2.2787.  ( 0.30 0.00 - 0.8 ) . 7.60
36 Acetylglyoine-1 0.7546 = ¢ 0.00 0.00 - 010) ?
:38 ¥aleie2 2.1030 = { 0.00 0.00 - 0.40) 7
139 Suscinic-2 18.6188  { 32.70 .50 - ss.so; 0. 57
‘&0 Mothylsuceinic~2 2.6841 { L34 0.00 - 6.40 2,08
42 Uraeil-2. 12,9867 (. 2.80 0.00 - 7.00) 464
143 Fumarie-2 16,0661 = { 2.00 0.00 - 7.30) 17.53
‘44 Propionylglycine~1 8.9201 = ( 0.00 0.00 ~ 0.00) ?
48 Teohutyrylglycine-1 0.9291 % ( 0,00 0.00 - 0.40) ?
lso Hosaconic (fothyl fmaric) -2 L8 ( L% 0.00 -~ 8.80) 0.76
51 Glutarie-2 1.8928 (1.9 0.00 ~ 400) 10D , )
! on cine-2 21,6200 & ( 0.00 0.00 - 000) ¢ —— propionylglycine
|68 Isobutyrylglycine-2 1.6196 = ( 0.08 0.00 ~  0.00) ? .
157 2-Deozytetronic 4, 1206 {( 2.40 ~0.00 -~ 830) 172
/9 3-Mathylglutaconic—2 2. 4716 ( L10 0,60 ~ 4,20) 2.28
e K
107 Cltrie-d 244.8967  ( 461.10 31.40 - 672.30) 0.5
109 Bippurie-l | 27.0143 ¢ 30.10 6.20 - 284.10) 0.90
110 Hathylcisric-¢(1) 14.6752 ¢ ( 0.20 0.00 - 1L.10) 73.38
111 3-(3-08-phenyl) -3-0R~propionic-3 4 3026 { 0.30 0.00 - 0.00) L34 .
cigri 1,269 = ( 0.10 0.00 - 1.00) 1i2.60 ——> methylcitrate
113 3-0H-octenadioic— { 1.50 0.60 - 530 ) | 1.41 .
114 3-0B-suharic=3 1.6198 ( 1.20 0.00 - 48 ) 1.35
115 Vanilnandelic-3(Vi) 42, 6950 ( 45.60 1.70 - 8460) 0.81
116 Sebacic-2 0.3455 { 2.20 0.0 - 7.00) 0.18
117 Decadiensdionic-2 1.1074 ( 0.70 0.00 - 230} 1.58
118 4-0B-phenyllactic(PEPLA) -2 14467 ( 1.80 0.00 - T7.00) 191
121 Indole-3-acetic-2 9. 0636 ( 27.60 0.00 - 78.76) 323
125 2~0B-hippuric-2 0.482 { 1.20 0.00 ~ 17.60)  0.40
128 Uric—4 4505 ( 260 0.00 - 7.20) 177
No. Diseasesuspected: —3> Propionic agidemia is
I°4 suspected!!

2. Propionic acidemia

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