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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
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Table 2  Main target diseases detectable by MS/MS and diagnostic markers

. Diagnostic marker
isease MS/MS { GOMS*
Amino acidemia
Phenylketonuria Phe PPA, PLA
Maple syrup urine disease fley, Ley, Val 2KI1V, ZM3VA, 2KIC
Homocystinuria Met -
Urea cycle disorder
Citrullinemia (type I) Cit Orot, Uracil
Argininosuccinic aciduria Cit(ASA) Orot, Uracil
Organic acidenia
Methylmalonic acidemia C3, C3/C2 MMA, MC, 3HPA, PG
Propionic acidemia 3, C3/C2 MC, 3HPA, PG
Isovaleric acidemia C5 G
Methylcrotonylglycinuria C5-OH 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
B-ketothiolase deficiency C5-0H, C5:1 2M3HBA, TG
Fatty acid oxidation disorder
MCAD deficiency C8 HG, 5G
VLCAD deficiency C14:1 bIC
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 IT 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-I and -II, respectively;
PPA, phenylpyruvate; PLA, phenyllactate; 2KIV, a-ketoisovalerate; 2M3VA, o-keto-3-methylvalerate; 2KIC, o-
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, methylglutarate; MGCA, methylglutaconate; GA, glutarate; 3HGA, 3-OH-glutarate;
2M3HBA, 2-methyl-3-OH-butyrate; TG, tiglylglycine; HG, hexanoylglycine; SG, suberylglycine; DIC, dicarboxy-

late; SHDIC-3-OH-dicarboxylate; EMA, ethylmalonate.
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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
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HDA, and C24 are heptadecanoate and tetracosane added internal standard.
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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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ABSTRACT

Background: The number of patients with mitochondrial fatty acid oxidation (FAO) disorders is recently
becoming larger with the spread of newborn mass screening. Despite the advances in metabolic and molec-
ular characterization of FAO disorders, the therapeutic studies are still limited. It was reported recently that
bezafibrate (BEZ), an agonist of peroxisome proliferating activator receptor (PPAR), can restore FAO activity
in cells from carnitine palmitoyltransferase-2 (CPT2) and very-long-chain acyl-CoA dehydrogenase (VLCAD)
deficiencies as well as clinical symptoms in the adult patients.

Methods: In this study, the therapeutic effect of BEZ was determined by in vitro probe acylcarnitine (IVP)
assay using cultured fibroblasts and tandem mass spectrometry on various FAO disorders. The clinical
trial of BEZ treatment for a boy with the intermediate form of glutaric acidemia type 2 (GA2) was also
performed.

Resuits: The effect of BEZ was proven in cells from various FAO disorders including GA2, deficiencies of VLCAD,
medium-chain acyl-CoA dehydrogenase, CPT2, carnitine acylcarnitine translocase and trifunctional protein, by
the IVP assay. The aberrantly elevated long- or medium-chain acylcarnitines that are characteristic for each
FAO disorder were clearly corrected by the presence of BEZ (0.4 mmol/L) in culture medium. Moreover, daily
administration of BEZ in a 2-year-old boy with GA2 dramatically improved his motor and cognitive skills,
accompanied by sustained reduction of C4, C8, C10 and C12 acylcarnitines in blood, and normalized the urinary

organic acid profile. No major adverse effects have been observed.
Conclusion: These results indicate that BEZ could be a new treatment option for FAO disorders.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Mitochondrial -oxidation (FAO) is an essential energy producing
pathway, particularly during the reduced energy supply from
carbohydrate due to prolonged starvation or low caloric intake during
infection, diarrhea or febrile illness. A number of FAO disorders have
been recognized with the spread of tandem mass spectrometry
(MS/MS) in the field of study of inborn metabolic disease as well as
neonatal mass screening [1,2]. Many of them show episodic attacks
like lethargy, acute encephalopathy or even sudden death due to
energy production insufficiency. '

1t is considered that the FAO system consists of the following four
groups : 1) carnitine cycle, which activates long-chain fatty acids for
undergoing (3-oxidation, including carnitine transporter (OCTN2),

* Corresponding author at: Department of Pediatrics, Shimane University School of
Medicine, 89-1 En-ya-cho, Izumo, Shimane 693-8501, Japan. Fax: +81 853 20 2215.
E-mail address: seijiyam@med.shimane-u.ac.jp (S. Yamaguchi).

1096-7192/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.ymgme.2012.07.004

carnitine palmitoyltransferase-1 or -2 (CPT1 or CPT2, respectively,
EC 23.1.21), or carnitine acylcarnitine translocase (CACT, EC
2.3.1.21); 2) long-chain FAO, whose enzymes are connected to the
mitochondrial inner membrane, including very-long-chain acyl-CoA
dehydrogenase (VLCAD, EC 1.3.99.13) deficiency, and trifunctional
protein (TFP, EC 1.1.1.211 and EC 2.3.1.16); 3) medium-chain FAQ,
whose enzymes are located in the mitochondrial matrix, including
medium- and short-chain acyl-CoA dehydrogenases (MCAD, EC
1.3.99.3 and SCAD, EC 1.3.8.1) respectively), enoyl-CoA hydratase,
3-hydroxyacyl-CoA dehydrogenase, or medium- and short-chain
3-ketothiolase (MCKAT and SCKAT, respectively); and 4) electron
transfer system, from the dehydrogenases to respiratory chain,
including electron transferring flavoprotein (ETF, EC 1.5.8.2) and
ETF dehydrogenase (ETFDH, EC 1.5.5.1) [3-5].

Clinical features of FAO disorders can be roughly divided into the
following three types: 1) severe form (neonatal form): patients present
life-threatening illness with profound hypoglycemia, liver failure or
hyperammonemia, and are often fatal in early infancy; 2) intermediate
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form (juvenile form): patients have intermittent episodic attacks like
lethargy, encephalopathy, or even sudden death often onset in infancy
or young childhood; 3) mild form (myopathic form): the patients may
often show late onset after school ages or adulthood with episodes of
hypotonia, myalgia, lethargy, myopathy-like symptoms, or liver dys-
function [6].

In vitro probe acylcarnitine profiling (IVP) assay was developed to
evaluate FAO disorders recently [7,8]. Acylcarnitine (AC) profiles in
the special culture medium as below after incubating with fatty
acids as substrates are determined by MS/MS. Bezafibrate (BEZ) is a
hypolipidemic drug, which is an agonist of peroxisome proliferating
activator receptor (PPAR), and is claimed to act for induction of sever-
al FAO enzymes [9-11].

In this study, the effect of BEZ on various FAQ disorders was eval-
uated using the IVP assay. Furthermore, we report an in vivo trial of
BEZ on a boy with the intermediate form of GA2, presenting dramatic
improvement with BEZ.

2. Materials and methods
2.1. Subjects and skin fibroblasts

Fibroblasts from 10 Japanese children with FAO disorders, one
each of severe and intermediate forms of GA2, 2 each of severe and
myopathic (mild) forms of VLCAD deficiency, one each of deficiencies
of MCAD, CPT2, CACT, and TFP as well as 6 controls (healthy volun-
teers, passages 3 to 16) were used. The clinical types and genotypes
are shown in Table 1. The child with MCAD deficiency was detected
in a newborn mass screening and non-symptomatic, while one with
the intermediate form of CPT2 deficiency had liver dysfunction in in-
fancy. The child with the intermediate form of CACT deficiency had

Table 1
Clinical types and genotypes of patients with mitochondrial fatty acid oxidation disorders
investigated.

Disease & Phenotype Gene Genotype, nucleotides
case No. (amino acids)
Allele 1 Allele 2
GA2
1(B) Severe ETFA €.799G>A ¢7C>T
(G267R) (R3X)
2(C) {ntermediate ETFDH c1217G>A c.1675C>T
(S406N) (R559X)
VLCAD deficiency
3(D) Severe ACADY c.553G>A IVS9+1g>c
(G185S)
4 (E) Severe ACADV c.454G>A ¢.997insT
(G1528) (A333fsX358)
5(F) Myopathic ACADV c.790A>G ¢.997insT
(K264E) (A333fsX358)
6 (G) Myopathic ACADV c1144A>C c.1339G>A
(K382Q) (G447R)
MCAD deficiency
7 (H) Non-symptomatic ACADM c.134A>G C.449delCTGA
(Q45R) (T150fsX153)
CPT2 deficiency
8 (D Intermediate CP12 c.151A>G c.520G>A
(R51G) (E174K)
CACT deficiency
9 () Intermediate SLC25A29 ¢.3G>A IVS4+1g>t
(M1D)
TEP deficiency
10 (K) Intermediate HADHB ¢739C>T ¢.817delG
(R247C) (D273£sX292)

Abbreviations: MCAD, medium-chain acyl-CoA dehydrogenase; GA2, glutaric acidemia type
2; VLCAD, very-long-chain acyl-CoA dehydrogenase; CPT2, camnitine palmitoyltransferase-2;
TEP, mitochondrial trifunctional protein; CACT, carnitine acylcarnitine translocase. Case 2
(C) is a boy with GA2 who underwent the clinical trial of BEZ. Non-symptomatic case 7 (H}
was detected in the newborn mass screening. Severe, intermediate, and myopathic forms
are mentioned in the text. (B) to (K) correspond to those of Fig. 1.

two life-threatening episodes in infancy, and after that no episodes
were noted with normal development [12]. The child with TFP defi-
ciency had an episode of liver failure in infancy, and then intermittent
episodes of myalgia or hypotonia particularly following infection.

The clinical types and genotypes are shown in Table 1. In all cases,
at least one allele has missense mutation, although the other alleles
had missense or truncated mutations. In CACT deficiency (case 9), a
missense mutation in an initiation codon {c.3G>A) in SLC25A29
was detected, but this could harbor a residual activity (Fukao et al.,
unpublished data).

2.2. In vitro probe assay with BEZ

Fibroblasts were cultured in 75 cm? flasks (Iwaki, Tokyo, Japan)
containing modified Eagle's minimal essential medium (MEM; Nissui,
Tokyo, Japan) supplemented with 2 mmol/L of L-glutamine (Nacalai
Tesque, Kyoto, Japan), 10% FBS (Sigma, St Louis, MO, USA) and 1%
penicillin/streptomycin (Sigma) at 37 °C in a humidified 5% C0,/95%
air incubator [13].

Fibroblasts harvested by trypsinization were seeded onto 6-well
microplates (35 mm id., Iwaki, Japan) with the fresh above medium
(2 ml/per well) until they reached confluence. Thereafter, the cells
were washed twice with Dulbecco's phosphate buffered saline (DPBS;
Invitrogen, Carlsbad, CA, USA) and cultured for 96 h in 1 mL of experi-
mental substrate (experimental medium). The experimental medium
is MEM containing bovine serum albumin (0.4% essential fatty
acid-free BSA; Sigma), L-carnitine (0.4 mmol/L; Sigma), unlabeled pal-
mitic acid (0.2 mmol/L; Nacalai Tesque) and 1% penicillin/streptomycin
without L-glutamine, in the presence or absence of BEZ (0.4 mmol/L;
Sigma). AC profiles in the culture medium were analyzed after 96 h.
The experiments for each case were performed in triplicate.

2.3. Quantitative acylcarnitine analysis

ACs in culture medium supernatants were analyzed using MS/MS
(API 3000; Applied Biosystems, Foster City, CA, USA) as described previ-
ously [13]. Briefly, methanol (200 pL) including an isotopically-labeled
internal standard (Cambridge Isotope Laboratories, Kit NSK-A/B,
Cambridge, UK) was added to 10 pL of the supernatant from culture
medium. The portions were placed on ice for 30 min, and centrifuged
at 1000xg for 10 min. Then, 150 plL of the supernatant was dried
under a nitrogen stream, and butyl-derivatized with 50 pl. of 3N
n-butanol-HCl at 65 °C for 15 min. The dried butylated sample was
dissolved in 100 pL of 80% acetonitrile:water (4:1 v/v). The ACs in
10 L of the resultant aliquots were analyzed using MS/MS and
quantified using ChemoView™ software (Applied Biosystems/MDS
SCIEX, Toronto, Canada).

Protein concentrations were measured by a modification of the
Bradford method using the Bio-Rad protein assay (Bio-Rad, Hercules,
CA, USA), according to the manufacturer's instruction. The AC concen-
trations are expressed as nmol/mg protein.

2.4. Organic acid analysis using GC/MS

Urinary organic acids were analyzed according to the previous
method [14]. Briefly, 40 pg of tropate (IS-2) and 20 pg each of
heptadecanoate (IS-1) and tetracosane (C24) as internal standards
were added to a urine specimen containing 0.2 mg creatinine. The sam-
ples were oxime-derivatized, and solvent extracted with ethylacetate,
and trimethylsilylated (TMS-derivatization). The resultant aliquots
were subjected to GC/MS (Shimadzu GC/MS QP2010 Plus, Kyoto,
Japan), with a DB-5 column of 0.25 mm .Dx 30 m, 1 pum film thickness
(J&W, Folsom, CA). The temperature program was from 100 °C to
290 °C at a rate of 4 °C/min).
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Fig. 1. Acylcarnitine profiles of in vitro probe assay in the presence and absence of bezafibrate. A, normal control; B, severe form of GA2; C, intermediate form of GA2 (the boy
who underwent the clinical trial) (S and 1, the clinically severe and intermittent form, respectively); D and E, severe form of VLCAD deficiency (S1 and S2, two cases, respectively);
F and G: myopathic (mild) form of VLCAD deficiency (M1 and M2, two cases, respectively); H, 1, |, and K: deficiencies of MCAD, CPT, CACT, and TFP, respectively. Unit of vertical lines,
nmol /mg protein of acylcarnitines; the horizontal lines represent acylcarnitines from (2, (4, C6, €8, C10, C12, C14, €16, and C16-OH. The experiments for each were performed in
triplicate, and the mean values of ACs are illustrated with bars. In control (A}, the mean plus SD values of 6 controls are shown.

2.5. BEZ trial on a child with the intermittent form of GA2

A Japanese boy with GA2 was detected in the newborn mass
screening using MS/MS, and had no special symptoms in infancy with
therapies of special formula and carnitine (approximately100 mg/kg/day,
div. 3). After 1 year of age, however, he sometimes experienced
episodes of hypotonia or lethargy following infection, and muscle
weakness, often falling. At the age 2 years and 1 month, he was hospi-
talized for 2 and a half months, because of infection and lethargy,
receiving treatments including artificial respiration to repeated aspira-
tion pneumonia and unconsciousness in intensive care unit (ICU). At
discharge, he could not walk alone, and could speak only a few words.
So, his family consulted us, and strongly expressed a desire for any
new therapies that might help their son.

Thereafter, under the approval by the ethical committee of
Shimane University, we started a clinical trial of BEZ, continuing the
dietary and carnitine therapies as before, since 2 years and 9 months
of his age. His body weight ranged from 12 to 14 kg during the treat-
ment, and 200 to 300 mg/day (approximately 17 to 25 mg/kg/day,
div. 3) of BEZ was used in the trial. BEZ was purchased from Kissei
Co Ltd, Tokyo, Japan. The study had no potential conflicts of interest
(COl) to the authors.

3. Results
3.1. Effects of BEZ on FAO disorders by IVP assay

The AC profiles in the culture medium of fibroblasts from various
FAO disorders in the presence and absence of BEZ are illustrated in
Fig. 1. In control cells, C2 (acetylcarnitine) is the only prominent
peak, and many of ACs further decreased in the presence of BEZ
(Fig. 1A).

In the severe form of GA2 (Fig. 1B/S), C16 was apparently de-
creased, and C2 increased in the presence of BEZ, while C16 was
extremely high before BEZ addition. The increase of C2 may indicate
the acceleration of FAO, namely an increase of acetyl-CoA production.
In the intermediate form of GA2 (Fig. 1C/1), all elevated ACs clearly

decreased and normalized in the presence of BEZ, although broad
ranges of ACs from C4 to C16 were extremely high before adding
BEZ. This patient is the case 3 in Table 1, who underwent the clinical
trial of BEZ treatment as illustrated in Fig. 2.

In 2 cases of the severe form of VLCAD deficiency (Figs. 1D/S1, and
1E/S2), elevation of C14 and C16 was larger, compared with that in 2
cases of the mild form (Figs. 1F/M1, and 1G/M2). The elevated ACs
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Fig. 2. Bezafibrate administration and changes in blood acylcarnitines. A, dose of
bezafibrate, mg/day (approximately 17 to 25 mg/kg/day, div. 3); B, change of C4
acylcarnitine; C, changes in C8, C10, and C12. Arrows with the 1.40 and 0.40 indicate
the cutoff values of blood acylcarnitines. Unit of acylcarnitine is nmol/mg protein.
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Table 2

Time course of biochemical findings after initiation of bezafibrate administration.

(Unit) Before  After the start of BEZ treatment Refersnce
w 2m 6m 9m 12m A€

AST (IU/L) 47 35 44 43 26 42 10-38
ALT (1U/L) 27 17 22 24 20 21 5-40
LDH [¢197/9] 448 426 392 384 341 371 100-215
CK (1IU/L) 496 185 187 324 174 207 36-216
TChol  (mg/dL) 161 127 117 141 127 140 150-219

" : used in Shimane University Hospital. Abbreviations: AST, aspartate amino transferase;
ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase; and TChol,
total cholesterol.

such as C10, C12, C14, or C16 in both the severe and mild forms
apparently decreased in the presence of BEZ.

In MCAD deficiency (Fig. 1H), the AC peaks of C4 to C10 were signif-
icant, but in the presence of BEZ, these AC peaks were almost normal-
ized. In cases of CPT2 deficiency (Fig. 11), CACT deficiency (Fig. 1]) and
TFP deficiency (Fig. 1K), the extremely high AC peaks of C16 and/or
C12 apparently decreased to an almost normal level, in the presence
of BEZ.

3.2. Clinical trial of BEZ to a GA2 patient

Since the start of BEZ treatment, his motor and social develop-
ment, and languages remarkably improved, and no metabolic epi-
sodes were noted. He became able to walk alone, showed improved
muscle strength, and could speak markedly more words in a few
weeks. Furthermore, several months later, he could ride a kid's tricy-
cle by himself, although his intellectual ability was on the borderline
for entrance into a kindergarten. For at least 1 year of the administra-
tion, no adverse effects of BEZ such as hypolipidemia or rhabdomyol-
ysis have been observed.

The routine laboratory data such as blood AST, ALT, LDH or CK were
in normal or subnormal ranges as shown in Table 2, showing stable

S. Yamaguchi et al. / Molecular Genetics and Metabolism 107 (2012) 87-91

levels of each test, although these laboratory data had sometimes fluc-
tuated, in particular, when his condition was unstable before the initia~
tion of BEZ. For example, during the stay in the ICU at the age of 2 years,
the maximum levels of AST, ALT, LDH or CK were 1450 IU/L, 825 1U/L,
5200 1U/L, or 10,750 1U/L, respectively. The maximum level of blood
ammonia at the ICU was 126 pg/dL, while no significant elevation was
observed after that. Hypoglycemic attacks have not been noted.

BEZ is a hypolipidemic drug, and we have paid attention to the blood
level of Cholesterol (TChol), because of the potential adverse effects.
The dose of BEZ was 100 mg/day for the first 3 days, 200 mg/day for
4 days, and 300 mg/day for 2 months, respectively, as shown in
Fig. 2A. At 2 months after starting BEZ of 300 mg/day, TChol level was
a bit low, 117 mg/dL. Since then the dose has been lowered to 200 or
250 mg/day, and the TChol level has ranged between around 130 to
150 mg/mL, as shown in Table 2.

The changes in the AC levels of C4, (8, C10, and C12 are illustrated in
Figs. 2B and C, respectively. All the increased ACs returned to
approximately normal levels with the administration of BEZ after
several months. In particular, C4 decreased to the normal range within
a few weeks. Urinary organic acid analysis showed remarkable in-
creases of ethylmalonate, methylsuccinate, adipate, 2-hydroxyglutarate,
hexanoylglycine, suberate, and suberylglycine, before the BEZ treatment
as shown in Fig. 3. The abnormalities in urinary organic acids were
markedly corrected as early as 2 weeks after the initiation of BEZ
therapy. The profile was almost normal but for a slight increase of
ethylmalonate, and/or hexanoylglycine as illustrated in Fig. 3B.

4, Discussion

The treatments for FAO disorders have generally been described as
follows: 1) avoiding a “long fasting™: it prevents the increased re-
quirement of fuel from FAO; 2) early infusion of glucose: it should
be performed during the metabolic stress resulting from infection,
diarrhea or overexercise, to prevent hypercatabolism; 3) carnitine
therapy: it may be effective in many cases, although controversy
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Fig. 3. Urinary organic acid profiles before and after bezafibrate administration. A, The total ion chromatogram (GC/MS) of urinary organic acids just before the start of BEZ;
B, One year after the treatment; C, Normal control. Abbreviations: IS-2, IS-1 and (24 are tropate, heptadecanoate, and tetracosane, respectively, as internal standards; EM,
ethylmalonate; SA, succinate; MS, methylsuccinate; Ad, adipate; 2HG, 2-hydroxyglutarate; 2KG, 2-ketoglutarate; HG, hexanoylglycine; Sb, suberate; CA, citrate; SG, suberylglycine.

Metabolites judged as abnormal are shown in bold letters underlined.
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remains in some cases; and 4) dietary therapy, including high
carbohydrate/low lipid diet: Dietary restriction in FAO disorders
may be less strict [15-18].

In this study, we demonstrated the effect of BEZ on various FAO dis-
orders at both in vitro and in vivo levels. It was indicated by the IVP
assay that FAO capacity was corrected by BEZ in various FAQO disorders,
and a clinical trial of BEZ in a boy with the intermediate form of GA2
showed a favorable consequence. Bastin, Djourdi and their colleagues
reported the potential effect of BEZ for FAO disorders showing the
increase of enzyme activity and mRNA production in several FAO
enzymes from normal individuals, or reduced ACs in cells from VLCAD
deficiency by the IVP assay using stable isotope-labeled palmitate
[19]. Furthermore, they are performing a clinical trial on adult cases of
‘mild form of CPT2 deficiency [20,21]. We should continue to pay atten-
tion to potential adverse effects of BEZ, including hypolipidemia or
rhabdomyolysis, although such signs have never seen up to now.

We used the IVP assay to investigate the effect of BEZ in the other
FAO disorders including GA2, deficiencies of MCAD, CACT, and TFP as
well as CPT2 or VLCAD deficiencies. The beneficial effect of BEZ was
clearly demonstrated in all these cases tested in this study, which in-
cluded the clinically intermediate or severe forms as well as the mild
form, having missense mutation of at least one allele. However, it is
not yet clear whether the effect of BEZ is due to induction of mutant
enzyme itself, or due to stimulation of the other FAO enzymes. If the
effect is due to the latter mechanism, BEZ could potentially induce a
“high pressure” on the FAO pathway, even resulting in devastating
outcomes. We should further investigate the effect on the other se-
vere forms of FAO disorders, the relation with the genotypes, or the
dose dependency.

BEZ is an agonist of PPAR, which facilitates transcription of genes
encoding FAO enzymes, and subsequently induces FAO enzyme pro-
duction. Eventually, it can be considered to correct the FAO capacity
in FAO disorders. Recently, it was reported that resveratrol which is
a natural polyphenol and an activator of Sirtuin 1, is also expected
to be a novel treatment option for FAO disorders [22]. The effect of
resveratrol on FAO capacity can also be evaluated by the IVP assay
like this study.

In conclusion, BEZ could be a new promising treatment option for
FAO disorders. Many of patients with FAO disorders, particularly chil-
dren with the milder form or adult cases, are intellectually normal,
and their life prognosis is favorable if they can be prevented from
severe episodes like encephalopathy. Symptoms or severity of FAO
disorders are very heterogeneous depending on the disease, genetic
background or lifestyle. Additional clinical studies of BEZ treatment
will be essential for confirmation of its safety and practical utility.
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We report the outcome of 16 Japanese patients with medium chain acyl-CoA dehydrogenase deficiency. Of
them, 7 patients were diagnosed after metabolic crisis, while 9 were detected in the asymptomatic condition.
Of the 7 symptomatic cases, 1 died suddenly, and 4 cases had delayed development. All 9 patients identified
by neonatal or sibling screening remained healthy. Of 14 mutations identified, 10 were unique for Japanese,
and 4 were previously reported in other nationalities. Presymptomatic detection including neonatal screen-
ing obviously improves quality of life of Japanese patients, probably regardless of the genotypes.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Medium chain acyl-CoA dehydrogenase deficiency (MCADD) (MIM
#201450) is an autosomal recessive inherited metabolic disorder of mi-
tochondrial fatty acid oxidation. The number of MCADD patients has re-
cently become larger in Japan with the spread of acylcarnitine analysis
using tandem mass spectrometry (MS/MS). The disease frequency
was estimated to be approximately 1:100,000 in Japan according to a
newborn screening pilot study of 1.57 millions babies (unpublished re-
port). Clinical symptoms of MCADD are heterogeneous, ranging from
asymptomatic to severe handicaps followed by metabolic crisis or sud-
den unexpected death (SUD) [1,2]. Approximately 20% of previously
undiagnosed patients die during their first metabolic decompensation
[3-7]. Blood acylcarnitine, urinary organic acid analyses, MCAD activity
and mutation analyses are major tools for diagnosis of MCADD. A com-
mon ¢.985A>G mutation has been reported in 80-90% of Caucasian
patients [8-16] while c.449-452delCTGA mutation was identified in
45% of mutant alleles in Japanese patients with MCADD [17]. In recent
years, the detection incidence of the presymptomatic patients with
MCADD has increased since the neonatal mass screening was expanded
in Japan. However, there are few reports of the outcomes of the Japanese
patients. Herein, we report the relation of clinical onsets, genotypes and

* Corresponding author at: Department of Pediatrics, Shimane University Faculty of
Medicine, 89-1 Enya, [zumo, Shimane 693-8501, Japan. Fax: +81 853 20 2215.
E-mail address: jamiyan@med.shimane-u.acjp (J. Purevsuren).

1096-7192/% - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.ymgme.2012.06.010

outcomes of 16 Japanese children with MCADD, and 4 heterozygote
carriers, which were analyzed in Shimane University.

2. Subjects and methods
2.1. Subjects

Sixteen Japanese patients with MCADD from 15 unrelated families,
including previously reported 9 cases [17], and 4 carriers were studied
(Table 1). The patients were analyzed for confirmation of diagnosis in
Shimane University from 2001 to 2011. Of them, 8 (cases 8 to 16)
were identified by neonatal mass screening, 7 (cases 1 to 7) were diag-
nosed after metabolic crisis, and 1 was detected by sibling screening.
Cases 2 and 8 were siblings, and cases 19 and 20 were parents of case
16. Diagnosis of the patients was confirmed by urinary organic acid,
blood acylcarnitine and mutation analyses.

2.2. Mass spectrometric analysis

Acylcarnitines in blood spots on filter paper were analyzed by a
method standardized for neonatal mass screening using MS/MS, an
API 3000 instrument (Applied Biosystems, Foster City, CA, USA)
{8,18]. Urinary organic acids were analyzed using the solvent extrac-
tion method by the QP 2010 capillary GC/MS system (Shimadzu Co.,
Ltd., Kyoto, Japan) [19]. The determination of test values was assessed
using reference values set at the Shimane University.
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Table 1
Clinical and genetic characteristics of Japanese patients with MCAD deficiency.
Patient  Sex Age at Age at Neonatal Primary clinical symptoms Hypoglycemia Hyperammonemia Tandem MS GC/MS Genotype Outcome
onset diagnosis screening (RPA%)
c8 8/C10 HG SG Allele 1 Allele 2
<0.35uM  (<3)
Symptomatic group
1 F 1y 1y - Cardiopulmonary arrest, dyspnea, poor (+) (-) 4.52 8.69 na na IVS44+1G=A cA422A>T Sudden death
feeding T (QlieL)
2 ** M 1ly4m 1y 4m - Gastroenteritis, seizures (+) (=) 333 17.53 99 153 449~ c.449- Severe
452delCTGA 452delCTGA handicapped
3 2 M 8m 8m - Cardiopulmonary arrest (n.a) (+) 5.97 349 111 445 c449- c.157C>T Developmental
452delCTGA (R28C) delay
4 F 1y1m 1y1m - Developmental regression (+) (+) 7.00 21.00 147 1122 del.ex 11-12 del. ex 11-12 Developmental
delay
5 ¢ F 2y2m 2y2m - Cold, gastroenteritis +) -) 1.71 15.55 na na c.449- c.449- Developmental
452delCTGA 452delCTGA delay
6 ¢ F 1y3m 1ly3m - Unconsciousness, apnea, vomiting (n.a) (—) na na na na del. ex 11-12 del. ex 11-12 Normal
7 F 1y 7m 1y7m - Unconsciousness, fever (+) (+) 4.12 10.05 6.1 64 c.275C>T c157C>T Normal
(P67L) (R28C)
Asymptomatic group
g§ ** M - 5y5m - Normal (=) (=) 1.37 39.14 na na 449~ cA449- Normal
452delCTGA 452delCTGA
9 @ F - 5d + Normal (=) (=) 592 11.38 129 148 ¢1085G>A C.843A>T Normal
(G337E) (R2565)
10 F - 5d + Normal () (=) 5.37 12.49 633 39.88 449- c157C>A Normal
452delCTGA (R28H)
11 M - 5d + Normal (=) (=) 4.82 13.03 153 3.8 IVS34:2T>C C.843A>T Normal
(R256S)
12 F - 5d + Normal (—) (—) 4.04 14.96 na na 449~ c212G>A Normal
452delCTGA (G46D)
13°* F - 5d + Normal (—) (=) 2.78 15.44 115 59  c449- c134A>G Normal
452delCTGA (Q20R)
14 F - 5d + Normal =) (-=) 2.59 10.00 3.08 320 c1085G=A c.1184A>G Normal
(G337E) (K370R)
15 M - 5d + Normal (-) (=) 2.58 8.32 (=) 1.50 c449- IVS3£5G=A Normal
452delCTGA
i6 @ M - 5d + Normal (=) (—) 0.49 3.77 97 (=) c449- ¢.820A>C Normal
452delCTGA (M249V)
Carrier group
17 M - 5d + Normal (—) (=) 0.44 1.02 (=) (=) «c845C>T nd Normal
(P257L)
18 F - 4m - Eczema (—) (-) 0.51 0.88 (=) (=) «c843A>T nd Normal
(R256S)
19 M - - Normal (=) (=) 037 1.00 na na 449~ n.d Normal
452delCTGA
20 F - - Normal (=) (=) 0.20 0.95 na na C.820A>C nd Normal
(M249V)

2 purevsuren et al. [17] reported; *: siblings; sex: M, male; F, female; age: y, year; m, month; d, day; +, involved to neonatal mass screening; (—), not detected; n.a, not available; RPA%, relative peak area percentage; HG, hexanoylglycine;
SG, suberylglycine; novel mutations are underlined.
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2.3. DNA sequencing of gene, acyl-CoA dehydrogenase, medium chain
(ACADM)

Genomic DNA was purified from the patients’ fibroblasts or blood
filter papers using the QlAamp DNA Micro Kit (Qiagen GmbH, Hilden,
Germany). Mutation analysis on genomic DNA was performed by PCR
for each exon and its intron boundaries followed by direct sequencing
[17].

Informed consent to perform DNA analysis was obtained from the
parents of the patients. This study was approved by the Ethical Commit-
tee of the Shimane University Faculty of Medicine.

3. Results
3.1. Clinical features of patients

The clinical features of 16 Japanese patients with MCADD and 4 car-
riers (9 males and 11 females) are summarized in Table 1, including
previously reported cases [17]. All 7 patients that were diagnosed
after metabolic crisis were born before the initiation of newborn screen-
ing in their local area. The mean age at onset of the symptomatic cases
was 1y 3m (range: 8m to 2y 2m). The symptomatic patients were all
in good general health with normal development until metabolic crisis.
Metabolic crises were triggered by common cold or gastroenteritis in 5
cases. One of them died of SUD. Four cases had mild to severe handicaps,
and 2 cases developed normally. The patients who were identified by
neonatal screening remain healthy at this time.

3.2. Biochemical results of patients

The results of mass spectrometric analysis are shown in Table 1.
Blood acylcarnitine analysis was available in 15 of the 16 patients.
Octanoylcarnitine (C8) and octanoyl:decanoylcarnitine (C8/C10) ratio
were assessed for detection of MCADD. Marked elevation of C8 and
C8/C10 was observed in 14 cases (1.37-7pmol/L), and slight elevation
of C8 and C8/C10 (0.49pmol/L and 3.77) was found in one case (case
16). The level of C8 was also mildly elevated in 3 (0.44, 051 and
0.37umol/L, respectively) of the 4 carriers while C8/C10 value was
under cut-off (1.02, 0.88 and 1.00). Case 20, who is a mother of case
16, showed no abnormal findings.

Urinary organic acids were analyzed in 11 cases with MCADD and 4
carriers. Both hexanoylglycine and suberylglycine were elevated in 9
patients, and hexanoylglycine or suberylglycine was increased in one
case each..However, neither hexanoylglycine nor suberylglycine was
identified in the carriers.

3.3. Mutations in acyl-CoA dehydrogenase, medium chain (ACADM) gene

Fourteen types of mutations were identified in 30 independent
alleles, 7 of which were novel. These included three types of splice
site alterations (IVS3-+2T>C, IVS3+5G>A and IVS4+1G>A), and
four missense mutations (G46D, Q116L, G337E and K395R). These
novel mutations were not detected in 120 alleles from unaffected
Japanese individuals. All mutations are summarized in Table 1, together
with previously reported cases (cases 2,3, 5-9, 13 and 16) [17]. Ac.449-
452delCTGA [20,21] was detected in 10 (33.3%) of 30 independent
alleles (2 cases with homozygous and 6 cases with compound hetero-
zygous). A homozygous large deletion including exons 11 and 12 [22]
was identified in 4 (13.3%) alleles. R28C (2/30 alleles), R256S (2/30
alleles), P67L (1/30 alleles), M249V (1/30 alleles) and G337E (1/30
alleles) were also observed (Table 1) [9,17,22].

4, Discussion

We investigated the relationship between clinical and molecular spec-
trums of 16 Japanese patients with MCADD. While symptomatic patients

remained undiagnosed until metabolic crisis, asymptomatic patients
were identified by neonatal mass screening (8 cases), or by sibling screen-
ing (1 case). Most of the symptomatic cases developed metabolic crisis
associated with hypoglycemia triggered by common infection and pro-
longed fasting [3,4]. Those patients had poor outcomes such as mild to se-
vere impairments or SUD. However, expansion of blood acylcarnitine
analysis using MS/MS for neonatal mass screening in Japan allowed earli-
er detection of MCADD in the asymptomatic/presymptomatic stage. Sub-
sequent prophylactic management for those children was conducted in a
more appropriate and timely manner during metabolic stress such as
fever, viral infection and other medical procedures.

Fourteen mutations were identified in 30 independent alleles in-
cluding seven novel mutations. The amino acids affected by the novel
missense mutations (G46D, Q116L, G337E and K395R) are highly
conserved among different species (Pan Troglodytes, Rattus norvegicus,
Xenopus laevis and Danio rerio), suggesting that these amino acids play
an important role in medium acyl-CoA dehydrogenase activity. There
are also splice site alterations such as IVS3+2T>C, IVS34-5G>A and
IVS4+41G>A positioned at a 5’ donor splice site. Shapiro and Senapathy
5’ splice site scores [23] of altered sites changed from 76.4 to 58.6 for
IVS3+-2T>C, from 76.4 to 62.4 for IVS3+5G>A, and from 86.3 to 68.1
for IVS4-+1G>A, respectively, suggesting that these changes are likely
responsible for aberrant mRNA splicing. It is reported that point muta-
tions in donor splice site produced exon skipping or aberrant 5’ donor
splice site activation [24]. Since these changes likely resulted in aberrant
splicing and premature truncation, non-sense mediated mRNA decay
[25] or translation into shorter proteins with unlikely residual activity
would result.

Most of the mutations detected in Japanese patients were unique, but
Q20R, R28C, R256S and ¢.449-452delCTGA were previously reported
in other nationalities [9,22,26,27]. The Japanese patient with com-
pound heterozygous of R28C was one quarter of Caucasian. In
contrast, a common missense mutation c.985A>G (80-90%) of Cau-
casian [8,15,28-30] was not detected in any Japanese patients in this
study. .

Our study demonstrates that detection in the asymptomatic/
presymptomatic stage is essential to achieve favorable outcomes of
patients with MCADD. Neonatal mass screening is absolutely a bene-
ficial system to improve the quality of life of patients with MCADD.
Genetic background of Japanese patients with MCADD is different
from those in Caucasians. It is likely that there is no correlation be-
tween genotype and phenotype in Japanese patients with MCADD,
and a specific genotype does not predict the clinical outcome.
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2) RBAER

Melme p LR, ISRV Ty b VIREERLE
DEPWo RBRT, ADPDRATF Y THEET S (K
D). 1)Babn o8y S h iz R EREIRITER A,
HN=F EBEEFMBLCFMREOI Pa Yy FUTH
IZIRWB AT v 7, 2) AR AR OMES 7 ¥ V-CoA
Bk FERE (VLCAD) & =#HEE% (TFP) 22645k
BOPBILREVIZAFY S, I PayFYTEL
Yoy 7 AROHRE~FHO BBRILROAT v 7, 4) B
BALRPLERENDEREOT LF V-CoAR Db
HMG-CoA AL T7 & MEBAEA SIS b U 1E
EERLWIHIRATF Y T ThHA.

e S HLIC R B &Ry b AR I B
WTHEYATFH, 3~k FoF VEBIZEUTT & Mk
WS, SCOT 12Xk - T7 & F 7 &F V-CoA

HIERE 116 (12), 2012

Le-EEA Mc-FFA
AR i e Geiiadiog MCT
Le-FFA T Mc-FFA ‘

ar

= Lc-acyl-CoA  [caeylCar

Mc-acyl-CoA . nc.FFA '

HMG-COA mrmemmmemmmmmemmmsy. ACAC

; —
HMGCL | |_3HBD ‘
:

ThiEER 3-HB - 3HB

g

B RN

X1 MBI A 3 b ay FU 7RI B- BR LR
L7 b BEAR BREOBEIIOWTRANSE
BB LRI RHTHNPE, HERTHN, 1 HEK
T7 & F I -CoA (Ac-CoA) P1DOEAINSD.
MCTEE/ HNVEYENS VY AR—-F—T3I ba -
VR THECLHRBECOEET S, LeFFA, &
SEERENBIAEE ; LeacylCar, BT Y NVANZF V5
Le-acy-CoA E847 ¥ )V -CoA s Mc-FFA, iRk
RERHTE ; Mc-acyl-CoA 1457 ¥ )V -CoA ; Car, # IV
=F > AcAc-CoA, 7 h7EF N -CoA : HMG-
CoA, e FOF I AFNITTNVEYIL-CoAs
AcAc, 7 MEEEE 3HB, 3 b Fuk VEER

LERIE R, TEFN-CoA o T TCAHA 7L
PALTIANTE=LA, THDBT b ‘/12&#!]%?&1‘
H5.
ZREROAT v T2V THH A LB IR
5.

(a) A N=F A
FROIHIICEHEHBREFOFFETCI I VNY
FREZBBATE 2\, ZOREDICH V=T Y ERD
AL, 300BENSKY Lo TWwa. ThbbRH
BEiFERE, I ba v ) TEMEGHEE NEOH) T
Vo AT Y b-CoA ICHEHEIL S A, KV TAN=F
VISVIMAWESF A7 2T —FE 1 (CPTD) I2&»
TFYNAN=FERY, IbaryFYTHEZE
WTBANZF VT INANSF Y RS v ATH—F
(CACT)ICkoTR bary FYUTHICEBURATZR, £
ICHEIES LAV F NI A VT VR
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FR244E12A 1 H

75— 2 (CPT2) XX o> THUY7 Y IV—CoA ILE
WENSE, ZLTHODTI IV FYTESZAREOE
S PMMLRICERESNS. CPTLICEFECEICRHA
35 CPTIA, HWTHIT S CPTIB, BMTRHEITAS
CPTIC SEIHN TV B, ThE TRIEEOHEIT
CPTIADATHB. HN=F REFICIZZDOITHIHE
METHAN=F VOB RARCANF VY T VR
K—%— (OCTN2) FLETH5.

(b) 8 p-BRIL%R

BFEALRITZ T ¥ W—CoA BIKEREE, =/ 1 V-CoA
v F5%—¥ 3 Fux 7 ¥ -CoA BAEERE,
T PTIN-CoAFFT—ELNI 4RXF Y THhH
%A, I hary FYTHBICEELA-ESEO B-B{LR
12 VLCAD &, #0132 ® 3 D DBEFEN % 2 TFP
PERBRTHDH. TOROBRICIIHARAGEEDN
KELEBML TV B2,

(c) WPgH, JESHIRNAER p-HR1LR

IFAVFYTRM) Y RICELEL, P V-
CoA Bi/KkFEEEHE (MCAD), WK 7 > v—CoA BiKFEE
# (SCAD), =/ 4 V-CoA k ¥ %—¥ (EH), 3~
e Fa¥ 7 ¥ v-CoA BAKFEREE (HAD), H 3-7
7 ¥ W=CoA F4 5 —¥ (MKAT), 7t + 7t Fb-
CoA F45—¥(T2)HHHKAH. 7Tt 7 EFN-CoA
FAI—F¥ (T2) 3% b Y HFHHOFF5—-EBLRAL
FA5—ETH5b.

@ » b okwEsR

AEliE: B BALRIZRBOT £ F V—CoA 2 EAL,
IR FAF—ERIGTT £ 7 £F V—CoA & 7
D, TOTFTEFN—CoA L 7+ b+ 7 tF V-CoA A
HMG-CoA BB HZ D) & THEA L THMG-CoA 7%
EEENDL., 0 HMG-CoA & miEE#E (HMGCS) 134
BMEOBREL XL B3 ) ary FYTOBHET
& 5. HMG-CoA %5 HMG-CoA V) 7—+¥ (HMGCL)
WEoTT & MEBBASEE S h, —HiEpr bosy
EEEEIH K EBESE (3HBD) KIS L - T 3~k Fu ¥ U B
BRICEB IR TIPRICHBINRS.

(e) 7+ BFIHER
FPIEMEGIT =0 3~ Fu S S EEE, 74 MEEER &
WAL N ERBDRAT, IbIVEFYTTIEF
T LR SHBD RS TA L7207 & FEERRICE
BENT-DL, SCOTIZXoT 7+ 7EFL-CoA
WEM LSRN, FLTT2ICED 72 FL-CoA ki
D, TCAYV A I NVERBTIANT L5,

) E/JHANVKIVBFNF Y AR—%— (MCT)
LRSS N UBEEBEAERLFABARIIBNC, T MEE
B, 3~ FoF I EBEIIIA FAMENDD,
MBESI I VN 7TEZEETALDIIE S
VRYBRY 7 Y RAF—5— (MCT) 2LEET5™.

1803-(3)

MCT IZIZRFEA A HEDSLCI6A 77 I ) — 28
35 MCTs(MCT1~MCT4 %2 &) & Na £ # v #&£i&»
SLC5A IZ/B ¥ 5 SMCT1, SMCT2 ST AW, &
HICHEE, YAE VR, SB#H oy MRREERT
FGUYAR=F—%r Y ELHVA. B CHEMEM
BEOBMEE T SMCTL, SMCT2 2%3L8, 7 F vkl
DOEBIGRZER L TwA. o BARMIN & fig
FoOBEICBWTIE, BRMBEI MCT2 & SMCT2
BEAL T 20285 LM E#MRIXMCTL &
SMCT1 28B¥AZ PSR TBY, Rk
SHFEHMBA~DOIE, 7 b EoEBICHEELTWS
EEZONBYT N EOBRHE, BEARIIBWT
X, ThHOAR, T B EomoE A
NVRVBEOBEEELRLD, ThbfoE ) LK
VROFEZT N BERBCEEEERD 5.

3) FREEE

PERHEE B BMLRB L O b U REAR, MM
BO—8E LTHRVEVICE Y EEOTE 22T
59 EIIEIMES S OEBRBE BRO RV E
VIREM = E L), FFRBAOIRIFB OB Y A
ALRNVTHD. 367 b FREEICBVTE, B
MRTHOI Fa Yy FY 7 HMGCS LRV THRE
NTwb, A VA Vi3RI B IO F
BAICHBNICEX, Fuhr Ty, AFIA—-ATIV
RAER I <

£ Y2 BTG FRENTVLIRETIE, BB
IRY— U REH)THD X ), KEHERGE &b
VIRBE 2. FLRMNREL LTEA YR vtk
RIBELHL., —FIVHTY, AFa—NVT I
DEEITHEIRE (YU, BE, BHNE X UREHA
LU AIRER) iE, mAERERRREEE, b R B
e 5. WEGREE LTI BBILB LT b v
HEAERORESHIUL, BRI EMEC ST,
M UEFEEINT, BEREREE K5 b OBE
Mm¥E% &7-. ol EEEGR 7ol
fREBET A L IBEMBEORBHMBICEETH S,

FEHIENR B BRILREEO—RFEH

BHEVRpBILRRBEI LI I V=T U HRE
%, REPBILARREEZEL. BRI LHLLTE
ERBICL > TREL 3OOFMIZHIIONET,
TIBREDHBESALZ VY, FITIO0HMEHER
BRIZOWTHRN, EDOHRMEL OEBIZOWTHET
A.

1) Bk 3 9wHl

(a) HAERREE  FERE» AR REHICRE
L, LIELIZOHBEEZ RV EWBSERL R T. A
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BOBEA P LRIZE - T, 8 LOHEK PEIR,
PR THEL, 7 b oEELEE BT vEST
m¥E, FERBEZER LUV CK RO LABALNS, B
BllkoTid, B, BROGEZHEVBREH SO
BRREENBENLDLH. DL TEFERT R
AZY ==y S CHRIHA L SBRICREL Tw
A REYEDSEN . Lo 3HEEIT b BMRIIRIZEHE &
NTVBEDIZH LT F D EEFBEENL D
BHERIIB/falr b v kEid B 2 5.

(b) FLEIBR : FHA RIIIEREA SRR w
b L MERE, R T % SIRRE R R ERD—RYE
ICAShEEL, 20 LIS CRERICRO MR
WZEHFE. EBRBPADPS 2EITA F TIZERE,
THZ LS T, BHET, SEBERSE 55
VIZERIED L9 IR TRET S, B3I
b B IEERE, BT Ve FME, S VAT I F—
¥, CK OBEZRT. Wb 5 FEE L S hiTE
X (BBEFIF) 2R3 LB v, BIERRICIERELLG
FEERTIEDDHD., COMEARELZH I LEE
WRAAZ V==V TR TAKELEWNE 5.

(c) BERER (BFHRME) @ BEKRII, HIEN, 25
s WEHRARIC R - THO TEEIRA b L AR
e, MSUBRERE CRIET . A OE VR, B
CKIfE (bF v A7 IF—¥ElEEE)) 27T, B
ReEEREBTRIEGTFRERFEEIOATY
5. CKIE¥TH» o8B IU/LIcETEAT 5. LIEH
DBEDEBR L o TERMERBEL E 282k 5
L, FOBREBBRBHOFRBERT LIRS,

2) AW R EHRE:

BRI L REEIC BT B IBBE OB T
DETH B,

(a) BEFHBORE  EIERIELD 720101,

5., BRELUTHAERBIZIBEMHIUN, 6 20HI T4
RFEIDAAN, 1 CoRMLIAN, 3®RE ¢8I,
4 ETI0BHA ARSI TH S,

(b) MCT 3 V2, FANOfH : BgERiBAS
RERETE, FHE~ETHEEIRORFRPEETH S
OTHEEHBRONRBIITET MCTI VY, 4L
OFRIZEII o TWAE, ER, —BRRETCEED
RCEFITIELT LS MCT IV 2V B LEIE %
WEEZ LWL, ReEmEEz L, LEEDRRE
{EMCT 74 —3 a9 (B 721) 2T, BALL
CRFABBILEMCT IN2 %21 1 DEATES T
5 RMAERE MCT I V2 ORIZT A, EHS AL
BRI MCT S V2o 0EE% 20% BECT S, BRI
MCT A4 VW BFHETE L. BRERSSLIESIT X
DIEWEBEMANLELLRDY,

BADNRREEMEE $116E Fl125

(c) I—YARF—F I FEERTHOLRE L1,
HALE D S ORIV LEECH Y, HIALBEFEHN
A B354, BAHIC 2T 20g (80kcal) 2
REREREHO 7L —N—THRMTL TR ETES
LIXEMTHS.

(d) A MLVARORIS @ F#h, THEHZ SHA
FLABHHB LD RICIETEARY BIRASER
PSR Z VI TERETHY, ¥Eor+a
WEBIHEEBEL, VEIISUTRHICI NV a— 28
WATEE Ly, BB E S TRIbOFRICHT S
20T, FRPBMBWEICEL RV IICEET S,
FNa— A5 8% 6~8mg/kg/min & L, HELS
4 R PR (GIL#RE) DEBT S, BIERDLE
HIBICFAETH 5.

() L~ nv=FrHEHIZoVT  EYRIIBAH
BREEICHT A L- IV =F OB OWTIZER
BH5. L~ noF rEF BRI IRER S, BEE
BREOHLBEBIANLVALILEBEVWIERZFTDH
5. —BBEHIIEESV=F UFETLTCORIE, B
IDRBII Do TnEEVWIZETHS. EHEH L
ZF A IEmmol/LU T b nwE 5§ 5.
OCTN2 RIBFETHRBDO - V= F v &5 20 H
Tha.

) 2o : BE BB ISR LT &R
DTET ST EHEFE L. EB) 20 5B1IC, MCT 05
g/kg & & B LEBHORBIRFEL, BEOEHIZ X
B, MBGREIHA O L W HEDH B,

=5
Ng= o]

RICBEHEBIZOWTT LD TH B, JHICHANER
DRFAZEDTEHET 5.

D A v=F v EBEOREE

(a) OCTN2 KifE (REHEBEINV=F I/ RZ
FE) :OCTN2 XA V= F > ORBECOER Y AMRIZ
BEEL N VAK—F—T, BB NV=F
DEWIDOEEL S Y AKR—-7—TH5H®. OCTN2
REIERMSIRIN=F VR EERE 72T, B
FEFF R LR B EIE OAL R RER & 2 578, #1T
POEHE, BHETCTRIET A LbE V. HEOH
EEIFREBHICERLERD 1 2TH AP0, BA
KWBOWTH 228, 2RTRECLAREREZ DO
5L 6 RORBHAT, MABUMBIES I 4+ /8F—%
ElL, #V=F > 3g/HEETME 7V —AN=F
LARVIIEBEVWD DD I EH 7+ 0 -2 hBETH S
EVWIHIHERDH DY, o LB BN, BIL-
AN=F REVPEELRETH D,

(b) CPT1 &iB#E : CPT1A RIBEEAES CPTI R
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HE LIRS, RSBV CERSRHBZI b
FUZRICRYADY, I bar VY 7EBETOT
YNANZF VBEETE RV, BHEILV=F
DREZDBEL RV, ZoOMFOEREINV=F 1T
B, BE7IY VANV F VIEEME LY, CACT
RIBIER CPT2 RIBEL QB2 -2/ F -V LK
5%, CPT1 RIBFE T, FAFRIC BT 5 RS RS
DEALFEEIN LD, LB ERGORHEBITERE
fLIEE SRV, —RISITADEHRER (BF
BR) &hnds, PICIERBERRSE CHERB O
EdHb. P UFARARACEAHERTAZA Y —=
VTR L RERICHTEES N, IRRBELRNICER L
EAMRERFEIC I D ERETE—RIIFRIE L
LEZBNRBY,

(c) CACT RiBJE : R CPT2 RIBIEL L i, E
BT ININ_F UBBRENRZ D 22HLELT, 3
PV FYTHTEHET Y ACoA IZEBRTELRVE
BTdhy, BEYN RERCIO2OOEBIXFT
Ehwv. FERE OHOLERCEEIShLIZ LR
5 CPTIA L3R Lo WERZ LAY, Tabbil
ANZFUHERZL, BET IV INVF U FERT
%. CACT RIBFEGEHICHAERPRBERIL VX
) TH BT,

(d) CPT2R¥IfE: LD 3>0wmBE LY H B
A5, HATIX CPT2 RIBHE 11 HloMmE THLL IR RBE
RIZs7 B, HEM 4G L BDODRIENS I, CPT
2 R3BSE, CACT RIBETIW, ¥ Y FAT R B84
BeARA7 ) == 07Tk, FAEBBCRELA»D
AIEPH 2RERBICAEEINTEA, Cl16+C18 ¢
1/C2H%E2EBIETEL DERTAZ ) —2 v 7
WREL B p®. MERBIELEICBR L, BANLE
FEHEC L D EET UL, EELRIMERELZH X
FHIEIVEEIORS,

2) REPBICRARERE

(a) VLCAD RiBIE

HAA® VLCAD R¥EHE T, LD 3 20HEHD
I BRARBEDOERGENE . TARAZ Y-V
BRICIDLEEZIBTALLATHSS. HFAERTR
A7V TR IKRERTHY, HEAIBITA
ZERIZOWVWTERAEROEREIT T RV HB#
ATBY, BETERBITIHREOHEZICELOWEE
MhsH B2

BRIZBWTE", FIERAZX ) —= 0 7T
B R-ERE I0EFTHO 7407y 7R2@ELT
RO T T THEB LTV EEARSE . —HOREH
T, BVEBBROFBIEREZ R TEADREI TS,
VLCAD KIBEREHIE, XA Y- v FUUBIC
WIEMICH 20T, BELEVEERDL S BETS

1805-(5)

NTWBL RS 5.

HERIBWTHEAIER S, BEFELBEKRRK
HOBBRE SICHLPIIZE, —EofERTIZIL
SRBOBEHBEISBRTELLEDRS.

(b) TFP RiBHE

BRIZBWCIEY Y FATRADNR{ Oy bR T4
TIEFIAOP-TEBLT, TZHERAIIBITAHE
BIAHTHAL. CNETICHARTSHOHEND Y,
205 H 2P ARREER, 2 0Ly BHIRER,
1 BIERGETD D™, BRI REA»S Wik
WA 5.

BRICBWTD™, PEPFERRAS ) —= 0 T
WCRRRAER D A OB 2 ER % & BHREFIS V.
FRTHHERAZ Y —= > 73 TFP RIBIED RiE
RRFTERLET L TEYY, HFEEHBEDAD
FEFITRAZ Y~V FIZEHTH B, REOHFHY
RBEEE LT, BERBREOR (BIIREEHE) ofHs5 A
121 A 2% Acute fatty liver of pregnancy (AFLP) <
Hypertension, Elevated Liver Enzymes, and Low
Platelet (HELLP) fEfREEZ -3 L vwbh Ty, &
BEVPLBETHLT,

AE TR RERE O 4 o CA T M AEAT M R kg
REsE, MR ELHEL 2, ChOEHAERX 2 ) —
=07, BREBRBICI - THPT e EhTnam,
COEBHEIL TFP RIBEICHFENTH 5.

3) HEH~SUSHIRILR B MR R B H T

LR B BL R ERE Tid, MCAD RIBREAR
EZHTHY, =/ A V-CoAk FF ¥ —ERBIENH
B, B3~ M7 Y V-CoA 54+ 5 —EDKIE
L 1 FIAHE SN THER, BEFLAVTORR
B EqNRThwiv, TITRUTOIEBIIOWTR
5.

(a) MCAD RIBSE

RGBS - L REFENREBNEET, B0 L)
WAL RZERIEERH L X 2T bERBSRAE
BTHA MATRFAERR Y —= v /I CORERX
1FACIADBHETH Y, EBEBTARZ -2
FUMORIERENNIT AL 1 ZBETHH &n
5, REBZEOFEU LEEERERTRITEEZ
LERTWAY, MICHERBIIRET S, BB
3RLE (FPRMET 1~15 8) OALBHIC, BRERE
RIS AR, B, ERREE, mEL CEME
SERRBEL &2 L, ZBRIEL ) HRFINEEEZ R
FT.RRARY Y == FEADRENE, SEEROK 1/4
ARERETEL, 1/3 TRV RZVHAE L OEHT
FEEN, THEFELECARZNBEREEZRDTY
P RARZ Y-y FEALSE, Fi4 R RE
WEBRTER L, BEAXELIETLTNSY,
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