their N-terminal domains, whereas in
the absence of VK or in the presence of
VK antagonists, hepatic VK-dependent
carboxylase activity is inhibited, and
PIVKA-Il is released into the blood 8 It is
possible that abnormal metabolites in
association with 0TC deficiency, such
as orotic acid, might inhibit the he-
patic VK-dependent carboxylase. In fact,
hyperornithinemia-hyperammonemia-
homocitrullinuria syndrome, which is
a congenital error in the metabolism of
ornithine accompanied with sub-
stantial elevations of orotic acid, is also
associated with coagulopathy.’0'" In
addition, a large amount of polyunsatu-
rated fatty acids reduced the expression
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Abstract

Expanded newborn mass screening (NBS) with tandem mass spectrometry (MS/MS) and
medium-chain acyl-CoA dehydrogenase (MCAD) deficiency in Japan are described. Prognosis
of patients with inborn metabolic disease was compared between groups detected in the
symptomatic and pre-symptomatic stages. Furthermore, clinical, biochemical and genetic
findings of Japanese children with MCAD deficiency, which is a most important target of
MS/MS screening, was investigated. Our study concluded as follows: 1) the detection inci-
dence in MS/MS screening in Japan is totally about 1 in 9,000, which might be smaller
than that of the other countries; 2) Qutcomes of patients detected by NBS (pre-symptomatic
stage) is more favorable than that of cases detected after symptomatic onset; 3) the inci-
dence of MCAD deficiency in the Japanese population is 1 in 110 thousands, which is ap-
proximately 10 times smaller than that in Caucasian; 4) Japanese patients with MCAD
deficiency have a common mutation, ¢.449-452delCTGA, which covers about 45% of alleles
of MCAD gene, but not have 985A>@G, which is a common mutation of Caucasians pa-
tients; 5) genotype/phenotype correlation was not observed in MCAD deficiency; 6) prognosis
of the non-symptomatic group is much more favorable than that of the symptomatic group.
In conclusion, it is indicated that detection of inborn metabolic disease in the pre-
symptomatic stage by NBS is essential to prevent children affected with target diseases of
NBS including MCAD deficiency from neurological impairments or infant death.

Key words
expanded newborn mass screening, MS/MS, MCAD deficiency, genotype/phenotype
correlation, prevention of neurological impairment
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E-mail:seijiyam@med.shimane-u.ac.jp University in 1997 (1), and the national

1. Introduction
The expanded newborn screening (NBS)
using tandem mass spectrometry (MS/MS)
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of MS/MS
Investigator, Dr. Seiji Yamaguchi, Shimane
Grant-in-Aid for
Scientific Research from the Ministry of

project screening (Principle

University) funded by

Health, Labour, and Welfare was started in
2004. For the pilot screening, about 10
laboratories in Japan joined up to 2012.
The Japanese government issued notice
urging implementation of MS/MS to NBS
in 2011. Eventually, the MS/MS screening
is becoming spread from 2012 to 2013 (2),
and will initiate officially nationwide in
next year (2014).

In the expanded NBS, it is considered
that medium-chain acyl-CoA dehydrogenase
(MCAD) deficiency is a most important
screening target, particularly in Caucasian
people, because the incidence is high (1 in
10,000), and MCAD deficiency is a causa-
tive disease of sudden infant death, and
preventable by detection in NBS (3). In this
paper, and genetic aspects of
MCAD deficiency as well as the results of

clinical

the pilot MS/MS screening in Japan are de-
scribed.

2. Pilot MS/MS Screening In Japan

a) Results of pilot MS/MS screening in Japan

A total number of babies screened by
MS/MS during the period between 1997
and 2012 was 1,949,987 (about 1.95 mil-
lion), and 217 cases affected with disease
were found as shown in Table 1. The detec-
tion incidence of Japanese babies was cal-
culated to be 1 in 8,986, while that in USA
was estimated to be 1 in 4,353 (4). The
prevalence of Japanese is likely smaller
than that of the other countries.

b) The detection prevalence of each disease group
The incidence of amino acidemias was to-
tally 1 in 27 thousands; that of organic

acid disorders, 1 in 22 thousands; and that
of fatty acid disorders, 1 in 34 thousands.
The most common disease in Japan was
propionic acidemia, which was found in 1
in 45,349 (about 45 thousands); and
in 52,702 (53 thou-
sands); followed by methylmalonic acidemia
and MCAD deficiency, each of which in 1
in 108,333 (110 thousands). A considerable
number of Japanese patients with propionic

phenylketonuria, 1

acidemia show a mild phenotype with a
common mutation, 1304T>C (Y435C) in

PCCB gene (5).

¢) Comparison of outcomes betwecen cases
detected by NBS and by tests after
symptomatic onset
Outcomes of cases with organic and fatty
acid disorders detected in NBS were com-
pared with those detected after sympto-
matic onset by MS/MS, GC/MS and/or
molecular Shimane

University. As shown in Table 2, in organic

investigation in

acid disorder, normal development was
achieved in 58 of 70 cases (83%) of the
NBS group, as of at least 1 year of age. In
contrast, normal development was gotten in
only 28 of 114 cases (19%) in the “sympto-
matic” group.

In fatty acid disorder, normal develop-
ment was achieved in 40 of 45 cases (89%)
in the NBS group, although that was in 25
of 52 cases (48%) in the symptomatic
group. Hence, beneficial effect of NBS
using MS/MS was indicated. Through the
results of the pilot study, we proposed 16
kinds of disease which should be screened
as primary targets as marked with black
circle in Table 1, in consideration of the
false negative rate, complexity of diagnostic
approaches, or the benefit of detection by
NBS.
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Table 1. Results of the pilot screening using MS/MS in Japan (1997 to 2012)

. No. of Incidence Estimated
Disease Cases (Japan) in USA*
AMINO ACIDEMIA 72 (1:27 K) (1:15K)
¢ Phenylketonuria 37 1: 53 K 1:19K
e MSUD 1 1:1,950 K 1: 1569 K
¢ Homocystinuria 3 1: 650 K 1: 38K
e Citrulinemia type I 6 1:330 K 1:173 K
e Argininosuccinic A 2 1:980 K 1: 591 K
Citrin deficiency 23 1:85 K n.a.
ORGANIC ACIDEMIA 87 (1: 22 K) (1:16 K)
® Methylmalonic acidemia 18 1: 110K 1: 67K
o Propionic acidemia 43 1:45 K 1:276 K
® Isovaleric acidemia 3 1: 650 K 1: 129K
" « MCD 3 1: 650 K 1:1,380K
e Methylcrotonylglycinuria 13 1: 150 K 1:44 K
o HMGL deficiency — — 1: 1,380K
e Glutaric acidemia typel 7 1: 280 K 1: 109K
B-ketothiolase deficiency - — 1: 591 K
FATTY ACID DISORDER 58 (1: 34 K) (1:10K)
® CPT1 deficiency 5 1:390 K n.a.
e VL.CAD deficiency 12 1:160 K 1: 69K
¢ MCAD deficiency 18 1: 110 K 117K
e TFP/LCHAD deficiency 2 1: 980 K 1:276 K
CPT2 deficiency 7 1: 280 K n.a.
CACT deficiency — — n.a.
Glutaric acidemia type 2 6 1: 330 K n.a.
Carnitine uptake defect 7 1: 280 K 1:49 K
SCHAD deficiency 1 1: 1,950 K n.a.
TOTAL  Affected cases 217 1: 8,086 1: 4,353

Screened babies 1,949,987

®, primary target disease in the MS/MS screening in Japan. “K” means
thousands. * Estimated incidence in USA, based on live birth for 2006
(n=4,138,349) (4). Abbreviation: —, not detected; n.a., not applicable;
MCD, multiple carboxylase deficiency; HMGL, 3-hydroxy-3- methyl-
glutaryl-CoA lyase; CPT1 and CTP2, carnitine palmitoyl transferase-I
and -1II, respectively; VLCAD and MCAD, very-long-, and medium-chain
acyl-CoA dehydrogenase, respectively; TFP, mitochondrial trifunctional
protein; CACT, carnitine acylcarnitine translocase; LCHAD and SCHAD,
long- and short-chain 3-hydroxyacyl-CoA dehydrogenase, respectively.

3. Clinical, Biochemical and Genetic drome-like illness in 1982, and has been
Investigation of Japanese MCAD found at an incidence of 1 in 10,000. A
Deficiency common mutation, 985A > G, covering about
a) ©Outline of MCAD deficiency 90% of the alleles in this disease was seen

MCAD deficiency was first discovered in  among Caucasian population. Acute symp-
children with sudden infant death syn- toms of MCAD deficiency include acute

— 29 (272) —
-(219—)



BAIR « RV Y —ov 74835 §i23% 3% 20136

Table 2. Comparison of outcomes between presymptomatic and symptomatic detection cases
in Japanese children with organic academia and fatty acid disorder.

Disease NBS Symptomatic
(MS/MS screening) (Shimane)
No. of cases 115 196

ORGANIC ACID DISORDER 70 144

Normal development 58 (83%) 28 (19%)

Handicaps or death 12 (17%) 116 (81%)
FATTY ACID DISORDER 45 52

Normal devlopment 40 (89%) 25 (48%)

Handicaps or death 5(11%) 27 (52%)

NBS, newborn mass screening, MS/MS screening, cases detected by the
pilot study between 2004 and 2011. Symptomatic, cases after symptomatic
onset and detected by MS/MS, GC/MS or molecular tests in Shimane

University from 2001 to 2011.

encephalopathy-like symptoms, or even sud-
den death (6), following after long fasting
or infection, although the patients have no
the stable
Concerning the prognosis, it has been
claimed that as many as 35% of MCAD de-
ficiency patients are asymptomatic lifelong,
but that over 25% of the symptomatic

symptoms  in condition.

cases die suddenly during the first episodic
attack (3).

Abnormal laboratory tests in the acute
condition include hypoglycemia or
hyperammonemia. Biochemical markers in
MS/MS analysis of blood acylcarnitines are
elevation of C8, C6 or C10, or C8/C10.
Elevation of hexanoylglycine (HG) and
suberylglycine (SG) as well as dicarboxylic
acids is often observed by GC/MS analysis

of urinary organic acids.

b) Prevalence of MCAD deficiency in Japan

According to the results of pilot screening
using MS/MS, MCAD deficiency was found
at the incidence of 1 in 110 thousands, and
was most common among fatty acid disor-
ders in the pilot study of Japan, as shown
in Table 1.

However, the incidence is

smaller than that of
Caucasian whose incidence is 1 in 10 thou-
sands (3).

about 10 times

¢) Subjects of MCAD deficiency

Ages at onset, and diagnosis, clinical, bio-
chemical and genetic findings of a total 20
blood C8
acylcarnitine, a diagnostic marker of MCAD

Japanese  cases whose
deficiency, was over the cut off value (0.3
nmol/mL) in MS/MS analysis were investi-
gated (Table 3). Cases 1 through 9 were
identified after symptomatic onset (sympto-
matic group), while cases 10 through 18
were detected in the non-symptomatic or
pre-symptomatic stage (non-symptomatic
group). Cases 10 through 17 were detected
by NBS while Case 18 was by the sibling
screening using MS/MS. Acylcarnitine
analysis was performed at Shimane
University or the other laboratories. GC/MS
analysis (7) and gene analysis (8) were per-
formed at Shimane University. The final
diagnosis was confirmed by gene analysis,
which revealed that cases 19 and 20 were
heterozygotes (carrier group). Clinical infor-

mation was surveyed using questionnaire.
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Table 3. Clinical, biochemical and genetic profiles of Japanese cases of MCAD deficiency

No. Age at Age at NBS MS/MS GC/MS Genotype Outcome
onset | diag. C8(<0.3) | HG SG Allele | Allele 2
Symtpomatic group
1 8m 8m - 5.97 11.1  44.5 c.449-452del ¢.157C>T impair
2 1yOm 1lyOm - 4.52 n.a na IVS4+1G>A c.422 A>T SID
3*» 1yOm 8ylOm - 1.57 454 29.6 ¢.449-452del c.449-452del impair
4 1ylm 1ylm - 7.00 14.7 112.2 del.ex11-12 del. ex 11-12 impair
5 1y3m 1ly3m - high* n.a n.a del.ex 11-12 del. ex 11-12 impair
6 1ydm lydm - 3.33 9.9 15.3 c¢.449-452del  ¢.449-452del impair
7 1yim 1ly7m - 4.12 6.1 6.4 ¢.275C>T ¢.157C>T impair
8 1y8m 1ly8m - 4.75 69.3 1.2 c.449-452del c.449-452del SID
9 2y2m  2y2m - 1.71 n.a na c.449-452del c.449-452del normal
Non-symptomatic group
10 - 5d + 5.92 12.9 14.8 ¢.1085G>A ¢.843A>T normal
11 - 5d + 5.37 6.3 39.9 c.449-452del ¢.154A>G normal
12 - 5d + 4.82 15.3 3.8 IVS3+2T>C ¢.843 A>T normal
13 - 5d + 4.04 n.a n.a ¢.449-452del c.212 G>A normal
14 - 5d + 2.78 11.5 5.9 ¢.449-452del ¢.134 A>G normal
15 - 5d + 2.59 3.1 () ¢.1085G>A  c.1184A>G normal
16 - 5d + 2.58 ) 3.2 c.449-452del IVS3+5G>A normal
17 - 5d + 0.49 9.7 1.5 ¢.449-452del ¢.820 A>C normal
18 - 5y5m - 1.37 n.a na c.449-452del ¢.449-452del normal
Carrier group
19 - 5d + 0.44 ) () ¢.845C>T ¢) normal
20 - 4m - 0.51 ) () ¢.843A>T ¢) normal

Cases 3 and 8 (a-a), and cases 6 and 18 (b-b) are sibling cases, respectively. Abbreviation:
diag, diagnosis; NBS, newborn mass screening; —, none; +, NBS received; MS/MS, blood
acylcarnitine analysis; GC/MS, urinary organic acid analysis; HG and SG, hexanoylglycine
and suberylglycine, respectively; high*, elevated but detailed value not available. n.a, data
not available in Shimane University; (-), not detected; SID, sudden infant death; c.449-
452del, 4 base deletion of CTGA. impair, neurological impairments as sequallae. Unit: C8,
nmol/mL (cut off, <0.3); HG and SG, peak area ratio to IS (%) (7) on GC/MS (normal,

both undetectable).

d) Comparison between Symptomatic and
non-symptomatic groups of MCAD
deficiency

1) Ages at onset and diagnosis: In the

symptomatic group, the ages at onset was
8 mo to 2 yr 2 mo. Cases 3 and 8, and
cases 6 and 18, were siblings. In 9 cases of
the non-symptomatic group, 8 cases were
detected on 5 day after birth by NBS, and
the other one (case 18) was identified .at
the age of 5 yr 5 mo by sibling screening.

2) Clinical findings of symptomatic case: In
the symptomatic group, all 9 cases had
acute encephalopathy- or sudden death-like
illness in the acute stage. Hypoglycemia
was observed in all 7 cases tested, while
hyperammonemia was seen in 4 of the 9
cases.

3) Biochemical findings: As shown in Table
2, C8 (cut off, <0.3 nmol/mL) ranged be-
tween 1.57 and 7.00 in the symptomatic
group, while C8 did between 0.49 and 5.92

—31(21) —
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in the non-symptomatic group. No signifi-
cant difference between these two groups
was seen in the level of C8. The C8 value
of the carrier group (cases 19 and 20) was
0.44 and 0.51,

lower compared to those of the 18 affected

respectively, which was
cases. No significant difference was seen in
the urinary excretion amounts of HG or SG
between these two groups (Table 3).

4) Gene  mutation:  ¢.449-452delCTGA
(c.449deld) was identified in 16 of 36 al-
leles (44%) in 18 Japanese patients with
MCAD deficiency. The
c.449del4 mutants were observed in 4 and

homozygote of
1 cases in the symptomatic and non-
symptomatic groups, respectively. A com-
985A> G,
Caucasian population was never identified

mon  mutation, found in
in Japanese cases (8). On the other hand, it
was reported that the c.449del4 mutation
was in 3 of 5 alleles of 3 Korean MCAD
deficiency cases (9). It would be interesting
to investigate and compare the genotypes
of Japanese MCAD deficiency with those of
the other Asian countries and the other
ethnic groups.

5) Outcomes: With respect to the out-
comes, 8 of 9 cases of the symptomatic
group resulted in severe handicaps or sud-
den death, whereas all 9 cases of the non-
group  showed
development and growth (Table 3). It was
likely that there were no genotype/pheno-

symptomatic normal

type correlation, although existence of the
correlation is not clear enough in the pre-
sent point (10). These findings indicate that
pre-symptomatic detection is important for
the favorable outcome in MCAD deficiency.
Namely, NBS is  essential (11, 12).
Furthermore, our data suggests no clear
genotype/phenotype in MCAD deficiency.

4. Conclusion

Our study indicated that: 1) the detection
incidence in MS/MS screening is totally
about 1 in 9,000 in Japan, which might be
2 times smaller than that of other coun-
tries; 2) the outcomes of patients detected
by NBS is more favorable compared with
that of cases detected after symptomatic
onset; 3) the incidence of MCAD deficiency
is 1 in 110 thousands in Japanese popula-
This is
smaller than that in Caucasian population;
4) 45% of alleles of MCAD gene in
Japanese patients have a common muta-
tion, ¢.449-452delCTGA. The genetic back-
ground of Japanese cases is likely the same
with Korean patients, but different from
those in Caucasians with MCAD; 5) clinical
severity of MCAD deficiency may be simi-
lar despite the different genetic mutations,

tion. approximately 10 times

suggesting that genotype does not necessar-
ily predict phenotype in MCAD deficiency;
6) prognosis of the symptomatic cases with
MCAD deficiency was poor, whereas that of
the non-symptomatic group was excellent,
indicating “pre-symptomatic detection” is
essential to prevent children affected with
MCAD deficiency from impairments or sud-
den death.
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