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Mitochondrial respiratory chain disorders are the most common disorders among inherited metabolic disor-
ders. However, there are few published reports regarding the relationship between mitochondrial respiratory
chain disorders and sudden unexpected death in infancy. In the present study, we performed metabolic au-
topsy in 13 Japanese cases of sudden unexpected death in infancy. We performed fat staining of liver and
postmortem acylcarnitine analysis. In addition, we analyzed mitochondrial respiratory chain enzyme activity
in frozen organs as well as in postmortem cultured fibroblasts. In heart, 11 cases of complex I activity met the
major criteria and one case of complex [ activity met the minor criteria. In liver, three cases of complex I
activity met the major criteria and four cases of complex I activity met the minor criteria. However, these
specimens are susceptible to postmortem changes and, therefore, correct enzyme analysis is hard to be
performed. In cultured fibroblasts, only one case of complex I activity met the major criteria and one case
of complex I activity met the minor criteria. Cultured fibroblasts are not affected by postmortem changes
and, therefore, reflect premortem information more accurately. These cases might not have been identified
without postmortem cultured fibroblasts. In conclusion, we detected one probable case and one possible
case of mitochondrial respiratory chain disorders among 13 Japanese cases of sudden unexpected death in
infancy. Mitochondrial respiratory chain disorders are one of the important inherited metabolic disorders
causing sudden unexpected death in infancy. We advocate metabolic autopsy with postmortem cultured
fibroblasts in sudden unexpected death in infancy cases.
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1. Introduction inherited metabolic disorders and may cause as much as 5% of SUDI

cases after thorough investigations including metabolic autopsy [1-5].

Sudden unexpected death in infancy (SUDI) is defined as sudden
unexpected death occurring before 12 months of age. If SUDI remains
unexplained after thorough investigations, it is classified as sudden
infant death syndrome (SIDS). The more common causes of SUDI
are infection, cardiovascular anomaly, child abuse, and metabolic
disorders. However, the many potential inherited metabolic disorders
are more difficult to diagnose at autopsy as compared to cardiovascu-
lar defects and serious infection. Inherited metabolic disorders may,
therefore, be underdiagnosed as a cause of SUDI or misdiagnosed as
SIDS. Fatty acid oxidation disorders (FAODs) are one type of the

Abbreviations: CS, citrate synthetase; FAODs, fatty acid oxidation disorders; MRC,
mitochondrial respiratory chain; OXPHOS, oxidative phosphorylation; SIDS, sudden in-
fant death syndrome; SUDI, sudden unexpected death in infancy.
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In a review of SUDI cases with respect to potential FAODs, we found a
case of carnitine palmitoyltransferase Il deficiency [6]. In that study,
we performed fat staining of liver, postmortem acylcarnitine analysis,
and genetic analysis, advocating the importance of metabolic autopsy
in SUDI cases.

Mitochondrial respiratory chain (MRC) disorders were first identi-
fied in 1962 [7]. MRC disorders have a frequency of about at least
1:5000 newborns and are the most common disorders among inherited
metabolic disorders [8]. However, there are few published reports re-
garding the relationship between MRC disorders and SUDI. Studies of
MRC disorders have not progressed because of technical difficulties or
variability in clinical manifestations [9]. In sudden death cases especial-
ly, clinical features are unclear and postmortem changes complicate
molecular analysis.

In the present study, we performed metabolic autopsy in 13 Japanese
cases of SUDI in order to determine whether MRC disorders could be
detected or not. We performed fat staining of liver and postmortem
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acylcarnitine analysis according to the previous methods. In addition, we
analyzed MRC enzyme activity in frozen organs as well as in postmortem
cultured fibroblasts. With such metabolic autopsy, we were able to detect
one probable case and one possible case of MRC disorders. These cases
might not have been identified without metabolic autopsy. MRC disorders
are important diseases causing SUDI and metabolic autopsy might be
helpful for forensic scientists and pediatricians to diagnose MRC disorders
that might not otherwise be identified.

2. Materials and methods
2.1. Subjects

Between October 2009 and September 2011, forensic autopsy was
performed on 588 cases at our institute, 22 of whom were under
12 months of age. Following macroscopic examination, nine cases
could be diagnosed but 13 cases (Table 1) did not have any characteris-
tic appearance and remained undiagnosed. In this study, we reviewed
these 13 undiagnosed cases (8 males, 5 females) with age ranging
from 1 to 10 months.

2.2. Autopsy

Autopsies were performed within 24 h following death. Blood was
obtained from the femoral vein. Heart and liver specimens were imme-
diately cut and frozen at — 80 °C. Dermis, which was cut and sterilized,
was cultured at 37 °Cand 5% CO, in Dulbecco's modified Eagle's medium
(Sigma, St. Louis, MO) containing 10% fetal bovine serum, 1% penicillin
streptomycin glutamine, and 2.5% amphotericin B (Life Technologies,
Indianapolis, IN). Once cultures were established, fibroblasts were fro-
zen at —80 °C.

2.3. Sudan Il staining

Liver samples preserved in 4% phosphate-buffered formaldehyde
solution were frozen, cut into 10-um sections, and stained by the
Sudan III method for fat staining.

2.4. Postmortem blood acylcarnitine analysis by tandem mass spectrometry

Whole blood samples obtained at autopsy were blotted onto one
spot on Guthrie cards. They were subjected to acylcarnitine analysis
by tandem mass spectrometry and compared with the previously
determined normal range [6].

Table 1
SUDI cases.

Case Age/sex Height/weight Circumstances Fever Remarks

no. (cm/kg)

1 4 mo/M 68/7.5 Sleeping —

2 10 mo/F  70/8.8 Sleeping — Sister: undiagnosed
encephalitis

3 10mo/F  71/7.7 Sleeping + Cesarean section

4 9mo/M 67/7.5 Sleeping —

5 4mo/M 60/5.7 Sleeping — Hydrocephalia

6 6 mo/M 68/8.0 Sleeping —

7 1mo/F 51/3.6 Sleeping — Twins, preterm birth

8 10 mo/M 72/9.9 Sleeping — Developmental disease
(right side of the
body paralysis)

9 6mo/F 64/8.9 Sleeping — Bronchitis

10 4mo/M 65/7.4 Sleeping — Cesarean section

11 1mo/M 58/4.8 Sleeping —

12 5mo/M 59/4.2 Sleeping — Preterm birth

13 2mo/F 53/3.9 Sleeping — Low-birth-weight

infant

Abbreviations: F, female; M, male; mo, month; SUD], sudden unexpected death in infancy.

2.5. Enzyme analysis

The activity of mitochondrial respiratory chain complexes I, II, III,
and IV was assayed in the crude post-600-g supernatant of heart and
liver, and in isolated mitochondria from skin fibroblasts as described
previously [ 10]. The activity of each complex was presented as a percent
ratio relative to the mean value [9]. The activity of complexes I, II, I1I, and
IV was also calculated as the percent relative to citrate synthetase (CS),
a mitochondrial enzyme marker or complex II activity [10].

2.6. Ethics

This study was approved by the Ethics Committee of the Osaka
University Graduate School of Medicine.

3. Results
3.1. Microscopic examination

One of the common features in diagnosing MRC disorders is hepatic
steatosis. We therefore performed Sudan III staining to examine wheth-
er vacuoles caused by fatty degeneration were present in hepatocytes.
Diffuse microvesicular steatosis was detected in case 5 (Fig. 1A). No
Sudan IlI-positive vacuole was detected in case 13 (Fig. 1B) and the
other cases, for example, case 2 (Fig. 1C).

3.2. Postmortem blood acylcarnitine analysis

We performed acylcarnitine analysis by tandem mass spectrometry
using whole blood samples. In all samples, data were within the normal
range. These data suggested that no case was affected by FAODs (data
not shown).

3.3. Enzyme analysis of MRC complexes in heart, liver, and cultured
fibroblasts

The enzyme activity of each complex was compared with the CS
ratio and complex II ratio. Lower than 20% activity of any complex in a
tissue or lower than 30% activity of any complex in a cell line meets
the major criteria. Lower than 30% activity of any complex in a tissue
or lower than 40% activity of any complex in a cell line meets the
minor criteria according to Bernier et al. [11].

In heart, 11 cases of complex I activity met the major criteria of MRC
disorders and one case of complex I activity met the minor criteria
(Fig. 2A). In liver, three cases of complex I activity met the major criteria
of MRC disorders and four cases of complex I activity met the minor
criteria (Fig. 2B). In cultured fibroblasts, one case (case 5) of complex I
activity met the major criteria of MRC disorders and one case (case
13) of complex I activity met the minor criteria (Fig. 2C, Table 2). The ac-
tivity of complexes II, III, and IV was maintained in almost all cases.

3.4. Diagnosis

A definite diagnosis is defined as the identification of either two
major criteria or one major plus two minor criteria. A probable diag-
nosis is defined as either one major plus one minor criterion or at
least three minor criteria. A possible diagnosis is defined as either a
single major criterion or two minor criteria, one of which must be
clinical [11].

All the cases had a clinical symptom of sudden death, meeting one
minor criterion. In the enzyme activity, eleven cases (cases 2, 4-13)
met the major criteria and we could make a probable diagnosis in
these 11 cases. The other two cases (cases 1 and 3) met the minor
criteria and we could make a possible diagnosis.
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