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Abstract

Methylacetoacetyl-CoA thiolase deficiency (T2 deficiency) is a rare congenital and metabolic disease
affecting the ketone body and isoleucine metabolism. The typical symptoms are refractory metabolic
acidosis, in which large amounts of 2-methyl-3-hydroxybutyry1 carnitine, 2-methyl-3-hydroxybutyrate
and tiglylglycine are often detected in the blood and urine. We herein describe an atypical case of T2
deficiency with a high level of 3-hydroxybutyrate and a low level of 2-methyl-3-hydroxybutyrate in
the urine. Such a case was diagnosed by urinary organic analysis in combination with gene mutation
evaluation. Organic acids in the urine were measured using a gas chromatography mass spectrometer
and all exons were sequenced via deep sequencing. Molecular biology analysis confirmed the presence
of a homozygous mutation in the acetyl-CoA acetyltransferase 1 (ACAT) gene. The patient received a
special diet of deeply hydrolyzed protein milk powder and raw corn starch. She was followed about 6
months. There were no ketoacidotic episodes and hypoglycemia even when she had fever. In conclusion,
patients with atypical features of T2 deficiency should also be investigated early. Gas chromatography

mass spectrometry and next-generation full exome sequencing may be helpful in diagnosis.

INTRODUCTION

Methylacetoacetyl-CoA thiolase deficiency
(OMIM#607809) (MAT deficiency), also
known as T2 deficiency, beta-ketothiolase
deficiency or 3-ketothiolase deficiency, is a
rare disorder of ketone body metabolism and
isoleucine catabolism and is characterized by
intermittent ketoacidotic episodes of vomiting,
hyperventilation and impaired consciousness
that are usually precipitated by infections. This
disorder was first reported by Daum et al. in
1971." To date, more than 100 cases have been
reported worldwide. Other clinical symptoms
described previously include hyperglycemia,
mental retardation, hypotonia, seizure, ataxia, and
speech and language delay.>* Large amounts of
2-methyl-3-hydroxybutyryl carnitine, 2-methyl-
3-hydroxybutyrate (2M3HB) and tiglylglycine
(TG) can be detected in the plasma and urine
of patients using tandem mass spectrometry
and gas chromatography mass spectrometer
analysis. The acetyl-CoA acetyltransferase 1
(ACAT1) gene encodes mitochondrial acetyl-CoA
acetyltransferase, a short-chain-length-specific
thiolase. Cytosolic acetoacetyl-CoA thiolase
is encoded by the ACAT2 gene. T2 deficiency

involves the ACAT1 gene, a gene spanning
approximately 27kb and located on chromosome
11g22.3—q23.1. The definitive diagnosis of the
disease relies on the analysis of acetoacetyl-
CoA thiolase activity using cultured fibroblasts
or lymphocytes.

In China, T2 deficiency has been reported
using tandem mass spectrometry (MS/MS), or
liquid chromatography coupled with tandem
mass spectrometry (LC-MS/MS), whilst a some
reports in China of this disorder were based on
the genomic level.>’ This paper reports an atypical
case of T2 deficiency.

CASE REPORT

The patient was an 8-month old Chinese female
who were the second child in the family. The
patient was delivered at full term via a cesarean
section and was admitted into the local hospital
with a history of fever, hyperventilation and
coma. The history of pregnancy, early growth and
development were unremarkable and there was no
similar medical history in the family. The patient
was well until 8 months of age, when she presented
with metabolic acidosis. She had high fever,
tachypnoea, lethargy, drowsiness and impaired
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consciousness for 17 days prior to her admission.
The initial laboratory tests indicated the presence
of severe metabolic acidosis with an arterial
pH of 6.98, PCO, of 9 mmHg, blood glucose
of 6.9mmol/L and a bicarbonate level of 10.1
mmol/L. She was intubated and ventilated, given
continuous infusion of 5% glucose and sodium
bicarbonate. On the fourth day of hospital stay, she
was extubated and the blood gas showed no further
metabolic acidosis. After regaining consciousness,
the patient had normal respiration and her body
temperature was normal. The metabolic acidosis
has improved and the patient was discharged on
the 17th day of hospital stay. However, after one
day, the patient had tachypnoea again and her
blood gas showed relapse of metabolic acidosis.
She was then transferred to our hospital.

On examination, no obvious external features
of congenital abnormalities were observed. The
mean values of ammonia and plasma lactate
concentrations were 42.7 umol/L and 1.5 mmol/L,
respectively. The blood gas investigation showed
an arterial pH of 7.18, a PCO, of 27 mmHg and
bicarbonate level of 10.1 mmol/L. Investigations
for urine ketones were strongly positive. The
investigations for sepsis workup, electrolytes, liver
enzymes and kidney functions were within the
normal range. Brain magnetic resonance imaging
(MRI) was normal.

Infusion of sodium bicarbonate was given to
raise the arterial pH and the blood bicarbonate. On
the second day of hospital stay, blood gas analysis
showed arterial pH of 7.25, PCO, of 6.3 mmHg,
base excess of -19.9, and bicarbonate level of
6.3 mmol/L. The fasting blood glucose was 0.66
mmol/L. Investigations for urine ketones were
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still strongly positive. The blood insulin level was
normal. Urinary organic analysis conducted using
the gas chromatography mass spectrometer showed
a large amount of 3-hydroxybutyrate (3HB) and
a small amount of 2-methyl-3-hydroxybutyrate
(2M) (Figurel). MS/MS showed no increase of
2-methyl-3-hydroxybutyrate (2MSHB) or 3HB
in the blood. The patient was given continuous
infusion of sodium bicarbonate. However, the
metabolic acidosis was not alleviated until the
fifth day of hospital stay. The hypoglycemia
improved with continuous infusion of 5% glucose.
Meanwhile, the analysis of urinary organic acids
revealed that the level of 2M was still elevated
(Figure 2).

Genetic studies were then performed. All of the
coding regions in the ACAT 1 gene were analyzed
by a thorough sequencing using an ABI 3730XL
sequencing machine. The sequence analysis
of the ACAT1 gene identified a homozygous
mutation in exon 6: ¢.547G >A (rs120074141)
at chrll: 108009736. This transition resulted
in the substitution p.G183R. This mutation has
been predicted as harmful, since the amino acid
glycine is replaced by arginine and modifies the
protein synthesis (Pubmed#1346617; 7173255).
We also found that the patient’s father and mother
were heterozygous for the mutation (Figure 3).
succinyl-CoA 3-oxoacid CoA transferase
deficiency (SCOT) gene mutations were not found
during deep sequencing.

The potassium ion-activated acetoacetyl-CoA
thiolase assay was subsequently performed using
cultured fibroblasts and the results showed that
the acetoacetyl-CoA thiolase activity was absent.

After the diagnosis of T2 deficiency, the patient
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Figure 1. Urinary organic acid profiles of T2 deficiency patient during the acute episode
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Figure 2. Urinary organic acid profiles of T2 deficiency patient during the asymptomatic period

day). On fifteenth hospital day, the patient was
discharged from hospital well. Home monitoring
of blood sugar using a family glucose meter three
times a day was advised. The patient was asked to
take deeply hydrolyzed protein milk powder and

was treated with a special diet of low protein and
high calories. She was given the deeply hydrolyzed
protein milk powder and raw corn starch. At the
same time, L-carnitine was also given to prevent
the toxic symptom (20mg/kg intravenously every

The patient’s coding sequence l

TG 4&TT G T:A&AE LK LHEGAECLE GG C

The coding sequence of patient’s mother l

TG ATTGTAEAE A AEGACLE GG C TLA

Figure 3. The coding sequence
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raw corn starch and avoid excess fat and protein
intake. She was treated with L-carnitine (1g orally
every day) for 2 months. On follow up, the blood
sugar was in normal range. There were no other
obvious clinical symptoms. The patient had a fever
3 months after discharging from hospital, but the
blood sugar was normal. The patient was advised
to continue taking deeply hydrolyzed protein milk
powder and raw corn starch. The last follow up was
about 6 months after discharging from hospital.
There were no intermittent ketoacidotic episodes,
hypoglycemia and other symptoms even when she
had fever. She was recommended to eat raw corn
flour coarse grains cellulose foods, avoid excess
fat and protein intake long term.

DISCUSSION

T2 deficiency, or beta-ketothiolase deficiency, is
an autosomal recessive disorder that affects the
catabolism of isoleucine and ketone bodies, and
is usually detected in infants or children. The
clinical symptom of T2 deficiency is typically
refractory metabolic acidosis, which cannot
be overcome by sodium bicarbonate, and is
easily triggered by infections. The deficiency
of acetoacetyl-CoA thiolase results in a buildup
of organic acids such as 2-methylacetoacetate
(2MMA), 2M3HB and TG, which is derived
from intermediate metabolites of3HB, as well as
acetoacetate, isoleucine and ketone bodies in the
ketone metabolic pathway. The routine laboratory
tests show large amounts of 2MMA, 2M3HB and
TG. Abnormalities in the brain MRI and nuclear
magnetic resonance (NMR) spectroscopy of T2
deficiency patients have been reported and can
help the clinical diagnosis of this rare disease.®”

In our patient, the brain MRI was normal.
Organic aciduria is a diagnostic hallmark of this
disorder. 2M3HB, 2MMA and TG are constantly
excreted into the patient’s urine and can be
detected at very low levels. Generally, the level
of 2M3HB is significantly higher than the level
of 2MMA, and the latter may sometimes become
undetectable. The TG is usually elevated in the
urine. However, a small percentage of patients
do not excrete TG. 3-hydroxybutyrate (3HB)
can also be excreted during an acute and severe
ketoacidotic attack, which can cause confusion
in interpretation. In our patient, the results of
laboratory tests were atypical. The amount of
3HB was significantly higher than that of 2M3HB
in the urine. The levels of 2M3HB and 2HB in
the urine were slightly increased. Furthermore,
2MMA was absent in the urine. Thus, SCOT
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deficiency should be excluded, as large amounts
of 3HB were found in the urine and this is not
a typical feature of T2 deficiency. In this study,
the thorough sequencing helped to distinguish
T2 deficiency from SCOT deficiency'™!, where
the ACAT1 gene mutation was identified. In this
mutation of the ACAT1 gene, the amino acid
glycine is replaced by arginine and has been
reported by Daum er al.' Using GC/MS and
genomic analysis, we can diagnose T2 deficiency,
especially when the ACAT1 gene mutation site
has been demonstrated previously.'*!'¢ However,
the reason for the atypical laboratory results of
a low 2M3HB level and a high 3HB level is not
clear. At present, MS/MS and LC-MS/MS are
established methods used in T2 deficiency to
detect subtle variations in blood acylcarnitine.
GC/MS is also an increasingly potent way to
distinguish minor changes of urinary organic
acids during T2 deficiency. For those presenting
with atypical manifestations of T2 deficiency,
an integrated diagnostic approach is of great
importance, particularly for those with small
amounts of 2M3HB, 2MMA and TG in the blood
and urine that are difficult to be detected by MS/
MS, LC-MS/MS and GC-MS.

An early diagnosis and treatment of those
atypical cases may be beneficial. In our patient,
she received a special diet of deeply hydrolyzed
protein milk powder and raw corn starch with
low protein and high calories. L-carnitine was
also given but not in the acute metabolic acidosis
phase. Three months after discharging from the
hospital, our patient had an episode of fever,
the blood sugar was normal while she was only
taking the special diet. So we speculated that a
low protein and carbohydrate-rich meals was
beneficial. To date, information on treatment of
T2 deficiency is mainly based on individual case
reports, there was no controlled clinical trial. The
clinical severity of T2 deficiency varies among
patients. Abdelkreem et al.'” reported 10 Indian
Patients with T2 deficiency, 6 patients had a
favorable outcome, 1 died, and 3 developed
neurodevelopmental sequelae. Nguyen et al.'®
reported outcome of 42 T2 deficiency patients
with follow up of 10 years. Sixteen of 37 patients
had recurrent ketoacidosis. Five patients died:
2 during their first episode of ketoacidosis, 2
during their second episode, and one patient
died from the neurological sequelae following
the first episode. Nguyen et al.'® emphasized the
importance of long-term appropriate management
as critical for a favorable outcome. Based on our
patient, a low protein and carbohydrate-rich diet



may be beneficial to control symptom and prevent
recurrence.

In conclusion, T2 deficiency is a rare disease

but good outcome may be possible with early
diagnosis and appropriate management.
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