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Carnitine palmitoyl transferase 1A deficiency in an adult
with recurrent severe steato hepatitis aggravated by
high pathologic or physiologic demands: A roller-coaster

for internists
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Dear Editor,
We would like to present an interesting case here.

INTRODUCTION

Non-alcoholic fatty liver disease is a common cause of chronic
liver disease in the Western world and is becoming more preva-
lent in Asian countries. The prevalence of fatty liver (FL) in the
general population in Western countries is estimated to be twenty
to thirty percent whereas in Asia, it is estimated to be up to eigh-
teen percent.' Genetic factors” and the interaction with the envi-
ronments or behavioral factors including lifestyles, diet, alcohol,
smoking and underlying medical problems such as diabetes melli-
tus are the risk factors or the causes of the majority of patients
with FL. Inherited metabolic diseases (IMDs) are rare causes of FL
and mostly present in infancy or childhood with usually fatal
course, e.g., Reye-like syndrome in patients with medium chain

acyl dehydrogenase deficiency and many other fatty acid oxida-
tion disorders (FAODs). Wilson's disease is the only well-known
IMD among adult physicians because of its presentation with
acute or chronic liver problems in early childhood to young
adults.> More recently through the newborn screening in the de-
veloped countries, the milder forms of FAODs were identified and
these groups of people can present with recurring liver problems
during illnesses rather than severe fatal disease.*” FAODs can also
present with acute liver problems during pregnancy in heterozy-
gous mothers carrying homozygous affected fetuses.® The study
showed a high prevalence of long chain hydroxy-acyl dehydroge-
nase (LCHAD) deficiency carriers in pregnant women with acute
fatty liver of pregnancy (AFLD). We report here a patient with se-
vere recurring FL in an adult patient with carnitine palmitoyl
transferase 1A (CPT1A) deficiency, an ultra-rare FAOD concomi-
tant with severe illnesses. Physicians should be aware that IMDs
can first present itself in adulthood.

Abbreviations:

AFLD, acute fatty liver of pregnancy; AST, aspartate transaminase; CPT1A,
carnitine palmitoyl transferase 1A; E. coli, Esherichia coli; ESP, Exome Sequencing
Project; EXAC, Exome Aggregation Consortium database; FAOD, fatty acid
oxidation disorder; FL, fatty liver; IMDs, inherited metabolic diseases; Indels,
insertions/deletions; LCHAD, long chain hydroxy-acyl dehydrogenase; SNVs,
single nucleotide variants; WES, whole exome sequencing
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SUBJECT

We studied a Thai patient who attended the Genetics Clinic as
the part of undiagnosed disease program at King Chulalongkorn
Memorial Hospital, Bangkok, Thailand. The medical data, pedi-
gree, physical examinations and laboratory results were recorded.
The written informed consent was obtained after counseling ses-
sion of the implications of the study.

GENOMIC DNA PREPARATION AND WHOLE
EXOME SEQUENCING (WES)

To perform genetic analysis, genomic DNA was isolated from
peripheral blood leukocytes using a Puregene Blood kit (Qiagen,
Hilden, Germany). The genomic DNA was sent to Macrogen, Inc.
(Seoul, Republic of Korea) for WES. DNA was captured using a
SureSelect Human All Exon version 4 kit (Agilent Technologies,
Santa Clara, CA, USA) and sequenced on a Hiseq 4000 instru-
ment (lllumina, San Diego, CA, USA). Sequence reads were
aligned against the University of California Santa Cruz human ge-
nome assembly hg19 using Burrows-Wheeler Alignment software
(http://bio-bwa.sourceforge.net/; PMID20080505). Single nucleo-
tide variants (SNVs) and insertions/deletions (Indels) were detect-
ed by SAMTOOLS (http:/samtools.sourceforge.net/; PMID21903627)
and annotated against dbSNP & the 1000 Genomes Project. After
quality filtering, we looked for variants located in the coding re-
gions of known FAODs genes (ACADM, ACADS, ACADVL, CPTIA,
CPT2, ETFA, ETFB, ETFB, ETFDH, GLUD1, HADHA, HADHB, HMG-
CL, HMGCS2, SLC22A5, and SLC25A20) for all potential patho-
genic SNVs and Indels. Variant calling exclusion criteria were (a)
coverage <10x; (b) quality score <20; (c) minor allele frequency
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>1% in the 1000 Genomes Project; NHLB Exome Sequencing
Project (ESP) and the Exome Aggregation Consortium database
(ExAC) and (d) non-coding variants and synonymous exonic vari-
ants. The remaining variants were subsequently filtered out if they
were present in our in-house database of 719 unrelated Thai
exomes.

CASE PRESENTATION

A 29-year-old woman born to non-consanguineous parents was
healthy except having a history of uncomplicated miscarriage at
three months pregnancy when she was 20 years old. At 21 years
of age, she developed progressive cholestatic jaundice, and
weight loss while she was five months pregnant. She was diag-
nosed with severe Grave's disease and underwent subtotal thy-
roidectomy. She had a spontaneous miscarriage a few days prior
to the surgery. During that period, she also had episodes of he-
molysis requiring blood transfusion and her abnormal serum elec-
trolyte levels were consistent with distal renal tubular acidosis.
Surprisingly, her cholestasis was subsided without a definite diag-
nosis or treatment. Two years later, she had another pregnancy
resulting in a healthy daughter.

At the age of 27 years, she was admitted to hospital with se-
vere progressive cholestatic jaundice with massive hepatospleno-
megaly and a high fever. The investigations revealed that she also
had an acute severe pancreatitis. She underwent a liver biopsy
that showed more than 90 percent fat containing hepatocytes
(macro-vesicular steatosis) with minimal inflammation (Fig. 1). Pe-
riodic Acid Schiff stain was negative for polysaccharides or glyco-
gen. Her jaundice was again improved without a definite mea-
surement. A few months later, the worsening jaundice co-occurred

Figure 1. Liver core biopsy revealed marked macrovesicular steatosis with cholestasis and mild inflammation (hematoxylin and eosin, x40). (A) Mild
portal inflammation with mixed inflammatory cells. (B) Marked cholestasis and marked macrovesicular steatosis with scattered inflammation. (C) Bile
ducts are normal in number. Portal and hepatic veins are patent.
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with Escherichia coli (E. coli) primary bacteremia that was suc-
cessfully treated with a reqular course of antibiotics. Ursodeoxy-
cholic acid was the only prescribed drug. At 6-month follow-up,
her jaundice and hepatosplenomegaly surprisingly completely dis-
appeared. Timeline of the intermittent cholestatic jaundice and
triggering events were summarized in Figure 2.

Medical genetics service was consulted. Severe liver disease
worsening intermittently with inter-current illnesses raised the
suspicion of FAODs. Plasma carnitine and acylcarnitine profile
showed an increased CO (free carnitine) of 58.74 micromol/L
(5.55-20.88) with a very low level of long-chain fatty acids con-
sistent with CPT1A hence a very high C0/C16+C18 ratio (Table 1).
Renal tubular acidosis was a known association with this FAOD.’
Medium chain triglyceride oil was initiated as it was shown to
ameliorate the liver and kidney problems in patients with CPT1A
deficiency. Other laboratory findings were normo-glycemia and
other liver function tests included aspartate transaminase (AST)
and AST were normal. We did not test this patient for urine or-
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Figure 2. Chronological age, triggering events and levels of bilirubin.
Patients’ bilirubin corresponded with triggering events: pregnancy and
Graves' disease at twenty years old; acute pancreatitis at 29 years old
and septicemia at thirty years old. £. coli, Escherichia coli.

ganic acid and ammonia as patient was in the clinical silent when
we have a chance to evaluate this patient

Using WES, we identified a missense variant, c.1964G>A
(p-Arg655His) and an intronic variant, ¢.988-11G>A. Both have
never been previously reported in patients. The former missense
variant has a minor allele frequency of 0.00008 in ESP and
0.00001 in EXAC. This variant is predicted to be damaging by the
prediction software including SIFT, PolyPhen-2 and MCAP. The
second variant is private, not present in databases including the
in-house Thai exome one. It is predicted by Human Splicing Finder
ver 3.0 (http://www.umd.be/HSF3; PMID: 19339519) to alter a
normal splicing acceptor site causing an aberrant transcript in CP-
T1A. The parental samples were unavailable. The missense variant
is classified as variant of uncertain significance (PM2, PP3, PP4)
and the intronic variant is classified as variant of uncertain signifi-
cance (PM2, PP3, PP4) according to ACMG/AMP variant classifica-
tion. Lack of parent samples and functional study, we cannot con-
firm the pathogenicity of both variants. But it is highly suspicious
by the biochemical analysis and the clinical phenotype.

DISCUSSION

We reported here, to our knowledge, the first adult patient with
CPT1A deficiency presented with severe fatty liver during severe
inter-current illnesses (acute pancreatitis and acute septicemia) or
high physiologic demand (a pregnancy with Graves' disease). The
intermittent nature of the disease affecting the liver in this patient
is highly suggestive of a disease of abnormal energy use and pro-
duction including mitochondrial diseases or FAODs. The biochemi-
cal testing revealed a high level of free carnitine and a very low
level of long chain fatty acid consistent with the abnormal entry
of long chain acyl-carnitine into the mitochondria as the sub-
strates for B-oxidation. This is consistent with CPT1A deficiency.

Table 1. Plasma acylcarnitine profile analyzed with tandem mass spectrometry

Acylcarnitine profile

Result (umol/L plasma)

Reference range (umol/L plasma)

0 58.74 5.55-20.88
c8 0.18 0.02-0.77
10 0.26 0.03-0.87
Q14 0.02 0.00-0.11
C16 0.12 0.03-0.22
18 0.02 0.01-0.13
Co/C16+C18 419.57 11.50-12.0
414
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Renal tubular acidosis was a known association with this FAOD.’
Acute hemolysis requiring transfusion was investigated which re-
vealed an increase osmotic fragility consistent with hereditary
ovalocytosis, a prevalent hereditary cause in Southeast Asia.
However, the exome sequencing did not identify any variants in
SLC4A1, the gene which encodes anion exchange 1 protein or
band 3 protein known to cause the Southeast Asian type, ovalo-
cytosis.® Hemolysis in this patient could be the manifestation of
the CPT1A deficiency during acute metabolic decompensation.
WES identified two novel variants in CPTIA. A rare missense vari-
ant (c.1964A>G), not previously reported in the patients with CP-
T1A deficiency as well as the possible splicing intronic variant
(c.988-11G>A). They are both predicted to be deleterious. How-
ever, we cannot confirm that these two variants are located on
the different alleles. The splicing aberration was not tested due to
sample unavailability. We did not analyze for the deletion/duplica-
tion or structural rearrangement of the gene.

There was no known trigger of Graves' disease besides preg-
nancy. Patient was not previously diagnosed with Graves' disease.
Pregnancy can worsen Grave's disease if that was unknown be-
fore. Bacteremia occurred only a month after first hospitalization
suspicious of nosocomial related infection. However, £. coli identi-
fied in this patient was susceptible to antibiotics. Alcohol, hyper-
triglycerides, medications, trauma were all denied as precipitating
factors of acute pancreatitis. Gall stone was not seen.

Long chain fatty acids, an important source of energy, are me-
tabolized in the mitochondria via 3-oxidation. This requires the
mitochondrial outer membrane fatty acid transfer complex includ-
ing CPT1A to convert activated fatty acids into acylcarnitines.’
CPT1A is actually the rate limiting step for the entry of long chain
fatty acids into the mitochondria for B-oxidation. If there is a re-
duction of the activity of CPT1A, fatty acids cannot enter the mi-
tochondria for further use. Mitochondrial fatty acid oxidation by
the liver provides an alternative source of fuel when glycogen re-
serves are significantly reduced, most often during fasting or oth-
er intercurrent illnesses. Patients with CPT1A deficiency present
with fasting-induced hepatic encephalopathy in early childhood
that can be potentially fatal. These children who recover are at
risk for recurrent episodes of life-threatening illnesses. CPT1A de-
ficiency was reported in a child with jaundice and diffuse mac-
rovesicular steatosis that was spontaneously resolved in months."
Initial presentation may occur later in life with similar life-threat-
ening acute hepatic illness as late as a cause of death in a
17-year-old boy."" Between episodes of metabolic decompensa-
tion, individuals appear normal and long-term liver damage as a
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result of recurring hepatosteatosis has not been reported. Unlike
other long-chain FAQDs, cardiac or skeletal muscle involvement in
CPT1A deficiency is uncommon as there is a separate isoform of
CPT1A, CPTIB, in these organs.”” Our patient developed severe
progressive steato hepatitis at 28 years old concurrent with acute
pancreatitis and was partially improved. However, 6 months later,
her symptoms were worsening during the episode of severe bac-
terial infection. Hepatosplenomegaly and cholestatic jaundice dis-
appeared after six months of the last episode.

There has been no previous report of patients with CPT1A defi-
ciency with pregnancy; however, fetal CPT1A deficiency has been
associated with AFLD in the mother” in the similar fashion of an
established maternal risk factor for AFLD with LCHAD deficiency.”
In those cases with fetal FAODs, the risk of maternal liver diseases
is increased in these heterozygous women. The intermediate
products of fatty acids that placenta fails to handle may create
toxic effects to the mother. These carrier females do not inherent
the risk of developing liver diseases inter-gestational periods. Our
patient’s first pregnancy was ended with a miscarriage as early as
three months into the pregnancy. This probably did not put stress
to the metabolism beyond the threshold. However, she developed
severe liver disease during her second pregnancy which was also
complicated with a highly pathologic increased demand for me-
tabolism from her severe Graves' disease. She survived after fetal
demise and thyroidectomy was performed to control her thyrotox-
icosis. Her third pregnancy went unremarkable. We assumed that
her CPT1A deficiency was mild and only the pregnancy concurrent
with Graves' disease was severe enough to increase her metabolic
demand and resulted in decompensating liver problems during
her second pregnancy.

Besides highly expressed in the liver, CPT1A expresses in the
kidneys. Patients with CPT1A deficiency are associated with renal
tubular acidosis.” Renal tubular acidosis is not reported to be as-
sociated with other FAODs. The administration of medium chain
triglyceride oil can ameliorate the renal manifestations in patients
with CPT1A deficiency and prevent the metabolic decompensation
during the periods of illnesses.

CPT1A'is an ultra-rare disorder with the estimated prevalence of
1:500,000 to 1:1,000,000 from the newborn screening.” The nat-
ural course of these patients was not fully known as all patients
identified through newborn screening program will be treated and
prophylactic measures such as avoidance of prolonged fasting,
high fat content diet will be implemented to prevent metabolic
decompensation. Some founder mutations are highly prevalent in
some ethnic groups such as p.Gly710Glu that the carrier rate was
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reported to be as high as 1:16 in the Hutterite population.”

The manifestation of recurrent attacks of severe decompensat-
ing liver illness might perplex the adult care providers. This case
demonstrates the first adult patient predisposing to liver decom-
pensation during severe metabolic crises i.e., pregnancy with
Graves' disease, acute pancreatitis, and severe sepsis. The under-
lying mechanism is the inherited metabolic condition, CPT1A defi-
ciency, unknown by most of the adult healthcare providers.
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