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Abstract

Fatty acid (FA) B-oxidation defects cause hypoglycemia. Our aim was to determine if CD36——a membrane transporter for long-chain FAs—
deficiency predisposes children to hypoglycemia. After overnight fasting, we measured parameters for carbohydrate and FA metabolisms at 12-,
14-, and 16-hour fasting points in 51 preschool children with histories of episodic hypoglycemia and 49 age-matched healthy controls.
Simultaneously, the expressions of CD36 on platelets and monocytes were examined to determine the phenotypes. Six of the 51 hypoglycemic
children and none of the 49 control children were diagnosed as having type I CD36 deficiency. Four and 3 children were diagnosed as having
type IT CD36 deficiency, respectively. Hypoglycemia was often recurrent in the type I CD36 group. At any fasting point, the type T CD36 group
showed significantly lower blood glucose and insulin concentrations than the other groups: glucose, P < .001 vs control group and P < .01 or
P < .001 vs type I/wild-type CD36 hypoglycemic groups; insulin, 7 < .001 vs control group and P < .01 vs type Il/wild-type CD36
hypoglycemic groups. Free FA concentration in the type I group was always 1.5- to 2.0-fold higher than that in the other groups, whereas the
total ketone body conceniration was consistently about two thirds of that in the other groups. Among the type II, wild-type, and control groups,
there were no significant differences in the parameters except that the wild-type group showed significantly lower FFA concentration (P < .05).
These results suggested that type I CD36 deficiency but not type I CD36 deficiency predisposes preschool children to hypoglycemia.
© 2011 Elsevier Inc. All rights reserved.
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protein with a molecular weight of 88 kd [1-5]. CD36 is a
receptor for collagen and thrombospondin on platelets and
oxidized low-density lipoproteins on macrophages [1-4].
CD36 also plays an important role in the uptake of long-
chain fatty acids (LCFAs) in the heart, skeletal muscle,
adipose tissue, and small intestine [5].

Based on its expression patterns on platelets and mono-
cytes, CD36 deficiency is classified into 2 subgroups: type I
and II [6]. Type I CD36 deficiency lacks CD36 expression on
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both cell types, whereas type II CD36 deficiency lacks
expression only on platelets. Most type I cases are either
homozygous or compound heterozygous for CD36 gene
mutations, whereas type II cases are often free of CD36 gene
mutations [7-9]. CD36 deficiency is one of the common
genetic disorders in Japan [9-10]. As the metabolic manifesta-
tions of CD36-deficient adult subjects, decreased insulin
sensitivity and posiprandial hypertriglyceridemia have been
reported [10-13]. However, for children, its clinical manifes-
tations and the prevalence have been scarcely studied [14,15].

Hypoglycemia is highly prevalent in children, but its
underlying disease or condition cannot be identified in most
cases [16-18]. Children with fatty acid (FA) B-oxidation
defects often show profound hypoglycemia [19].

The present study aimed to elucidate whether CD36
deficiency is attributable to the development of hypoglyce-
mia in young children as other FA B-oxidation defects. We
examined the prevalence of CD36 deficiency among
preschool children with histories of hypoglycemia and
examined the glucose and FA metabolism in them with
special reference to CD36 phenotype.

2. Subjects and methods
2.1. Subjects

From 2004 to 2008, we prospectively screened 198
consecutive preschool children brought to our local affiliated
hospitals for unconsciousness and/or seizures in the
morning (Fig. 1).

Fifty-three children (23 girls and 30 boys, aged 1.8-5.2
years) were found to have hypoglycemia. Their blood glucose
(BG) concentrations were only 25 to 42 mg/dL. Blood gas
analyses revealed that their base excess ranged from -2.7 to
—6.1 mEq/L. All these children had bradycardia or tachycardia
with excessive sweating, suggesting hypoglycemia-induced
autonomic responses. Their symptoms disappeared immedi-
ately after intravenous glucose infusions.

The 53 children were referred to our institutions for
further examinations at 1 to 3 months after their episodes of
hypoglycemia. At the time of admission for an extended
fasting test, their ages were 2.1 t0 5.5 years; and they were
free of symptoms suggestive of any disorders. As age-
matched healthy controls, we enrolled 49 children (22 girls
and 27 boys) aged 2.1 to 4.6 years.

Both hypoglycemic and control children had no medical
problems during their newborm and infancy periods and had
grown completely healthy. There were no significant differ-
ences in birth weight and gestational age between both
children: hypoglycemic children—2673 t0 3462 gand 37 to 41
weeks; control children—2790 to 3369 g and 38 to 40 weeks.

Informed consent was obtained from the parents before
enrolling these children in this study. The protocol was
approved by the medical ethics committees of the partici-
pating institutions.

2.2. Study design

Firstly, we excluded children with metabolic or hormonal
diseases that cause hypoglycemia. To diagnose hyperinsuli-
nemia; hyperthyroidism; growth hormone deficiency; FA
B-oxidation disorders; organic acidemia; fructose-1,6-
diphosphatase deficiency; and glycogen storage disease, we
specifically examined the profiles of blood amino acids and
acylcarnitine, and blood concentrations of ammonia, lactate,
insulin, growth hormone, insulin-like growth factor-1, fiee
thyroxine, free thyronine, thyroid-stimulating hormone, and
cortisol. We also examined profiles of urinary organic acids.

Secondly, the children with histories of hypoglycemia
were divided into 3 subgroups according to the CD36
expression patterns on the platelets and monocytes by flow
cytometry: Type I CD36, type II CD36, and wild-type
hypoglycemic groups. The CD36 expression patterns in the
control children were also examined.

For the 3 hypoglycemic groups and the control group,
extended fasting tests were performed. At 7:00 to 7:30 pPM on
the day before blood sampling, we provided the children with
suppers containing one third of the daily required calories for
children of these ages. Fasting blood samples were collected
from cubital veins for biochemical assays 3 times in the
morning (12, 14, and 16 hours after supper). Body weight and
height SD scores were also recorded for all enrolled children.

2.3. Biochemical assays

Fasting BG and insulin concentrations were determined by
an enzymatic method and an enzyme immunoassay using a
commercial kit (TOSOH-II; Tosoh, Tokyo, Japan), respec-
tively. Serum total cholesterol and triglycerides were measured
enzymatically using an automated analyzer. Low-density
lipoprotein cholesterol and high-density lipoprotein cholester-
ol were determined by homogenous assays. Serum concentra-
tions of free FA (FFA) and total ketone bodies (TKB) were
measured by enzymatic methods using commercial kits
(NEFA-SS kit EIKEN; Eiken Chemicals, Tokyo, Japan, and
Total-ketone body kit; Kainos Laboratories, Tokyo, Japan,
respectively). Acylcamitine profiles were examined by tandem
mass spectrometry as described previously [20].

2.4. CD36 phenotyping

Phenotypes of CD36 were determined by flow cytometry
using platelets and monocytes as described previously [6].
Fasting venous blood was drawn into a tube containing EDTA-
K, to prepare platelet-rich plasma (PRP). In monocyte assays,
PRP was processed in a Multi-Q-Prep (Coulter, Miami, FL) for
hemolysis and fixation. The prepared PRP was then mixed
with a fluorescein isothiocyanate (FITC)—conjugated mono-
clonal antibody (Mab) (FA6-152; Immunotech, Miami, FL)
[6]. To detect CD36 expressions on platelets or monocytes, the
CD36 signal was gated with either a phycoerythrin-conjugated
anti-CD42b Mab (ANS51; Dako, Copenhagen, Denmark) using
an EPICS Profile II flow cytometer (Coulter, Miami, FL) or an



H. Nagasaka et al. 7 Metabolism Clinical and Experimental 60 (2011) 881887 883
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Fig. 1. Flowchart for classifying hypoglycemic children. “Profiles of blood amino acids and acylcarnitine, plasma ammonia, and lactate levels were measured.,
Insulin, growth hormone, insulin-like growth factor-1, free thyroxine, free thyronine, thyroid-stimulating hormone, and cortisol were also examined to detect

endocrinologic disorders leading to hypoglycemia.

FITC-conjugated anti-CD 14 Mab (MY4-FITC, Coulter) using
an XL-MCL flow cytometer (Coulter).
2.5. CD36 gene analysis

In children with types I or II CD36 deficiencies, 3
common mutations of the CD36 gene. irrespective of

histories with hypoglycemic episodes, were determined:
(a) a substitution of T for C at nt 478 in exon 4 (C478T),
(b) an AC deletion at nt 539 in exon 5 (539delAC), and
(c) an A insertion at nt 1159 in exon 10 (1159insA)
[7-9,14]. A previous study showed that 478T mutation
impairs the maturation of the CD36 precursor, leading to
CD36 defects on both platelets and macrophages [7]. Both



