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months of age, her weight was 2,950 g
(⫺5.2 SD) and length was 51.0 cm (⫺4.1
SD). At 15 months of age, the patient was
admitted to our hospital for evaluation of
growth retardation. On admission, her
weight was 4.13 kg (⫺6.6 SD) and length
was 59.6 cm (⫺5.2 SD). Neurological examination showed generalized hypotonia.

hwachman-Diamond syndrome
(SDS; OMIM 260400) is a rare autosomal recessive disorder characterized by pancreatic insufficiency, bone
marrow failure, skeletal dysplasia, and
short stature (1). Diabetes is a rare complication of SDS, and only a few SDS patients have been reported to develop
diabetes (2– 6). We report the first case of
SDS with diabetes in which mutations of
the SBDS gene have been identified.

RESEARCH DESIGN AND
METHODS — A 15-month-old Japanese girl was born uneventfully to a
healthy mother after 36 weeks gestation.
Pregnancy was complicated by intrauterine growth retardation. Her parents are
nonconsanguineous. There was no family
history of inherited disorders. The birth
weight was 1,530 g (⫺2.4 SD) and length
was 41.0 cm (⫺2.5 SD). After birth, she
developed respiratory distress syndrome
and pulmonary hemorrhage. Neutropenia was noted from the neonatal period,
and a bone marrow examination revealed
a maturation arrest of myelopoiesis. After
3 weeks of age, she developed postprandial hyperglycemia with ⬎200 mg/dl in
blood glucose. The treatment with insulin
was not begun because of normal insulin
response in the oral glucose tolerance test
performed at the age of 3 months. At 5

RESULTS — Laboratory findings were
as follows: hemoglobin, 11.3 g/dl; leukocytes, 5,900/cmm with 11.5% of neutrophils; fasting blood glucose, 111 mg/dl;
insulin, 2 U/ml; C-peptide, 0.5 ng/ml
(normal range 0.8 –3.0); HbA1c, 6.7%; serum glucagon, 127 pg/ml (normal range
23–197); IGF-I, 7 ng/ml (normal range
37–229); serum amylase, 4 units/l (normal range 45–150); serum lipase, 2
units/l (normal range 8 –50); and serum
trypsin, ⬍10 mmol/l (normal range 100 –
500). Antibodies to GAD were negative.
Chromosomal karyotype was 46, XX. The
stools were greasy and contained excessive fatty droplets in microscopic examination. Metaphyseal dyschondroplasia
was not found on the bone radiograph.
Brain magnetic resonance imaging
showed no structural malformation but
delayed myelination. Abdominal computed tomography demonstrated an enlarged pancreas replaced by fat. Normal

sweat chloride concentrations ruled out
cystic fibrosis (CF). Clinically, she was diagnosed as having SDS. An oral glucose
tolerance test revealed a diabetic pattern
of blood glucose levels (282 mg/dl at 120
min) with a poor insulin response (5 U/
ml). Neither metabolic acidosis nor ketosis was found during the hospitalization.
Treatment with insulin and the replacement of pancreatic enzymes were started,
resulting in no effect on her growth retardation. At 17 months of age, the child
died of septic shock. An autopsy was not
performed. Sequence analysis of the SBDS
gene using genomic DNA was performed
as previously described after her parents’
informed consent (7). We identified compound heterozygous mutations: 183184TA to CT and 258 ⫹ 2T to C. The
former mutation introduces an in-frame
stop codon (K62X) and the latter disrupts
the donor splice site of intron 2, with the
resulting 8-bp deletion causing premature truncation of the encoded protein by
frameshift (84Cfs3) (7).
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CONCLUSIONS — Although our
patient presented with most of the cardinal features of SDS, metaphyseal dyschondroplasia was not found. The SDS
disease gene, SBDS, was recently mapped
to chromosome 7q11 (7). While the function of the gene remains unknown, it is
proposed that SDS results from deficient
RNA processing in a pathway essential to
development of the exocrine pancreas
(7). The mutations found in our patient
have been commonly identified in both
Japanese and European affected families
(7,8). Analysis of the SBDS gene is therefore thought to be effective in establishing
a diagnosis in the absence of typical clinical features.
Shmerling et al. (2) have reported a
family with both SDS and diabetes. Aggett
et al. (3) have reported an adult SDS patient with a diabetic glucose tolerance
test. Mack et al. (4) have reported one
SDS patient presenting with insulindependent diabetes during adolescence.
Ginzberg et al. (5) have described 1 child
with noninsulin-dependent diabetes out
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of 88 pediatric SDS patients. Recently,
Fillipi et al. (6) have described a newborn
infant with SDS and transient diabetes
probably caused by anti-GAD antibody
transmitted from the mother with type 1
diabetes. In our case, insulin secretion
had been kept to some extent at the onset
of diabetes, but the impairment of ␤-cell
function had progressed with age. Although coexistence of SDS and diabetes is
unlikely to be incidental, the onset and
severity of diabetes varies with each patient, and the pathophysiology of developing diabetes remains unclear. CF is
considered to be a condition quite similar
to SDS, because both disorders have congenital exocrine pancreatic insufficiency.
It is well known that diabetes is an important complication of CF and is increasingly prevalent with age in CF patients
(9). The lower prevalence of diabetes in
SDS than in CF may be associated with
the improvement of exocrine pancreatic
function with increasing age in SDS patients (4,5). A pathological study of the
pancreas in adult CF patients has shown
ductule dilatation, acinar fibrosis, and
acinar atrophy with fatty cell infiltration
(9). Abdul-Karim et al. (10) have observed islet tissue in ribbon-like strands
and the islets themselves quantitatively
reduced with greater size variability in
CF-related diabetes. While no pathological study has been reported in SDS pa-
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tients with diabetes, Aggett et al. (3) have
reported that the majority of acinar cells
are replaced by fat, interstitial connective
tissue is increased, a few ductules are dilated, and the islets of Langerhans appear
normal in SDS patients without diabetes.
Therefore, a younger SDS infant such as
our patient is unlikely to develop diabetes
through the same pathophysiological
changes in the pancreas as those seen in
CF-related diabetes. In our case, intrauterine growth retardation and respiratory failure in the neonatal period may
contribute to the ␤-cell dysfunction. Further studies are needed to clarify the association between the SBDS gene and the
␤-cell embryonic development or ␤-cell
function.
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