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Summary. We report on a female neonate with diabetes mel- 
litus and methylmalonic acidaemia, who died at age 16 days. 
Using immunocytochemistry, electron microscopy and in situ 
hybridisation, we were unable to demonstrate any insulin 
cells in the pancreatic islets. Methylmalonic acidaemia was 
caused by a methylmalonyl coenzyme A mutase apoenzyme 
defect. The metabolic crisis of the methylmalonic acidaemia 

aggravated the diabetes and may explain the failure of in- 
sulin therapy. Our results suggest that the infant suffered 
from a congenital absence of beta cells associated with a 
genetically transmitted mutase apoenzyme defect. 
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Neonatal diabetes mellitus, whether transient or perma- 
nent, is rare. The transient form, attributed to a delay in 
beta-cell maturation, occurs in small for gestational age 
infants usually before the third week of life. Blood glucose 
levels are very high, but ketonuria is mild or absent. These 
infants are insulin-dependent for a short time (usually less 
than 3 months), but then slowly recover and eventually 
become normoglycaemic. The permanent  form at the 
start is clinically indistinguishable from the transient form, 
but evolves into irreversible diabetes [1-11]. Its pathogen- 
esis is unknown, but rare causes such as aplasia of the pan- 
creas [12-18] or congenital absence of the islets of Langer- 
hans [19, 20] have been reported. 

Recently, Wong et al. [21] reported an isolated absence 
of beta cells in a diabetic neonate who died at the age of 
3 days. We report  here on another diabetic neonate with 
congenital absence of beta cells demonstrated by immu- 
nocytochemistry, electron microscopy and in situ hybridi- 
zation. In addition, this patient had methylmalonic aci- 
daemia due to methylmalonic CoA mutase deficiency. 

Case report 

Patient L.G.,  a Caucasian female neonate, was the first 
child of a healthy non-consanguineous 32-year-old 
woman. She was born small for gestational age in the 40th 
week of gestation: the birth weight was 1950 g, length 
44 cm and head circumference 34 cm. Apgar score was 
9/10. Fetal growth had been considered normal by the at- 

tending obstetrician. Pregnancy and birth were unevent- 
ful. Serologic tests indicated previous exposure of the 
mother  to cytomegalic virus, rubella and toxoplasmosis. 
Both parents had a family history of Type 2 (non-insulin- 
dependent)  diabetes mellitus among their first-degree 
relatives. The infant was brought to medical attention at 
28 h of life because blood glucose showed high values 
(20.0 mmol/1) on routine measurement.  Glycosuria and 
ketonuria (Acetest) were also present. At 48 h of life the 
baby was transferred to the neonatal intensive care unit of 
the University Children's Hospital Queen Fabiola in 
Brussels with the diagnosis of neonatal diabetes mellitus. 
On admission, the child was found to be pale, hypothermic 
(35.7 ~ dehydrated (weight loss: 14 % of body weight at 
birth), tachypneic and markedly hypotonic. There was 
little subcutaneous tissue. A grade II systolic murmur was 
heard. The liver was felt at 1 cm below the right costal 
margin. The initial laboratory tests disclosed a blood glu- 
cose of 20.7 mmol/1 with massive glycosuria and mild 
ketonuria, as well as a mild compensated metabolic aci- 
dosis (arterial pH 7.39; base excess - 7 mmol/1; bicarbo- 
nate 15 mmol/1; pCO2 25 m m H g  [3.33 kPa], blood lactate 
4.56 mol/1 [normal range 0 to 1.80], pyruvate 0.25 mol/1 
[normal range 0.06 to 0.12]). On day 3 plasma ammonia 
concentration was 463gmol/1 (normal range 30-60 
gmol/1) with elevated blood urea (6.7mol/1). It was 
thought that hyperammonaemia was due to intense cata- 
bolism and insufficient caloric supply during the infant's 
first 3 days. Lipids and glucose were administered in- 
travenously and the amount of protein was reduced to 
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Table 1. Methyl malonyl CoA mutase activity and ~4C-propionate 
incorporation in cuttured fibroblasts from the patient and an age- 
matched control subject 

Methyl malonyl CoA mutase activity 

Ado-Cbl Succinate formed (pmol. min ~. mg protein- 1) 

mol/1 Patient Control Reference values 
(mean _+ SD) 

0 24.4 157 273 _+ 64 
5 x 10 -5 6.7 392 642_+ 130 

Ado-Cbl, Adenosylcobalamin 

J4C-propionate incorporation 
OH-Cbl ~4C propionate fixation (pmol. mg protein- 1.16 h- ~) 

gg/1 Patient Control Reference values 
(mean _+ SD) 

0 642 9596 8315 • 4935 
1.0 605 10010 8166 _+ 3830 

OH-Cbl, Hydroxycobalamin 

Fig.1. Section from the patient's pancreas showing an apparently 
normal islet (arrows). Haematoxylin and eosin stain (magnifica- 
tion x 125) 

0.5 g/kg. Insulin was infused using a pump at a rate of 
0.1 IU .kg  -~ -body weight h -~. As a result of these com- 
bined measures a rapid decrease in ammonaemia was ob- 
served. After i day of insulin treatment the blood glucose 
level transiently returned to normal range but was poorly 
controlled thereafter with values up to 46 mmol/1 on day 6 
despite an increase in the insulin dose to 0.8 IU.  
kg- 1. body weight h-  1. Albumin was added to the insulin 
solution to avoid adsorption of the hormone to the tubes 
of the pump. On day 7 blood glucose decreased, fluctuat- 
ing between 3.3 and 14 mmol/1, and ketonuria disap- 
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peared. The insulin doses could be reduced to 0.1 to 
0.3 IU. kg -z .body weight h 1. Further diagnostic work- 
up concerning the diabetes included ultrasonography 
which demonstrated a normal pancreas, and no detect- 
able C-peptide or insulin at day 3. The absence of serum 
C-peptide was confirmed on day 7 when the child received 
exogenous insulin. There was no evidence of autoanti- 
bodies to islet cells (ICA) or insulin (IAA). H L A  DQ 
genotype was A3 B3.1/A3B3.1, which is not associated with a 
genetic susceptibility to Type l (insulin-dependent) 
diabetes. Antibodies against Coxsackie B1 to B6 viruses 
were present in the serum: Coxsackie B~: 1/128; B2: 1/64; 
B3: 1/128; B4: 1/64; Bs: 1/128; B6: 1/64. From day 4 plasma 
pH fell reaching a value of 7.12 on day 7 despite the addi- 
tion of sodium bicarbonate to the treatment. Base excess 
fluctuated between - 5 and - 12 mmol/1, anion gap be- 
tween 13 and 34 mmol/1. Clinical deterioration soon oc- 
curred in the form of seizures, loss of normal reflex activity 
including apnoea requiring ventilatory support on day 8. 
At that time the liver was enlarged (3 cm below the right 
costal margin). Because of persisting acidosis after stabili- 
zation of glycaemia, an inborn error of metabolism was 
suspected. Metabolic tests disclosed increased plasma lac- 
tate (9 mmol/1), pyruvate (0.25 mmol/1), ammonia (114 to 
563 gmol/1), plasma and urinary glycine. Plasma carnitine 
was low (total 19 ~tmol/1, free < 3 gmol/1; normal range 30 
to 65 gmol/1 and 21 to 55 gmol/1, respectively). In conjunc- 
tion with a pancytopoenia detected in the peripheral 
blood and bone marrow, these data suggested an organic 
aciduria, especially of the propionic or methylmalonic aci- 
daemia type. The latter diagnosis was confirmed through 
GC-MS analysis of urinary organic acids, revealing grossly 
elevated (62.5 gmol/g creatinine) methylmalonic acid. In 
addition to insulin, the patient was then treated with L-car- 
nitine 100 mg. kg -1. day -1 from day 6 and with supple- 
ments of vitamin B12 (OH cobalamin) from day 13. As 
death occurred at day 16, the therapeutic response to vit- 
amin B12 could not be assessed. The electroencephalo- 
gram, normal on day 2, showed evidence of cerebral dys- 
function on day 9. Brain-stem-evoked potentials were 
abnormal. An open ductus arteriosus with cardiac failure 
requhed treatment with indomethacin and digoxin from 
day 7. On day 9 a necrotizing enterocolitis was diagnosed; 
enteral feeding was interrupted and appropriate antibio- 
tics were given. As the disease progressed, the child be- 
came totally unresponsive and died i week later (day 16). 
Cultured fibroblast studies showed undetectable methyl- 
malonyl coenzyme A mutase activity with and without 
adenosylcobalamin (Table 1) and decreased 14C-propion- 
ate uptake unresponsive to hydroxycobalamin (Table 1). 
These data are consistent with a mutation in the methyl- 
malonyl coenzyme A mutase gene of the rout ~ type. 

Pathological findings 

At autopsy, which was performed 2 h after death, the pan- 
creas showed no macroscopic changes. Histologically, the 
lobular architecture was well preserved. Scattered among 
acinar cells and occasionally within interstitial septa there 
were apparently normal islets of Langerhans (Fig. 1). Peri- 
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Fig.2a--d. Immunostaining for insulin (a), glucagon (b), somatos- 
tatin (e) and synaptophysin (d) in consecutive sections demonstrates 
the absence of immunoreactive insulin from the islet cells, whereas 

glucagon and somatostatin-positive cells are present (magnifica- 
tion x 440) 

insular or interstitial infiltrates of lymphocytes or other 
haematopoietic cells were lacking [22]. 

Immunocytochemical staining (avidin-biotin-peroxi- 
dase complex technique) of the islets with the neuroendo- 
crine marker synaptophysin (polyclonal rabbit antibody; 
gift of Dr. R. Jahn, M~inchen, FRG; dilution 1:2000) re- 
vealed islets of Langerhans which did not differ in dis- 
tribution or in size from those of age-matched control sub- 
jects. Differential immunostaining for the four pancreatic 

hormones identified cells positive for glucagon (polyclo- 
nal rabbit antiserum, Milab, Malm6, Sweden; dilution 
1:2500), somatostatin (polyclonal rabbit antiserum, Im- 
munonuclear, Stillwater, Mich., USA; dilution 1:2000) and 
pancreatic polypeptide (PP) (polyclonal rabbit antiserum; 
gift of Dr. R. E. Chance, Indianapolis, Ind., USA; dilution 
1:10000), but not for insulin (monoclonal mouse anti- 
body; Biogenex, Dublin, Calif., USA; dilution 1:5000) 
(Fig.2a-c) or amylin (islet amyloid polypeptide, IAPP; 
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Fig. 3. Portion of an islet showing 
well-granulated islet cells with se- 
cretory granules characterizing 
glucagon cells (A) and somatos- 
tatin cells (D), (magnifica- 
tion x 5500) 

Fig.4a, b. In situ hybridization for insulin using 35S-labelled oligonu- 
cleotide probes against rat preproinsulin: (a)absence of signals 
over an islet of the patient (arrows); (b) demonstration of signals 

o v e r  the islet (arrows) of a pancreas from a non-diabetic newborn, 
There is unspecific illumination of the acinar ceils surrounding the 
islets in b. (dark-field photography, magnification x 125) 

gift of Dr. O.Madsen, Gentofte,  Denmark; dilution 
1:4000) (not shown). Because of the lack of insulin cells 
the relative proport ion of the non-insulin cells was in- 
creased, while their spatial distribution remained about 
the same. In the PP-poor islets of the tail of the pancreas, 
30-40 % of the cells were glucagon-positive and 60-70 % 
were somatostatin-positive cells. In the PP-rich islets of 
the posterior part of the head of the pancreas, somatos- 

tatin cells were second in frequency to PP-cells. All cells in 
the islets stained with synaptophysin (gift of Dr. R. Jahn, 
Planegg-Martinsried, FRG,  dilution 1:4000) (Fig. 2 d). 

The ultrastructural aspects of the islets (fixation of 
post-mortem tissue in 2 % glutaraldehyde; post-fixation in 
1% OsO4; embedded in Epon 812) corresponded to the 
immunocytochemical pattern. All cells were well-granu- 
lated and contained secretory granules, either typical for 
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glucagon cells, somatostatin cells or PP cells. We found no 
cells with typical beta granules (Fig. 3). 

In situ hybridization for insulin using oligonucleotide 
probes against mR NA of rat preproinsulin which were 
found to cross-hybridize with mRNA of human pro- 
insulin, failed to reveal any specific signal in the pancreas 
and particularly over the islets (Fig. 4 a). In situ hybridiza- 
tion of two control pancreata from non-diabetic newborns 
(post-mortem examination within 4 to 6 h after death) re- 
sulted in a positive signal over the islets (Fig. 4 b). 

Discussion 

We studied the pancreas of a diabetic neonate with 
methylmalonic acidaemia, using immunocytochemistry, 
electron microscopy and in situ hybridization, and found a 
complete absence of islet cells expressing insulin at the 
mRNA or protein level. The lack of any sign of recent 
beta-cell necrosis (such as dense inflammatory infiltra- 
tions or necrotic islet cells) in the pancreas of this neonate 
whose diabetes was diagnosed within 28 h after birth, sug- 
gests a congenital absence of beta cells and argues against 
a post-natal destruction of beta cells. To our knowledge 
this is the second patient with a congenital beta-cell ab- 
sence and the first with an associated mutase-deficient 
methylmalonic acidaemia. 

Non-transitory neonatal diabetes diagnosed during the 
first month of life is extremely rare. So far 31 well-do- 
cumented cases have been published. The cause of this per- 
manent neonatal diabetes form is unknown in 21 cases [1- 
11; cases published before 1975 are reviewed in 1]. Aplasia 
of the pancreas, which is usually associated with other mal- 
formations such as gall-bladder agenesis, accounts for eight 
cases [12-18]. Congenital absence of the islets of Langer- 
hans was thought to be the cause in two other neonates with 
diabetes, but the histological findings were not substan- 
tiated by immunocytochemistry or electron microscopy 
[19, 20]. In the two cases published by Ivarsson et al. [11] a 
non-islet pancreatic autoantibody was demonstrated, but 
its relevance to diabetes remained unclear. 

Recently Wong et al. [21] reported on a severely 
diabetic 3-day-old neonate in whom no immunocyto- 
chemically detectable insulin cells were found. With re- 
spect to the 40-week long gestation and birth weight of 
2750 g, this patient's intrauterine growth appeared to be at 
least marginally normal. This argues against an agenesis of 
beta cells, as fetal insulin is required for normal  fetal 
growth. The insulin deficiency of this patient presumably 
developed late in the third trimester and therefore did not 
significantly affect the intrauterine growth. The authors 
therefore favoured the possibility of a rapid destruction of 
the fetal beta cells but evidence of an unequivocal damage 
to the islets, i.e. necrosis, inflammatory infiltration or fi- 
brosis, was lacking. In our case, there was a significant in- 
trauterine growth retardation which suggests the absence 
of insulin since the early stages of gestation. 

The key feature of our patient's pancreas was the ab- 
sence of immunoreactive insulin cells from the islets. The 
possibility that the immunostaining failed because of 
severe degranulation of the insulin cells was excluded by 
electron microscopic examination and in situ hybridiza- 
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tion for insulin. At the ultrastructural level all endocrine 
cells were found to be granulated but to contain no se- 
cretory granules characterizing beta cells. In situ hybridi- 
zation for insulin failed to reveal any binding signal over 
the pancreatic sections examined. We can therefore con- 
clude that insulin cells were completely lacking in this 
pancreas. 

There are several explanations for the congenital ab- 
sence of beta cells from this neonate's pancreas. Firstly, as 
suggested by Wong et al. [21], the beta cells could have been 
selectively destroyed in utero by autoimmune mechanisms 
as seen in Type 1 diabetes. However, the mother  did not 
have diabetes and the infant did not demonstrate ICA or 
IAA. In addition the child's H L A  pattern was of the DQ 
genotype which is not associated with Type i diabetes [23]. 

Secondly, there may have been a Coxsackie virus infec- 
tion because antibodies to Coxsackie viruses were 
measured in the infant's serum. However, this finding may 
be explained by the fact that the mother  also had anti- 
bodies to Coxsackie viruses. Moreover, there were no 
signs of inflammation, neither in the endocrine nor the 
exocrine pancreas which could support a virus-related de- 
struction of beta cells [22, 24]. Infections with rubella and 
cytomegalovirus, which are also capable of damaging the 
beta cells, could be excluded as the mother  was im- 
munized against these viruses [25]. 

Thirdly, a genetic defect might be responsible for the 
congenital absence of pancreatic beta cells. In addition to 
diabetes, the child suffered from severe methylmalonic 
acidaemia, due to a defect of the methylmalonyl coen- 
zyme A mutase apoenzyme [26]. Interestingly, the gene en- 
coding the methylmalonyl CoA mutase (MUT) is mapped 
on chromosome 6p21 [27], thus close to the MHCgene  clus- 
ter. These latter genes, particularly the H L A - D Q  geno- 
types, are involved in autoimmune Type i diabetes suscep- 
tibility. However, as mentioned above, these specific 
H L A - D Q  genotypes were not present in our patient. The 
association of our patient's diabetes with methylmalonyl 
acidaemia may therefore be merely coincidental. 

In summary, we have studied a diabetic neonate with 
congenital absence of beta cells and associated methylma- 
lonyl coenzyme A mutase apoenzyme defect. Clinically, 
the evolution of the diabetes was certainly influenced by 
the co-existing methylmalonic acidaemia, because meta- 
bolic acidosis and ketonuria, as well as hyperglycaemia, 
persisted despite aggressive treatment with bicarbonate 
and insulin. 
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