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Abstract
When treatment with diazoxide and soma-
tostatin for persistent hyperinsulinaemic
hypoglycaemia of infancy failed, subtotal
pancreatectomy was performed on a ne-
onate on day 41. The pancreatic tissue was
saved and used for immunohistochemical
and cell culture studies. The initial immu-
nohistochemistry of â cells for insulin was
negative, using a 1 in 200 dilution of insu-
lin antiserum, but positive results were
obtained with an increased concentration
of the antiserum.

The insulin to somatostatin cell ratio in
islets of Langerhans was about 1:1, with no
somatostatin cells outside the islets. Glu-
cose stimulated insulin secretion in a con-
centration dependent manner in vitro.
Isobutyl methyl xanthine doubled insulin
secretion, but lithium had no eVect. The
glucose stimulated insulin secretion was
inhibited by somatostatin, epinephrine,
and in the absence of Ca2+.

In view of the normal in vitro responses
of â cells to various secretory analogues,
the lack of responsiveness to somatostatin
analogue before pancreatectomy may not
have been due to deficiency or resistance
to somatostatin, but to â cell hyperplasia
overwhelming the paracrine regulatory
mechanism(s).
(Arch Dis Child Fetal Neonatal Ed 1998;79:F141–F144)

Keywords: persistent hyperinsulinaemic hypoglycaemia
of infancy; somatostatin; in vitro cell studies; negative
immunohistochemistry; steric hindrance

The exact pathophysiology of excessive insulin
secretion in persistent hyperinsulinaemic hy-
poglycaemia of infancy (PHHI) is complex
and incompletely known.1 2 It may be associ-
ated with â cell hyperplasia-nesidioblastosis.3

It might represent the persistence of fetal
unresponsiveness to glucose.4 In the familial
form of PHHI, which has an incidence of 1 in
2500, the defect lies in the sulphonylurea
receptor, particularly in the K

ATP
channels

which remain permanently closed (and unre-
sponsive to glucose), causing sustained depo-
larisation of â cell membranes and opened
calcium channels. The increase in cytosolic
calcium triggers incessant insulin secretion.5

The involvement of calcium in the release of
insulin has led to the use of calcium channel
inhibitors to treat PHHI.6 Diazoxide inhibits
insulin release by opening the K

ATP
channels.5

PHHI may also be caused by a lack of inhibi-
tory paracrine control by somatostatin7; the

somatostatin analogue has also been used in its
treatment. Neonates who fail to respond to
drug treatment inevitably require partial pan-
createctomy to control the adverse eVects of
hyperinsulinism.

The incidence of the sporadic form of PHHI
is reported to be 1 in 50000,5 but the incidence
among the Chinese population is not known.
We report a case of a Chinese neonate who
presented with PHHI, and after failing to
respond to conventional treatment, underwent
subtotal pancreatectomy on day 41. The
pancreatic cells were cultured and their re-
sponses to various inhibitors and stimulants
tested in vitro, with the aim of determining
whether the cause of the PHHI was
attributable to breakdown of paracrine regula-
tion of the â cells or unresponsiveness to soma-
tostatin.

CASE REPORT

A full term boy weighing 3.3 kg, the first child
of non-consanguineous parents, was delivered
after an uneventful pregnancy. He was admit-
ted to the neonatal unit 6 hours later because of
apnoea and cyanosis. Blood glucose was 1.6
mmol/l and intravenous glucose infusion was
started at 6 mg/kg/min. He developed repeated
episodes of bradycardia associated with twitch-
ing of limbs and his serum glucose was 1
mmol/l and less than 0.1 mmol/l on two other
occasions. The intravenous glucose infusion
was gradually increased to over 20 mg/kg/min
before optimal glycaemia could be maintained.
Serum insulin concentrations obtained on sev-
eral occasions when the patient’s serum
glucose was below 2 mmol/l were in the range
of 7–11 mU/l. Serum growth hormone and
cortisol concentrations were greater than 30
mU/l and 500 nmol/l, respectively, when the
patient was hypoglycaemic.

Oral diazoxide was started on day 14 at 14
mg/kg/day in three divided doses, increasing to
18 mg/kg/day by day 17. Octreotide (somato-
statin analogue; Sandoz) was added on day 20
at 13 µg/kg/day in three divided doses given
subcutaneously. This was stepped up gradually
to a dose of 34 µg/kg/day. Hydrochlorothiazide
was added to control the water retention
induced by diazoxide. Despite combination
treatment, the infant continued to require
intravenous glucose infusion in excess of 15
mg/kg/min to maintain serum glucose over 3
mmol/l. It was not possible to start milk feeding
and maintain optimal glycaemia. A 95%
pancreatectomy was performed on day 41 and
the resected pancreatic tissue was processed for
immunohistochemistry and in vitro cell culture
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experiments. Postoperatively, optimal glycae-
mia was maintained and the glucose require-
ment dropped to below 10 mg/kg/min. Milk
feeds were started and glucose infusion was
gradually reduced. The infant was able to
tolerate full feeds and maintain a serum
glucose over 3 mmol/l and was discharged on
day 99. The parents were instructed to perform
glucose monitoring daily.

A few days after discharge the baby was
admitted again because of hypoglycaemia with
concentrations in the range of 2–3 mmol/l
before feeding. Blood glucose concentrations
in the hospital were between 1.2 to 1.9 mmol/l
with inappropriately high insulin concentra-
tions. Subcutaneous octreotide treatment was
restarted at 9 µg/kg/min, increasing to 20
µg/kg/day whereby serum glucose could be
maintained over 3.5 mmol/l. The patient is now
2 years old and continues to receive octreotide
treatment without clinically significant side
eVects. The child’s neurodevelopment is within
normal limits for a 2 year old.

Methods
Somatostatin, epinephrine, collagenase (type
IX), isobutyl methyl xanthine (IBMX), lithium
chloride, Hanks’ Balanced Salt Solution
(HBSS) with and without calcium and magne-
sium, and culture were obtained from Sigma
Chemical Co. (St Louis, MI, USA). RPMI
1640, fetal calf serum (FCS) and trypsin–
EDTA were obtained from Gibco (Gaithers-
berg, MD, USA). All antisera for immunohis-
tochemistry were obtained from Dako
(Glostrup, Denmark), with the exception of
chromogranin which was obtained from Bio-
Genex (San Ramon, CA, USA).

IMMUNOHISTOCHEMISTRY OF THE PANCREAS

One half of the resected pancreas was immedi-
ately fixed in 10% buVered formalin and
embedded in paraYn wax for determining cell
types and their hormonal secretions. For
immunohistochemical studies, all the sections
were first treated with the microwave antigen
retrieval method,8 followed by immunohisto-
chemistry, using the routine avidin–biotin
method (ABC) and the peroxidase antiperoxi-
dase method (PAP). A panel of endocrine and
non-endocrine tissue markers were used as
positive controls (antiserum dilutions routinely
used are in parentheses): á1 antitrypsin (1 in
300), chromogranin (neat), gastrin (1 in 250),
glucagon (1 in 300), neuron specific enolase
(1in 150) and somatostatin (1in 300). The
insulin antiserum was initially used at 1 in 200
dilution. Before using ABC or PAP, endog-
enous peroxidase in the tissue was blocked
using 3% aqueous hydrogen peroxide for 5
minutes. The ABC method was performed as
follows: incubation with the primary mouse
anti-human antibodies; incubation with bioti-
nylated rabbit anti-mouse immunoglobulins;
incubation with ABC complex; development in
3,3’- diaminobenzidine solution; and counter-
stained lightly with Meyer’s haematoxylin. For
each of the above steps the sections were first
rinsed in three changes of TRIS buVer. Twenty
high power fields were counted for insulin and
somatostatin positive cells, within and outside
islets of Langerhans. Positive reaction was indi-
cated by a brown colour.

CELL CULTURE AND IN VITRO EXPERIMENTS

About 0.2 g of freshly excised pancreatic tissue
was cut into 2 mm blocks and gently digested
with collagenase in HBSS containing 2% FCS.
The dispersed tissue was cultured in RPMI
1640 containing 10% FCS for 60 hours as a
primary cell culture. The cells were diluted
with 0.025% trypsin containing EDTA in
HBSS without calcium and magnesium. The
cells were resuspended in RPMI 1640 culture
medium and 30 000 cells plated per well of a 24
well culture plate.

Three days after setting up the cultures the
cells were preincubated in HBSS-HEPES
buVer comprising: 137 mmol/l NaCl, 5 mmol/l
KCl, 0.44 mmol/l KH2PO4, 0.337 mmol/l Na2

HPO4, 1 mmol/l MgSO4, 2 mmol/l CaCl
(excluded for experiment on the eVect of Ca2+),
0.035% NaHCO3 and 5 mmol/ l HEPES with-
out glucose for 1 hour at 37°C in 5% CO2.

Figure 1 Haematoxylin and eosin staining showing loose and diVuse distribution of pale
staining serous cells in a section of the pancreas from a neonate with nesidioblastosis. Cells
are not clustered into discrete islets of Langherans. Darker staining cells show eosinophilic
cytoplasm with centro-acinar cells forming the acinus.

Figure 2 Montage showing immunohistochemical staining for insulin in the same
pancreatic section at various dilutions of primary insulin antiserum: (A) 1 in 200; (B) 1
in 100; (C) 1 in 50; (D) 1 in 20; and (E) undiluted serum.
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After aspirating the medium, the cells were
incubated in HBSS–HEPES without glucose
but containing 0.5% bovine serum albumin for
100 minutes at 37°C to determine the basal
insulin release. The medium was carefully
removed, centrifuged at 240 × g for 10 minutes
and stored at −40°C until assayed for insulin.
The insulin release was then studied in
response to: 0, 3, 6 and 20 mmol/l of glucose;
0.5 mmol/l IBMX with and without 10 mmol/l
lithium chloride; absence of Ca2+ in the
incubation medium, with and without 6
mmol/l glucose as the stimulant; and 6 and 600
nmol/l somatostatin and 60 and 6000 nmol/l
epinephrine, with and without 6 mmol/l
glucose as the stimulant. The incubations were
performed for 1 hour at 37°C in duplicate. At
the end of incubation period the medium was
harvested and stored at −40°C until assayed for
insulin using an Abbott IMx microparticle
enzyme immunoassay (Abbott Park, Chicago,
IL, USA).

Results
HISTOLOGICAL FINDINGS

Gross examination of the specimen showed a
partially resected pancreas with smooth paren-
chyma and intact lobules. No nodules were
present. Haematoxylin and eosin staining
showed â cell hyperplasia with small clusters of
loose cells, with clear cytoplasm diVusely
distributed throughout the pancreas. These
cells were somewhat accentuated around or
near the ducts (fig 1). Immunohistochemical
staining at various dilutions of insulin antise-
rum is shown in fig 2. Immunohistochemistry
of â cells for insulin was positive at neat and 1in
20 dilutions; faintly positive at 1 in 50 and 1 in
100 dilutions, and negative at 1in 150 and 1 in
200 dilutions. The brown stain was localised in
the cytoplasm of the clear cells with minimal
non-specific background staining. All other tis-
sue markers were positive at the routinely used
dilutions of the respective antisera (results not
shown). The ratio of insulin to somatostatin
cells in islets of Langerhans was about 1:1.
Only discrete insulin secreting cells were
observed outside the islets (data not shown).

IN VITRO RESPONSES OF PANCREATIC CELLS

The dependence of insulin release by pancre-
atic cells on the glucose concentration is shown
in fig 3. The release almost doubled at a
glucose concentration of 20 mmol/l (fig 3) or in
the presence of IBMX (preserver of cAMP)

(fig 4). However, lithium, which preserves
inositol triphosphate, had no eVect (fig 4).
With 6 mmol/l glucose as the stimulant, exclu-
sion of Ca2+ from incubation medium resulted
in an almost 50% decrease in insulin release.
Somatostatin and epinephrine decreased the
stimulatory eVects of glucose on insulin
release, in a concentration dependent manner
(fig 5).

Discussion
This case presented with hypoglycaemia and
inappropriately high insulin secretion. Histo-
logical examination of pancreatic tissue showed
endocrine cell dysplasia with increased insulin
content, all characteristic of PHHI.9 10 The
ratio of cells staining for insulin and somatosta-
tin in this study (1:1) was diVerent from that of
a previous report, where the ratio was 5:1 (in an
unspecified region of the pancreas) and soma-
tostatin deficiency was thought to be the cause
of the nesidioblastosis.9 The apparent hyper-
plasia of somatostatin cells in islets may have
resulted from hyperinsulinaemia from â cells
outside the islets. Therefore, somatostatin may
have maintained paracrine inhibition of â cells
in islets, thus reducing the â to ä cell ratio from
2:19(normal) to 1:1. However, â cells outside
the islets may not have been amenable to such
inhibitory regulation, hence the hyperinsuli-
naemia.

The maximum insulin response related to
the glucose concentration in the incubation
medium (20 mmol/l) was similar to that of one
study,7 but diVered from other investigations,

Figure 3 Mean (n=2) secretion of insulin by cultured
pancreatic cells in response to diVerent concentrations of
glucose.
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Figure 4 Mean (n=2) secretion of insulin in the absence
or presence of IBMX, lithium, or both, by cultured
pancreatic cells.
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Figure 5 Mean (n=2) secretion of insulin stimulated by 6
mmol/l glucose in the absence of Ca2+, presence of 6 or 600
nmol/l somatostatin, or presence of 60 or 600 nmol/l
epinephrine.
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where lack of response in some cases4 and a
maximum response at 4 mmol/l of glucose has
been reported.9 The variable insulin response
to glucose probably reflects a spectrum of
maturity state of â cells in PHHI. The
unresponsive cells are probably less mature
fetal type cells,4 whereas the responsive cells are
the more mature neonatal type cells. The in
vitro inhibition of insulin release by somatosta-
tin and the postoperative response to it also
suggests that cells were capable of responding
to somatostatin. Although Otonkoski et al7

concluded that PHHI is caused by the
deficiency of islet somatostatin, in our case
PHHI probably resulted from loss of inhibitory
paracrine control of somatostatin by sheer
mass of â cells. Insulin release was also
inhibited by epinephrine, which is a known
counter regulatory hormone. Incubation with
IBMX, a blocker of the cAMP degradation
pathway, doubled the insulin release, whereas
lithium did not stimulate the release of insulin.
The latter finding suggests that the inositol tri-
phosphate second messenger system is not
involved, although the phosphoinositide pro-
tein kinase C, operating via the diacylglycerol
pathway, has been implicated in the release of
insulin.4 The dependence of insulin release on
calcium and its abolishment in the absence of
the ion was also a normal response.

Therefore, in all respects the patient’s â cells
responded normally to stimulatory (glucose
and cAMP) and inhibitory (somatostatin,
epinephrine, and lack of calcium) stimuli in
vitro.

It is well established that the proportion of
antibodies used in immunoassays will have to
be proportional to the amount of antigen—
insulin—in the sample. Too much antigen
compared with the amount of antibodies will
produce a false negative result from steric hin-
drance, and this has sometimes been called the
“hook eVect.”11 The initial negative result for
insulin, when a section of the patient’s pancreas
was analysed, indicates that this eVect is also
present in immunohistochemical analysis.
There are reports of this possibility, with a
recommendation to reduce the antibody con-
centration to overcome false negative results.12

This contradicts the principle of an antibody–
antigen reaction, where the antibody concen-
tration should be increased to detect higher
concentrations of an antigen—that is, “de-
creasing the sensitivity of an immunoassay.”13

Our own findings agree with this principle as
the insulin reaction became positive by increas-
ing the insulin antibodies well above the
recommended amount. This result would indi-
cate a substantially increased insulin concen-
tration in the pancreatic tissue from the
patient.

It is unlikely that the initial false insulin
immunohistochemistry result was caused by
depletion of insulin from the pancreas before
surgery.14 Pancreatic cells cultured for three
days secreted large amounts of insulin and pre-

vious reports have also shown increased insulin
concentrations in pancreatic tissue from pa-
tients with nesidioblastosis or insulino-
mas.9 15 16 Methodological factors can give vari-
able results in immunohistochemistry.17

In conclusion, the â cells of the neonate
responded like normal â cells in vitro. The poor
response to octreotide in vivo before pancreate-
ctomy may not have been due to the resistance
of â cells to somatostatin or lack of it, but that
â cell hyperplasia overwhelmed the regulatory
mechanism/s. How the â cell hyperplasia is
triggered in the first place, however, is still not
known. Moreover, negative immunohisto-
chemistry results should be interpreted with
caution, when using a single dilution of antise-
rum, because of possible steric hindrance of the
antibody–antigen reaction from antigen excess
in tissue sections.

The chemicals and reagents used in the in vitro studies were
purchased with a grant to Dr N S Panesar from the Croucher
Foundation.
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