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Introduction birth, increased numbers of islet cells are found through-

The term ‘nesidioblastosis’ was originally conceived byout the lobule as _single cells and as cluste_er_s of cells_, i_n
Laidlaw (1938) who described the neoformation of islet2ddendum to the islets of Langerhans. Nesidioblastosis is
of Langerhans from pancreatic duct epithelium whereafPund during the first year or two of postnatal life (Van
‘nesidioblastoma’ was proposed for an adenoma Corr{é‘s_scheet al.1970), whereas it does not occur normally in
posed of islet cells. The term is derived from the Greefhildren beyond 2 years of age (Dahetsal. 1980).
wordsnesidion for islet, anclastos for germ. However Nesidioblastosis, resembling third-trimester fetal and neo-

only three decades later, severe infantile hypoglycaemi@dt@l pancreata, has also been found in teratomas of the
was first associated with nesidioblastosis by Brown gSacrococcygeal region and anterior mediastinum (Resnick
Young (1970). Then, Yakovagt al. (1971) demonstrated & Manivel 1994). The diffuse pgttern of development in

the presence of both single islet cells and clusters of isiéf€ fetal and newborn endocrine pancreas makes the

cells that were separate from the islets of Langerhans giagnosis of nesidioblastosis therefore rather challenging
nesidioblastosis. Subsequently, it was suggested thdp@hmsetal.1980).

nesidioblastosis may be the result of im-proper develop-

ment of the endocrine pancreas progressing beyond birfistopathology

and neonatal life (Heitet al. 1977). The advances in . - -
molecular genetics have contributed enormously to ou-rrh? morphologic featu_res char_acter_|st|c for nesidio-blas-
understanding of nesidioblastosis or ‘unravelled’ as Outgoas are ductoendocrine proliferation, numerous small

- - P - endocrine cell groups and large endocrine areas
lined el tly by Prof Mil 1996) in h . - L I
ined elegantly by Professor Milner ( ) in his review (Goudswaardet al. 1986). Nesidioblastosis is classified

Hyperinsulinism is the most common cause of ; . :
yp nto a focal and a diffuse type which are characterized by

istent tal h I ia. Th derlying,. L
persistent heonalal hypoglycacmia e un eryln%n‘ferent clinical outcomes (Taguckt al. 1991). Focal

genetic defects of3—cell regulation include a severe - ) S . . .

recessive disorder of the sulphonylurea receptor, a m”d&emdloblastoss exhibits nodular hyperplasia of islet-like

dominant form of hyperinsulinism, and a synd}ome Ofcell clusters, including ductuloinsular complexes and
' Pypertrophied insulin cells with giant nuclei. In contrast,

hyperinsulinism plus hyperammonaemia. Estimates fod_ff idioblastosis invol th " ith
the incidence of congenital hyperinsulinism vary from 1/, MUSE NESICIOb)aslosIS INVOIVEs Ihe entire pancreas wi

40000 live births in northern Europe (Bruining 1990) to lllrregularly sized islets (Goos_sem; "’."- 1989)'. It was
2675 live births in Saudi Arabia (Matheet al. 1088) concluded thate novoformation of intermediate cells
where consanguineous marriages are common. Th@cma_r-lslet (_:ells) IS a pheno_menon' which is clearly
condition requires prompt medical and surgical therapy ma\ssoqate_d _W'th ne5|_d|,oblast03|s (Banial. 1985.)' The
order to prevent permanent brain damage (Stanley 199 -rm ne5|d|_odyspla3|a has bee_n proposgd '.[O include the
Nesidioblastosis may also occur in adults (Albersl. pparently increased and possibly maldistributed and/or

1989) and it has also been described as a result of cov Ir_egulat(_ed endocrine <_:e||s associated with hyper-
sulphonylurea administration (Raymetnal. 1984). insulinaemic hypoglycaemia (Gouéd al. 1981). Future

Persistent hyperinsulinaemic hypoglycaemia of infam-d"leSificationS il be relateq o the qnderlyin_g_ ge_netic
cy (PHHI), congenital hyperinsulinism, nesidiodys-plasiadefeCts and may thus result in appropriate modification of

and islet-cell dysmaturation syndrome are syno-nyms iﬁhe eX|.st|n_g. nomgnclature._ )

use for nesidioblastosis. A significant increase in total endocrine area of the
pancreas with features of widespread infiltration of the
acinar tissue by groups of endocrine cells was found by

Embryology Heitzet al.(1977). In contrast, both Jaf¢al. (1980) and

Both endocrine and exocrine pancreas arise from end&ahier (1989) observed no such increase. Cultured human

dermal buds from which primitive pancreatic ducts andslets from an adult with nesidioblastosis showed an

acini develop by repeated branchings (Moore 1993). Aincreased basal rate of insulin secretion, contained more
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insulin and had higher levels of insulin mRNA transcriptsincluding the Zollinger-Ellison syndrome (Brown & Still
as compared with controls from normal donors. In1968), cystic fibrosis (Brown & Méadge 1971), sudden
addition, autoantibodies against islet cells were found iinfant death syndrome (Polak & Wigglesworth 1976) as
the serum of a patient with nesidioblastosis (Coegat.  well as normal infants (Dahmst al. 1980, Jaffeet al.
1997). This occurrence of islet cell surface antibodies has980, Gouldet al. 1983). Non-diabetic children with
been interpreted as a response to release of islet antigensstic fibrosis exhibit classic fibrocystic changes of the
associated with the proliferative process or, alternativelypancreas and prominent nesidioblastosis (lanetdail.

it might be that these antibodies hgper sea pathogenic 1984). Nesidioblastosis was found in 14 of 38 cystic
role as growth factors (Campbedt al. 1985). These fibrosis patients with or without diabetes mellitus
patients should be screened for islet cell autoantibodigsSoejima & Landing 1986). Nesidioblastosis has also been
and their serum may be incubated with normal islet cellebserved in patients witlu1l-proteinase inhibitor de-
in order to validate this theory. ficiency (Ray & Zumwalt 1986).

Progression from nesidioblastosis to pancreatic In a proportion of cases, a significant decrease of
tumours has been observed in experimental studiepancreatic somatostatin was found in nesidioblastosis
Pancreatic endocrine tumours are rather of hyperplasti@ishopet al. 1981, Falkmeet al. 1981). An increased
than of primarily neoplastic origin (Heitet al. 1979). ratio of insulin:somatostatin cells was described in several
Nesidioblastosis is a common feature in insulinomacases of nesidioblastosis, suggesting that a suppression of
associated pancreas as shown both by morphometric asdmatostatin may play a significant role in this disease
gualitative criteria (Bani Sacchket al. 1989). The case of (Polak & Bloom 1980). Both a deficiency of pancreatic D
an adult patient presenting multiple adenomas of theells and increase@tcell nuclear size has been found in
pancreas with lymph node metastasis, associated witth cases of nesidioblastosis (Rahéeral. 1984). There
hyperplasia of islets and nesidioblastosis reveals was, however, no significant change of glucagon and
continuum of proliferative changes (Leoeigal. 1980). In  pancreatic polypeptide-secreting cells (Aynsley-Green
fact, wrapping of the pancreas head with cellophanal. 1981). Active immunization against glucagon and
results in the initiation of nesidioblastosis in the Syriansomatostatin in the rabbit endocrine pancreas has been
golden hamster (Rosenbeggal. 1983), with reversal of shown to result in nesidioblastosis (Grube & J6rns 1991).
diabetes (Rosenbergt al. 1988). Induction of nesidio- Despite severg-cell dysfunction, abnormal proinsulin
blastosis has been shown to enhance pancreatic carcimrocessing appears not to be an intrinsic feature in PHHI
genesis in hamsters treated with the carcinogen N-nitros@Leibowitz et al. 1996). A role for islet cell-stimulating
bis(2-oxopropyl)amine, with the islets being the site ofantibodies for PHHI has been suggested which might
tumour formation (Pour & Kazakoff 1996). A multistep apply for adult onset cases (Wilkén al. 1988, 1990). In
sequence of the development of insulinomas in a Molonethese cases, immunologic analysis is warranted in order to
murine sarcoma virus-simian virus-40 (MSV-SV40) largeelucidate the pathogenetic role of these antibodies.

T transgenic mouse model has been post-ulated which
leads from nesidioblastosis to islet cell hyperplasia an‘éenetics

dysplasia and finally to tumour formation (G&t al. o ) ) N
1993). Nesidioblastosis may be sporadic or familial (Moreto

In contrast to insulinomas and secondary islet hyperdl- 1989, Glaseet al. 1990, Thorntoret al. 1991, Bianchi
plasia due to severe insulin resistance which are positive al. 1992) and autosomal recessive inheritance is most
for islet amyloid (O’Brienet al. 1994), amyloid was likely (Schwartzet al. 1979, Glaseet al._1990, Thornton
undetectable in nesidioblastosis (Rotfetr al. 1995). €t al. 1991, Woolfet al. 1991, Cheriaret al. 1994).
However, large numbers of mucopolysaccharide-secretingdenomatous hyperplasia of islet cells with nesidio-
cells were found in pancreatic nesidioblastosis. UltraP!astosis is also one of the hallmarks of the Beckwith-
structural analysis revealed secretion granules and smoofiédemann syndrome in the pancreas (Dafgnsal.
endoplasmatic reticulum containing glycogen and po|y_1930). Ne5|d|oplast05|_s was al_so d_escrlbed in one_pheno-
saccharides (Dutrillawet al. 1979). A novel pituitary ~YPIC female with Smith-Lemli-Opitz syndrome with a
protein (7B2) appears to be increased in nesidioblastosfts:XY karyotype (Lachmast al. 1991). This condition

and may be useful as an islet marker (Sueti. 1987) was found in 30% of cases with multiple endocrine
thus facilitating diagnosis. neoplasia (MEN) type | (Kl6ppedt al. 1986, Thompson

et al. 1989, Mignonet al. 1993, Le Bodicet al. 1996),

. occasionally also associated with peliosis (Koveical.
Pathophysiology 1986). Nesidioblastosis and islet cell carcinoma have been
The morphological characteristics of nesidioblastosigeported in a patient with MEN type | syndrome (Vaete
have been observed in a number of conditions that do nal. 1969). The coexistence of medullary carcinoma of the
involve either organic hyperinsulinism or hypoglycaemia,thyroid and pancreatic nesidioblastosis which may
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represent a novel variant of MEN has also been describeattivity in PHHI has also previously been shown by patch-
(Jerkinset al. 1987) and nesidioblastosis has also beerlamp studies on islef cells obtained from affected
reported in a malignant glucagonoma (Bahal.1991). patients (Dunnet al. 1995, Philipsoret al. 1996). It was
The association of nesidioblastosis and congenital neurguggested that the loss of thegk-channel function
blastoma indicates the existence of a ‘complex neuroremoved the intrinsic control of the membrane potential
cristopathy’ (Grottinget al. 1979). leading to the persistent activation of voltage-dependent

Several strategies were recently envisioned to identiff@/cium channels and unregulated secretion of insulin
the chromosomal region of the disorder and the gene itseff-indley et al. 1996). A mutation in the second nucleotide-
A homozygosity gene-mapping strategy allowed Iocaliz-b'”fj'ng f(_)ld (NBF2) of the sulphonylurea receptor in a
ation of the disorder to a region on chromosome 11p in fiv@atient with PHHI generatedqfp channels that could be
consanguineous families of Saudi Arabian origin (Thoma&Pened by diazoxide but not metabolic inhibition (Nichols
et al. 199%). Linkage analysis in 15 families with 29 et al. 1996). A mutation in exon 35 of the SQRl gene has
affected siblings as well as in six families of Ashkenazi®®en found to truncate NBF2 and to result in the absence
Jews mapped familial hyperinsulinism to chromosome?f Karp-channel activity inf cells from a patient with
11p14-15.1 (Glasest al. 1994, 1995). A specific loss of PHH_I (Dunneet al. 1997). Str_uctural elements in SUR'l
maternal alleles of the imprinted chromosome regiorPUtS'de the NFBs_are also of importance fqr the regulatlon
11p15 was observed in cells of the hyperplastic area of tfef channel activity as revealed by various mutations
pancreas in cases of focal PHHI, thus providing aletectable throughout the molecule (Shgtgl. 1998).
molecular explanation of the hetero-geneity of sporadi¢t€cently, an activating glucokinase mutation has been
forms of this disorder (De Lonlat al. 1997). In a neonate identified as a cause of familial _hypennsullnlsm (Glaer
with persistent hypoglycaemia due to hyperinsulinism, thé@l- 1998). Furthermore, mutations of the glutamate de-
somatic loss of the maternal 11p in an insulin-secretingYdrogenase gene were identified in children with
focal adenoma associated with a germ-line sulphonylureBYPerinsulinism-hyperammonia syndrome (Stardepl.
receptor (SUR1) mutation on the paternal allele had998)- Therefore, a number of different gene mutations
recently been described. Furthermore, it was suggesté&_sun in hyperlnsullnae_mlc conditions but associated with
that focal hyperplasia results from somatic loss of thélifferent histopathological features.
maternal 11p and that, in addition, a paternally derived A homozygous point mutation of the pancreatic islet
SUR1 mutation is a prerequisite for the hyperinsulinismnward rectifier Kir6.2 was found in the genomic DNA of
phenotype (Ryast al. 1998). In four patients with a focal a child severly affected with PHHI (Thomeisal. 1996).
form of PHHI, a reduction to homozygosity of the The Karp channels of3 cells comprise two subunits: the
inherited paternal SUR1 mutation was observed, leadingigh-affinity sulphonylurea receptor SUR1, a member of
to bothp-cell proliferation and hyperinsulinism (Verkarre the ATP-binding cassette superfamily (Aguilar-Bryen
et al.1998). De Lonlayt al.(1997) had earlier suggested al. 1995) and Kir6.2, a member of the inward rectifier
that islet hyperplasia is either a result of loss of imprintingamily of potassium channels (Inagadial. 1995, Seino
of the H19 and pé?Pz genes or of imbalanced expressionet al. 1996). SUR1 is able to couple several types of
of H19 and insulin-like growth factor-Il (IGF-II). Our own inward rectifier potassium channels which would imply
unpublished observation of extremely elevated IGF-lithat mutations in other subunits of the channel may be
serum levels from a neonate with PHHI due topresented in those affected with PHHI (Ammaeataal.
nesidoblastosis supports this notion. 1996). An autosomal dominant form of familial PHHI

The high-affinity SURL gene was subsequentIyWhiCh appears not to be Iin_ked _to _the_sulphon_ylurea
mapped to 11p15.1 and splice site mutations were detectégCeptor locus has been described in five first cousins of a
in affected individuals, indicating that abnormal insulin Frénch-Canadian kindred (Kukuvits al. 1997).
secretion in PHHI appears to be related to SUR1 mutations A defect in the regulation of nutrient-stimulated
(Thomaset al. 199%). Mutations within the SUR1 gene, insulin secretion pancreafislet cells has been deduced
which constitutes a subunit of the ATP-sensitive(® from long-term culture of pancreatic tissue from patients
channel present in the plasma membrane of pancfgaticaffected with PHHI (Kaiseet al. 1990). An impaired
cells, have been associated with PHHI in several casexpression of the transcription factor IUF1, which is
(Aguilar-Bryan & Bryan 1996, Permutet al. 1996, involved in linking glucose metabolism to insulin regu-
Meissneret al. 1997). It was also shown that familial lation as well as in regulatin@-cell differentiation, has
hyperinsulinism in Ashkenazi Jews is predominantlybeen described inf&cell line derived from a patient with
associated with mutations in the SUR1 gene (Nestorowiczesidioblastosis (Macfarlaret al. 1997). Lack of ATP-
etal.1996). In particular, mutations in the first nucleotide- sensitive K channel (Kp) activity was found in a group
binding fold (NBF1) of the SUR1 gene have been founddf five infants with PHHI which resulted in high basal
in PHHI (Thomast al. 1996@). Absence of Ikrp-channel  cytosolic C&"* concentrations (Kanet al. 1996).
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Symptomatology diazoxide or otherwise, total pancreatectomy is required

Sporadic persistent hyperinsulinaemic hypoglycaemia is g<aplan et al. 1987). In'adult patients With nesidio-
common feature of nesidioblastosis (Aynsley-Green 1981l?last05|s, normoglycaem_la has _b(_een a_lch|ev_ed after sub-
Aynsley-Greeret al. 1981). An inappropriately elevated total pancreatectomy while recewing diazoxide (F_eng
serum insulin level and low serum ketone and free fatt)?l' lhgl?jg). Th_ehappr(_);cglof trea_ltm;r;]t IS, hlowever,_dn_‘ferent
acid concentrations associated with hypoglycaemia dete? children wit nesidio astosis. YPOgy-cacmia Is not
mines the diagnosis (Shilyanslet al. 1997). Arterial controlled by diazoxide or otherwise after 1-2 weeks,

calcium injection and subsequent venous sampling revejgrgery Is definitely indicated (Warden al. 1988). The

a brisk response of the plasma insulin level, indicating th ng-term prognosis in patfients with neS|d|obIast05|_s IS
this may be a valuable method for the diagnosis Ofelated to the extent of the pancre-atectomy. The majority

nesidioblastosis in both children (Abernettiyal. 1998) of patients vyho u_nderwent early _subtotal pan(_:reatecto_my
and adults (Leet al. 1997). Ultimately, only histological developed insulin-dependent diabetes mellitus during

analysis is a valuable tool for the diagnosis of nesidiof_Juberty (Leibowitzet al. 1995). Hypoglycaem!a Is less
blastosis. likely to occur the more of the pancreas that is removed.

However, the incidence of insulin-dependent diabetes
mellitus is far greater. Pancreas function tests indicate
Treatment subclinical deficiency in patients who had undergone a

Somatostatin (octreotide) and diazoxide, which is 5% resection of the pancreas (Catlel. 1998). Thus,
specific ATP-sensitive potassium channel agonist irendocrine and exocrine insufficiency remains a continuing
normalp cells, are key therapeutics for the treatment ofisk for these patients.
PHHI (Kaneet al.1997). Sulphonylurea drugs are used in
dlabet_es mellitus in o_rd_gr to increase levels of '”5“"'Concluding remarks
secretion through inhibition of pancreafecell Karp ) ) ] ) ) o
channels (Pantest al. 1992). Kaneet al.(1997) suggested The discovery of gene mutations in patients with nesidio-
that diazoxide may also modulate a novel ion channel iRlastosis will help to identify affected individuals as well
PHHI B cells as they lack Jp currents. Persistent post- @S carriers, which offers the opportunity for genetic
operative hyperinsulinaemic hypoglycaemia was succes§ounselling and/or intrauterine diagnosis. Sporadic and
fully treated with the calcium channel blocking agentf@milial, neonatal and adult forms may be linked to
nifedipine, indicating that ionic control of insulin release Particular gene mutations. It may be anticipated that there
in nesidioblastosis may represent a new approach @€ as yet unidentified gene mutations all resulting in
achieve normoglycaemia (Lindley al.1996). abnormal insulin secretion. Novel therapies may lead to a
Insulin release from PHHI cells is effectively blocked Petter outcome and reduce pancreatectomy-associated

and blood glucose levels are increased by somatostatifduelae. Above all, gene therapy strategies could be
(Otonkoskiet al. 1993, Taubeet al. 1994) and, in some devised which would aim to substitute the mutated with
patients, pancreatectomy can be avoided with octreotid®€ Wild-type gene. Greater emphasis should be directed
treatment (Glaseet al. 1993). The side-effects of short- towards the association of nesidioblastosis/insulinoma
and long-term treatment with octreotide are small and'ith MEN type 1. Establishing a link betwegtcell
consist in a decrease of linear growth and transierfiyPerplasia and progression to insulinoma will be of
malabsorption in these patients (Thornenal. 1993). _utmost_ importance for understanding pancreas tumor-
About 40% of children with documented nesidioblastosid9®€NesIS.

had severe neurologic problems (Kapédral. 1987) and

it is therefore important that octreotide can protect cereReferences

bral function and may reduce mortality (Taulsral.
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