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Abstract
Pathologic hyperplasia of various pancreatic endocrine 
cells is rare but has been long known. β cell hyperplasia 
contributes to persistent hyperinsulinemic hypoglycemia 
of infancy, which is commonly caused by mutations in 
the islet ATP-sensitive potassium channel, and to non-
insulinoma pancreatogenous hypoglycemia in adults, 
which may or may not be associated with bariatric sur-
gery. α cell hyperplasia may cause glucagonoma syn-
drome or induce pancreatic neuroendocrine tumors. An 
inactivating mutation of the glucagon receptor causes 
α cell hyperplasia and asymptomatic hyperglucagone-
mia. Pancreatic polypeptide cell hyperplasia has been 
described without a clearly-characterized clinical syn-
drome and hyperplasia of other endocrine cells inside 
the pancreas has not been reported to our knowledge. 
Based on morphological evidence, the main pathoge-
netic mechanism for pancreatic endocrine cell hyperpla-
sia is increased endocrine cell neogenesis from exocrine 
ductal epithelium. Pancreatic endocrine cell hyperplasia 
should be considered in the diagnosis and manage-
ment of hypoglycemia, elevated islet hormone levels, 
and pancreatic neuroendocrine tumors. Further studies 
of pathologic pancreatic endocrine cell hyperplasia will 

likely yield insights into the pathogenesis and treatment 
of diabetes and pancreatic neuroendocrine tumors.
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INTRODUCTION
The pancreas, a key regulator of  nutrient digestion, ab-
sorption, and utilization, can be divided into two major 
components, the endocrine and exocrine pancreas. The 
endocrine pancreas consists of  five distinct cell types, α, 
β, δ, ε, and pancreatic polypeptide (PP) cells, that produce 
glucagon, insulin, somatostatin, ghrelin, and PP, respec-
tively[1-3]. The pancreatic endocrine cells may give rise 
to distinct neuroendocrine tumors such as insulinoma, 
gastrinoma, glucagonoma, VIPoma, and non-functioning 
tumors[4-6]. In contrast, pancreatic endocrine cell hyper-
plasia as a group of  diseases is a relatively unexplored area. 
From the 1960s to the present day, there have been various 
reports regarding pancreatic endocrine cell hyperplasia. 
Much of  the literature has focused on β cell hyperplasia in 
particular, but hyperplasia of  other pancreatic endocrine 
cells has also been described, some in great detail. In this 
review we summarize the body of  literature on pathologic 
pancreatic endocrine cell hyperplasia. 

Hyperplasia refers to an increased number of  a certain 
type of  cells in a given organ or tissue than is ordinarily 
observed. Mechanisms regulating pancreatic endocrine cell 
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number include proliferation (division of  existing cells), 
apoptosis (controlled cell death), and neogenesis (differen-
tiation of  endocrine cells from the exocrine epithelium), 
and abnormalities in each could result in hyperplasia[7-9]. 
The diagnostic criteria of  pancreatic endocrine cell hyper-
plasia are not universally agreed upon. Rindi et al[10] defines 
pancreatic endocrine cell hyperplasia as an expansion of  
the endocrine cell mass to more than 2% (in adults) or 10% 
(in infants) of  the total pancreas mass. As it is impractical 
to do detailed pancreatic morphometry in a clinical speci-
men, the diagnosis of  pancreatic endocrine cell hyperplasia 
is often subjective. Most would regard an islet size large 
than 250 μm in diameter and an increase in islet numbers 
as evidence of  pancreatic endocrine cell hyperplasia[11-14]. 

Pancreatic endocrine cell hyperplasia can be non-spe-
cific and involve most or all types of  islet cells or specific 
and involve predominantly one cell type. Non-specific, 
focal endocrine hyperplasia and microadenoma are not 
uncommon incidental pathological findings in the pan-
creas; if  carefully screened, up to 10% of  adults harbor 
these lesions at autopsy[15]. In those patients, all types of  
pancreatic endocrine cells could be focally hyperplastic. 
Most of  those lesions probably do not indicate clinical 
significance. Diffuse pancreatic endocrine cell hyperpla-
sia and microadenoma are a feature of  multiple endo-
crine neoplasia type 1 (MEN1), and to a less extent, von 
Hippel-Lindau (VHL) disease[16-19]. All types of  endocrine 
cells can be hyperplastic, but β and α cells are more often 
so, probably because these cells are normally more nu-
merous than other types. In this article, we will focus on 
diffuse and specific pancreatic endocrine cell hyperplasia 
as a group of  diseases. We define it pathologically as an 
overwhelming increase in islet size and/or number in all 
the pancreatic sections examined so that it is reasonable 
to assume that the remaining pancreas or unexamined 
pancreas blocks should exhibit similar changes. Moreover, 
the hyperplastic endocrine cells should be mainly limited 
to one type of  islet cells which have apparently similar 
cell lineage supported by consistent hormone production 
profile and other cellular markers. Finally we will only dis-
cuss the literature on pathologic pancreatic endocrine cell 
hyperplasia in humans. 

β CELL HYPERPLASIA
The pancreatic β cells are the only source of  insulin, the 
hormone that decreases blood glucose levels by increas-
ing glucose uptake and decreasing hepatic glucose output. 
Physiological hyperplasia of  β cells is commonly seen in 
patients with insulin resistance and early-stage type 2 dia-
betes, and is intensely studied for diabetes treatment[20,21]. 
Except for postprandial hypoglycemia, we are not aware 
of  any reports that physiological β cell hyperplasia causes 
clinical syndromes[22,23]. The physiological β cell hyper-
plasia appears to be tightly regulated and has not been 
reported to give rise to pancreatic neuroendocrine tumors. 
We thus consider it part of  insulin resistance syndromes 
and will not address it further in this article. 

Admittedly, pathologic β cell hyperplasia is a contro-
versial term in both infants and adults in the absence of  
endocrine tumor syndromes. Although β cell hyperplasia 
has been recorded in non-insulinoma hyperinsulinemic 
hypoglycemia, it is rather moderate in most cases and may 
be even non-existent in some cases[24]. “Nesidioblastosis” 
has been used by some authors to denote the same patho-
logic changes[25-28]. The term nesidioblastosis was coined in 
the first half  of  the 20th century initially to describe islet 
neogenesis from pancreatic ductal epithelium in neonates 
with hyperinsulinemic hypoglycemia[29]. β cell hyperplasia 
and hypertrophy often accompany nesidioblastosis[24,30-32]. 
Although islet neogenesis is also observed in normal in-
fants, by the 1970s, nesidioblastosis was used to describe 
all forms of  persistent congenital hyperinsulinism in in-
fants, whether the hyperinsulinemic states were associated 
with hyperplasia or not[25,26]. In recent years, nesidioblasto-
sis has also been used to describe acquired hyperinsulin-
ism with β cell hyperplasia in adults[27,28]. As the use of  this 
term is not consistent, we use nesidioblastosis strictly as 
a morphological term in describing any endocrine cells 
(not limited to β cells) budding from the ductal epithelium 
and use “persistent hyperinsulinemic hypoglycemia of  
infancy (PHHI)” to describe the various forms of  similar 
such diseases in neonates or infants and “non-insulinoma 
pancreatogenous hypoglycemia (NIPH)” to describe hy-
poglycemia syndromes without evidence of  insulinoma in 
adults[24,30-41]. Both PHHI and NIPH are associated with 
pathologic β cell hyperplasia in most cases. 

Clinically characterized by hyperinsulinemic hypoglyce-
mia in infants and neonates, PHHI is not a single disease 
entity but a group of  related diseases[33-35]. In the majority 
of  patients, insulinoma is not identified but the pancreas 
exhibits focal or diffuse β cell abnormalities commonly 
associated with genetic mutations affecting β cells[35,42]. In 
about a third of  cases, focal β cell hypertrophy and hyper-
plasia is observed[33,34]. The endocrine cells are arranged in 
huge islet-like structures separated by acinar cells or con-
nective tissue, and some harbor large nuclei. The endo-
crine cell proliferation rate is generally increased. All types 
of  endocrine cells are represented in the islet-like struc-
tures with normal spatial distribution. The percentage 
of  β cells is higher (70%-90%) than normal (50%). The 
diffuse form is found in about two-thirds of  cases. Al-
though the β cell mass is only mildly increased compared 
with normal control, islet size varies and some islets are 
very large while others are poorly defined and irregularly 
shaped small endocrine cell clusters. As in the focal form, 
all types of  endocrine cells are represented in the islet-
like structures with normal spatial distribution, and some 
endocrine cells have large hyperchromatic nuclei. The 
endocrine cell proliferation rate, however, is not increased 
in the diffuse form[43]. Clinically it is important to differ-
entiate the focal from the diffuse form as partial pancre-
atectomy is sufficient for the former while near-total or 
total pancreatectomy is required for the latter. There is a 
correlation between the underlying genetic abnormalities 
and the pancreas pathology. The focal hypertrophy and 
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hyperplasia is associated with a paternally inherited ATP-
sensitive potassium channel defect with loss of  maternal 
heterozygosity on the 11p chromosome, and is thus spo-
radic[35,42]. The diffuse form is most commonly associated 
with traditional mutations leading to defects in the same 
potassium channel, and can be either sporadic or familial. 
It is still unclear how the genetic abnormalities lead to the 
unique islet structure and β cell morphology.

In adults, NIPH is a rare cause of  hyperinsulinemic 
hypoglycemia[36-41]. NIPH is characterized by mostly post-
prandial hypoglycemia rather than fasting hypoglycemia 
which is usually seen in patients with insulinoma[38-40]. This 
syndrome is distinguished from reactive hypoglycemia in 
that in some patients, the development of  severe neuro-
glycopenic symptoms including diplopia, dysarthria, con-
fusion, disorientation, and even convulsions and coma, 
may occur in addition to adrenergic symptoms that pre-
dominate in reactive hypoglycemia[22,23,38-40]. This syndrome 
is also distinguished from PHHI in that these patients do 
not have mutations of  the KIR6.2 (KCNJ11) and SUR1 
(ABCC8) genes, which encode the subunits of  the pan-
creatic ATP-sensitive potassium channel[38]. Evidence of  
β cell hyperplasia is present in every patient studied[36-41]. 
The islets exhibit normal structure but diffusely are more 
numerous and larger than those in normal control, and 
nesidioblastosis is pervasive. All types of  islet cells are 
normally distributed throughout the islets but the pre-
dominant cell type is the β cell. Partial pancreatectomy of-
ten resolves hypoglycemia[36-41]. The association of  NIPH 
and bariatric surgery is controversial. Hypoglycemia after 
bariatric surgery is common and is mostly caused by 
dumping syndrome[44,45]. In a minority of  patients, hypo-
glycemia is associated with hyperinsulinemia and can only 
be controlled by partial pancreatectomy[44,46]. It was initially 
reported that the endocrine pancreas essentially exhibits 
the same changes as described above for patients without 
a history of  obesity and bariatric surgery[44,46]; later studies, 
however, failed to demonstrate β cell hyperplasia when 
obese patients without bariatric surgery were used as con-
trols[47]. Thus bariatric surgery may not by itself  cause β 
cell hyperplasia.

In summary, pathologic β cell hyperplasia causes 

hypoglycemia and requires pancreatectomy in most pa-
tients. Pancreatic neuroendocrine tumor pathogenesis is 
a concern but has not been observed clinically. Increased 
neogenesis (morphologically as nesidioblastosis) appears 
to be the main mechanism responsible for β cell hyperpla-
sia. The etiology of  β cell hyperplasia commonly is muta-
tions in the ATP-sensitive potassium channel in infants; 
in adults, it is still unknown but is probably related to 
unknown genetic changes. Further study of  β cell hyper-
plasia will undoubtedly provide insights into fundamental 
β cell biology and suggest novel therapies for diabetes.

α CELL HYPERPLASIA
Although much research has focused on β cell hyperpla-
sia, α cell hyperplasia also occurs and recent studies have 
shed light on its mechanism. The α cells are the second 
most common cells in an islet[1-3]. The first case of  diffuse 
α cell hyperplasia and hyperglucagonemia was published 
more than 40 years ago in a 69-year-old man with hyper-
parathyroidism and calcific pancreatitis[48]. The cause of  
α cell hyperplasia and hyperglucagonemia in that case 
was not clear but the pancreatitis may have contributed 
to α cell hyperplasia or the patient may have had multiple 
endocrine neoplasia type 1 which encompasses primary 
hyperparathyroidism and pancreatic endocrine cell hyper-
plasia[16,17]. To our knowledge, nine more cases of  α cell 
hyperplasia have been reported afterwards (Table 1)[49-54]. 
Glucagon levels were elevated in all cases where they were 
measured. The ethnicity of  patients included Asian, Ira-
nian, or presumably Caucasians. Both female and male pa-
tients were affected and all patients were adults aged from 
25 to 74; none had a family history of  endocrine tumors. 
Only one patient presented with typical glucagonoma 
syndrome in the form of  necrolytic migratory erythema, 
deep vein thrombosis, and weight loss, and the other eight 
patients presented with non-specific symptoms in whom 
hyperglucagonemia was identified during the work-up for 
possible pancreatic neuroendocrine tumors. 

Regardless whether the α cell hyperplasia is associated 
with glucagonoma syndrome, its morphology is remark-
ably similar in all cases[49-54]. We have performed detailed 
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Table 1  Summary of 9 cases of α cell hyperplasia

Study Toda et al [49] Brown et al [50] Martignoni et al [51] Chen et al [52] Yu et al [53] Henopp et al [54]

Location Japan USA Germany Taiwan USA Germany
Ethnicity Japanese ND ND Chinese Persian ND
Age (yr) 74 48 54 45 60 25-44
Sex F M M M F 2F/2M
Clinical Diabetes Diabetes Mild diabetes Mild diabetes Nonspecific Various
Glucagon (pg/mL) Pre-op ND 4200 Elevated ND 59 284 4-25-fold
Glucagon (pg/mL) Post-op ND 5700 ND ND Elevated ND
Imaging Negative Mass in body Negative Diffusely enlarged Mass on uncinate ND
Octreotide scan ND ND Negative ND Negative ND
Pathology Numerous micro-

glucagonoma
Glucagonoma, α 
cell hyperplasia

Glucagonoma, α 
cell hyperplasia

α cell hyperplasia NF-PNET, α cell 
hyperplasia

α cell hyperplasia

ND: Not described; NF-PNET: Non-functioning pancreatic neuroendocrine tumor. 
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histological studies on the α cell hyperplasia of  our patient 
(Figure 1)[53]. In this patient’s pancreas, hyperplastic islets 
were innumerable and classic nesidioblastosis was com-
monly seen. Most of  these hyperplastic islets (60%-80%) 
contain endocrine cells positive for glucagon but nega-
tive for insulin, but smaller, normal-looking islets exhibit 
normal insulin and glucagon hormonal expression. Ac-
companying the α cell hyperplasia, there are a 4-cm non-
functioning pancreatic neuroendocrine tumor and multiple 
microadenomas. Henopp et al[54] further note that it is dif-
ficult to distinguish microglucagonomas from hyperplastic 
islets in α cell hyperplasia, and in some very large islets (> 
300-500 μm), there appears to be an imperceptible transi-
tion from α cell hyperplasia to microglucagonoma. Thus 
the morphological studies suggest that α cell hyperplasia 
gives rise to glucagonoma and other pancreatic endocrine 
tumors.

The pathogenesis of  α cell hyperplasia has been elu-
cidated in our patient[55]. As the patient has extremely 
elevated glucagon levels but without glucagonoma syn-
drome, which resembles the phenotype of  mice without 
a glucagon receptor[56,57], we sequenced the patient’s gluca-
gon receptor gene and identified a novel homozygous in-
activating P86S mutation[55]. When tested in vitro, the P86S 
mutant glucagon receptor exhibits partial cytoplasmic 

localization and decreased glucagon binding. Compared 
with the wild-type glucagon receptor, the P86S mutant 
produces less cAMP under physiological concentrations 
of  glucagon. The hyperplastic α cells in our patient also 
produce glucagon-like peptide 1 and PP, suggesting im-
mature, more embryonic traits. We believe that our patient 
has a novel disease which we term “Mahvash disease” 
because it has a distinct etiology (inactivating glucagon 
receptor mutation), pathology (α cell hyperplasia), and 
clinical syndrome (hyperglucagonemia and pancreatic neu-
roendocrine tumors). 

Thus clinically, there appear to be at least two types 
of  α cell hyperplasia, functional and reactive. Functional 
α cell hyperplasia is analogous to adult β cell hyperplasia 
(which produces non-insulinoma pancreatogenous hy-
perinsulinemic hypoglycemia, NIPH) and produces non-
glucagonoma hyperglucagonemic glucagonoma syndrome. 
Partial or total pancreatectomy may be a logical treatment. 
Currently only one case of  functional α cell hyperplasia 
is known[54]. Our case and possibly a few others represent 
reactive α cell hyperplasia (equivalent to Mahvash disease) 
which produces hyperglucagonemia as a result of  inacti-
vated glucagon signaling and consequently does not cause 
glucagonoma syndrome[49-54]. The clinical significance of  
reactive α cell hyperplasia is pancreatic neuroendocrine tu-
mors so that clinical, laboratory, and imaging surveillance 
are required to identify those tumors early. Once identi-
fied, these tumors should be treated as a regular pancreatic 
neuroendocrine tumor.

PP CELL HYPERPLASIA
PP-producing cells represent about 10% of  endocrine 
cells in an islet[1-3]. The PP cells often take up a peripheral 
position, mixed with α and δ cells. The physiologic effects 
of  PP are not very clear but include inhibiting gallbladder 
contraction and pancreatic enzyme secretion and decreas-
ing appetite and food intake[58,59]. PP cell hyperplasia was 
first described in 1980 and a total of  eight cases of  diffuse 
PP cell hyperplasia have been reported to our knowledge 
(Table 2)[60-65]. As in α cell hyperplasia, both sexes were 
affected and patients were aged from 37 to 76 years; all 
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Figure 1  α cell hyperplasia of a patient with homozygous inactivating muta-
tion of the glucagon receptor. Note the large islets with nesidioblastosis. Most 
of the islets are positive for glucagon but negative for insulin. 100 ×. 

Table 2  Summary of 8 cases of pancreatic polypeptide cell hyperplasia

Study Tomita et al [60] Farley et al [61] Martella et al [62] Pasieka et al [63] Albazaz et al [64] Bunning et al [65]

Location USA USA Italy Canada UK USA
Ethnicity ND ND ND ND ND ND
Age (yr) 70 66 50-70 37 76 71
Sex F M 3F F M M
Clinical Diarrhea Diarrhea ZES Diarrhea Bowel obstruction Nausea ZES
PP (pg/mL) Pre-op ND Highly elevated About 3 fold ND ND ND
PP (pg/mL) Post-op ND ND ND ND ND ND
Imaging Mass in pancreas 

head
Mass in pancreas 

head
Nonspecific Normal Mass in pancreas 

head
Normal

Octreotide scan ND ND ND ND ND Uptake in pancreas head
Pathology PP cell hyperplasia PP cell hyperplasia PP cell hyperplasia PP cell hyperplasia PP cell hyperplasia PP cell hyperplasia

ND: Not described; ZES: Zollinger-Ellison syndrome; PP: Pancreatic polypeptide.
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patients were without a family history of  endocrine tu-
mors. Watery diarrhea was a common symptom and four 
of  the eight patients had simultaneous or a history of  
gastrinoma and Zollinger-Ellison syndrome. The clinical 
significance of  PP cell hyperplasia and elevated PP levels 
remain relatively unknown. It is not clear if  PP cell hyper-
plasia indeed causes elevated PP levels. First of  all, there 
does not appear to be a direct relationship between the 
number of  PP cells in the pancreas and the serum levels 
of  circulating PP[66]. In addition, PP levels were unknown 
in most patients and were measured in only two of  the 
eight patients; in one of  these two patients, the PP levels 
were comparable to those in asymptomatic patients with 
pancreatic neuroendocrine tumors. Lastly, the association 
of  PP cell hyperplasia and gastrinoma may confound the 
clinical presentations of  PP cell hyperplasia as diarrhea is 
a common symptom of  gastrinoma. Thus far, a clinical 
syndrome of  elevated PP levels cannot be established and 
it is not clear whether PP cell hyperplasia causes watery 
diarrhea. PP cell hyperplasia has also been found to be 
positive on somatostatin receptor scintigraphy, an imaging 
modality used to visualize neuroendocrine tumors[65]. 

The histology of  PP cell hyperplasia is very similar to 
that of  α or β cell hyperplasia but the hyperplastic cells 
are PP cells[60-65]. There are numerous PP cell clusters, 
some of  which are very large and dysplastic. The PP cells 
are the predominant cells found inside or outside the 
islets. Extensive PP cell neogenesis is inferred from the 
evident nesidioblastosis. While the association with gas-
trinoma suggests that it may be secondary to gastrinoma, 
the etiology of  PP cell hyperplasia remains elusive.

HYPERPLASIA OF OTHER PANCREATIC 
ENDOCRINE CELLS
Somatostatin is secreted by the δ cells of  the islets. Islet 
somatostatin probably plays a paracrine role in inhibit-
ing insulin and glucagon secretion from the neighboring 
β and α cells[67]. Somatostatin cell hyperplasia inside the 
pancreas appears to be extremely rare and only one case 
of  focal δ cell hyperplasia has been reported which is in 
association with pancreatic cancer[68]. Hyperplasia of  gas-
trin cells inside the pancreas has not been reported. We 
could not identify any literature on hyperplasia of  ghrelin 
cells or vasoactive intestinal peptide cells either inside the 
pancreas or in other organs.

PANCREATIC ENDOCRINE CELL 
HYPERPLASIA AND PATHOGENESIS OF 
NEUROENDOCRINE TUMORS
It is not clear if  pancreatic endocrine cell hyperplasia rep-
resents precursor lesions for pancreatic neuroendocrine 
tumors[69,70]. Diffuse endocrine cell hyperplasia, dysplasia, 
and microadenoma are present in the pancreas of  patients 
with MEN1 and VHL, and are indeed considered as pre-

cursor lesions[16-19]. The hyperplastic pancreatic endocrine 
cells in patients with MEN1 and in mice with a heterozy-
gous menin mutation are polyclonal and retain the normal 
menin allele, indicating that deletion of  one copy of  me-
nin causes pancreatic endocrine cell to proliferate without 
tumorigenesis[71,72]. Loss of  heterogeneity (LOH) of  the 
menin locus is present in adenomas as small as 0.3 mm 
in diameter, demonstrating that these microadenomas are 
true tumors according to Knudson’s two-hit hypothesis 
of  tumor development[73]. Interestingly, the exact pattern 
of  LOH is different between microadenomas, suggest-
ing that these microadenomas arise independently from 
the hyperplastic background[71,72]. As only a select number 
of  clinical adenomas eventually develop while there are 
numerous microadenomas, additional mutations have to 
accrue to form larger and clinically significant pancreatic 
neuroendocrine tumors (PNETs). There have been no 
reports of  similar precursor lesions for sporadic PNETs. 
Endocrine hyperplasia, dysplasia, and microadenoma, 
however, are not uncommon findings in the pancreas[27]. 
It is not known if  these lesions are monoclonal. Although 
most of  these lesions probably do not indicate clini-
cal significance, they could represent precursor lesions 
giving rise to sporadic PNETs, since all clinical PNETs 
have to pass through a microadenoma stage during their 
growth[73]. It is thus plausible that PNETs develop from 
precursor (pre-malignant) lesions such as hyperplasia and 
microadenoma in familial PNET syndromes and at least 
partly in sporadic cases such as the patient we describe 
with α cell hyperplasia and pancreatic neuroendocrine 
tumors[53]. The key question of  what additional genetic 
changes are needed to transform a microadenoma to a 
clinical PNET remains unanswered. 

CONCLUSION
Pathologic pancreatic endocrine cell hyperplasia is a dis-
tinct group of  diseases with various clinical, histological, 
and etiological features. β cell hyperplasia in adults causes 
non-insulinoma pancreatogenous hypoglycemia and prob-
ably contributes to persistent hyperinsulinemic hypogly-
cemia in infants. α cell hyperplasia causes glucagonoma 
syndrome or pancreatic neuroendocrine tumors. The main 
pathogenetic mechanism for pancreatic endocrine cell 
hyperplasia is increased endocrine cell neogenesis rather 
than proliferation of  existing cells. The etiology has only 
been elucidated in some patients with demonstration of  
mutations of  relevant genes regulating pancreatic endo-
crine cell phenotype. Although rare, this group of  diseases 
does affect a significant number of  patients and should be 
considered in the diagnosis and management hypoglyce-
mia, elevated islet hormone levels, and pancreatic neuro-
endocrine tumors. Moreover, as the pancreatic endocrine 
cells are critical in regulating glucose metabolism and their 
hyperplasia may result in tumorigenesis, further studies of  
pathologic pancreatic endocrine cell hyperplasia will likely 
yield insights into the pathogenesis and treatment of  dia-
betes and pancreatic neuroendocrine tumors. 
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