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Abstract

Over the past 20 years, there has been remarkable progress in the
diagnosis and treatment of congenital hyperinsulinism (CHI). These
advances have been supported by the understanding of the molecular
mechanism and the development of diagnostic modalities to identify the
focal form of” Karp  channel CHI  Many patients with

diazoxide'unrespo‘nsive focal CHI are now cured by partial pancreatectomy

without developing postsurgical diabetes mellitus. Important novel

findings on the genetic basis of the other forms of CHI have also been

obtained, and several ‘Iiove: "x_nedical treatments have been explored.
However, the management of pafients with CHI is still far from ideal. First,

s

state-of-the-art treatment is not widely available worldwide. Second, it

appears that the management strategy ne 5 to be adjusted according to

the patient’s ethnic group. Third, optimal m. :ggzment of patients with the
diazoxide-unresponsive, diffuse form of CHI 'is .still insufficient and
requires further improvement. In this review, w ;dés:cribe the current

landscape of this disorder, discuss the racial djspai'it r.of CHI using

Japanese patients as an example, and briefly note unanswered questions

and unmet needs that should be addressed in the near future.

Key words: congenital hyperinsulinism, potassium channel, 18F-DOPA



LL

WONDOEH WN -

Pediatrics International

1. Introduction

Congenital hyperinsulinism (CHI) is the most common cause of persistent
hyperglycemia in neonates and infants before weaning. Other terms for
CHI, such as “nesidioblastosis” or “persistent hyperinsulinemic
hypoglycemia in infancy,” are currently less frequently used.
“Nesidioblastosis” is a pathological term indicating the continuous
proliferation of 'islét cells from the pancreatic ducts, which is a common
finding in healthy: ,hewborns and in obese subjects,’ and the term
“persistent hyperinsulinemie hypoglycemia in infancy” is no longer favored
because symptoms of CHI éould develop after infancy or even in
adulthood.?

Persistent severe hypoglycémia could lead to permanent brain
damage, so appropriate and timely trea’tmgnt is extremely important for
the prognosis of patents with CHIL®? Patients resistant to medical
treatment previously often underwent near-total 'pancreatectomy, which
involves removal of more than 95% of the total volume of the pancreas. The
results, however, were frequently unsatisfactory beca‘u‘se‘ many patients
remained hypoglycemic after surgery and most patients without
hypoglycemia eventually developed postsurgical insulin-dependent
diabetes mellitus.91

Fortunately, during the past decade, there has been major progress
in the understanding and treatment of CHI, and many cases are now

curable without postsurgical complications. However, there are still
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unanswered questions about the etiology of CHI and unmet needs of
patients that need to be addressed. Importantly, current diagnostic and
therapeutic strategies are not uniformly available and applicable
throughout the world.

We have studied CHI in Japan over the past several years and found
that there are regional biological and social differences in this disorder
from what has Bgén reported globally. In this review, we describe the
current global Iandééépe of CHI and discuss an example of CHI in Japan

that differs from the global trend.

2. Mechanism of glucose-in&udé;l insulin secretion

a. Glucose-induced insulin secrektiokx’z

To facilitate the understanding of the paﬂ;ophysiology of CHI (Figure 1),
the following is a brief summary of the péfhjnay ;Qf glucose-induced insulin
secretion. After a meal, blood glucose is ét ”anu elevated level and is
transported into the cells by glucose transporters:k'ljlji?}thfansporter for the
pancreas is glucose transporter 2 (GLUT2), which hask’a klok,w affinity and
high capacity for glucose, galactose, or fructose and transports them within
the range of physiological concentrations.!2 The transported glucose is then
phosphorylated by glucokinase, a member of the hexokinases. This enzyme
has a low affinity for glucose and is not inhibited by its end product,
glucose-6-phosphate. Therefore, it generates glucose-6-phosphate in a wide

range of physiological glucose concentrations and is considered the glucose
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sensor of the pancreas.’® Glucose-6-phosphate is metabolized through
glycolysis to form pyruvate, which is then transported into mitochondria.
Within mitochondria, pyruvate is further metabolized through the Krebs
cycle and the oxidative phosphorylation pathway. During this process, one
molecule of glucose generates 38 molecules of adenosine triphosphate
(ATP). The increased intracellular ATP/adenosine diphosphate (ADP) ratio
then leads to the’,' closure of the ATP-sensitive potassium channel (Karp
channel) in the cell membrane, which prevents the potassium current
through the channel énd causes depolarization of the cell membrane. The
change in the membrane” ;ﬁ;o;ytjential opens the voltage-gated calcium
channel, leading to influx of extracellular calcium into the cells. The
increased intracellular calcium concentration then facilitates exocytosis of

the insulin-containing vesicles and secretion of insulin.!

b. The Karp channel

The Karp channel is an octameric structure compoéed of 4 molecules of
Kir6.2 subunits, which form the inner pore, and surroun@ed;by 4 molecules
of SUR1 subunits, which control the channel activity. Increased levels of
intracellular ATP are sensed by the Kir6.2 subunits to limit the channel
current. In contrast, increased Mg-ADP is sensed by the SUR1 subunits to
increase the channel current. Therefore, an increased ATP/ADP ratio leads
to a decreased open probability of the channel leading to secretion of

insulin, 415
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3. Diagnosis of CHI

CHI is diagnosed on the basis of inappropriately elevated serum insulin
levels in the presence of hypoglycemia. However, it is difficult to set
distinct cutoffs for diagnosis. First, there are no confirmed age-dependent
cutoffs for the diagnosis of hypoglycemia. Traditionally, blood glucose levels
<2.5 mmol/L (45’ ‘rxig/dL) in children and <3.0 mmol/L (54 mg/dL) in adults
have been widely ‘acyc‘ept’ed as cutoffs for hypoglycemia. These cutoffs were
derived from physick)lkogiéail} ‘responses against hypoglycemia,’® but they

should probably differ dependipg on the clinical status of the individual

patient.}? Second, the cutoff fo1 ':“inappropriateiy high” insulin level is
also unknown. A serum insulin: level of >3 pU/mL in the presence of
hypoglycemia is probably sufficient to djagnqse hyperinsulinism. However,
not all “detectable insulin” in the presence of khypoglycemia indicates a
diagnosis of hyperinsulinism but instead deperﬁd's”onbther factors such as
the assay sensitivity or the state of insulin resist:;riik:;é.:TQ’ circumvent these
difficulties, criteria such as the need for a higher ‘gluéose infusion to
maintain euglycemia or the response to glucagon injections are also used
as adjuncts to help diagnose hyperinsulinism.!® Table 1 shows the
diagnostic criteria for hyperinsulinemic hypoglycemia proposed as a
diagnostic guideline by a workgroup from the Japanese Society for

Pediatric Endocrinology (http://ispe.uminjp/).
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4. Epidemiology of transient and persistent CHI

a. Transient and persistent CHI

CHI can be categorized as transient CHI, which develops scon after birth
and usually resolves within the first 3—4 weeks of life, and persistent CHI,

which could develop later and lasts longer.

b. Epidemiology

1) Persistent CHI'

The incidence of persistent CHI has been reported to be approximately 1
case per 50,000 live birthé woylﬁldwide19 but appears to vary depending on
the gene frequency of mutant alleles and the marital habitus of the
particular population. In 2009 we conducted a national survey to explore
the epidemiological and treatment statﬁ's 'of CHI in Japan; the results
showed that the incidence of persistent CHI was 1 case per 35,400 live
births.20 In Saudi Arabia, where consanguineous marmage is more common,
the incidence of CHI is reported to be much higher gt; case per 2,675 live

births.2!

2) Transient CHI

The incidence of transient CHI appears to be much higher than that for
persistent CHI. The estimated incidence of transient CHI in Japan has
been reported to be twice as high as that of persistent CHI at 1 case per

17,000 live births.20 However, the incidence is probably underestimated
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because milder transient CHI that resolves within 1 week with treatment

with a glucose drip infusion is probably not diagnosed or reported properly.

3) Differentiation of transient and persistent CHI

In the aforementioned survey in Japan, we identified 61 patients with
persistent CHI and 127 patients with transient CHI who were born
between 2007 a‘ncl,2009.20 Interestingly, the only clinical indices that could
differentiate trans’léllt from persistent CHI were shorter gestational age
and lower birth weight SDS in the transient CHI group. No other
parameters, such as insulln/glugose ratio, total ketone bodies, or total free
fatty acid levels, could diffétentlate these 2 groups with statistical

significance.

5. Transient and persistent CHI: known céﬁSes

a. Transient CHI ‘

The known causes of CHI are listed in Table 2. Transuant CHI is believed to
be caused mostly by nongenetic factors such as low bll‘th weight or a
stressful perinatal period. Important exceptions are monoallelic mutations
in the HNF4A gene?2? and possibly the HANFIA gene.26 Both of these
genes code for transcription factors, which stimulate transcription of a
variety of genes in the pancreatic B cells and the hepatocytes. Mutations in
these genes have been shown to cause forms of dominantly inherited

monogenic diabetes, maturity-onset diabetes of the young types 1 and 3,



