ABCCS8 Mutation Allele Frequency And Risk Of Focal
Hyperinsulinemic Hypoglycemia In The Ashkenazi Jewi sh
Population — Implications For Genetic Counseling

Benjamin Glaser'*, llana Blech®, Josef Ekstein?, Heddy Landau®, Dvorah Abeliovich*

'Endocrinology and Metabolism Service, Internal Medicine Department, Hadassah-
Hebrew University Medical Center, Jerusalem, Israel; “Dor Yeshorim, The
Committee for the Prevention of Jewish Genetic Diseases, Brooklyn, New York;
*HEDDY AFFILIATION; “Department of Human Genetics, Hadassah-Hebrew

University Medical Center, Jerusalem, Israel.

Running title: ABCC8 mutations & Focal-HI in Ashkenazi Jews

*Corresponding Author:
Benjamin Glaser, M.D.
Endocrinology and Metabolism Service
Hadassah-Hebrew University Medical Center
POB 12000
Jerusalem, 91120, Israel
tel: (972) 2 6776599
fax: (972) 2 6437940
email: beng@cc.huji.ac.il



Glaser et al. A BCC8 mutations & Focal-HI in Ashkenazi Jews 2

ABSTRACT

Persistent Hyperinsulinism of Infancy (HI) is a devastating disease most commonly
caused by dominant or recessive mutations in either of the 2 genes that encode for
beta-cell ATP-regulated potassium channel (ABCC8 and KCNJ11). A unique
combination of an inherited and a somatic mutation causes a focal form of the
disease (Focal-HI), the incidence of which in genetically susceptible individuals is not
known. We genotyped 21,122 Ashkenazi Jewish individuals for the 2 ABCC8
founder mutations previously identified in this population and utilized a clinical
database of 61 HI probands in this ethnic background to obtain an estimate of the
risk of Focal-HI in an individual carrying a paternally inherited recessive mutation.
The combined mutation carrier rate was 1:52, giving an estimated incidence of
homozygosity or compound heterozygosity of 1:10,850 in this population. The risk of
Focal-HlI is estimated at 1:270 in individuals carrying a paternally inherited recessive
ABCCS8 mutation. Based on this data, we recommend that tests for these mutations
be included in prenatal genetic testing for Ashkenazi Jewish couples. As the risk of
Focal-HlI is not expected to be mutation-specific, the data reported here can be used
in counseling families of all ethnic groups in which the father is a carrier of a

recessive ABCCS8 or KCNJ11 mutation.
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INTRODUCTION

Persistent Hyperinsulinism of Infancy (HI) is a devastating disease that can
lead to irreversible brain damage if not diagnosed early and treated aggressively
[Aynsley-Green 1981; Glaser et al. 1999]. The incidence of HI has been estimated
at about 1:30-40,000 live births in most populations [de Lonlay et al. 2002; Otonkoski
et al. 1999] although much higher incidence rates have been reported in certain
population isolates [Mathew et al. 1988; Otonkoski et al. 1999]. To date, mutations in
at least 6 different genes have been reported in patients with neonatal or infantile
hyperinsulinism, although most are caused by mutations in one of the 2 genes that
encode for the major components of the beta-cell ATP-regulated potassium channel
(ABCC8 and KCNJ11). While dominant inactivating mutations have been described
in these genes, most mutations are recessive. In patients carrying 2 recessive
mutations or a single dominant mutation, all pancreatic beta-cells are affected and all
hyper-secrete insulin despite the presence of hypoglycemia (Diffuse-HI). In contrast,
some patients have a focal form of the disease in which a discrete focus of
adenomatous hyperplasia of beta-cells is responsible for the abnormal insulin
secretion. These patients carry a single, recessive ABCC8 or KCNJ11 mutation on
the paternally inherited allele. A somatic mutation occurs in a pancreatic beta-cell
precursor during development, resulting in the loss of the normal maternal distal
short arm of chromosome 11 (Loss of Heterozygosity). This results in an imbalance
of imprinted genes such as IGF2, H19 and CDKNL11, all located in this region of
Chromosome 11. The mutant precursor, which lacks a normal ABCC8 or KCNJ11
allele, undergoes clonal expansion, resulting a discrete focal region of beta-cells
lacking functional Katp channels [Ryan et al. 1998; Verkarre et al. 1998]. The clinical
presentation of patients with Focal-HI is similar to that of Diffuse-HI, but in contrast to

Diffuse-HI, this form of the disease can be cured by selective resection of the focal



Glaser et al. A BCC8 mutations & Focal-HI in Ashkenazi Jews 5

lesion [Fekete et al. 2004]. The risk of Focal-HI in an individual inheriting a
recessive mutation is estimated to be low, since the disease is rare in siblings of
patients with Diffuse-HI caused by recessive gene mutations. A precise estimate of
risk is needed to permit effective genetic counseling in couples in which the father is
known to carry an ABCC8 or KCNJ11 mutation.

In the Ashkenazi Jewish population, 2 founder mutations, ¢.3989-9g>a and
p.F1387del in the ABCC8 gene account for the majority of mutations found in the
Diffuse- and Focal-HI patients [Nestorowicz et al. 1996b]. In this study we genotyped
a large number of Ashkenazi Jewish individuals to determine the allele frequency of
these 2 mutations and used this data to estimate the risk of Focal-HI in a patients

with a paternally inherited mutation.

MATERIALS AND METHODS

Peripheral blood samples were obtained with informed consent from
individuals requesting carrier screening in the “Dor Yesharim program™. This group
included 21,122 individuals of Ashkenazi origin, 915 Jews of non-Ashkenazi origin
and 1985 individuals of mixed origin (Ashkenazi and non-Ashkenazi). DNA that was
extracted from the blood samples was tested for the two mutations ¢.3989-9g>a and
p.F1387del in ABCC8 gene using allele specific PCR (ASP). Amino acid and
nucleotide numbering is based on alternative splice isoform Q09428-1.
Corresponding number for the Q09428-2 isoform which were frequently used in
previous publications are ¢.3992-9g>a and p.F1388del.

Hyperinsulinemic Hypoglycemia (HI) patients: Anonymous data was obtained
from the clinical database of the Department of Endocrinology, Hadassah Medical
Center, where clinical testing for HI mutation is routinely performed. The mutations

status of all Ashkenazi Jewish patients with clinical diagnosis of HI was determined.
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HI was diagnosed on the basis of hypoglycemia diagnosed in the neonatal period
with inappropriately elevated insulin levels, high glucose requirement to prevent
hypoglycemia and, when available, increased glycemic response to glucagon after
spontaneous or induced fasting hypoglycemia. Anonymous results of the genetic
analysis were made available for analysis for this study.

Determination of Focal-HI vs Diffuse-HI

Since only a small minority of patients underwent pancreatectomy, the
incidence of Focal-HI was estimated by determining the excess prevalence of
patients with a single paternally inherited mutation (see text).

Statistical analysis:

Calculation of risk of Focal-HI:  All the patients diagnosed with Focal-HI
were of unrelated families. The relative prevalence of presumed Focal-HI was
calculated by dividing the number of patients with a single paternally inherited
mutation, minus the number of patients with a single maternally inherited mutation,
by the total number of HI cases. The risk of HI in an individual who inherited an
ABCCS8 mutation on the paternal allele was calculated by dividing the prevalence of

Focal-HI by 0.5 x mutation carrier rate.

RESULTS

A total of 24,022 individuals were genotyped as part of pre-marital er-pre-natal
genetie-testing (Table 1). Among the 21,122 Ashkenazi Jewish individuals
genotyped, 351 were carriers of the mutation ¢.3989g>a and 55 of the mutation
p.F1387del, none carried 2 mutant alleles. The combined mutation carrier rate for
these 2 mutations was 1:52. In the individuals of mixed Ashkenazi-other ethnic
background, 16/1985 were carriers of ¢.3989g>a, whereas none carried p.F1387del.

Neither mutation was found in any of the Sephardic Jewish individuals tested.
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The genotype-Genetieresults of 61 unrelated Ashkenazi Jewish HI patients
that underwent genetic testing in our clinical laboratory were analyzed. Most
patients did not undergo surgery, so definitive diagnosis of Diffuse- or Focal-HI was
not possible. No mutations were identified in 3 cases, 2 of which had a phenotype
that differed markedly from that typically seen in HI patients with ABCC8 or KCNJ11
gene mutations. The third underwent comprehensive mutation analysis of all exons,
exon-intron boundaries and proximal promoter regions of ABCC8 and KCNJ11, as
well as the coding sequences of GCK and SCHAD. Since it is very likely that these
3 patients had disease caused by mutations in other, as yet unidentified, genes,
these 3 patients were excluded from further analysis. Of the remaining 58 patients
with ABCC8-HI, 2 mutant alleles were identified in 40 patients who were thus
diagnosed with Diffuse-HI (Table 2). In 18 patients, a single mutation was identified
(fourteen ¢.3989-9g>a, four p.F1387del), which was inherited on the paternal allele
in 17 and the maternal allele in 1 (p=0.007, Fisher Exact Test). A single paternally
inherited mutation could result in Focal-HI, and the highly significant bias toward
paternally inherited mutations suggests that most, if not all, of these individuals did
have Focal-HI. However, some of these may carry a second, unidentified mutation
on the maternal allele. Since such an unidentified mutation could be inherited from
the mother or the father at equal frequencies, a conservative estimate of the number
of Focal HI cases can be made by assuming that those with a single, maternally
inherited mutation and an equal number of those with a single, paternally inherited
mutation may carry an unidentified mutation in the other allele. Since there was only
one patient identified with a single, maternally inherited mutation, it can be estimated
that 16 of the 17 patients with paternal-only mutations have Focal-HI, and the
relative prevalence of Focal HI among all HI patients can be estimated at 16 / 58 =

0.276.
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Of all known and presumed mutant alleles, 74 carried ¢.3989-9g>a mutation,
23 carried the p.F1387del mutation, 1 carried the p.His125GIn mutation and in 2 no
mutation could be identified. Thus the 2 previously described founder mutations are
estimated to explainr account for 97% of the Hl-associated ABCC8 mutations in this
population.

Since the combined allele frequency of the two founder mutations is 0.0096
(carrier rate = 1/52), the prevalence of Diffuse-Hl is estimated at 1/0.00967 or
1:10,800 and, assuming that 50% of the mutation carriers inherited the mutant allele
from the father, approximately 1:104 are at risk of developing Focal-HI. However, in
our dataset 27.6% of cases have focal HI, thus the absolute prevalence of Focal HI
must be approximately 1:28,500, meaning that the risk of an individual who carries a
paternally inherited ABCC8 mutation of actually developing HI is estimated at

104/28,500 or approximately 1:270 or 0.37%.

DISCUSSION

In this study, we determined the carrier rate of 2 ABCCS8 founder mutations
previoushridentified in the Ashkenazi Jewish population [Nestorowicz et al. 1996a].
Because a-significant-percentage some of HI patients have focal disease and thus
carry only a single, paternally inherited mutation, knowledge of the mutant allele
frequency is not sufficient to allow for effective genetic counseling. We therefore
used our clinical database of Ashkenazi HI patients to estimate the risk of Focal-HI in
a fetus carrying a paternally inherited ABCC8 mutation. This estimate should be
applicable to all ABCC8 and KCNJ11 mutations, not only those found in the
Ashkenazi population.

The carrier rate of the 2 founder ABCC8 founder mutations (0.0083 for
€.3989-9g>a mutation, and 0.0013 for p. p.F1387del) in our Israeli study population

is somewhat higher than that recently reported by Scott et al in an Ashkenazi Jewish
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population based in New York City (0.006 and 0.0012, p=0.016 for combined
mutation rate) [Scott et al. 2010]. The reason for this difference is not clear, but may
be spurious, due to the differences in sample size, or may reflect minor differences
in the population base that seeks genetic counseling in the two countries.

Based on our data reported here, we estimate that the 2 founder mutations
account for approximately 97% of the ABCC8 mutations in this population. This
estimate is much higher than that previously reported by Nestorowicz et al in 1996,
since the at the time of that publication, the existence of Focal-HI and the genetic
mechanism that causes this unique form of the disease were not known. Therefore,
in that study, all patients with only a single mutation were assumed to carry another
mutation on the second allele. As we have shown in our population of Ashkenazi
Jewish HI patients, all but one of these patients inherited their mutations for their
fathers. Since this preponderance of paternally inherited mutations extremely
unlikely to be due to chance (p=0.007), the most likely explanation is that most, if not
all, of these patients have Focal-HI, and thus the maternally inherited allele is
normal. Stree-Most HI patients treated in Israel are treated medically, we are unable
to provide unequivocal proof of this. Recently, F-Dopa PET scanning has been
shown to reliably localize Focal-HI, however this modality was only recently
developed and is not currently available in Israel. Furthermore, radionuclide
scanning is not ethically justified unless surgical intervention is contemplated.

One individual in our study population had classical clinical HI, yet inherited a
single mutation on the maternal allele. This patient underwent full Sanger
Sequencing of all exons, exon-intron boundaries and the proximal promoters of both
ABCCS8 and KCNJ11. Although there are several possible explanations for this, we
believe that the most likely explanation is that a second mutation was present on the
paternal allele. This mutation could have been missed by the sequencing technique

used, which is not 100% sensitive [Bonnefond et al. 2010]. Alternatively, variants
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under the primers used for sequencing or major deletions could have resulted in
allele drop-out. An attempt to exclude this possibility was made using quantitative
PCR, however the sensitivity of the method used was not determined so that this
possibility cannot be considered entirely excluded (data not show). Another
possibility is that this patient is mosaic for an interstitial recombination event that
reduced a pancreatic precursor to maternal uniparental disomy at the ABCCS8 locus,
without affecting the imprinted genes telomeric to this locus. Such a situation has
been previously described, albeit with a paternally inherited mutation [Hussain et al.
2008]. For the purpose of our analysis here, we assumed that the paternal allele
contained a mutation that was missed, since we believe that this is the most likely
situation and the most conservative approach when attempting to estimate the
likelihood of Focal-HI in patients with single, paternally inherited mutations.

To estimate the residual risk of Focal HI in an offspring of a couple where only
the father carries a mutation this risk, we made two assumptions. First, since no
parent-of-origin preference is expected in Diffuse-HI caused by an unidentified
mutation on the second allele, and since it is highly unlikely that a single maternally
inherited mutation alone could cause HI, we assumed that for every HI patient with a
single, maternally inherited mutation (and a hypothesized unidentified paternal
mutation), there was one patient with an identified paternally inherited mutation who
also had an unidentified mutation on the maternal allele. The remaining paternal-
only single mutation cases were assumed to have Focal-HI. Next, we assumed that
maternal and paternal mutations are inherited equally, so that 50% of mutation
carriers inherited their mutations from their fathers. This assumption was previously
confirmed by testing unaffected family members of a subset of the patients with
Diffuse-HI (data not shown). Based on these assumptions and the data presented
here, we estimate that the risk of Focal-HI in a fetus carrying a paternally inherited

mutation is about 0.0037. It is difficult to estimate the robustness of this estimate,
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however assuming +/- 20% error in the estimated relative risk of Focal-HI vs Diffuse-
HI, the incidence of Focal-HI in a fetus carrying a paternally inherited mutation is
estimated to range from 0.0027 to 0.0048 (1:210-370). In the context of genetic
counseling, this range of estimated residual risk to a fetus is acceptable, but as
mentioned below, it is sufficiently high to warrant advising careful monitoring in the
perinatal period.

Our data suggest that the 2 founder mutations studied here explain at least
97% of the mutations responsible for Karp gene mutation associated disease in this
population. Therefore, the residual risk of a couple carrying only a single founder
mutation having a child with Diffuse-HI due to a Katp channel gene mutation is
approximately 1:14,000 and the residual risk of a couple not carrying either of the 2
founder mutations having a child with Diffuse-Kare-HlI is estimated at 1:48 x 10°. The
risk of a father who does not carry either of the 2 founder mutations having a child
with Focal-HlI is estimated at 1:950,000.

In the context of genetic counseling, the severity of the clinical disease must
be considered. In this respect, the ABCC8 ¢.3989-9g>a mutation is unique, in that it
has been associated with both very severe and very mild disease (Landau, personal
communication). Even within the same family, the disease severity can vary
tremendously between haploidentical siblings. Another factor that must be
considered is that the disease is basically treatable, and with early diagnosis and
aggressive treatment a good long-term outcome is possible. Therefore, parents at
risk of having a child with HI may elect to continue a pregnancy. In this case,
prenatal genetic diagnosis is still warranted, since prior knowledge of increased risk
of an affected child will influence the perinatal care and can significantly improve
long-term outcome. Fetal growth must be carefully monitored and early delivery or
elective cesarean section should be considered if severe macrosomia is diagnosed.

Furthermore, intensive monitoring of blood glucose levels and aggressive treatment
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of hypoglycemia with high-dose intravenous glucose are needed immediately after
birth to prevent irreversible brain damage. The decision of whether to attempt
medical therapy or proceed with surgical therapy during the neonatal period is
dependent on the clinical picture, including the family’s ability to cope with intensive
glucose management. A full discussion of this very difficult clinical dilemma is
beyond the scope of this study.

In addition to the residual risk of Diffuse-HI and Focal-HI described above, the
possibility of phenocopies must be considered. Mutations in at least 4 different
genes (GLUD1, GCK, HADH, SLC16A1) can cause hyperinsulinemic hypoglycemia
in infancy and childhood. The incidence of disease caused by mutations in these
three genes is not known, but in the Ashkenazi population it is much lower than that
of ABCC8 mutations. In our Ashkenazi patient population, we have identified only a
single case of GLUD1-HI and none with HADH- or GCK-HI.

In conclusion, we estimate that the carrier rate of Hl-associated founder
mutations in the Ashkenazi Jewish population is 1: 52. Given the severity of this
disease, the potential long-term sequellae and the good response to treatment if the
diagnosis is made early and aggressive treatment initiated early, we recommend
advising Ashkenazi Jewish couples undergo testing for these 2 ABCCS8 founder
mutations as part of the routine premarital or prenatal genetic screen, even if
pregnancy termination or pre-implantation genetic diagnosis is not considered. To
enhance cost-effectiveness, the prospective father should be tested first. If he is
negative, then the risk of disease is extremely low and further testing is not
warranted. If, however, the father is pesitive a carrier, the mother should be tested.
If the mother is negative, the couple should be informed of the 1/270 sighificantrisk
of Focal-HI. Since prenatal genetic testing for this condition is not possible, clinical
testing should be recommended as described above. The risk of Focal-HI in a

genetically susceptible family is not expected to be mutation specific. Therefore, this
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information can be used to counsel all families in which an inactivating ABCCS8 or

KCNJ11 mutation was identified regardless of ethnic background.
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TABLES

Table 1: Mutant allele frequency in Ashkenazi Jewish population.

baflt(ggign G| ¢.3989g>a 0.F1387del C{';’r'ﬁteartg’gte
Carrier Allele | Carriers (n) Allele
Frequency (n) | freq. freq.
Ashkenazi 21122 1:60 (351) 0.0083 | 1:304 (55) 0.0013 1:52
Mixed 1985 16 0.004 0 0 1:124
Sephard. 915 0 0 0 0 0
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Table 2: Mutation analysis in Ashkenazi HI patients

A BCC8 mutations & Focal-HI in Ashkenazi Jews

18

# of Alleles
Probands €.3989g>a p.F1387del Other

Homozygous 23 44 2 0
Compound Het 17 16 17 1
Single paternal 17 13 4 0
mutation

Single 1 1 0 0
Maternal Mut

No mutations 3 0 0 0




