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Genetic counseling of hereditary hemolytic anemia
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Summary
Since we have established genetic counseling system for subjects of hereditary anemia in 2004,
twenty-six patients visited our institute. We successfully diagnosed fourteen patients by
biochemical and/or genetic tests; six cases of thalassemia, four of hereditary spherocytosis (HS),
three of glucose-6-phosphate dehydrogenase (G6PD) deficiency, and one of sickle cell anemia. HS is
the most common hereditary hemolytic anemia among Japanese. Although thalassemia and G6PD
deficiency are less common in Japanese, it should be noted that {hey are increasing in recent years
due to international marriages between Japanese male subjects and females from tropical Asia.
Subjects with G6PD deficiency are susceptible to hemolysis by numbers of drugs and ingestion of
fava beans, thus it is quite beneficial to inform the exogenous factors to G6PD-deficient individuals.
Two cases of thalassemia consulted our institute during their pregnancy and we were able to
contribute to provide adequate management of both mothers and babies by collaborating with the

obstetrics department.
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Gene mutation and genetic counseling
*Mari Matsuo, ‘Mari Urano, 'Kayoko Saito
Institute of Medical Genetics, Tokyo Women' s Medical University
*Department of Pediatrics, Tokyo Women' s Medical University

Abstract
With the advance of technology of genetic research, a lot of genetic testing has been

available as a clinical service. The genetic testing has sometimes been applied to not only

diagnosis of a patient, but also pre—symptomatic diagnosis, prenatal diagnosis, carrier

diagnosis, and susceptibility diagnosis. Genetic knowledge and psychological support are

necessary for the subject for adequate voluntary decision making. Thus genetic counseling

by a clinical geneticist or a genetic counselor is very important and must be offered on

every genetic testing according to the Guidelines for genetic testing proposed by Genetic

—~Medicine —Related Societies.

Key words: gene mutation, genetic testing, genetic counseling
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DERLGREZEAETELREX )y MDD
7280, BREIKRBETH o THREDEG L
HABRENIEALTHE —HT REND
W, REZZHOBACE, ERBRVEAD
REONZE B0, HREO MBLHEFN &
S WEERD 255 20IIE, BERICER
BB ENEL SN TWARBROBAZHRVT
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Nevoid basal cell carcinoma syndrome with cleft lip
and palate associated with the novel PTCH gene

mutations

Ryo Sasakil2, Kayoko Saito?, Yorikatsu Watanabe', Yoshinaga Takayama®, Katsunori Fujii®, Kaori Agawa',
Toshiyuki Miyashita?, Tomohiro Ando? and Tanetaka Akizuli’

Nevoid basal cell carcinoma syndrome (NBCCS) is a rare autosomal dominant disorder characterized by developmental
abnormalities and a predisposition to cancers. Two unrelated patients, 21- and 16-year-old males, with cleft lip and palate and
multiple jaw cysts, were diagnosed according to clinical criteria. To confirm a diagnosis of NBCCS, we undertook a molecular
genetic analysis of the PTCH gene. Their PTCH genes were analyzed by direct sequencing of the PCR product from their

DNA, and previously unreported mutations were identified. A heterozygous duplication at the nucieotide position between
3325 and 3328 of the PTCH gene (c.3325_3328dupGGCQ) was detected in the 21-year-old patient. It caused a frameshift
mutation, resulting in a premature termination of the PTCH protein. A point mutation (G to C) in intron 7 of the PTCH gene
(c.1067+1G>C) was detected in the 16-year-old patient. This caused an aberrant splicing of PTCH. It is interesting to note
that the non-canonical cryptic splice-donor site was activated, which did not conform to the GT-AG rule.
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INTRODUCTION

The nevoid basal-cell carcinoma syndrome (NBCCS) or the Gorlin
syndrome is an autosomal dominant disorder first described by Gorlin
and Goltz in 1960, and characterized by developmental abnormalities
and tumorigenesis such as basal cell carcinoma and medulloblastoma.
Pathognomonic signs including nevoid basal-cell carcinoma (BCC),
multiple jaw cysts, palmar and plantar pits and calcification of the falx
cerebri lead to the diagnosis of NBCCS. Its prevalence is estimated to
be 1/56000 in the United Kingdom to 1/164000 in Australia®?
However, it remains unreported from other countries including
Japan. Complications have been described for NBCCS, including
congenital skeletal anomalies such as bifid ribs, medulloblastoma,
cleft lip and palate (CLP).>® The human homolog of Drosophila
patched (PTCH), mapped to the NBCCS locus on chromosome
9q22.3, has been found to be mutated in patients with NBCCS in
19964% It is reported that 75% of Japanese NBCCS patients
had a PTCH mutation.? Although some authors reported NBCCS
associated with CLP~10 mutational analysis was poorly performed in
NBCCS associated with CLP.!! CLP is a major congenital anomaly,
with a birth prevalence from 0.3/1000 in African American to
3.6/1000 in Amerindian, depending on genetic, geographic, ethnic and

sociceconomic factors.”> The incidence of CLP in Japanese
newborns is approximately 2.1 in 1000.? It is reported that
the incidence of CLP in NBCCS is 4-9.1%.2%>13 There is an excess
of males with CLP, the proportion ranging from 60 to 80 percent.!*
The male-female ratio of clefting in this syndrome is
statistically not different from the ratio in the normal population.!
To confirm a diagnosis of NBCCS, we undertook a molecular
genetic analysis of the PTCH gene in two unrelated NBCCS patients
with CLP.

MATERIALS AND METHODS

Patients

Two unrelated patients with CLP showed multiple jaw cysts in a panoramic
X-ray during a series of cleft lip and palate treatments, and were clinically
diagnosed as having NBCCS by the clinical criteria of Kimonis et al.!® (Table 1).
Patient 1, a 21-year-old male, showed palmar and plantar pits, calcification of
the falx cerebri, bridging of sella, bifid ribs, scoliosis and Sprengel shoulder
(Figure 1). Patient 2, a 16-year-old male, showed calcification of the falx cerebri
and bridging of sella. Neither patient showed BCC and a family history of
NBCCS. Both the patients underwent a multiple jaw cysts removal operation.
Pathological finding indicated a keratocystic odontogenic tumor (KCOT)
(Figure 2).
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Table 1 Clinical characteristics of the two patients according to the diagnostic criteria by Kimonis

Patient 1 Patient 2
Major criteria
More than two BCCs or one under the age of 20 years No No
Odontogenic keratocysts of the jaw proven by histology Yes Yes
Three or more palmar or plantar pits Yes No
Bitamellar calcification of the falx cerebri Yes Yes
Bifid, fused or markedly splayed ribs Yes No
First degree relative with NBCC syndrome No No
Minor criteria
Macrocephaly determined after adjustment for height No . No
Congenital malformations Cleft lip and palate Cleft lip and palate
Other skeletal abnormalities Sprengel deformity No
Radiological abnormalities Bridging of the sella turcica Bridging of the sella turcica
Ovarian fibroma No No
Medutloblastoma No No

Figure 1 Patient 1, a 21-year-old male shows (a) palmar pits, (b) calcification of the falx cerebri, (c) scolioss and sprenge! shoulder and (d) bifid ribs.

Mutational analysis

All studies described below were approved by the ethics committee at Kitasato
University. After written informed consent was obtained, blood samples were
taken from each patient. Genomic DNA was extracted using a QlAamp DNA
blood midi kit. For the production of the Epstein-Barr virus (EBV)-immorta-
lized lymphoblastoid cell line, mononuclear cells were washed and suspended
in an RPMI-1640 medium with 20% fetal calf serum (1.2x10° ml). The cells
were cultured in multiple aliquots in 24-well tissue culture plates (1x10° per

well) with a 20% filtrate of a B95-8 culture supernatant. The cultures were refed
and expanded for 3-6 weeks and harvested for the preparation of total RNA.
Genomic DNA samples were amplified with primers for all exons as described
previously.® Amplified products were gel-purified using a QIAEX 1 gel
extraction kit (Qiagen, Valencia, CA, USA) and cycle sequenced with a BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Carlsbad, CA,
USA) in both directions. The sequence was analyzed on a 3130 Genetic
Analyzer (Applied Biosystems). For the analysis of aberrant splicing, total

Journal of Human Genetics
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Figure 2 Patient 2, a 16-year-old male. (a) Panoramic X-ray shows five multiple jaw cysts. (b) Operative view. (c) Removed cyst from the asterisk of A. Scale
bar: 10 mm. (d) HE staining shows lining of parakeratinized squamous epithelium. It indicates a keratocystic odontogenic tumor (KCOT). Scale bar: 50 pm.

RNA was extracted, from an EBV-immortalized lymphoblastoid cell line using
the QlAamp RNA Blood Mini Kit (QIAGEN) and - subjected to reverse-
transcription (RT)-PCR using a QIAGEN LongRange 2Step RT-PCR Kit
(QIAGEN) with oligo dT. The forward and reverse primers for exon 6 and 9
were 5'-CTTCGACCCTTTGGAATTCCTGG-3" and 5-TCACAGGGTCGTG
GTGGTGAAGGAAA-3, respectively. The amplified product was also
sequenced as described above.

RESULTS

A heterozygous duplication at the nucleotide position between 3325
and 3328 of PTCH exon 20 (c.3325_3328dupGGCG) was detected in
patient 1 (Figure 3a). It caused a frameshift mutation and a prema-
turely terminated translation of the PTCH gene. In patient 2, a point
mutation (G to C) in intron 7 of the PTCH gene (c.1067+1G > C) was
detected (Figure 3b). To analyze the splicing events in this patient,
total RNA was extracted from the EBV-immortalized lymphoblastoid
cell line, and an RT-PCR analysis was performed using a pair of
primers located in exon 6 and exon 9 (Figure 3b). As shown in

Journal of Human Genetics

Figure 3¢, an additional PCR product of larger molecular weight was
detected in patient 2 (transcript 2). Sequencing this product revealed
that this mutation caused the activation of a cryptic splice site in intron
7, resulting in a 77-bp insertion of the intronic sequence (Figures 3b
and ¢), which also prematurely terminated the PTCH protein because
of the in-frame stop codon located just after the mutation. This
activated splice site did not conform to the GT-AG rule.'¢

DISCUSSION

Multiple jaw cysts were the first signs of NBCCS in these two cases and
the pathological finding indicated KCOT. 1t is reported that the
incidence of KCOT in NBCCS is 75-90%.>>13 KCOT, previously
known as odontogenic keratocyst, is a benign cystic lesion, but it often
shows locally destructive behavior and a high recurrence rate.’
Therefore, in the new WHO classification revised in 2005, KCOT is
defined as a benign neoplasm of odontogenic origin with the char-
acteristic lining of a parakeratinized squamous epithelium.'® There-
fore, a careful clinical observation is needed for patients with KCOT.
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Figure 3 Mutations found in our study. (a) A heterozygous duplication at the nucleotide position between 3325 and 3328 of the PTCH gene
(¢.3325_3328dupGGCG) was detected in patient 1. (b) A point mutation (G to C) in intron 7 of the PTCH gene (c.1067+1G>C) was detected in patient 2.
Red arrows indicate the position of primers used for RT-PCR (See also ¢). (c) Electropherogram of the RT-PCR products. In addition to the normal transcript
{transcript 1), a longer product (transcript 2) was detected in patient 2. Sequencing this product revealed the aberrant splicing that lead to the addition of
the intron 7 sequence of 77 bp (See also b). A full colour version of this figure is available at the Journal of Human Genetics journal online.

CLP is a common birth defect that results from a mixture of genetic
and environmental factors, and two genes, MSXI and IRF6, now seem
to have a measurable role in the causation of CLP!*%0 It is reported
that the incidence of CLP in NBCCS is 4-9.1%.2%%!3 The human
homolog of Drosophila patched (PTCH) has been found to be mutated
in patients with NBCCS.**> The PTCH protein is a receptor for Sonic
hedgehog (SHH). SHH is essential for the morphogenesis of fronto-
nasal and maxillary processes and the loss of SHH signaling in the
embryonic face inhibits the growth of the primordial and results in
defects of CLP.2! However, mutational analysis was poorly performed
in NBCCS associated with CLP. Therefore, it is not clear whether the
PTCH gene mutation specifically causes CLP.!!

Thus, we undertook PTCH mutational analysis and identified two
previously unreported mutations in PTCH. Mutational analysis is also

important to confirm the clinical diagnosis of NBCCS and to assess
and to reduce the risk for BCC. BCC is one of the major criteria of
NBCCS, and is reported to occur in 75% of patients over 20 years of
age and in more than 90% over 40 years of age in the United
Kingdom.? The prevalence of BCC is 15% lower in Korean NBCCS
patients than in those from the United Kingdom, probably due to the
difference in the degree of skin pigmentation.!> As face and back are
the most severely affected sites of BCCs,? ultraviolet radiation is a risk
factor for developing BCCs.

Interestingly, in patient 2, a cryptic splice site that does not conform
to the GT-AG rule was activated at least in the EBV-immortalized
lymphoblastoid cell line, because the second base of intron 7, which
was created by the aberrant splicing, was cytosine, not thymine. This
cryptic splice site cannot be predicted by current algorithm such as the
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