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Kallmann Syndrome Phenotype in a Female Patient with
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Abstract. We report on a 14 7/12-year-old Japanese female patient with CHARGE syndrome and CHD7 mutation who
also exhibited Kallmann syndrome (KS) phenotype. She had poor pubertal development and apparently impaired sense of
smell. A GnRH test showed severely compromised responses of LH (<0.5 — <0.5 IU/L) and FSH (<0.5 — 1.2 IU/L), and
magnetic resonance imaging delineated hypoplastic olfactory bulbs. Mutation analysis revealed a heterozygous nonsense
mutation at exon 33 of CHD7 (7027C>T, Q2343X). The results provide further support for the notion that KS phenotype
can be included in the phenotypic spectrum of CHARGE syndrome, and indicate that CHARGE syndrome with KS

phenotype is caused by a CHD7 mutation.
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CHARGE syndrome is a congenital malformation
disorder named by the acronym of coloboma, heart
disease, atresia choanae, retarded growth and/or devel-
opment, genital anomalies, and ear abnormalities [1].
In addition to these core features, hypogonadotropic
hypogonadism (HH) and olfactory dysfunction charac-
teristic of Kallmann syndrome (KS) [2] are often ob-
served in CHARGE syndrome. Wheeler et al. [3]
documented the invariable occurrence of HH, and
Chalouhi et al. [4] described the frequent presence of
olfactory dysfunction in CHARGE syndrome. Further-
more, Pinto et al. [5] reported the frequent occurrence
of both HH and abnormal olfactory bulb development
in this syndrome.

In 2004, Vissers et al. [6] reported that CHARGE
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syndrome is primarily caused by heterozygous loss-of-
function mutations of CHD7 (chromodomain helicase
DNA-binding protein 7) on 8ql12.1. Subsequently,
mutation analysis has been performed for a large num-
ber of CHARGE syndrome patients, identifying CHD7
mutations in 60—70% of patients [7, 8]. However,
mutation analysis remains poor in CHARGE syndrome
patients with demonstrable KS phenotype. Here, we
report CHD7 mutation in a patient with CHARGE syn-
drome who also presented with KS phenotype.

Case Report

This Japanese female patient was born to healthy
non-consanguineous parents at 38 weeks of gestation
with a birth weight of 2.94 kg (—0.5 SD), after an un-
complicated pregnancy and delivery. At birth, she was
noticed to have coloboma of the iris and retina and ex-
ternal ear defects. There was no choanal atresia. She
had feeding difficulties and showed failure to thrive.
At six months of age, auscultation indicated cardiac
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murmur, and echocardiography delineated atrial and
ventricular septal defects, patent ductus arteriosus, and
right aortic arch. She showed poor response to sounds,
and was found to have bilateral hearing impairment by
the auditory brainstem response test (right 60—70 dB,
left >115 dB). She needed nasal tube feeding until 2
8/12 years of age, and was unable to walk without
support until 3 years of age. At 3 years of age, her
developmental quotient was assessed as 64 by the
WISC-R test. On the basis of the above findings, she
was diagnosed as having CHARGE syndrome.

At 14 7/12 years of age, she was evaluated for endo-
crine function because of poor pubertal development
(breast, Tanner stage 2; pubic hair, Tanner stage 3).
Her height was 153.6 cm (—0.6 SD) and her weight
499 kg (0.1 SD). Her bone age was assessed as
12.0 years. Basal serum estradiol was <10 pg/mL, and
a GnRH test (100 ug/m? bolus i.v.; blood sampling at
0, 30, 60, 90, and 120 min) showed severely compro-
mised responses of LH (baseline <0.5 mIU/mL [nor-
mal range: 0.5-5.0 mIU/mL] and peak <0.5 mIU/mL
[1.5-8.0 mIU/mL]) and FSH (baseline <0.5 mIU/mL
[0.8—4.4 mIU/mL] and peak 1.2 mIU/mL [8.3-20.0
mlU/mL]). Other endocrine functions were normal.
Her karyotype was 46,XX in all the 20 lymphocytes
examined. Furthermore, since the parents suspected
impaired sense of smell in her daily life, magnetic reso-
nance imaging was performed, revealing hypoplastic
olfactory bulbs and left side dominant cerebral atrophy.
The anterior pituitary appeared to be small for her age.
Thus, she was assessed to have HH and hypoplastic
olfactory bulbs characteristic of KS, and was placed on
sex steroid supplementation therapy. She had no other
KS features such as mirror movements, renal agenesis,
cleft palate, and dental agenesis.

Mutational Analysis of CHD7

After obtaining an informed consent, mutation anal-
ysis of CHD7 was performed as described previously
[7]. In brief, leukocyte genomic DNA of the patient
was PCR-amplified for all the coding exons 2-37 and
their splice sites, and the PCR products were screened
for a mutation by the denaturing high-performance lig-
uid chromatography (DHPLC) using an automated in-
strument WAVE (Transgenomic, Omaha, NE). When
abnormal heteroduplex patterns were detected, the
corresponding PCR products were subjected to direct
sequencing on an ABI PRISM 3100 autosequencer
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Fig. 1. Mutation analysis of CHD?7.

(A) Denaturing high-performance liquid chromatograms
of the PCR products for exon 33 in a normal control
(top) and the patient (bottom). The arrow indicates the
abnormal chromatogram pattern found in the patient.
The horizontal axis indicates the retention time (minute),
and the vertical axis indicates the fluorescence intensity.
(B) Automated sequencing of the PCR products for exon
33 in the patient. Chromatograms obtained with the for-
ward primer (top) and the reverse primer (bottom) are
shown. The arrows indicate the heterozygous nonsense
mutation (7027C>T, Q2343X).

(Perkin-Elmer, Foster City, CA).

DHPLC revealed an abnormal chromatogram for
the PCR product of exon 33 in the patient (Fig. 1-A).
Direct sequencing showed a heterozygous transition
7027C>T resulting in a substitution of the 2343rd
glutamine codon with a stop codon (Q2343X) (Fig. 1-
B). This mutation was absent in 50 normal subjects.

Discussion

This patient with CHARGE syndrome also had KS
phenotype. The results provide further support for the
notion that KS phenotype can be included in the pheno-
typic spectrum of CHARGE syndrome [3—-5]. Further-
more, since a heterozygous nonsense mutation was
identified in CHD?7, this indicates that CHARGE syn-
drome with KS phenotype is caused by a CHD7 muta-
tion.

It remains to be clarified how a CHD7 mutation
leads to KS phenotype. It is notable, however, that
the murine homolog Chd7 is clearly expressed in the
olfactory epithelium [9] which is indispensable for
the migration of GnRH and olfactory neurons into the
brain and for the formation of olfactory bulbs [2, 10].
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Thus, a CHD7 mutation may primarily affect the devel-
opment of olfactory epithelium, resulting in HH and
olfactory dysfunction.

In summary, we observed KS phenotype in a patient
with CHARGE syndrome and a CHD7 mutation. Fur-
ther studies will determine the phenotypic spectrum of
CHD7 mutations as well as the molecular network in-
volving CHD?7 and the previously known genes for KS,
i.e., KALI (Kallmann syndrome 1) and FGFRI (fibro-
blast growth factor receptor 1) [2].
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