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ABSTRACT 
CHARGE syndrome (Coloboma of the eye, Heart 
defects, Atresia of the choanae, Retardation of 
growth and/or development, Genital and/or uri- 
nary abnormalities, and Ear abnormalities) is an 
autosomal dominant disorder characterized by 
a specific and a recognizable pattern of anoma- 
lies. De novo mutations in the CHD7 gene are 
the major cause of CHARGE syndrome. Here, 
we present a family who sought genetic couns- 
eling because of a newborn with dysmorphic 
features suggesting CHARGE syndrome. The 
baby died three months later. Afterwards, a mo- 
lecular genetic testing for sequence analysis of 
the CHD7 coding region was performed with DNA 
extracted from umbilical cord blood stem cells 
confirming the diagnosis of CHARGE syndrome. 
Although the diagnosis is first suspected clini- 
cally, in the newborn case presented here, we 
illustrate the importance of the molecular testing 
to confirm the diagnosis, and to enable precise 
genetic counseling. Also, even though cord blood 
has been stored in private banks for more than 
ten years, there is as yet no routine clinical appli- 
cation of autologous (self-donation) hematopoi-
etic stem cells from cord blood. Now, we illustrate 
for the first time the usefulness of umbilical cord 
blood stem cells for diagnosis and genetic coun- 
seling in a case that involve a dead propositus. 
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1. INTRODUCTION 

CHARGE syndrome is an autosomal dominant disor- 
der with a prevalence of about one in 10,000 [1]. The 

acronym CHARGE is based on the cardinal features 
identified when the syndrome was delineated: coloboma, 
heart malformation, choanal atresia, retardation of gro- 
wth and/or development, genital anomalies and ear ano- 
malies [2]. The life expectancy of patients with CHA- 
RGE syndrome varies widely, with individuals living 
anywhere from five days to at least 46 years [1,3,4]. 
Mutations in the CHD7 gene were identified as causative 
for CHARGE syndrome in approximately 2/3 of patients 
with a clinical diagnosis of CHARGE syndrome [5,6]. 
Of the CHD7 mutations reported thus far, approximately 
72% are nonsense or frameshift, 13% are splice site, and 
10% are missense [4]. Recurrent mutations are rare, and 
clear genotype-phenotype correlations have not been 
recognized [3,4,7]. CHD7 is located in 8q12.1; it is 
188kb in size, consists of 37 coding exons and one 
non-coding exon, and codes for a 2997 amino-acid pro-
tein. The function of CHD7 protein is still largely un-
known [2]. Pathogeny of the CHARGE remains puzzling: 
CHD7 is a regulatory element that potentially affects a 
large number of development pathways, explaining the 
pleiotropic nature of its phenotypic spectrum [2]. Origi-
nally, the diagnosis of CHARGE syndrome included the 
identification of four to six cardinal signs, one being 
either choanal atresia or a coloboma [2]. Afterward, new 
diagnostic criteria were developed, expanding the origi-
nal picture to encompass brainstem anomalies and vis-
ceral malformations [8] or focusing on the coloboma- 
choanal atresia-abnormal semicircular canals triad, and 
giving a formal definition for partial and atypical 
CHARGE syndromes [2,9]. A combination of coloboma, 
choanal atresia and abnormal semicircular canals (3C) is 
highly predictive of the presence of a CHD7 mutation 
[2]. Prenatal diagnosis of CHARGE syndrome has been 
reported at least twice, although more than 200 new-
borns and infants with CHARGE syndrome have been 
described [2,10]. 
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Here, we present a family who sought genetic coun-
seling because of a newborn with dysmorphic features 
suggesting CHARGE syndrome. The baby died three 
months later. A molecular genetic testing for sequence 
analysis of the CHD7 coding region was performed with 
DNA extracted from umbilical cord blood stem cells. 
Umbilical cord blood stem cells can be viewed as the 
stem cells source of choice for clinical and non-clinical 
research applications [11]. Between other reasons, um-
bilical cord blood stem cells can be considered as one of 
the most abundant sources of non-embryonic stem cells, 
the collection is non-invasive, can be stored and cryo-
preserved in cord blood banks for later uses and occupy 
and intermediate age stage between the embryonic stem 
cells and the adult stem cells, which lead to a higher pro-
liferating potential [11,12]. At this time, we illustrate for 
the first time the usefulness of umbilical cord blood stem 
cells for cases that involve a dead propositus. 

2. MATERIALS AND METHODS 

This case is about a family who sought genetic coun-
seling because of a newborn with dysmorphic features 
including a square-shaped face with narrow bifrontal 
diameter, broad nasal bridge, short webbed neck, ocular 
asimmetry with left palpebral ptosis and ear and hand 
anomalies. The baby also showed chorioretineal colo-
boma, choanal atresia, anterior located anus and con-
genital heart disease. Visual and auditory evoked poten-
tials were defined as pathological. The presenting fea-
tures suggested the diagnosis of CHARGE syndrome. 
We recommended a sequence analysis of the CHD7 
coding region but it was not performed at that time. The 
baby died three months later. Afterwards, the family de-
cided to perform the molecular genetic testing. DNA was 
extracted from umbilical cord blood stem cells stored in 
the New England Cryogenic Center (NECC) and the 
sequence analysis of the CHD7 coding region was per-
formed in the Center for Human Genetics (Boston Uni-
versity School of Medicine). Analysis of blood samples 
from patient’s parents was also recommended. 

Molecular Genetic Testing 

DNA from the baby patient was extracted from um-
bilical cord blood stem cells. Briefly, fluorescence la-
beled PCR primers in exon flanking regions were used 
to amplify and sequence coding exons 2 - 38 in the 
CHD7 gene in both directions. Exon numbering is based 
on the NCBI reference NM_017780.2 sequence (2010). 
This service is performed pursuant to an agreement with 
Roche Molecular Systems, Inc. This test was developed 
and its performance characteristics determined by the 
Center for Human Genetics as required by the CLIA’88 
regulations.  

DNA from patient’s parents was performed on pe-
ripheral blood lymphocytes. Briefly, PCR amplification 
and automated fluorescence sequencing was performed 
on exon 29 and its intervening sequence and exon 38 and 
its intervening sequence of the CHD7 gene. 

Also, paternity and maternity testing was performed. 
Briefly, PCR analysis was used to test the DNA samples 
for 16 polymorphic markers using the ABI Identifier kit. 
Amplified DNA fragments were resolved by capillary 
gel electrophoresis. A paternity index was calculated 
based on marker frequencies in the population that are 
published or as derived from our accumulated database 
(Center for Human Genetics, Boston University School 
of Medicine). 

3. RESULTS 

Paternity and maternity was confirmed. DNA samples 
from the umbilical cord blood stem cells were tested at 
16 unlinked DNA marker loci and the baby shares alleles 
with patient’s alleged parents at all 16 tested loci. Analy-
sis of the umbilical cord blood stem cells revealed that 
the baby was heterozygous for the L1898X alteration in 
exon 29 of the CHD7 gene. This alteration has not been 
previously reported in the literature; however, given that 
it is a truncating alteration, it likely confirms a diagnosis 
of CHARGE syndrome. This patient was also found to 
be heterozygous for the G2914R alteration in exon 38 of 
the CHD7. No additional mutations were found in the 
remaining 35 exons of CHD7. Given the above result, 
analysis by multiplex ligation-dependant probe amplifi-
cation (MLPA) to detect whole-exon or whole-gene de-
letions/duplications in CHD7 was not performed. These 
analyses detect approximately 65% of mutations in indi-
viduals with clinically diagnosed CHARGE syndrome. 

On the other hand, patient’s father was found to be 
negative for the L1898X alteration in exon 29 of the 
CHD7 gene, previously identified in this patient’s son. 
Patient’s mother was also found to be negative for the 
L1898X alteration in exon 29 of the CHD7 gene but 
heterozygous for the G2914R alteration in exon 38 of 
the CHD7 gene. The certainty of the molecular test re-
sult exceeds 99%.  

Hence, patient’s parents were found to be negative for 
the L1898X mutation, which was interpreted as respon-
sible for the clinical condition of CHARGE syndrome in 
the newborn. The mutation G2914R, found both in the 
mother’s patient and the child, was considered to be a 
variant without pathological significance. 

4. DISCUSSION 

CHARGE syndrome is a clinical diagnosis; the clini-
cal scores have shown their robustness, as almost all 
patients with CHD7 mutation are in accord with them 
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[2]. Although the diagnosis is first suspected clinically, 
in the newborn case presented here, we illustrate the 
importance of the molecular testing of the CHD7 gene to 
confirm the diagnosis, and to enable precise genetic 
counseling. The molecular testing allowed the identifica-
tion of a new mutation in exon 29 of the CHD7 gene 
from umbilical cord blood stem cells. Published muta-
tion in CHD7 are scattered throughout the gene, and do 
not show preferential domain aggregation nor hot spot; 
mutations were shown to be dominantly transmitted in 
some families, and proven recurrence of a mutation in 
two sibs confirmed the possibility of germinal mosaic-
ism [2]. Most of the mutations are truncating mutations 
that are likely to result in haploinsufficiency and most of 
the affected individuals have de novo mutations [7]. In 
the case presented here, the results suggest that the 
CHARGE syndrome of the newborn correspond to a de 
novo mutation with low risk of recurrence in future 
pregnancies of the couple. In fact, almost all cases of 
CHARGE syndrome are sporadic, although a small 
number of cases of familial CHARGE syndrome and 
parent-to-child transmission of CHD7 mutations have 
been reported [4]. As a result of the established diagnosis 
in this case, with low risk of recurrence, the couple de-
cided to undergo a new pregnancy. The pregnancy out-
come was an unaffected boy. 

Here, we also illustrate for the first time the usefulness 
of umbilical cord blood stem cells for cases that involve 
a dead propositus. Privately run cord blood banks store 
cord blood for donors’ own use and keep this for a cer-
tain period of time, for a fee that the parents pay to the 
company. As indicated before, it is possible that the par-
ents regard this service as a sort of “biological life in-
surance policy” for their children; however, a scientific 
rationale and an indication for the use of such services 
are thus far lacking [13]. Allogenic umbilical cord blood 
stem cells (obtained from healthy donors, rather than 
from the patient to be treated), have been in routine use 
worldwide for more than ten years in the treatment of 
hematopoietic diseases [13,14]. On the other hand, auto- 
logous stem cells from cord blood have poor prospects 
for use in regenerative medicine, because they have to be 
cryopreserved until use [13]. In fact, there is as yet no 
routine clinical application of autologous hematopoietic 
stem cells from cord blood (self-donation of blood), 
even though cord blood has been stored in private banks 
for more than ten years [13]. Now, we demonstrate the 
value of umbilical cord blood stem cells for diagnosis 
and genetic counseling in a case that involve a dead 
propositus. This by itself may not be surprising but may 
encourage storing of cord blood not only for future stem 
cell-based therapies but to identify significant polymor-
phisms and mutations that may aid families after death 
of fetuses or other situations where tissues may not be 
available. 
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