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ABSTRACT

Both dyskeratosis congenita (DC) and Hoyeraal-Hreidarsson Syndrome (HHS) are rare inherited bone marrow failure
conditions. HHS is considered to be a variant of DC in which neurological deficits and immunodeficiencies are also
present. We describe a very interesting familial cluster where an invariant point mutation of DKC1 located in the exon
11 is observed in the carrier mother and in two decedent males. The older child developed the classical phenotype of
HHS at a very early age. The second affected child remains poorly symptomatic, with only mild haematological
changes. Telomere shortening, with different severity, is also present in both cases. This paper discusses the clinical
spectrum of inherited BM failure syndromes from the perspective different clinical presentation within a family with a

DKC1 mutation.
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1. Introduction

Dyskeratosis congenita (DC) is a rare genetic disorder
characterized by progressive bone marrow (BM) failure,
associated with nail dystrophy, skin pigmentation and
mucosal leukoplakia. Several different genetic forms of
inheritance have been described, which include auto-
somal recessive, autosomal dominant and X-linked traits
[1,2]. The Hoyeraa-Hreidarsson syndrome (HHS) is
considered to be a much more severe variant of DC that
displays clinical features overlapping DC, with additional
T, B and NK immunodeficiency, neurological develop-
mental defects (microcephaly, cerebellar hypoplasia), ga-
strointestinal disorders and intrauterine growth retarda-
tion [3]. HHS affected children are at high risk of death
at an early age.

Both genetic disorders are considered telomere-asso-
ciated diseases, with deficiency in maintaining telomere
integrity. These patients frequently display variable de-
grees of telomere dysfunction, either in telomere length

or, as more recently determined, in telomere structure [4].
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Mutations in the DKC1 gene are responsible for the
X-linked form of the disease, while TERC, TERT and
TINF2 mutations cause autosomal dominant forms [5,6].
Interestingly, these genes encode components of either
the telomerase complex or the shelterin complex. More-
over, DKC1 gene, mapped on Xq28, is responsible for
encoding the protein diskerin. This protein has a dual
role as a pseudouridine synthase [4] and ultimately af-
fects telomerase complex, largely with reduced telom-
erase activity.

In the present article we describe a family with a
DKC1 mutation in which the two affected boys display
extremely diverse phenotypes, ranging from the classical
HHS with early death related to infectious and BM com-
plications to a nearly asymptomatic male screened for the
mutation simply because his brother had been diagnosed
with this X-linked disease. Possible hypotheses to ex-
plain these differences in clinical presentation are dis-
cussed and reviewed.

2. Materialsand Methods
2.1. Familial X-Linked DKC1 Mutation Report
A two-year-old male (Case #1) was referred for investi-
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gation because of a family history of HHS. He had no
previous complaints of recurrent infections, diarrhea, or
vaccine reactions. His weight was in percentile 3, and his
height was in percentile 10. At physical exam, the patient
had nail dystrophy and leukoplakia of the tongue. His
neurological development was normal, and a magnetic
resonance imaging (MRI) of the brain showed only a
mild enlargement of magnum cistern, without cerebellar
hypoplasia. There were minor changes in blood counts
(lymphopenia and mild thrombocytopenia) and the fam-
ily refused a bone marrow aspirate and biopsy. Endo-
scopy showed an oesophageal stenosis, which was attrib-
uted to HHS. Immunological evaluation showed normal
levels of immunoglobulins and IgG subclasses. Pre- and
post-immunization levels of 1gG to pneumococcal poly-
saccharides measured by ELISA were low for al tested
serotypes. Natural killer cells and lymphocyte subpopu-
lations CD4+, CD8+, CD19+, measured by flow cy-
tometry, were low, as well CD4+/CD8+ ratio. The pa-
tient is now 5 years old and remains asymptomatic.

His older brother (Case #2) had previously been fol-
lowed by our group, with a history of several recurrent
and severe infections since his first month of life. This
index case was very symptomatic, with evident neuro-
logical delay, transfusion dependent bone marrow failure,
cellular and humoral immunodeficiency and the com-
plete clinica phenotype of HHS. Cerebellar hypoplasia
was also observed at MRI of brain. Hierogram repre-
senting the familial cluster and the main clinical and la-

boratorial characteristics on these two index cases are
show in Figure 1. Additional clinical, immunological
and genetic details on this case were previously pub-
lished [7]. This patient died because of infectious com-
plications at age of nine.

2.2. Laboratorial Studies and Genetic Tests

For mutation analysis of the DKC1 exon 11 the Poly-
merase Chain Reaction (PCR) was performed on ge-
nomic DNA using the following primers: forward
5'-GCACCCTCTTAGTGAATGAACC-3 and reverse
5 -CCCAGTACCACTTACCTTTGGA-3'. In brief, the
final concentration of reagents in the PCR were 0.2 mM
each dNTP, 1.5 mM M(gCl,, 1 U of HotStartTag DNA
Polymerase (Qiagen), 1 x PCR buffer (Qiagen), 1x Q-
Solution (Qiagen), and 150 nM of each primer. The
thermal cycling profile started with incubation at 95°C
for 15 minutes to activate the Tag polymerase, followed
by 30 cycles of 94°C for 45 seconds, 56°C for 45 seconds
and 72°C for 45 seconds. Approximately 200 ng PCR
products were sequenced with 100 nM each of forward
and reverse primer using the BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems). We performed an
initial denaturation at 96°C for 2 minutes, and 35 cycles
of 96°C for 45 seconds, 50°C for 30 seconds and 60°C
for 4 minutes. Sequence analysis was performed on an
ABI 3130 Prism Sequence detection system (Applied
Biosystems). Sequences were identified using the se-
guencing analysis tools from the CLC Main Workbench
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Figure 1. Hierogram representing the familial cluster showing the main clinical differences between Cases#1 and #2.
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Software 5 (CLC bio). Both patients were hemizygous
for a mutation in DKC1 gene, ¢.1058C > T, responsible
for the p.Ala353Va amino acid substitution, (Figure
2(a)). Moreover, the three older sisters and their mother
are heterozygous for the same point mutation in DKC1.

Chromosome preparations for cytogenetic studies were
obtained from phytohemaglutinin-stimulated peripheral
blood lymphocyte cultures. Metaphase cells were ar-
rested with colcemid after 20 minutes incubation. The
cells were pelleted by centrifugation, and resuspended in
hypotonic medium (0.075 M KC1) for 20 min at 37°C
and fixed three times with methanol:acetic acid (3:1).
The subsequent anaysis by GTG-banding showed a
normal male karyotype, 46, XY for Case #1.

In situ hybridization (FISH) with Cy3-conjugated
PNA (peptide nucleic acid) oligonucleotide (CCCTAA)3
was performed according to Peitl et al. [8]. FISH analysis
on peripheral blood metaphases showed telomere short-
ening in lymphocytes of both cases (Figure 2(b)). As
previously reported, significant genomic instability was
evident in Case #2, with pseudodiploid complements
(numerical changes and structural rearrangements in the
form of non-clonal deletions), chromatid breaks and a
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Figure 2. (a) Sequencing of DKC1 exon 11 of Patients 1 and
2 using forward (F) and reverse (R) primers; (I would show
only the relevant section, not the extended trace); (b) FISH
analysis of peripheral lymphocyte metaphases with Cy3-
conjugated PNA praobes. Note that signals corresponding to
telomeres wer e weak for some chromosomes (arrowheads).
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dicentric chromosome. Conversely, ho genomic instabil-
ity was observed in the less symptomatic Case #1.

3. Discussion

Recent interest in the BM failure syndromes DC and
HHS has largely focused on genetics. The Hoyeraal-
Hreidarsson syndrome is a severe variant of DC and can
be caused by mutations in either the X-linked gene
DKC1 or the TINF2 gene, responsible for an autosomal
dominant disease which usually arises de novo. Although
DNA sequencing has widely facilitated the diagnosis of
both DC and HHS, recent interest has been focused on
the fact that patients with the same mutation can present
with an extremely variable phenotype.

In the present report we describe 2 male siblings car-
rying an identical missense mutation of the DKC1 gene
(c.1058C > T) and dissimilar clinica presentations.
While the older brother developed the classical pheno-
type of HHS at early age with BM failure and immuno-
deficiency leading to premature death, the second brother
remains poorly symptomatic, with immunodeficiency but
without recurrent infections and only mild haematology-
cal changes.

Previous reports have demonstrated that the 48 DKC1
mutations described so far seem to cluster in two separate
regions of the dyskerin protein [9], although no correla-
tion between the location of the mutation and the severity
of the disease has yet been established. A review of the
mutation profiles among more than 200 DC families reg-
istered at the Hammersmith Hospital in London showed
that the ¢.1058C > T mutation that leads to an A353V
substitution, accounts for more than 40% of X-linked
cases and there is considerable variation in clinical sever-
ity even within this sub-group [1]. This spectrum of dis-
ease manifestation therefore indicates that other envi-
ronmental or genetic factors must also participate in the
disease phenotype.

Remarkably, approximately one half of all DC patients
remain genetically uncharacterized, a significant propor-
tion of whom present the most severe form, HHS [1]. In
such cases, efforts have been made to survey mutation
candidates such as NOP10, NHP2 and GAR1 genes
which are also components of the telomerase holoen-
zyme complex [10-13]. Although additional mutations in
other telomerase subunits (NOP10, NHP2 and hTR) have
been found in DC patients [14,15], they have not been
seen in HHS. Also, homozygous mutations in hTERT
[10,11], dominant mutations in TINF2 [16] and a splice
variant in Apollo [17] have been associated with HHS
demonstrating that other disease-causing mutations might
also converge to the same phenotype.

Telomerase deficiency and accelerated telomere shor-
tening are hallmarks of DC and HHS [18], and patients
with the more severe form tend to have even shorter te-
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lomeres. Therefore, some authors suggest that telomere
length could be treated as a surrogate marker for DC but
only in the context of BM failure [1,19]. FISH using a
peptide-nucleic acid (PNA) probe showed telomere
shortening in peripheral lymphocytes from both our pa-
tients when compared to normal counterparts (#2 pub-
lished in [7]), however, the extent of shortening was
milder in asymptomatic boy. Although this is consistent
with the knowledge that defective dyskerin results in
impaired telomerase activity, a study performed by
Lamm et al. [20] in a HHS family in which the genes
implicated in other cases of DC and HHS had been ex-
cluded and normal telomerase activity was observed,
showed that the telomeric 3' overhangs were diminished
in blood cells and fibroblasts derived from the patients,
suggesting that the cause for telomere shortening lies not
in the telomerase catalytic core but rather in its recruit-
ment or activation. Therefore, when identical mutations
lead to different manifestations it is likely that other ho-
mozygous or heterozygous genetic alterations not yet
known might also contribute to HHS.

Our familia cluster exemplifies how diverse the clini-
cal phenotype can be between relatives carrying the same
DKC1 point mutation. This clinical information may be
important for counseling, as affected families may be
very concerned about the potential clinical outcome of
their offspring affected by this serious disease. Genetic
studies on alarger cohort of families with HHS may pro-
vide additional information in relation to the factors that
determine disease severity.
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