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Summary
Dyskeratosis congenita (DC) is a rare inherited syndrome exhibiting marked clinical and genetic
heterogeneity. It is characterised by mucocutaneous abnormalities, bone marrow failure and a
predisposition to cancer. Bone marrow failure is the principal cause of premature mortality.
Studies over the last 10 years have demonstrated that DC is principally a disease of defective
telomere maintenance. All DC patients have very short telomeres and the genetically characterised
cases of DC have mutations in six genes which either encode components of the telomerase
complex (DKC1, TERC, TERT, NOP10, NHP2) or shelterin (TINF2); these are important in the
elongation and protection of the telomeric end, respectively. These advances have led to the
recognition of cryptic forms of DC, such as presentations with aplastic anaemia and
myelodysplasia. They have also increased our understanding of normal haematopoiesis and
provided new insights to the aetiology of some cases of aplastic anaemia and related
haematological disorders.
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Our understanding of the spectrum of diseases encompassed by the banner Dyskeratosis
congenita (DC) has increased at a tremendous rate over the last century. From its initial
description in 1910 (Zinsser, 1910) through to the present day we are starting to understand
its genetic basis, the underlying molecular mechanisms and the spectrum of related disorders
all associated with DC, for a historical review see (Walne & Dokal, 2008). The classical
triad of abnormalities associated with DC is one of abnormal skin pigmentation, nail
dystrophy and oral leucoplakia (Fig 1). However, this triad is not always observed in a
clinical setting. A wide spectrum of disorders affecting every system in the body,
particularly the bone marrow has been associated with DC. In the early days our
understanding of what was DC was largely derived from the clinic, as until 1998 nothing
was known about the genetic mutations underlying the disease. Some basic genetics had
been elucidated in as much that there were three modes of inheritance: X-linked recessive
(OMIM #305000), autosomal dominant (OMIM #127550) and autosomal recessive (OMIM
#2245230) and that the phenotype associated with each of these genetic forms varied widely
(Dratchman & Alter, 1995).
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Classical DC and the evolution of its currently accepted diagnosis
Almost all papers describing work on DC describe the disease in terms of it being ‘multi
system’; also there is ‘bone marrow failure’, ‘predisposition to cancer’ and ‘marked clinical
and genetic heterogeneity’ (Dokal, 2000). All these additional definitions have come from
the identification of more clinical cases. Initially, many of the individuals now diagnosed as
having DC in terms of their genetics would have been classified as something else as they
did not fit the classical definition of abnormal skin pigmentation, oral leucoplakia and nail
dystrophy. It is not uncommon for bone marrow failure or an abnormality in another system
to present before the more classic mucocutaneous features. Clinical features of DC often
appear in childhood. The skin pigmentation and nail changes usually appear first, before the
age of 10 years, and then bone marrow failure develops often before the age of 20 years with
up to 90% of patients showing signs of bone marrow failure by the age of 30 years. The
main causes of mortality in DC are bone marrow failure/immunodeficiency (60–70%),
pulmonary complications (10–15%) and malignancy (10%), but there is considerable
variation between patients with respect to age of onset and disease severity even within
individual families. This causes considerable difficulty in making a diagnosis. Indeed, the
evolution of the diagnostic criteria and the genetics has progressed hand in hand. Now the
diagnosis of DC for inclusion into the Dyskeratosis Congenita Registry (DCR, currently
based at Barts and The London, London, UK (Knight et al, 1998) has been relaxed from its
original very rigid presentation with all three mucocutaneous features (nail dystrophy,
abnormal skin pigmentation and leucoplakia) to inclusion if the index case presents with one
or more of the mucocutaneous features in combination with hypoplastic bone marrow and
two or more of the other somatic features known to occur in DC (Vulliamy et al, 2006).
How this change came about will be discussed more (see below) in terms of the specific
mutations involved.

Advances in the understanding of the genetic basis of DC
Until 1998 nothing was known about the genes involved in the pathology of DC; in the
subsequent 10 years a total of six genes were identified as causing DC (Table I). However
these six genes still do not account for all cases of DC, as approximately 50% of patients on
the DCR still remain genetically uncharacterised.

X-linked DC
In 1986 the first DC gene was mapped to the X-chromosome (Connor et al, 1986). It was not
until 1998 however that the gene DKC1, encoding dyskerin, was identified as the cause of
X-lined DC and the first mutations were described (Heiss et al, 1998; Knight et al, 1999a).
With the identification of mutations in DKC1, the first diagnostic tests became available
either in terms of screening the patient for mutations in this gene or, in the case of skewed
X-chromosome inactivation patterns, identification of disease carriers amongst unaffected
female relatives (Vulliamy et al, 1997). Further screening for mutations in DKC1 provided
the first evidence that DC was not a homogenous disorder and other syndromes with
overlapping presentation can share the same genetic mutations. Hoyeraal-Hreidarsson (HH)
syndrome is a severe multi-system disorder mainly affecting males that is characterised by
growth retardation of prenatal onset, microcephaly, cerebellar hypoplasia and aplastic
anaemia (Hoyeraal et al, 1970; Hreidarsson et al, 1988; Aalfs et al, 1995). Due to the
overlap in features it was suggested, and subsequently proved, that HH is a severe variant of
DC due to the presence of DKC1 mutations in males with the classical presentation of HH
(Knight et al, 1999b). Without the genetics this association may not have been made as, in
many cases, patients with HH do not live long enough to develop the diagnostic
mucocutaneous features associated with DC nor possess all the features of HH. An accepted
diagnosis of HH has been made based on patient information registered in the DCR: a
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diagnosis of HH can be made if a patient presents with four of the six most commonly
recognised features of HH: intrauterine growth retardation, developmental delay,
microcephaly, cerebellar hypoplasia, immunodeficiency or AA (Vulliamy et al, 2006).
However DKC1 mutations are not the only cause of HH due to the presence of the disease in
females implying that additional mutations (see below) can and do cause HH (Dokal, 2000).

Autosomal dominant DC
The next advance in our understanding of DC was the identification of mutations in TERC
(telomerase RNA component) (Vulliamy et al, 2001a). Telomerase is a specialised
polymerase that adds the telomeric repeat (TTAGGG) to the end of the 3′ lagging strand of
DNA after replication. Due to the semi conservative nature of DNA replication, telomerase
is essential to maintain telomere length in rapidly dividing cells, such as cells of the
haematopoietic system. Without telomerase the telomeres would shorten with each
successive round of replication until the telomeres reach a critical length where the cells
would enter senescence. Telomerase is a ribonucleoprotein composed of two core
components: a catalytic component which adds the repeats, telomerase reverse transcriptase
(TERT) and TERC, which acts as the template. Mutations in cases of autosomal dominant
DC were identified in TERC initially and the identification of mutations within this
molecule led to the expansion of the DC phenotype (Fig 2) to include other haematological
and non-haematological disorders. Firstly, heterozygous mutations in TERC were identified
in patients with aplastic anaemia (Vulliamy et al, 2002) and soon after in patients with
myelodysplasia (Yamaguchi et al, 2003). This started to push the original clinical diagnosis
away from the classical triad to manifestations of bone marrow failure being the initial
presenting feature. In some cases the more classical features develop after the underlying
TERC mutation has been identified. This serves as a guide that patients with unexplained
aplastic anaemia should be screened for TERC mutations to rule out a potential diagnosis of
DC.

The identification of mutations in DKC1 and TERC firmly established the pathology of
defective telomere maintenance via the action of telomerase as being the principal
underlying cause of DC. This led to further study of the telomerase complex to determine
the genetic basis of the remaining uncharacterised patients, including those with autosomal
recessive inheritance. The next gene to have mutations identified was TERT, the enzymatic
component of the telomerase complex. However the clinical presentation was not
necessarily pure DC. Many patients presented with aplastic anaemia or the inheritance was
non-Mendelian, suggesting that perhaps heterozygous mutations within TERT were acting
more as risk factors rather than disease causing (Vulliamy et al, 2005; Yamaguchi et al,
2005). In vitro evidence for the effect of the mutations was also unclear in that in some cases
specific mutations could cause a reduction in telomerase activity as measured by the
telomerase repeat amplification protocol (TRAP) assay, whereas others had no effect.
However, in some cases TERT mutations were shown to give a pure DC phenotype.
Homozygous mutations were identified in patients with both autosomal recessive DC and
the more severe variant HH. In both of these situations the level of telomerase activity was
severely reduced but the levels of TERC expression was not affected (Marrone et al, 2007;
Du et al, 2009). Again, mutations in TERT have been identified in other diseases not
necessarily associated with DC. Some patients with idiopathic pulmonary fibrosis have been
shown to have mutations in either TERT or TERC (Armanios et al, 2007; Tsakiri et al,
2007). This is not too surprising considering that pulmonary complications, particularly after
haematopoietic stem cell transplantation, are a major cause of mortality in DC. However in
the pulmonary fibrosis patients, there are few clinical signs resembling a DC phenotype, at
best there may be some mild to moderate anaemia but usually no other recognised features.
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These findings suggest that pulmonary fibrosis could also be a telomere maintenance
disorder (Cronkhite et al, 2008).

Autosomal recessive DC
Some progress has also been made in understanding the genetic basis of autosomal recessive
DC. A large linkage study of 16 consanguineous families comprising 25 affected individuals
did not identify a single common locus (Walne et al, 2007). Although three genes have been
identified as causing autosomal recessive DC, in each case there are only a small number of
families associated with each mutation. The first causative gene to be identified was NOP10.
The mutation identified in a large family from Saudi Arabia affected a highly conserved
residue. As a result of this mutation all the affected individuals had reduced telomere length
and reduced TERC levels. Screening of the DCR found no other family with a pathogenic
mutation in NOP10. As mentioned above, homozygous and also biallelic mutations have
been identified in TERT. These mutations give very different profiles regarding TRAP
activity and telomere length with both being greatly reduced compared with heterozygous
TERT mutations (Marrone et al, 2007). More recently three mutations have been identified
in autosomal recessive DC patients in NHP2. One of these occurs in the homozygous state
and the other is as a compound heterozygote. Again telomere lengths and TERC levels are
reduced in patients compared with normal controls (Vulliamy et al, 2008). Both NOP10 and
NHP2 are components of H/ACA ribonucleoprotein complex (H/ACA RNP). This complex
is comprised of a RNA molecule and four proteins, dyskerin, GAR1 as well as NOP10 and
NHP2. These four proteins are highly conserved and have been shown to be associated with
ribosome biogenesis, pre mRNA splicing and telomere maintenance (Meier, 2005).
Mutations have been identified in all components of this H/ACA RNP complex in patients
with DC except for GAR1. The reason for this is unclear, but it may be due to its location
relative to the RNA component. Modelling of the telomerase complex has placed GAR1
making no contact with the RNA molecule and GAR1 is not required for the structural
integrity of the H/ACA RNP (Meier, 2006; Vulliamy et al, 2008).

A link to shelterin
More recently a different protein complex, shelterin, has been implicated in the pathology of
DC. Shelterin has at least three effects on telomeres. It determines the structure of the
telomeric terminus, it has been implicated in the generation of t-loops and it controls the
synthesis of telomeric DNA by telomerase. Without the protective activity of shelterin,
telomeres are no longer hidden from DNA damage repair mechanisms and so chromosome
ends are incorrectly processed by the DNA repair pathways. The shelterin complex is
comprised of six proteins: telomeric-repeat binding protein 1 (TERF1, TRF1), telomeric-
repeat binding protein 2 (TERF2, TRF2), TRF1-interacting nuclear factor 2 (TINF2, TIN2),
TERF2-interacting protein (TERF2IP, RAP1), TIN2-interacting protein 1 (ACD, protein
names include TPP1, TINT1, PIP1 and PTOP) and protection of telomeres (POT1, POT1)
(gene name, protein name abbreviation respectively) (de Lange, 2005). TRF1, TRF2 and
POT1 of the shelterin complex (Fig 3) bind directly to the telomeric DNA: TRF1 and TRF2
bind to double stranded DNA and POT1 to the single stranded DNA overhang. The
composition and protein interaction of the components of shelterin complex appears to be
highly ordered with TIN2 playing a pivotal role (Kim et al, 1999; Ye et al, 2004; O'Connor
et al, 2006; Chen et al, 2007; Gilson & Geli, 2007). Mutations have been identified in the
TINF2 component of shelterin in patients with DC, HH, aplastic anaemia and Revesz
syndrome (Savage et al, 2008; Walne et al, 2008). This discovery extends the range of the
DC spectrum of diseases even further. Revesz syndrome is characterised by bilateral
exudative retinopathy, bone marrow hypoplasia, nail dystrophy, fine hair, cerebellar
hypoplasia and growth retardation and, from this brief description of the key clinical
features, the overlap with DC is apparent (Revesz et al, 1992; Kajtar & Mehes, 1994).
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Patients with TINF2 mutations tend to have similar characteristics in terms of disease
severity: all have severe disease and this is associated with very short telomere lengths.
Interestingly, nearly all the patients had de novo mutations which gives rise to a different
mechanism that causes the disease. In patients with heterozygous TERC mutations, studies
have shown that the phenomenon of genetic anticipation is involved; a parent of an affected
child has a particular mutation but no overt signs of disease. However in the child with the
same heterozygous TERC mutation the disease manifests itself at a much younger age
(Vulliamy et al, 2004). This adds another level of complexity to DC. Mutations in one gene
(TERC) that take a generation to cause an obvious effect can cause the same disease as
mutations in another gene (TINF2) that arise instantly.

Haematological involvement in DC
Over the years it has become increasingly obvious that not all patients with DC present with
the mucocutaneous features as the initial presentation. The usual progression of
abnormalities is ectodermal dystrophy in the first decade followed by approximately 90% of
patients developing haematopoietic abnormalities (bone marrow hypoplasia and dysplasia)
by the third decade. The link between haematological abnormalities and mucocutaneous
abnormalities is developmental, with defects in the epidermal tissues in DC suggesting a
defect in the primitive mesoderm and ectoderm. As haemopoietic cells, marrow stromal
cells, endothelial cells and dermis all originate from the primitive mesoderm it is easy to see
how mutations affecting these primitive cells can lead to the two dissimilar aspects of the
disease. Early studies have shown that there is a reduction or absence of the multi-lineage
colony-forming cells in patients with DC (Colvin et al, 1984; Marsh et al, 1992; Yamaguchi
et al, 2005), and more recently these have been shown to differ according to the mutation
involved i.e. patients with DKC1 mutations have a reduction in colony number whereas
patients with mutations in TERC tend have no detectable colonies in the peripheral blood
(Kirwan et al, 2008a). This is the first evidence of a haematological correlation with DC
subtype as patients with TERC mutations often present with aplastic anaemia before
mucocutaneous features whereas the presentation usually tends to be more classical in those
with DKC1 mutations. A very recent study has suggested it may be possible to partially
correct some of the haematological defects associated with DC. By using only exogenously
expressed TERC in primary T cells and B cell derived lines from patients with mutations in
DKC1 or TERC, Kirwan et al (2008b) showed that telomerase activity was increased in both
cell types. Cell survival and telomere length were also improved in the B cell derived lines.
The results from this study could potentially lead to a therapeutic development in this
difficult to treat disease (Kirwan et al, 2008b).

Telomere lengths
Telomeres consist of long TTAGGG repeats and the associated proteins of the shelterin
complex at the ends of chromosomes that are essential for maintaining chromosome
integrity by preventing chromosome ends from being recognised as DNA breaks (Chan &
Blackburn, 2002). Telomeres progressively shorten with successive rounds of cell division
due to the semi conservative replication that takes place at the 3′ end of the chromosome.
Telomerase can help to maintain telomere lengths in some cell types, but telomerase is
mainly restricted to cells, such as germ cells, stem cells and their immediate progeny,
activated T cells and monocytes, but, in cells where telomerase is not present, telomere
shortening is part of the normal process of cellular aging (Blasco, 2007).

Various premature aging syndromes have been characterised by increased rates of telomere
shortening and this can be used to help understand the pathology of the disease. The
association between telomere length and DC was first observed by Mitchell et al (1999) in

Walne and Dokal Page 5

Br J Haematol. Author manuscript; available in PMC 2010 June 08.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



cells from patients with dyskerin mutations. Regardless of the genetic basis, the universal
feature of DC is that patients have short telomeres compared with healthy age-matched
individuals (Vulliamy et al, 2001b). But short telomeres are not unique to DC patients, as
individuals with heart failure, Ataxia telangiectasia, Bloom syndrome and Werner
syndrome, for example, can also present with shortened telomeres (Blasco, 2007; Savage &
Alter, 2008). The main difference is the relative telomere length. A study by Alter et al
(2007) measured telomere length in various blood cell types in patients with DC, their
relatives and other patients with different inherited bone marrow failure syndromes. They
found that DC patients had very short telomeres in the majority of the leucocyte subset
studied (less than 1st centile compared with normal controls). However there was no
correlation between telomere length and the severity of bone marrow failure, presence of the
diagnostic triad or other common symptoms. Telomere lengths in the DC patient group also
tended to be shorter than in patients with other bone marrow failure syndromes, and because
of this, telomere length can, with caution, be treated as a surrogate marker for DC but only
in the context of bone marrow failure (Du et al, 2009). It remains to be validated whether
up-front telomere length measurements in new patients presenting with aplastic anaemia in
general can be used to identify the cryptic forms of DC.

Modelling dyskeratosis congenita in mice
Over the years many groups have tried to model DC in the mouse with varying success
(Autexier, 2008). The main drawback to all the models is that none are a faithful replication
of the disease seen in humans due to the highly variable presentation seen. One of the
earliest models was by Ruggero et al (2003) who developed the hypomorphic Dkc1 mutant.
This model reproduced many features seen in DC, such as reduced telomere length in later
generations, severe anaemia and reduced cellularity in the bone marrow, reduction in
telomerase activity, limited dyskeratosis of the skin and an increased predisposition to
tumours particularly in the lung and mammary glands. One major down side to this model is
that impaired pseudouridylation is seen in very early generations whereas this has not been
reported in DC patients (Ruggero et al, 2003).

Many models involving Terc knockout or Tert knockout mice have been generated but these
introduce defects that are not seen in the patients as a null in either of these two genes would
probably be non-viable in humans (Herrera et al, 1999; Chiang et al, 2004). One example of
a model that tried to reproduce what happens in humans has been developed by Gu et al
(2008). This group introduced a 2 kb deletion that removed exon 15 of dyskerin (Dkc1).
They showed for the first time that telomere length and telomerase can be separated in that
dyskerin interacts with telomerase and affects telomere maintenance in a telomere length-
independent manner (Gu et al, 2008).

Recently another model of the phenotype of DC has been produced (Hockemeyer et al,
2008); these mice demonstrate short telomeres, hyper pigmentation of the skin, nail
abnormalities, bone marrow failure and reduced life span. The main problem with this
model, which knocks out Pot1b in the mouse, is that this form of POT is not present in
humans and also no mutations have been described in the POT gene to date. It can therefore
be argued that although this model can be used to study some of the effects of defective
telomere maintenance, again it is done in a fashion that is not comparable to the disease state
seen in humans. This mouse model has clarified the notion that DC is caused by telomere
dysfunction and there is a close relationship between the interactions of the shelterin
complex, which is involved in telomere protection, and telomerase, which is involved in
telomere elongation. Knockout mice for both Pot1b and Terc had vastly reduced viability
whereas Terc+/− mice have increased survival but they do display some of the characteristic
phenotypes seen in DC. There is no doubt that these models are of scientific value in
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studying the myriad effects of telomere biology but their accuracy of reproducing DC in an
easily manipulated system is not so clear.

Management of DC
Currently there is no curative treatment for DC. The variation in presentation makes it
difficult to treat, with bone marrow failure/immunodeficiency being the main cause of
premature mortality. Use of the anabolic steroid oxymetholone and haematopoietic growth
factors (such as erythropoietin, granulocyte macrophage colony-stimulating factor and
granulocyte colony-stimulating factor (Erduran et al, 2003) can produce improvement in the
haematopoietic function. Although the mechanism of action of oxymetholone is not well
understood, it is thought to function by promoting the growth of haematopoietic progenitors
indirectly through the effect of cytokine production and by supporting haemopoietic
production in times of stress (Beran et al, 1982; Kim et al, 2005; Hosseinimehr et al, 2006).
It has been found that approximately two thirds of patients with DC will respond to
oxymetholone, in some cases the responses can last several years and involve all lineages.
Patients with DC can respond to a dose of 0·5 mg oxymetholone/kg/d and this can be
increased, if necessary to 2–5 mg/kg/d (I. Dokal, unpublished observation). It is important to
monitor for side effects (e.g. liver toxicity). It is possible to maintain reasonable blood
counts by this approach in many patients.

The only long term cure for the haemopoietic abnormalities is allogeneic haematopoietic
stem cell transplantation, but this is not without risk. There is still significant mortality
associated with bone marrow transplants for DC patients when compared with other bone
marrow failure syndromes. One of the main reasons for this is the high level of pulmonary/
vascular complications that present in these patients probably as a result of the underlying
telomere defect. The conditioning regimen appears to have an impact on patient survival.
The standard myeloablative conditioning regimes are associated with frequent and severe
adverse effects, such as lung fibrosis, interstitial pneumonia and veno-occlusive disease.
Recently, the adoption of non-myeloablative fludarabine based protocols (also known as
reduced intensity conditioning: RIC) has allowed for successful engraftment in some
patients with fewer complications and lower toxicity (de la Fuente & Dokal, 2007). The
long-term survival however is unknown at present but the initial response is encouraging as
a more effective treatment for DC. Of the 30 patients with DC who have undergone stem
cell transplantation, 9 patients received RIC and the remaining 21 underwent conventional
transplantation. Only 2/9 RIC patients have died whereas 15 of 21 patients who received
conventional therapy died (Ostronoff et al, 2007). A recent case of an unrelated cord
transplant has been described, again using the fludarabine-based reduced-intensity
conditioning regime in a girl with HH (Coman et al, 2008). When this study was published
the patient was still alive 37 months post-transplant and is believed to be only the third HH
patient to receive a bone marrow transplant. There are very few reports in the literature of
stem cell transplantation using unrelated donors; of the four cases reported; three received a
myeloablative transplant and all three died. The remaining case described by Coman et al
survived using the less severe RIC regime (Ostronoff et al, 2007; Coman et al, 2008).
Further ongoing studies will be able to give a more accurate indication of disease-free
survival rates and transplant-related mortality in both patients with DC and related
syndromes such as HH.

DC has been accepted as being a haematological disease due to the high prevalence of bone
marrow failure seen in patient groups. What has become more obvious over the years is how
wide the spectrum of disorders associated with DC extends into other disease types. DC can
be seen as an aging disorder as patients have increasingly short telomeres, often present with
premature grey hair and have increased risk of osteoporosis and dental loss. At the other end
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of the age spectrum it is a developmental disorder due to microcephaly, intrauterine growth
retardation, learning difficulties and developmental/mental retardation. It is also a cancer
syndrome because of the increased risk of malignancy (haematological, squamous cell
carcinomas of the skin and gastrointestinal tract and carcinomas of the larynx bronchus and
tongue) particularly after the third decade (Baykal et al, 2003). It is now becoming more
apparent that DC can be identified in a dental cohort. The oral phenotype of DC is
characterised by leucoplakia, decreased root/crown ratios and mild taurodontism. From a
clinical view point a diagnosis of DC or other bone marrow failure syndromes should be
considered if a young patient presents with leucoplakia, particularly in those with no history
of tobacco use (Auluck, 2007; Atkinson et al, 2008). Treatment of these DC complications
remains unsatisfactory and will be a challenge for the future. Equally it will be important to
establish whether treatments aimed at the restoration of telomere length (as discussed
above), have any therapeutic benefit in DC and related haematological disorders.

The expansion of diseases that are now associated with DC has changed our view of what
exactly DC is. As stated earlier we need to move away from the very rigid initial diagnostic
criteria of the presence of the mucocutaneous triad of skin pigmentation nail dystrophy and
oral leucoplakia. In the absence of an internationally accepted diagnosis the best criteria still
appears to be that of Vulliamy et al (2006), i.e. the presentation of one or more of the
mucocutaneous features in combination with hypoplastic bone marrow and two or more of
the other somatic features known to occur in DC (such as hair loss, abnormal dentition,
malignancy, pulmonary disease, short stature, liver disease, developmental delay etc). As
shown in Fig 2, there is a spectrum of diseases that are all related by their causative mutation
and shared pathology of defective telomere maintenance. It is apparent that they are not all
pure DC but it is important for clinicians to be aware of the overlap between the similar
diseases, particularly when considering therapy options. Defining DC in terms of telomere
length can also be misleading. Although in general most patients with classical DC do have
significantly shortened telomeres compared with age-matched controls, there are some with
telomere lengths within the normal range, so these patients would be incorrectly diagnosed.
Equally, in family studies, asymptomatic individuals have been identified to have short
telomeres and it remains unclear how they will develop overt disease features. One of the
main outstanding issues is the number of patients even with classical DC in whom the
genetic mutation is still unknown. Presentation cannot always give the answer as there are
many examples where the index case has died at a very young age and the diagnosis of DC
has only been made when a subsequent member of the family survived long enough for the
more characteristic features to become apparent.

Conclusions
The advances in our understanding of DC have increased remarkably over the last 10 years
but there are still huge advances to be made. Six genes have been identified that cause DC
and this in turn has led to the broadening of the definition of DC. Many other diseases, such
as aplastic anaemia, Revesz syndrome and idiopathic pulmonary fibrosis, can now be
encompassed by mutations describing the DC phenotype – ‘spectrum of diseases due to
defective telomere maintenance’. These advances have also increased our understanding of
normal haematopoiesis and highlighted the critical role of telomerase and telomeres in
human biology.
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Fig 1.
Photographs showing the classical mucocutaneous features of DC. (A) reticular skin
pigmentation, (B) nail dystrophy of the fingers, (C) nail dystrophy of the toes, (D) tongue
leucoplakia.
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Fig 2.
Schematic representation highlighting the varying presentations of DC: Classical, severe
variant and ‘cryptic’ forms. The year (in brackets) indicates when mutations in these
variants were identified linking them to the DC phenotype.
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Fig 3.
Schematic representation of the telomerase and shelterin complexes involved in telomere
maintenance. Protein names in bold are mutated in DC and associated disorders as listed. No
human mutations have been described in the other components. AA, aplastic anaemia; AD-
DC, autosomal dominant dyskeratosis congenita; AR-DC, autosomal recessive dyskeratosis
congenita; ET, essential thrombocythaemia; HH, Hoyeraal Hreidarsson syndrome; PF,
pulmonary fibrosis; MDS, myelodysplastic syndrome; PNH, paroxysmal nocturnal
haemoglobinurea; RS, Revesz syndrome; S-DC, sporadic dyskeratosis congenita.
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Table I

Mutations in the complexes associated with DC and related diseases.

Gene (protein) Number of
mutations seen

Mutation type Disease Additional
references

Telomerase

 TERC 32 Heterozygous AA, DC, ET, MDS PNH, PF Du et al (2009)

 TERT (TERT) 32 Heterozygous
Biallelic

AA, AD-DC, HH, PF
AR-DC, HH

Du et al (2009)

 DKC1 (Dyskerin) 54 Hemizygous X-linked DC, HH

 NHP2 (NHP2) 3 Biallelic AR-DC

 NOP10 (NOP10) 1 Homozygous AR-DC

Shelterin

 TINF2 (TIN2) 18 Heterozygous AA, AD-DC, HH, RS, S-DC Walne et al (2008)

From the telomerase database http://telomerase.asu.edu/diseases.html (Podlevsky et al, 2008) unless otherwise stated.

In the DCR (London) the approximate proportion of cases with each gene are DKC1 30%, TINF2 10-15%, TERC 5–10%, TERT 5%, NHP2 < 2%,
NOP10 < 1% and uncharacterised 40–50%.

AA, aplastic anaemia; AD-DC, autosomal dominant dyskeratosis congenita; AR-DC, autosomal recessive dyskeratosis congenita; ET, essential
thrombocythaemia; HH, Hoyeraal Hreidarsson syndrome; PF, pulmonary fibrosis; MDS, myelodysplastic syndrome; PNH, paroxysmal nocturnal
haemoglobinurea; RS, Revesz syndrome; S-DC, sporadic dyskeratosis congenita.
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