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Dyskeratosis congenita (DC) is a rare cancer-
prone inherited bone marrow failure syndrome 
(IBMFS) caused by aberrant telomere biology 
[1–4]. It is characterized clinically by the presence 
of the diagnostic triad of dysplastic nails, lacy 
reticulated skin pigmentation and oral leuko-
plakia (Figure 1) [5]. The clinical phenotype is very 
broad and may also include pulmonary fibrosis, 
liver disease, avascular necrosis of the femur or 
humerus, dental and ophthalmologic abnormali-
ties, and stenosis of the lacrimal ducts, esopha-
gus and/or urethra. Notably, patients with DC 
are at very high risk of progressive bone marrow 
failure (BMF), myelodysplastic syndrome, acute 
myelogenous leukemia and solid tumors (usu-
ally squamous cell carcinoma of the head/neck 
or anogenital cancer) [6]. The unifying feature 
of this complex set of clinical problems is the 
presence of very short telomeres, the result of 
germline mutations in key telomere biology 
genes. Very short leukocyte telomeres (i.e., less 
than the first percentile for age) are diagnostic of 
DC [7]. A group of disorders caused by telomere 

defects, referred to as telomere biology disorders, 
is composed of a set of overlapping conditions 
including DC, Hoyeraal–Hreidarsson syndrome 
(HH), Revesz syndrome (RS), Coats plus (also 
referred to as cranioretinal microangiopathy 
with calcifications and cysts [CRMCC]) [8,9], 
and some cases of apparently isolated aplastic 
anemia, idiopathic pulmonary fibrosis [10,11], 
leukemia, as well as a subset of fibrotic liver dis-
ease [12]. Genetic and environmental modifiers of 
the phenotypes of DC and the related telomere 
 biology disorders are not understood.

Telomeres & the end-replication 
problem
Telomeres are specialized structures found at 
the ends of all eukaryotic chromosomes that are 
essential to preserving genome integrity. They 
are composed of tandem TTAGGG repeats [13] 
and range from two to more than 14 kilobases 
in length [14], although they are highly hetero-
geneous between chromosomes and between 
cells. Telomeres also have a single-strand DNA 
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overhang of approximately 200 nucleotides in length [15]. The 
duplex portion of the telomere and the telomeric overhang are 
critical for interactions with telomere-associated proteins.

After every cell division, there is attrition of the telomeric 
sequence at the ends of chromosomes as a consequence of semi-
conservative replication. This sequence loss has been referred to as 
the end-replication problem, and results in a process called replica-
tive senescence, in which chromosomes get progressively shorter 
over many cell cycles [16,17]. The results of telomere shortening 
were first reported by Leonard Hayflick, who found that cells 
in culture could only survive a limited number of cell divisions 
[18]. When telomeres become critically short, the cell ceases to 
divide [19]. These critically short telomeres lose the protection of 
telomeric complexes, and can be recognized by the DNA damage 
repair machinery, resulting in cell-cycle arrest [20]. Attempts at 
repair of critically short telomeres can lead to genomic instability, 
a result of telomere–telomere fusions and chromosome breakage 
upon cell division [21–23]. The combination of genomic instabil-
ity and subsequent somatic mutations that allow further cellular 
proliferation can result in oncogenesis [24].

To address the end-replication problem, telomerase, a 
 specialized ribonucleoprotein, adds repetitive G-rich sequence 
on to telomere ends [25]. The telomerase enzyme is widely con-
served, and consists of two essential components: the telomerase 
reverse transcriptase (TERT) and an internal RNA template that 
dictates the sequence of telomeric repeats, namely TERC [26]. 
These two subunits comprise the catalytic core; however, there 
are additional factors required for telomerase assembly and func-
tion in vivo. Dyskerin, encoded by DKC1, associates with small 
nucleolar RNAs that contain H/ACA boxes, including TERC [2]. 
Dyskerin, along with GAR1, NHP2 and NOP10, is involved in 
ribosome biogenesis and rRNA pseudouridylation and localizes to 
both the nucleoli and Cajal bodies. These additional components 
have also been found to associate with TERC [27,28] and appear 
to affect the stability, localization and regulation of the telom-
erase complex. TCAB1 (encoded by WRAP53) stably associates 
with the telomerase holoenzyme, and is necessary to direct TERC 
through Cajal bodies to the telomere [29]. The assembly chaper-
ones NAF1 and SHQ1 [30] and the ATPases pontin (encoded by 
RUVBL1) and reptin (encoded by RUVBL2) are required for 
telomerase assembly, but are not present in the mature telomerase 
ribonucleoprotein complex [31,32].

Most somatic cells have very little or no 
telomerase activity after the first few weeks 
of embryogenesis, and undergo replicative 
senescence during an organism’s lifetime, 
while germline cells, stem cells, some 
immune cells, skin cells and the intesti-
nal lining exhibit telomerase activity and 
maintain telomeres at a constant length 
[33–36]. Cells are very sensitive to changes 
in telomerase expression levels; mutations 
that affect telomerase levels have been dis-
covered to cause human telomere biology 
disorders, including DC, aplastic anemia 

and idiopathic pulmonary fibrosis [37–39].

DC: a disorder of aberrant telomere biology
DC can be inherited in X-linked, autosomal dominant (AD) 
and autosomal recessive (AR) patterns, or can arise due to a 
de novo germline mutation. To date, a causative mutation in a 
DC-associated gene has been identified in approximately 60% of 
patients (Figure 2). Germline mutations in DKC1 were first iden-
tified as the cause of X-linked DC in 1998 [1]. The connection 
between DC and telomere length was made when dyskerin was 
shown to affect telomerase RNA. Primary fibroblasts and lympho-
blasts from DC patients bearing DKC1 mutations exhibited low 
levels of telomerase RNA, reduced telomerase activity and short 
telomeres compared with normal controls [2].

The link between DC and telomere biology was supported by 
the subsequent discovery of hTERT or hTR (encoded by TERT 
and TERC, respectively) mutations in patients with AD forms of 
DC [3,4,40]. The TERT mutations found in these patients are gen-
erally nonsynonymous coding mutations that lead to telomerase 
haploinsufficiency. TERC encodes the RNA template, which is 
required for the addition of telomeric nucleotide repeats by tel-
omerase. In addition to mutations affecting the template region 
of TERC, mutations in the CCAAT box in the promoter region 
of TERC have been described [41]. Rarely, TERT can be mutated 
in AR forms of DC; bi-allelic mutations are associated with more 
severe disease and patients have dramatically reduced levels of 
telomerase. AR DC can also be the result of bi-allelic mutations 
in NOP10 or NHP2 (encoded by genes of the same names), both 
of which affect telomerase biogenesis.

Disruption of telomerase trafficking in the nucleus can result 
from germline mutations in TCAB1 (gene name WRAP53) [42]. 
Patients with compound heterozygous mutations in TCAB1 were 
reported to have features of classic DC. Their relatives who had a 
single mutant allele had normal telomere lengths, suggesting that 
bi-allelic mutations are required for this phenotype. Compound 
heterozygous mutations in patient cells prevented telomerase from 
localizing to Cajal bodies for assembly. This results in misdirec-
tion of telomerase RNA to the nucleoli and precludes telomerase 
from elongating telomeres.

Germline mutations in TIN2 (encoded by TINF2) are also 
responsible for AD DC. TIN2 is not directly involved in tel-
omerase function; rather, it is part of the shelterin complex, a 

Figure 1. The diagnostic triad of dyskeratosis congenita. (A) Skin hyper- and 
hypo-pigmentation in a 32-year-old man; (B) toenail dystrophy in a 7-year-old boy; 
(C) oral leukoplakia on the tongue of 10-year-old girl.
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six-protein telomere-specific complex that 
protects telomeres and participates in 
length regulation. Mutations in the other 
shelterin components (TRF1, TRF2, 
POT1, TPP1 and RAP1) have not yet been 
found in DC. Causative TINF2 mutations 
cluster at the consensus site for HP1γ. This 
association between TINF2 and HP1γ is 
required for sister telomere cohesion, 
thereby  preventing sister telomere loss [43].

Compound heterozygous mutations 
in CTC1 were first reported as a cause 
of Coats plus and in the phenotypi-
cally similar disorder termed CRMCC. 
Patients with those mutations had short 
telomeres and features that phenotypically 
overlapped with DC [8,9,44]. Mutations in 
CTC1 were subsequently demonstrated 
to cause AR DC [45,46]. Patient telomere 
length in CTC1-associated DC was not as 
short as in DC of other causes, but still 
shorter than controls. CTC1 is part of the 
CST complex along with OBFC1 (STN1) 
and TEN1. The CST complex has both 
extratelomeric and telomeric roles; at the 
telomere, it cooperates with the shelterin 
complex to protect telomeres from degra-
dation and aberrant recognition by DNA 
repair machinery.

Through exome sequencing, the authors 
recently discovered mutations in RTEL1 in three DC families with 
no mutations in the aforementioned eight genes [47]. RTEL1 regu-
lates telomere length, may interact with PCNA (Proliferating Cell 
Nuclear Antigen) and also plays roles in DNA repair [48,49]. One 
family exhibited AR inheritance, another exhibited AD inherit-
ance with likely genetic anticipation, and the third was likely AD, 
though the parental DNA was unavailable.  Mutations in TERT 
have also been reported in both AD and AR inheritance patterns. 
An additional seven families with DC were recently reported to 
have AR RTEL1 mutations [50]. The molecular consequences of 
these mutations on RTEL1 function and telomere biology are still 
being elucidated. Early data suggest incorrect resolution of telomeric 
T loops may be the mechanism of aberrant telomere shortening [50].

Mutations in two additional genes have been reported in DC but 
their connection with telomere biology is less straightforward. An 
intraexonic splice variant in Apollo (encoded by DCLRE1B) was 
identified in a patient with clinical signs of HH but normal telomere 
lengths [51]. Apollo interacts with TRF2 and has some DNA repair 
functions, but its role in telomere biology is still being elucidated. 
Mutations in USB1 (formerly C16orf57), a gene without a known 
function, were found in individuals with DC-like symptoms but 
normal telomeres [52]. The patients with USB1 mutations had fea-
tures of DC, but others with the same mutations had phenotypes 
consistent with Rothmund–Thomson syndrome and poikiloderma 
with neutropenia. This indicates some clinical overlap between DC 

and these other disorders, but there may be different underlying 
biological etiology. For both Apollo and USB1, the connection with 
telomere biology and DC is not yet understood.

Genetic heterogeneity in DC
Our understanding of inheritance patterns in DC is complicated 
by the presence of silent carriers, arising because of incomplete 
clinical penetrance of disease-associated mutations. Incomplete 
penetrance occurs in genetic disorders when a person with a dis-
ease-associated mutation does not develop the expected pheno-
type. This is possibly due to a combination of genetic, environ-
mental and lifestyle factors. As more family members are tested 
for DC-associated mutations, more silent carriers are being recog-
nized. Specifically, carriers of germline mutations in TERT, TERC 
and TINF2 with few symptoms consistent with DC have been 
identified because of the increased scrutiny brought about by the 
diagnosis of a family member. This occurs at least in part because 
the clinical signs and symptoms of DC can develop at different 
rates in different individuals, even within the same family.  In 
one family with variable clinical penetrance, clinical symptoms 
of DC were not useful for a linkage scan, and the phenotype of 
very short telomeres was used instead to discover mutations in 
TINF2 as a cause of DC [53].

Genetic anticipation refers to a younger age of onset and 
increased severity of the symptoms of a disease over successive 

Figure 2. The telomere and functions of the proteins affected in dyskeratosis 
congenita and the related telomere biology disorders.  
CTC1: CTS telomere maintenance complex component 1 (CTC1); DKC1: Dyskerin (DKC1); 
NHP2: NHP2 ribonucleoprotein (NHP2); NOP10: NOP10 ribonucleoprotein (NOP10); 
RTEL1: Regulator of telomere elongation helicase 1 (RTEL1); TCAB1: Telomere Cajal body 
associated protein 1 (WRAP53);  TERC: Telomerase RNA component (TERC); 
TERT: Telomerase (TERT ); TIN2: TRF1-interacting nuclear factor 2 (TINF2).
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generations within a family. This was first reported in DC families 
with TERC mutations by Vulliamy et al. [54]. Subsequent reports 
included cases of telomerase haploinsufficiency due to TERT and 
TERC mutations: older generations may have adult-onset pulmo-
nary fibrosis, but later generations with the same mutation tend 
to exhibit classic symptoms of DC and aplastic anemia in child-
hood [54–56]. A similar finding has been noted in a family with a 
TINF2 mutation [53]. It is also notable that in all of these reports 
the offspring have shorter telomeres than the parents. Because of 
the clinical heterogeneity, presence of silent carriers and genetic 
anticipation, all carriers of DC-associated mutations should be 
counseled regarding their own potential disease risk and that of 
their family members.

Genetic analysis of DC is made more complex by the recent 
identification of somatic mosaic reversion. This phenomenon has 
been reported in DC families where a germline TERC muta-
tion identified in skin fibroblasts was spontaneously corrected by 
mitotic recombination in blood cells [57].

Clinical features of DC
The mucocutaneous features of DC were first described in the 
early 1900s. Subsequent reports led to its initial designation as 
Zinsser–Cole–Engman syndrome. It appears that the name was 
then changed to DC because of the mucocutaneous features and 
its congenital nature. Initial reports suggested primarily X-linked 
recessive inheritance. However, the first female case was reported 
in 1963 [58]. Subsequent case reports and small case series led to an 
appreciation of an expanded clinical phenotype, which included 
BMF and multiorgan system involvement. Variable expressiv-
ity – or a range of signs and symptoms in individuals with the 
same genetic condition – is now recognized in DC. Table 1 lists 
the clinical features that have been described in DC. In general, 
the classic triad of nail dystrophy, lacy reticular pigmentation 
of neck/upper chest and oral leukoplakia is diagnostic (Figure 1). 
However, the triad is not present in all affected individuals and 
can develop at variable ages.

Other clinical characteristics include eye abnormalities, dental 
abnormalities, esophageal stenosis, urethral stenosis, avascular 
necrosis of the femur/humerus, osteopenia, pulmonary fibrosis 
and nonalcoholic/noninfectious liver disease [38]. The clinical 
features found in patients with DC in the NCI cohort and those 
in the DC Registry are reported in Table 1. In addition to these 
complications, patients are at high risk of bone marrow failure. 
The age of onset and disease progression vary widely, even within 
families. Detailed clinical study of the NCI DC cohort has led 
to improved quantification of DC-related complications and the 
characterization of new features. The presence of silent carriers 
can complicate the identification of an inheritance pattern; some 
affected family members may share an incompletely penetrant 
autosomal dominant allele with unaffected relatives.

Patients with DC are at increased risk of cancer, but their 
risk may vary depending on the genetic cause of their disease. 
Overall, patients with DC have an 11-fold increased risk of can-
cer compared with the general population [6]. More specifically, 
DC patients are at risk of cancers that tend to affect tissues with 

high turnover (skin, mucus membranes and bone marrow), 
including leukemia and squamous cell cancer of the head and 
neck or anogenital region. A study that evaluated data from the 
literature and the NCI DC cohort quantified the risks of certain 
cancers in individuals with DC. The actuarial risk of cancer in 
DC was 40% by age 50 years. The risks of certain cancers were 
substantially elevated compared with the general population. For 
example, the risk of tongue squamous cell cancer was 1154-fold 
greater in DC than in the general population and that of acute 
myelogenous leukemia was 195-fold greater [6]. To date, one study 
has specifically evaluated the risk of cancer in patients with DC 
and specific germline mutations [59]. Six out of 30 patients with 
TERC mutations (20%) and three out of 17 patients with AD 
TERT (17.6%) mutations reported having had cancer compared 
with only one out of 56 (1.8%) patients with TINF2 mutations. 
This may be because patients with TERT or TERC mutations 
tend to be older and the patients with TINF2 mutations have 
more severe BMF at a very young age. While both studies of 
cancer in DC are limited by relatively small sample sizes and the 
possibility of referral bias, they illustrate important connections 
between DC, telomere biology and cancer. Educating patients 
about potential cancer risks and self-exam of the oral cavity, head 
and neck, may lead to early detection of cancers.

Patients with DC are also at risk of dental and eye abnormali-
ties. In total, 65% of DC patients have oral leukoplakia, one 
symptom of the diagnostic triad. In addition, DC patients may 
have a decreased root/crown ratio, taurodontism, increased dental 
caries, hypodontia, thin enamel structure, periodontitis, tooth 
loss or blunted roots [60]. A study of the ocular manifestations 
of DC in the NCI cohort reported that 28% of DC patients 
have an obstructed lacrimal drainage system [61]. Patients were 
also reported to have entropion and trichiasis, possibly second-
ary to epithelial abnormalities in the ocular skin and mucous 
membranes. RS, a severe subtype of DC discussed below, is also 
marked by bilateral exudative retinopathy.

Recent evidence from the NCI DC cohort suggests that 
patients with DC may have higher rates of neuropsychiatric dis-
orders than the general population [62]. In total, 50% of children 
and 75% of adults with a DC or DC-like diagnosis had expe-
rienced a psychiatric disorder, compared with 25% of chroni-
cally ill children [62]. DC patients had evidence of psychiatric 
disorders (mood, anxiety, psychotic and adjustment disorders) 
or neurocognitive disorders (attention deficit hyperactivity dis-
order, intellectual disability, learning disabilities and pervasive 
developmental disorders).

Diagnosing DC
As mentioned earlier, the classic triad of nail dystrophy, lacy 
reticular pigmentation of neck/upper chest and oral leukoplakia 
is diagnostic, but is not present in all DC cases. Since the first 
description of shortened telomeres in cells derived from patients 
with DC [2], there has been interest in understanding telomere 
biology and its consequences on telomere length in DC. The 
connection between telomere biology and cancer has also led to 
numerous studies evaluating telomere length in surrogate tissues 
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(i.e., blood or buccal cell DNA) as a bio-
marker of cancer risk. The development of 
a reproducible measurement of telomere 
length in leukocyte subsets by flow cytom-
etry with in situ hybridization (flow FISH) 
led to the clinical test that is now used to 
diagnose DC. This method was shown 
to be highly sensitive and specific in dif-
ferentiating patients with DC from their 
unaffected relatives, from patients with 
other IBMFS and from healthy controls 
[7,63,64]. Measurement of telomere length 
by other methods, including quantitative 
PCR and terminal restriction fragment 
Southern blots, are used in studying DC, 
but studies of the diagnostic sensitivity and 
specificity of these methods have not been 
conducted  [65,66].

Genotype–phenotype correlations
A limited number of genotype–phenotype 
correlation studies have been conducted in 
DC. Individuals with mutations in TINF2 
or DKC1 seem to have more complications 
and earlier bone marrow failure than other 
DC patients [53,67]. In addition, bi-allelic 
TERT mutations result in severe disease, 
while individuals with autosomal domi-
nant TERC mutations have less clinically 
severe disease. In a genotype–phenotype 
study of the NCI DC cohort, DC patients 
with the shortest telomeres, measured by 
flow FISH in leukocyte subsets, generally 
had the most severe disease, earliest age of 
onset and earliest disease-related mortal-
ity [64]. Patients in that cohort without a 
known causative mutation, or with muta-
tions in DKC1, had the shortest telomeres 
and were most severely affected. The finding that the patients 
with an unknown genetic cause were more clinically severe 
could represent diagnostic or referral bias from the population 
evaluated in that study. The DC Registry reported that patients 
with DKC1 or TINF2 mutations were the most severely affected 
[59]. However, they did not find a relationship between telomere 
length, measured by quantitative PCR, and clinical severity. The 
differences between these two studies could be due to different 
telomere length measurement methods, clinical ascertainment 
biases and/or other unknown factors.

Clinically & biologically related telomere biology 
disorders
The telomere biology disorders are a clinically and genetically 
heterogeneous group of disorders that include DC, HH, RS and 
Coats plus as well as others. In many instances, the genetic etiol-
ogy overlaps and the clinical differences are a consequence of 

variable penetrance and/or expressivity and the presence of genetic 
anticipation of the phenotype. For all of the illnesses listed in 
the following subsections, a telomere biology disease should be 
considered during the diagnostic evaluation (Figure 3).

HH syndrome
Clinical features of what is now referred to as HH were first 
reported by Hoyeraal in 1970 and Hreidarsson in 1988 [68,69]. 
The connection between DC and HH was suggested due to 
overlapping clinical features, and was confirmed when mutations 
in DKC1 were identified in both disorders [70]. AD mutations 
in TINF2 and AR mutations in TERT have also been reported 
as a cause of HH. Patients with HH typically have features of 
DC, although the diagnostic triad may not be present in very 
young children. BMF can be severe at an early age. The pres-
ence of cerebellar hypoplasia in the setting of DC-related features 
is required for the diagnosis of HH. Patients with HH often 

Table 1. Comparison of the clinical features reported in dyskeratosis 
congenita.

Feature DCR (%); 
n = 228

Literature cases 
(%); n = 550

DC triad (at least two of three features) 68

Dysplastic nails 88 70

Reticulated skin pigmentation 89 67

Oral leukoplakia 78 47

Hematologic (cytopenias) 86 50†

Epiphora 31 29‡

Dental abnormalities 17 13

Short stature 20 12

Intrauterine growth retardation or low birthweight 8 9

Learning difficulty and/or developmental delay 25 13

Microcephaly 6 9

Cerebellar hypoplasia and/or ataxia 7 5

Intracranial calcifications and/or leukomalacia 3

Reduced hearing 1 <2§

Pulmonary fibrosis 20 7

Premature gray hair and/or early balding 16 19

Esophageal narrowing, stricture or webs 17 8

Enteropathy 7

Urethral stenosis/strictures/phimosis 5 7

Undescended testes 6 3

Osteopenia/osteoporosis/aseptic necrosis/scoliosis 5 6

Cardiac anomalies 1

The DCR refers to the Dyskeratosis Congenita Registry, based in the UK [93,94].
Literature cases refer to those compiled by Shimamura and Alter [77].
†Approximately 50% of patients were estimated to have severe bone marrow failure by 50 years of age [6].
‡Other findings, in addition to epiphora, were reported and include blepharitis, exudative retinopathy, 
vascular retinopathy, strabismus, cataracts, absent eyelashes and ulcers.
§Approximately 2% of literature cases were reported to have rotated or low set ears or deafness [77]. 
DC: Dyskeratosis congenita; DCR: Dyskeratosis Congenita Registry.

Dyskeratosis congenita & related telomere biology disorders
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also have significant developmental delay, intrauterine growth 
 retardation,  immunodeficiency and nonspecific enteropathy.

Revesz syndrome
In 1992, Revesz et al. described a patient with bilateral exudative 
retinopathy at 6 months of age, who subsequently developed 
severe BMF [71]. Additional features of RS include intrauterine 
growth retardation, intracranial calcifications,  developmental 
delay, fine sparse hair, nail dystrophy and other features that 
overlap with DC. The discovery of very short telomeres and 
TINF2 mutations in patients with DC proved that RS is a 
clinically severe variant of DC [53]. The specific diagnosis of 
RS requires the identification of exudative retinopathy, which 
must be distinguished from proliferative retinopathy, reported 
in non-RS DC [72].

Coats plus/CRMCC
The disorder known as Coats plus or CRMCC bears both clinical 
and etiological similarities to DC. Coats plus/CRMCC is charac-
terized by bilateral exudative retinopathy, retinal telangiectasias, 
growth retardation, intracranial calcifications, bone abnormalities 
and gastrointestinal vascular ectasias. Some patients may also have 
dystrophic nails, sparse or graying hair and anemia. The clinical 
characteristics overlap with those of DC, and especially with RS, 
in which intracranial calcifications have also been reported [71]. 
Exome sequencing revealed that Coats plus is caused by com-
pound heterozygous mutations in CTC1 [8,9,44], a gene involved 
in telomere maintenance that, when mutated, can also cause DC 
(as mentioned earlier). Furthermore, like DC patients, Coats plus 
patients have telomeres that are below the first percentile for age; 
heterozygous mutation carriers have telomere lengths that are 
below average [8].

Aplastic anemia
Aplastic anemia is a heterogeneous BMF 
syndrome that can present at any age. 
Its etiology is multifactorial, and there 
are both inherited and acquired forms. 
The acquired form of aplastic anemia is 
typically immune-mediated and related 
to environmental exposures, infections 
or idiosyncratic reactions to medications. 
Patients with an inherited BMF syndrome 
can present with aplastic anemia as the pri-
mary feature. Primary presentation with 
aplastic anemia has also been reported in 
Fanconi anemia (FA) and Shwachman–
Diamond syndrome, but may be more 
common in DC.

AD germline mutations in TERC and 
TERT have been reported to cause aplastic 
anemia in a subset of patients. Notably, a 
detailed review of the family history of 
patients with aplastic anemia may reveal 
disorders also seen in DC, such as pul-
monary fibrosis, mild cytopenias, leuke-

mia or squamous cell cancer. Identification of such patients is 
critical in order to optimize treatment modalities, since these 
individuals may have an underlying DC-related telomere  biology 
disorder.

Pulmonary fibrosis
Idiopathic pulmonary fibrosis is a complex, multifactorial dis-
ease that leads to progressive lung scarring and fibrotic changes. 
The majority of cases are sporadic with a limited number of 
known environmental risk factors. Importantly, it is now known 
that a subset of cases of pulmonary fibrosis is due to an under-
lying inherited telomere biology disorder. Germline AD muta-
tions in TERC and TERT have also been reported as a cause of 
pulmonary fibrosis in 5–10% of cases who also have a family 
history of a telomere biology disorder, such as aplastic anemia 
or nonalcoholic/noninfectious liver disease. Short telomeres, in 
the absence of a known germline mutation, may also be a risk 
factor for the development of pulmonary fibrosis in the general 
population [73]. Large, population-based studies are required 
to further understand the connection between telomere biol-
ogy and pulmonary fibrosis in individuals without an obvious 
family history.

Nonalcoholic/noninfectious liver disease
Patients with DC have been reported to have noncirrhotic portal 
hypertension, hepatic fibrosis and hepatopulmonary syndrome. 
The connection between the hepatic consequences of aberrant 
telomere biology was made in a study of individuals with appar-
ently isolated liver disease due to germline mutations in TERT 
or TERC [12]. In that study, noninfectious, nonalcoholic liver dis-
ease was present as an isolated finding in individuals with muta-
tions and relatives with BMF who had the same mutation. This 

Figure 3. The telomere biology disorders are caused by aberrant function of 
different aspects of telomere maintenance. Short telomeres and the clinical features 
are a consequence of the molecular defect.  
AA: Aplastic anemia; AML: Acute myeloid leukemia; DC: Dyskeratosis congenita; 
HF: Hepatic fibrosis; HH: Hoyeraal–Hreidarsson syndrome; IPF: Idiopathic pulmonary 
fibrosis; RS: Revesz syndrome; SCC: Early-onset head and neck or anogenital squamous 
cell cancer.
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suggests that a subset of these patients have 
an underlying telomere biology disorder 
and need to be treated as such.

Clinical management of DC & the 
related telomere biology disorders
Evidence-based clinical care guidelines 
have not yet been  developed for DC. 
However, our understanding of the clini-
cal complications in DC is improving due 
to increased numbers of studies of DC.

Genetic counseling & testing
It is important to identify the genetic cause 
of DC in families in order to begin to tailor 
medical management and to better under-
stand disease etiology. Genetic education 
and counseling is extremely important for 
all individuals and families undergoing 
genetic testing for DC or any of the related 
telomere biology disorders. Individuals 
being tested should be given information 
on the clinical spectrum of the DC-related 
telomere biology disorders, on the modes 
of inheritance, and implications for the 
entire family. The identification of clini-
cally affected and silent carriers of specific 
mutations has additional implications that 
must be addressed. Individuals undergo-
ing testing need to understand that future 
medical complications cannot be pre-
dicted but they can be monitored.

Identification of the genetic causes of 
DC and the telomere biology disorders 
is also important for reproductive plan-
ning by individuals in families with these 
disorders. Carriers of a germline muta-
tion may choose to have prenatal testing 
or to undergo  preimplantation genetic 
diagnosis [74].

Surveillance & management
There are no current, evidence-based data 
on screening strategies for patients with 
DC [75]. Consequently, the management 
of DC is based, in part, on the guidelines 
 developed for FA [76]. FA is another rare 
cancer-prone IBMFS with similar com-
plications, including BMF, cancer and 
 developmental problems [77]. Regardless, 
each patient must have a clinical manage-
ment plan tailored to his or her specific 
needs. Suggestions for clinical surveillance 
of patients with telomere biology disorders 
are shown in  Table 2.

Table 2. Clinical surveillance guidelines for individuals with 
dyskeratosis congenita.

Problem Suggested surveillance

BMF Management depends on the severity. If CBCs are normal, consider 
an annual CBC to identify trends and early manifestations

Baseline bone marrow aspiration and biopsy with careful 
morphologic examination and cytogenetic studies. Consider yearly 
bone marrow evaluation

CBCs and bone marrow evaluation should be obtained more 
frequently if cytopenias are present and at the discretion of the 
primary hematologist

BMF – patients on 
androgens

Special monitoring is required for patients on androgens for BMF

Check liver function tests prior to starting and then every 3 months

Perform liver ultrasound examination prior to initiation and 
semiannually for adenomas, carcinomas or fibrosis

Check cholesterol and triglycerides prior to starting and every 
6 months

Carefully follow growth and obtain baseline bone age in pediatric 
patients. Consider endocrinology evaluation

Cancer Most solid tumors develop after the first decade of life. Patient 
should be taught how to perform a monthly self-examination for 
oral, head and neck cancer

Annual cancer screening by a dentist and an otolaryngologist. 
Follow oral leukoplakia carefully and biopsy any changes or 
suspicious sites

Annual gynecologic evaluation for females

Annual dermatologic evaluation

Pulmonary fibrosis Annual pulmonary function tests are recommended at diagnosis or 
at an age when the patient can properly perform the test. Early 
evaluation for shortness of breath or unexplained cough

Counsel patients to stop smoking, if applicable

Dental and 
otolaryngology

Dental hygiene and screening every 6 months

Maintain good oral hygiene

Inform the primary dentist of the patient’s increased risk of oral, 
head and neck squamous cell cancers

Carefully monitor oral leukoplakia and biopsy suspicious lesions 
early

Ophthalmic Annual (or more frequent, if needed) examination to detect/correct 
vision problems, abnormally growing eyelashes, blocked tear ducts 
and to look for retinal changes, bleeding, cataracts and glaucoma

Endocrinology Baseline bone density scan to evaluate for osteopenia. Follow-up 
bone density scans yearly or as recommended by physician

Careful monitoring of growth and evaluation as needed

Development Thorough evaluation for developmental delay and therapy/support, 
as needed

Gastrointestinal 
and hepatic

Evaluate for clinical history suspicious for esophageal stenosis 
and/or enteropathy and refer as needed. Obtain baseline liver 
function tests and use caution when administering potential 
hepatotoxic medications

These are guidelines only. The primary treatment team should tailor a plan to address each patient’s specific 
need(s).
BMF: Bone marrow failure; CBC: Complete blood count.
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Bone marrow failure
Clinically significant cytopenias are a major problem for patients 
with DC and the related telomere biology disorders. In many 
instances, BMF may be the presenting feature of this spectrum of 
illnesses. All patients with new-onset BMF should first be evalu-
ated for FA by chromosome breakage analysis. If that test is nor-
mal, clinical telomere length testing should be performed using 
peripheral blood leukocytes [64].

The FA consensus guidelines are often used for DC since 
the complications in the disorders are somewhat similar. As in 
FA, BMF in patients with DC does not respond to immuno-
suppressive medications [78], leaving allogeneic hematopoietic 
stem cell transplant (HSCT), the only opportunity to cure 
the bone marrow defect. Data on the outcome after HSCT in 
patients with DC are sparse, and consist primarily of case reports 
or small case series [79–87]. The outcomes have generally been 
poor, with complications including graft failure, pulmonary 
fibrosis, liver disease and graft-versus-host disease. Consequently, 
HSCT for DC should be performed at centers experienced with 
this rare disorder. Reduced-intensity regimens are being studied 
at a few institutions in order to improve long-term outcomes.

It is very important to test potential related bone marrow donors 
prior to HSCT because of the clinical heterogeneity of DC and 
the presence of silent carriers. For example, there are two case 
reports of a related HSCT donor being identified as a mutation 
carrier only after either failure to engraft or failure to mobilize 
stem cells for their relative with DC. This resulted in failure of 
the HSCT and death of the patients [88,89].

Androgens may be considered in patients with severe BMF who 
do not have a suitable HSCT donor or who are not eligible for 
HSCT. Oxymethalone is the most commonly used androgen in 
DC-related BMF, but several investigators are studying danazol 
in this setting. Approximately half of patients with DC appear 
to respond to androgens and no longer require red blood cell or 
platelet transfusion support [90]. However, patients with DC may 
be more sensitive to androgen-related side effects, such as poor liver 
function, abnormal lipid and cholesterol levels and risk of liver 
adenomas. Hematopoietic growth factors may be useful in BMF. 
Unfortunately, splenic peliosis and splenic rupture were reported in 
two individuals with DC who received the combination of andro-
gens and G-CSF [91]. G-CSF with erythropoietin has occasionally 
been useful but should not be used in combination with androgens.

Pulmonary fibrosis
Patients with DC are at high risk of pulmonary fibrosis. 
Pulmonary fibrosis may be the presenting sign of a DC-related 
telomere biology disorder or it may develop at any time. Notably, 
in individuals with TERT or TERC mutations, pulmonary 
fibrosis, even in the elderly, may be the presenting feature in a 
family. There are no genotype–phenotype data on the relation-
ship between specific causative genes and pulmonary fibrosis in 
patients with classic DC. Pulmonary fibrosis appears to occur 
at an earlier age in DC patients after HSCT compared with 
patients with DC who did not undergo HSCT [92]. However, 
this observation is probably multifactorial. Patients with DC who 

undergo HSCT may be more clinically severe than those who 
do not and the HSCT itself can increase the risk of pulmonary 
fibrosis. Lung transplantation for pulmonary fibrosis after HSCT 
has been successfully reported in one patient with DC. Other 
than lung transplantation, the management of telomere biology 
disorder-related pulmonary fibrosis is primarily supportive with 
 administration of supplemental oxygen.

Expert commentary
The last decade of basic science and clinical studies has greatly 
improved our knowledge of the etiology of DC and of telomere 
biology. Understanding of the molecular aspects of telomere func-
tion and regulation has advanced, in part, due to study of the 
defects identified in DC. However, much more remains unclear.

Detailed phenotypic studies of all patients with telomere biol-
ogy disorders, including DC and the related disorders, and their 
family members are critical to improve our understanding of the 
clinical consequences of this disorder. The spectrum of the clini-
cal features associated with DC-related telomere biology disor-
ders is growing and the clinical community requires improved 
understanding of this overlap. Proper diagnosis of these complex 
disorders is especially important in order to perform appropriate 
cancer screening and genetic counseling.

Ongoing studies utilizing whole exome and whole genome 
sequencing are underway in all of the disorders described herein. In 
the very near future, the underlying genetic causes of the telomere 
biology disorders will be known, leading to improved understand-
ing of the underlying molecular biology. The major goal of all of 
these studies should be to improve clinical outcomes. Therapeutics 
aimed at lengthening or stabilizing telomeres in patients with DC 
have the theoretical potential to improve outcomes, but there are 
none currently being studied in humans. Multicenter studies of the 
optimal HSCT regimen for DC are required in order to develop 
the regimen with the least toxicity and best long-term outcomes. As 
with any rare disease, scientific collaboration between investigators 
around the world and from many disciplines is crucial to advance 
understanding of DC  etiology and to improve outcomes.

Five-year view
In the next 5 years the authors predict that improvements in HSCT 
for DC will be developed, the majority of families will know the 
genetic etiology of their disease, a better appreciation of the clini-
cal and genetic overlap between the telomere biology disorders 
will be attained, exploration of genetic and environmental modi-
fiers may begin to elucidate the underlying mechanisms of disease 
heterogeneity and development of targeted therapeutics will begin.
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Key issues

• Dyskeratosis congenita (DC) is clinically and genetically heterogeneous.

• Individuals with aplastic anemia, pulmonary fibrosis or liver disease may have a telomere biology disorder that biologically overlaps 
with DC.

• DC, Hoyeraal–Hreidarsson syndrome, Revesz syndrome and Coats plus/cerebroretinal microangiopathy with calcifications and cysts are 
clinically and biologically related.

• Patients with telomere biology disorders may be at increased risk of cancer and bone marrow failure.

• Other than hematopoietic stem cell transplantation for bone marrow failure and lung transplantation for pulmonary fibrosis, there are 
no durative therapeutic modalities.
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