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Abstract

Background—Dyskeratosis congenita (DC), an inherited bone marrow failure syndrome
(IBMFS), is caused by defectsin telomere biology which result in very short germline telomeres.
Telomeres, long nucleotide repeats and a protein complex at chromosome ends, are essential for
chromosomal stability. Several association studies suggest that short telomeres are associated with
certain psychiatric disorders, including mood disorders and schizophrenia. There are two casesin
the literature of schizophrenia and DC occurring as co-morbid conditions. We noted that many
patients with DC in our cohort had neuropsychiatric conditions.

Methods—Subjects were participantsin NCI's IBMFS prospective cohort study. Psychiatric
evaluation was incorporated into our clinical assessment in January 2009. Fourteen DC or DC-like
patients, including six children, were evaluated in this study through in person interview by either
apsychiatrist specialized in psychosomatic medicine or a child and adolescent psychiatrist.

Results—Three of the six pediatric subjects, and five of the eight adults had a neuropsychiatric
condition such as amood, anxiety, or adjustment disorder, intellectual disability, attention deficit
hyperactivity disorder, or pervasive developmenta disorders. The lifetime occurrence of any of
these disordersin our study was 83% in pediatric subjects and 88% in adults. Notably, the
literature reports neuropsychiatric conditions in 25% and 38% in chronically ill children and
adults, respectively.

Conclusion—This pilot study suggests that patients with DC may have higher rates of
neuropsychiatric conditions than the general population or other chronically ill individuas. This
potential link between very short telomeres and neuropsychiatric conditions warrants further
study.
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INTRODUCTION

Dyskeratosis congenita (DC) is an inherited bone marrow failure syndrome (IBMFS) caused
by defects in telomere biologyl2. It is characterized by the classic triad of dysplastic nails,
lacy reticular skin pigmentation, and oral leukoplakia (Figure 1). However, the triad may
develop at variable rates. DC is associated with very high rates of bone marrow failure
(BMF), which affects approximately half of all patients by age 50 years>. This can be
associated with myel odysplastic syndrome and, potentially, evolution to acute myelogenous
leukemia (AML). Patients with DC have an estimated 11-fold increased risk of cancer
compared with the general population. These cancersinclude AML, squamous cell head and
neck or anogenital cancers®. Patients with DC are also at high risk of numerous other
medical problems, including pulmonary fibrosis, liver disease, and stenosis of the
esophagus, urethra, and/or lacrimal ducts, as well as avascular necrosis of the hips or
shoulders. Specific treatment for DC-related complicationsis primarily supportive and
requires a multi-disciplinary, personalized approach. Hematopoeitic stem cell
transplantation is the only curative therapy for BMF but is limited by significant hepatic,
pulmonary, and other side effects®8. Oral androgens can be effective in improving blood
counts in patients with DC1-2, However, side effects such as liver toxicity, virilization, or
mood swings can limit their tolerability.

The prevalence of DC in the general population is unknown. Approximately 300 cases have
been identified in aregistry study from the U.K.2 and more than 70 individuals with DC
have been evaluated in the National Cancer Institute’'s IBMFS study3. Advancesin
understanding of the clinical consequences of aberrationsin telomere biology’ and the
development of a diagnostic test for DC have led to increased recognition of this complex
disorder8.

Telomeres are long nucleotide repeats and a protein complex at chromosome ends that are
essential for chromosomal stability”:2. They shorten with each cell division dueto the
inability of DNA polymerases to replicate the 3' end of linear DNA. When telomeres reach
acritical length, cellular senescence or apoptosis are triggered. Thus, telomeres are a marker
of cellular replicative capacity and aging. In approximately 60% of patients, germline
mutations in one of seven different telomere biology genes cause DC: DKCI (X-linked
recessive), 7TERC (autosomal dominant), 7ERT (autosomal dominant and recessive), 7/INF2
(autosomal dominant), and the autosomal recessive genes NHP2,NOP10, and WRAP53
(TCAB1) 81011 (Figure 2) . Telomeres are exceedingly short in patients with DC810,

Epidemiologic studies have identified associations between shorter germline (eg., blood or
buccal cell DNA) telomere length and psychiatric disorders such as major depressive
disorder1213 bipolar disorderl3, schizophrenial4, and post-traumatic stress disorder (PTSD)
in adulthood following childhood traumal®. Shorter germline telomeres are also noted in
adult caregivers of chronically ill children and subjects with other psychosocial stressorsté,
and in chronically institutionalized children from Romanial’. In addition, one study found
reduced levels of lymphocyte telomerase, the reverse transcriptase that extends the telomeric
nucleotide repeats, in individuals with schizophrenial®. However, a study of telomere length
in cerebellar neurons did not find an association between telomere length and serious
psychiatric illness!®.

Psychosomatics Author manuscript; availablein PMC 2013 May 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rackley et al.

METHODS

RESULTS

Page 3

There are limited data on the relationship between DC and neuropsychiatric conditions.
Developmental delay is present in two clinically severe forms of DC: Hoyeraal -Hreidarsson
syndrome?0.1, which includes cerebellar hypoplasia and immunodeficiency, and Revesz
Syndrome?:1, which includes bilateral exudative retinopathy and intracranial calcifications.
Schizophrenia has been reported as a co-morbid condition in two adults with DC2223, but to
our knowledge there have been no other reports of neuropsychiatric conditions associated
with DC. We noted that several subjectsin our prospective cohort study of DC had
significant neuropsychiatric symptoms. This descriptive report presents the results of clinical
psychiatric evaluation in a consecutive subset of our patients.

Patients with DC and their families were followed at the National Cancer Institute (NCI) as
part of the IRB-approved study entitled “Etiologic Investigation of Cancer Susceptibility in
Inherited Bone Marrow Failure Syndromes (IBMFS)” (http://marrowfailure.cancer.gov,
protocol number 02-C-0052, NCT00027274)3 which opened to patient accrual in 2002. This
protocol includes detailed medical record review, physical examination, |aboratory
evaluations, telomere length measurement by flow cytometry with fluorescence /in situ
hybridization of leukocyte subsets?, genetic counseling, and genetic testing. Patients were
classified as having DC if they had at least two of the three features of the diagnostic triad,
or one of thetriad plus either hypoplastic bone marrow or at least two other somatic
features, such as esophageal stenosis, epiphora, dental abnormalities, liver disease, or
pulmonary fibrosis?*. All patients with DC had very short (<1 percentile for age) telomeres
in leukocyte subsets. “DC-like” patients represent aless clinically significant variant of DC
but still have very short telomeres!. Patients were classified as “DC-like” if they had bone
marrow failure, very short telomeres, and features suggestive of DC, but only one or no
mucocutaneous findings.

Over time, and as the number of participants with DC increased, we noted that the frequency
of neuropsychiatric conditionsin DC seemed higher than expected based on our experience
with patients who have different IBMFS. Therefore, routine psychiatric diagnostic
evaluation was incorporated into clinical evaluations of patients with DC during their visit at
the NIH Clinical Center (CC) starting in January 2009. Adult subjects met with a
psychiatrist specializing in psychosomatic medicine and pediatric subjects and their parents
were seen separately and together by a child and adolescent psychiatrist for aclinical
diagnostic interview during the course of their stay at the CC. The psychiatrist reviewed
current and past psychiatric symptoms, and diagnoses, if present, were made according to
DSM-1V TR criteria?>. Diagnoses were recorded in the subject’s chart and the research
database along with demographic and medical information, and genotype when known.

A total of ten individuals with classic DC and four DC-like subjects were evaluated at the
NIH CC over 28 months between January 2009 and April 2011 (Table 1). There were six
females and eight males, with a median age of 18.5 years (range 9 to 50 years). Six subjects
were in the pediatric age group (less than 18 years old). One of the subjects with DC met
clinical criteriafor the Hoyeraal-Hreidarsson Syndrome.

In total, three pediatric subjects (50%) and five adults (63%) met current DSM-1V TR
criteriafor at least one neuropsychiatric condition (Table 2). Primary psychiatric disorders
(mood, anxiety, psychotic, and adjustment disorders) were present in 2 (33%) pediatric and
4 (50%) adult subjects; neurocognitive disorders (attention deficit hyperactivity disorder
[ADHD], intellectual disability [“Mental Retardation” in DSM-1V nomenclature], learning
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disabilities, and pervasive developmental disorders) were present in 2 (33%) pediatric and 2
(25%) adult subjects. Overall, the presence of any neuropsychiatric diagnosisin pediatric
and adult subjects increased to 83% and 88%, respectively, when past diagnoses were
included (Table 2). Only one pediatric (17%) and one adult (13%) subject had never met
criteriafor any DSM-IV diagnosis, and both of these patients had the classic DC triad. One
pediatric patient had three diagnoses, including ADHD, history of learning disorders
(reading disorder and disorder of written expression), and mood disorder not otherwise
specified (NOS). Four adult patients with classic DC had more than one disorder.
Specifically, one patient with DC had pervasive developmental disorder NOS and
intellectual disability; one had intellectual disability and major depressive disorder; one with
current adjustment disorder and previous panic disorder and major depressive disorder;
another had a current anxiety disorder NOS and a previous psychotic disorder NOS.

Mood disorders occurred most frequently, affecting three of the six (50%) pediatric subjects
(two with major depression, one with possible bipolar disorder) and three of the eight (38%)
adult subjects (all with major depression). Anxiety disorders (including social phobia, panic
disorder, generalized anxiety disorder, and possible obsessive compulsive disorder, 38%),
adjustment disorders (25%), and intellectual disability (25%) were also common in adult
subjects. Learning disorders (reading disorder, disorder of written expression, and
developmental speech disorder, 33%) and ADHD (33%) were present in pediatric subjects.

DISCUSSION

This study provides pilot data suggesting that DC and DC-like patients may have a high
occurrence of neuropsychiatric disorders requiring clinical attention. In our study, the
proportion of pediatric (50%) and adult (75%) subjects having experienced a primary
psychiatric disorder during their lifetime was much higher than the 25% commonly reported
for chronically ill children?® and 38% found in medically ill adults?’. Patientswith DC in
our study experienced a range of primary psychiatric disorders but mood disorders were the
most common. Neurodevel opmental disorders were also very common in this sample, with
half of pediatric subjects and a quarter of adult subjects carrying these diagnoses.

The strengths of our study include detailed clinical, laboratory, and genetic analyses of all
patients reported. The small sample sizeis alimitation of the study and makes analysis of
prevalence rates relative to the general population and other medically ill patients difficult,
but the rarity of the disorder limited accrual of alarger sample. Another limitation is the use
of clinical interview, rather than structured diagnostic tools, to assess for neuropsychiatric
disorders. Our study population may also have been weighted toward more impaired
individuals, asit was limited to the subset of patients with DC and their family members
who were motivated to travel to the NIH CC for an in-person assessment of their DC.

Our data suggest that routine screening for neuropsychiatric conditions and referral to
specialty mental health services asindicated may be an important component of
comprehensive clinical care for patients with DC. In addition, the relative frequency of
intellectual disability, pervasive developmental disorders, and learning disordersin our
patient population suggests a need for early neuropsychological assessment of pediatric
patients with suspected DC in order to help guide academic and therapeutic interventions.
More generally, a psychosomatic psychiatrist caring for a patient with DC can also
collaborate with other members of the patient’s medical team to help the patient enhance
their adherence to secondary and tertiary prevention recommendations (such as tobacco or
sun avoidance, cancer screening, bone marrow evaluations, and health maintenance
recommendations) and help patients cope with the psychosocial disruptions that accompany
achronic illness such as DC. Monitoring for neuropsychiatric sequelae of DC complications
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or treatments, such as side effects of androgen therapy, is also an important component of
DC-related clinical care.

Patients with DC may be a key population in which to study potential links between
telomere biology and brain disorders. A future study with larger sample sizes and validated
diagnostic measures would help to clarify whether rates of psychiatric and/or developmental
disordersin this population do indeed exceed those in other chronically ill patientsand in
healthy controls. Studiesin this population could shed light on whether short telomeres
predispose patients to develop certain neuropsychiatric conditions, whether telomere
shortening is a downstream consequence of the physical effects of psychiatric symptoms and
stress, and/or whether neuropsychiatric conditions and telomere shortening are both
expressions of another common biological insult. Genotype-phenotype correlations between
genes mutated in DC and neuropsychiatric disorders may also yield important information
on the contribution of these genes to neurodevel opment.

In summary, this case series provides pilot data suggesting a high occurrence of
neuropsychiatric conditions among patients with DC. Our findings suggest that careful
screening for psychiatric symptoms and developmental disorders may be indicated among
patients with DC. Further study with this population also has the potential to yield
significant insights into the pathobiological connections between telomere biology and
development of neuropsychiatric conditions.
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figure 1. Thediagnostic triad of dyskeratosis congenita

A.) dysplastic fingernails, B.) dysplastic toenails, C.) oral leukoplakia, D.) abnormal skin
pigmentation.

Psychosomatics. Author manuscript; availablein PMC 2013 May 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rackley et al.

Page 8
y L\ __]N
| [
g =
~
Autosomal - ——->
Dominant =/ 5—
~
h ]
N/ 5
3
.‘[m HININ S
TIN2 \ ## X-linked
Recessive
DKC1
7 TERC |
Autosomal — NHP2
Dominant TERT
WRAP53 ~'
I Autosomal
Autosomal Autosomal Dominant Recessive
Recessive

& Recessive

Figure 2. Telomere structure and genesimportant in dyskeratosis congenita (DC)

Telomeres consist of long (TTAGGG),, nuclectide repeats and a protein structure, termed
shelterin, at chromosome ends. The telomerase enzyme complex consists of TERT, TERC,
DKC1, NOP10, NHFZ, and GARI (not shown). WRAP53 codes for TCAB1 which
transports telomerase. 7/N/F2codes for TIN2, a component of the shelterin telomere
protection complex. The inheritance pattern of mutations in these genesis noted.
Approximately 60% of patients with classic DC will have a germline mutation in one of
these genest.

Abbreviations. 7/NFZ2, TRF1-interacting nuclear factor 2; TERT, telomerase; TERC,
telomerase RNA component; DK'C1, dyskerin; NOP10, NOLA3, nucleolar protein family A,
member 3; NHPZ, NOLA2, nucleolar protein family A, member 2; WRAP53, telomerase
cajal body associated protein 1 (TCABL)
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