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Abstract

TERC variant telomere biology disorders (TBDs) are a rare, heterog-
enous group of disorders that arise from germline variants in TERC, a 
gene that encodes for the RNA component of telomerase. Variants in 
TERC lead to accelerated telomere attrition and can manifest as many 
different phenotypes. In this case series, we aimed to add to the literature 
describing TERC variant TBDs by reporting cases from two unrelated 
families from Atlantic Canada. The first case, a previously described 
germline TERC variant, n.107G>T (NR_001566.1), was identified in a 
young woman with myelodysplastic syndrome (MDS) and found to seg-
regate with cytopenias in the family. This case represents a unique phe-
notypic presentation: this variant has not previously been described in 
patients with MDS and adds important segregation data to the literature. 
The second case, a novel TERC n.437T>G variant, was identified in a 
patient with both aplastic anemia and pulmonary fibrosis manifesting 
in his early 30s. We report these novel cases of germline TERC variants 
in order to help clinicians recognize TBDs, as well as to add important 
supporting information for the pathogenicity of these variants.
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Introduction

Telomere biology disorders (TBDs) are a heterogenous group 

of rare disorders that arise from germline variants in genes 
that encode components of telomerase and/or telomere main-
tenance genes [1]. Variants in these genes can lead to signifi-
cantly shortened telomere lengths and can impact multiple 
organ systems [1]. Advances in genetic sequencing and its 
increased use in clinical medicine have helped expand our 
awareness and understanding of TBDs; however, they are fre-
quently unrecognized and underdiagnosed. Of the numerous 
genes that have been identified as being implicated in TBDs, 
TERC is one of the most frequently reported [2]. TERC en-
codes the RNA component of telomerase, an important DNA 
polymerase that helps maintain the integrity of telomeres [1]. 
Pathogenic TERC variants are inherited in an autosomal dom-
inant manner and have been found to result in short telomere 
length, reduced telomerase activity and accelerated telomere 
attrition [3].

To date, there are over 60 TERC variants reported to be 
associated with TBDs [2]. Given the heterogenous presenta-
tions of TERC variant TBDs, it is important to report novel 
TERC variants or/and novel phenotypes of previously report-
ed TERC variants to help clinicians recognize and diagnose 
these TBDs. Making this diagnosis carries important impli-
cations for the management of patients and their families. 
We aimed to add to the literature of TERC variant TBDs by 
describing two unrelated families from Atlantic Canada with 
two different germline TERC variants, one of which is a novel 
variant and the other a novel phenotype of a previously re-
ported TERC variant.

Case Reports

Family A

Proband A (III-1), a 33-year-old Caucasian female of non-
Finnish European descent, was referred to our center’s inher-
ited hematologic malignancy clinic. She originally presented 
with severe thrombocytopenia and macrocytic anemia at age 
19, while pregnant. During the pregnancy, her platelets (PLT) 
and hemoglobin (HGB) progressively declined, reaching a na-
dir of 38 × 109/L and 80 g/L, respectively, at 33 weeks ges-
tational age. A bone marrow aspiration and biopsy were per-
formed at the end of the second trimester of pregnancy and 
revealed multilineage dysplasia, 1% blasts and normal cytoge-
netics. She had no other issues throughout the pregnancy and 
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delivered a healthy girl (IV-1) via spontaneous vaginal delivery 
at 37 + 5 weeks gestational age. Although HGB and PLT count 
improved post-partum, she continued to have a mild macro-
cytic anemia and thrombocytopenia. A second bone marrow 
aspiration and biopsy done post-partum showed ongoing mul-
tilineage dysplasia with 1% blasts and normal cytogenetics. 
She was diagnosed with low risk myelodysplastic syndrome 
(MDS) with a Revised International Prognostic System (R-IP-
SS) score of 2.5. She has a very rare human leukocyte antigen 
(HLA) type with no available sibling matches (Fig. 1).

Proband A had two additional pregnancies, with the last 
being complicated by a premature rupture of membranes at 29 
weeks’ gestation and preterm delivery of a girl (IV-3) at 31 
weeks’ gestation via cesarean section. Proband A’s past medi-
cal history was also significant for premature graying of hair as 
a teenager. Proband A has remained asymptomatic and transfu-
sion independent with stable moderate thrombocytopenia and 
macrocytosis for the subsequent 13 years without the need for 
any disease-directed therapies.

Proband A’s father (II-6) was diagnosed with MDS at the 
age of 53 years and he died within a year of diagnosis. There 
was no history of hematologic malignancy nor hematologic 
abnormalities on the maternal side of the family. Proband A 
has two siblings, one of whom is healthy and had a normal 
complete blood cell count (CBC) (III-2), but the hematologic 
status of her other sibling is unknown (III-3).

Given the significant family history, proband A’s three 
children were referred to pediatric hematology for evaluation. 
The two youngest children, one male and one female, were 
found to have leukopenia and thrombocytopenia as well as 

macrocytosis at ages 11 years (IV-2) and 9 years old (IV-3), 
respectively (Table 1). The male (IV-2) was otherwise healthy 
with normal physical examination. The youngest daughter (IV-
3) was born prematurely, had a history of easy bruising and 
had scattered ecchymosis and numerous dental caries on ex-
amination. The eldest (IV-1), a 12-year-old girl, was healthy, 
with normal physical examination, and no CBC abnormalities.

Germline genetic testing using a 41-gene Hereditary Leu-
kemia Next Generation Sequencing (NGS) Panel (BluePrint 
Genetics) was conducted for proband A using DNA extracted 
from cultured skin fibroblasts and revealed a heterozygous 
germline TERC n.107G>T (NR_001566.1) variant. Tumor-
based testing from peripheral blood using the Ilumina TruSight 
Myeloid panel (a 54-gene NGS panel) identified a somatic 
missense variant in a splicing factor gene (U2AF1 c.101C>T, 
pS34F). Notably, TERC is not included within the TruSight 
Myeloid panel and hence this variant was not detected in the 
patient’s blood sample. Telomere length (TL) was less than 
the first percentile for age for total lymphocytes and all lym-
phocyte subsets. Proband A’s three children underwent tar-
geted familial variant testing for the germline TERC variant, 
and the two youngest children were found to be heterozygous 
for the same variant. The eldest child, with normal CBC, did 
not inherit the variant and had normal TL whereas the son and 
younger daughter both had TL less than the first percentile 
for age for total lymphocytes and all lymphocyte subsets. The 
son’s bone marrow aspiration and biopsy showed a normo-
cellular marrow with no dysplasia, no increase in blasts and 
normal cytogenetics and the younger daughter’s bone marrow 
aspiration and biopsy showed rare dysplastic erythroblasts and 

Figure 1. Pedigree of family A. Roman numerals indicate generations and arabic numbers indicate individuals. The proband is 
indicated by an arrow. The individuals who are heterozygous for the TERC n.107G>T are marked with a +. Individual(s) who 
were tested for TERC n.107G>T and did not have the variant (wild type) are marked with a -. Phenotypes are represented by 
the following colors: red signifies solid organ malignancy, blue signifies cytopenia and green signifies myelodysplastic syndrome.
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megakaryocytes not meeting criteria for MDS (Table 1). HLA 
typing of all three children and the proband confirmed shared 
maternity and paternity status.

Family B

Proband B (III-2), a male of mixed French (maternal) and 
Scandinavian descent (paternal), presented at age 35 years 
with complaints of generalized fatigue and shortness of breath. 
Investigations revealed a mild macrocytic anemia (HGB 124 
g/L (mean corpuscular volume (MCV) 104.5)), thrombocyto-
penia (PLT 95 × 109/L) and a normal neutrophil count. Bone 
marrow biopsy and aspiration showed a markedly hypocellu-
lar marrow for age (20-30% cellularity), consistent with non-
severe aplastic anemia (AA) (Table 1). Computed tomogra-
phy scan was consistent with diagnosis of pulmonary fibrosis 
(PF) and pirfenidone was started. His past medical history was 
notable for childhood asthma managed with bronchodilators 

as needed, premature graying of the hair starting at age 19, 
type 2 diabetes managed with oral anti-hyperglycemics, obe-
sity and a cholecystectomy. He smoked approximately half a 
pack of cigarettes daily. Further investigations revealed nor-
mal mitomycin C and diepoxybutane chromosomal breakage 
tests and no evidence of a paroxysmal nocturnal HGB clone; 
however, telomere lengths were markedly abnormal, measur-
ing less than the first percentile for age for total lymphocytes 
and all lymphocyte subsets, suggestive of an underlying TBD 
(Fig. 2).

Proband B’s family history was significant for PF and 
solid tumors. His mother (II-2) and maternal uncle (II-3) both 
died from complications of PF. His maternal grandfather (I-
3), who worked as a coalminer, died from pulmonary disease 
presumed to be coal worker’s pneumonoconiosis, however, in 
retrospect, was suspicious for PF. Proband B’s sister (III-1), 
who was also a smoker, died from oral cancer at age 32. She 
had four children (IV-1-4), but their medical history and health 
status is unknown. The family history of the proband’s pater-

Table 1.  Summary of Phenotypic Characteristics and Relevant Diagnostic Investigations in the Individuals From Families A and B

Phenotypic characteris-
tics suggestive of TBDs

Age at 
diagnosis

CBC at time 
of diagnosis

Bone mar-
row biopsy

Telomere 
length (TL)

TERC variant 
(NR 001566.1)

Proband A 
(A III-1)

Early graying of 
hair, myelodysplastic 
syndrome

19 HGB 82 g/L (MCV 
113), PLT 59 × 
109/L, WBC 8.9 × 
109/L (ANC 6.37)

Multilineage 
dysplasia, 1% blasts, 
normal cytogenetics

TL less than the 
first percentile 
for age for total 
lymphocytes and 
all lymphocyte 
subsets

TERC n.107G>T 
(heterozygous)

Proband 
A’s eldest 
daughter 
(A IV-1)

None N/A HGB 149 g/L, PLT 
245 × 109/L, WBC 
6.21 × 109/L

Not performed TL within 
normal limits

Wild type

Proband A’s 
son (A IV-2)

None 11 HGB 128 g/L (MCV 
95.6), PLT 160 × 
109/L, WBC 3.42 × 
109/L (ANC 1.54)

Overall 
unremarkable 
including no 
dysplasia, no 
increase in blasts and 
normal cytogenetics

TL less than the 
first percentile 
for age for total 
lymphocytes and 
all lymphocyte 
subsets

TERC n.107G>T 
(heterozygous)

Proband A’s 
youngest 
daughter 
(A IV-3)

Pre-term birth, 
dental carries

10 HGB 128 g/L (MCV 
101.1), PLT 35 × 
109/L, WBC 4.36 × 
109/L (ANC 2.03)

Rare dysplastic 
erythroblasts and 
megakaryocytes 
but overall, 
no significant 
abnormality

TL less than the 
first percentile 
for age for total 
lymphocytes and 
all lymphocyte 
subsets

TERC n.107G>T 
(heterozygous)

Proband B 
(B III-2)

Pulmonary fibrosis, 
premature graying of hair

35 (aplastic 
anemia); 36 
(pulmonary 
fibrosis)

HGB 124 g/L (MCV 
104.5), PLT 95 × 
109/L, WBC 5.01 × 
109/L (ANC 3.52)

Markedly 
hypocellular 
marrow (20-30% 
cellularity) with 
decrease trilineage 
hematopoiesis 
and no dysplastic 
changes, no 
increase in blasts

Length less than 
the first percentile 
for age for total 
lymphocytes and 
all lymphocyte 
subsets

TERC n.437T>G 
(heterozygous)

ANC: absolute neutrophil count; HGB: hemoglobin; MCV: mean corpuscular volume; N/A: not applicable; PLT: platelets; WBC: white blood cell count; 
TBDs: telomere biology disorders.
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nal side was not well known; there was apparently no history 
of PF or hematologic abnormalities. His paternal grandmother 
(I-2) had breast cancer and died at an unknown age.

Proband B’s genetic testing performed from peripheral 
blood using the Blueprint Genetics Bone Marrow Failure Syn-
drome NGS panel, a 135-gene panel, revealed heterozygosity 
for TERC n.437T>G (NR_001566.1). Because the NGS was 
performed on a peripheral blood sample, the germline nature 
of this variant cannot be concluded with certainty. However, 
given the gene involved, the variant’s presence at a variant al-
lele frequency (VAF) of about 50%, and the strong personal 
and family history, all in keeping with a TBD, we suspect the 
variant to be germline. As other members of the family with 
clinical features of TBDs were deceased, segregation studies 
could not be conducted.

Discussion

Many different phenotypes associated with TERC variants 
have been described in the literature [2, 4]. In our cases, both 
families demonstrated phenotypes consistent with previously 
reported TERC variants; family A’s variant (TERC n.107G>T) 
manifested as MDS and cytopenia(s) that exhibited genetic 
anticipation within successive generations. Additional features 
present that can be consistent with TBDs included premature 
greying of hair, preterm birth and dental caries [5-7]. Family 
B’s TERC variant (TERC n.437T>G) manifested as AA and 

PF in the proband with a significant family history of PF and a 
case of head and neck cancer at an early age, all of which are 
consistent with TERC variant TBDs [8-11].

Genetic anticipation, the phenomenon of earlier disease 
onset and increased severity of disease with each successive 
generation, is a postulated feature of TERC TBDs [1, 12]. The 
mechanism by which genetic anticipation occurs in TBDs is 
hypothesized to be two-fold: 1) significantly shorter telomeres 
present in germ cells are passed down to the progeny; and 2) 
the progeny also inherits the telomerase gene variant, which 
leads to further telomere attrition over time [1, 12]. This con-
cept is illustrated in our case series, particularly by the proband 
of family B, who developed bone marrow failure in addition 
to PF.

The TERC n.107G>T variant found in family A has pre-
viously been reported in two cases: 1) a 29-year-old patient 
with constitutional AA, microcephaly and aseptic necrosis of 
the femoral head [13, 14]; and 2) a 64-year-old female with 
anemia, PF and multiple malignancies [14, 15]. To the best 
of our knowledge, this is the first report of TERC n.107G>T 
manifesting as MDS as well as the first report to demonstrate 
segregation of this variant with hematologic abnormalities in-
cluding MDS and unexplained cytopenias. Prior to our case, 
the TERC n.107G>T variant would have been classified as 
likely pathogenic (PS3, PM1, PM2, PP4), based on the Ameri-
can College of Medical Genetics and Genomics/Association 
for Molecular Pathology (ACMG/AMP) criteria [16]. With the 
incorporation of the segregation data from our case, this vari-

Figure 2. Pedigree of family B. Roman numerals (I-IV) indicate generations and arabic numbers indicate individuals. The proband 
is indicated by an arrow. The individual(s) who are heterozygous for the TERC n.437T>G are marked with a +. Phenotypes are 
represented by the following colors: red signifies solid organ malignancy, blue signifies pulmonary fibrosis and green signifies 
aplastic anemia.
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ant can now be classified as pathogenic (PS3, PM1, PM2, PP1 
and PP4) [16].

The TERC n.437T>G variant detected in the proband B is 
not found in the gnomAD database nor has it previously been 
described in the literature. According to the ACMG/AMP cri-
teria, this variant is classified as a variant of uncertain signifi-
cance (VUS) (PM1, PM2 and PP4) [16]. Although this variant 
is currently a VUS, because of the clinical diagnosis of a short 
telomere syndrome in proband B, and the strong maternal fam-
ily history consistent with a short telomere syndrome, we sus-
pect this genetic change is a true pathogenic variant.

Learning points

Our cases add important new information to the body of lit-
erature describing the heterogeneous nature of TERC variant 
TBDs. We described a new phenotypic presentation for the 
TERC n.107G>T variant and add valuable evidence for segre-
gation. With this additional evidence, this variant can now be 
classified as pathogenic according to the ACMP/AMP criteria. 
We also described a novel variant, TERC n.437T>G, and its 
associated phenotype of AA and PF. Our cases highlight the 
heterogeneity and complexity of TERC TBDs and the need 
for increased awareness of these disorders. When a TBD is 
suspected, individuals and their families should be referred to 
appropriate specialists to help ensure a timely diagnosis. The 
diagnostic algorithm proposed by Townlsey et al (2014) is a 
helpful resource that can guide clinicians through the initial 
steps in the diagnosis of TBDs [3]. Once a diagnosis is estab-
lished, affected individuals will require ongoing surveillance 
for the prevention and early detection of the multiorgan system 
complications of TBDs.
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