
Shortened telomeres in essential thrombocythemia:
clinicopathological and treatment correlations

Telomeres are nucleoprotein structures composed of
long Deoxyribonucleic Acid (DNA) sequence repeats
(TTAGGG) located at the ends of chromosomes which
function, in conjunction with telomere-associated pro-
teins, to prevent inappropriate activation of DNA dam-
age signaling pathways and hence to maintain genomic
stability.1 Telomeres are therefore unique markers of cel-
lular replicative capacity, cellular senescence, and ageing.
Moreover, telomere erosion may be accelerated with
chronic inflammation and hyperproliferative pressure
within the bone marrow niche. Previous reports from
several groups have highlighted the presence of Telomere
Length (TL) shortening in Myeloproliferative Neoplasms
(MPNs) and, in one study, up regulated telomerase activ-
ity in isolated CD34+ cells, when compared to healthy
donors.2-5 

Shortened TL in Essential thrombocythemia (ET) has
previously been reported to be associated with an
increased incidence of thrombotic or hemorrhagic events,
treatment failure and disease progression to
Myelofibrosis (Post ET-MF), Myelodysplastic syndromes
(MDS) or increased mortality; however, robust clinico-
pathological and outcome correlations in studies have
been heterogeneous.2,4,5 Moreover, the effect of MPN-
directed therapies on TL has been unclear. We therefore
sought to determine the presence or absence of TL short-
ening in a large, well-defined cohort of patients with ET
(n=100), and correlate TL with mutational status, current
and previous treatment modalities, white blood cell
counts and platelet count and occurrence of thromboem-
bolic events. We demonstrate that TL is significantly
shorter in individuals with ET compared to age and gen-
der matched controls (AGMC) and occurred irrespective
of driver mutation status (JAK2V617F, CALR, MPL and
the so-called ‘Triple Negative’ (TN)). Moreover, current
or prior exposure to the cytoreductive agent hydroxycar-
bamide (HC) was associated with significant TL shorten-
ing compared to patients with no prior exposure HC.
There was no significant correlation between either the
total leucocyte or platelet count and TL.
The demographic characteristics of enrolled subjects

are shown in Table 1 and TL analyses were age-adjusted
and compared with AGMC. Patient TL was measured
using a monochrome multiplex quantitative Polymerase
Chain Reaction (PCR) method.6 This approach compares
the amount of PCR product generated from the telomere
(T) to a single-copy gene (S) to obtain a T/S ratio, propor-
tional to the TL. In brief, 900nM of telomere-specific
primers and 900nM of primers specific to human albumin
were used. Per sample, 5-10ng of genomic DNA was
utilised (extracted from peripheral blood mononuclear
cells) and all samples were analysed in triplicate.
Reactions were performed on a Corbett Light Cycler 480
real-time thermal cycler and data analyzed using
Rotorgene 6000 software. Standard curves for telomere
and human albumin amplification were established by
titration of a reference DNA sample. T/S ratios of sam-
ples were determined from these curves. Patient samples
were then compared to 357 AGMC. Data analysis was
performed using Prism GraphPad™ software.
There were a total of 100 patients with a median age

of 49 years (range: 20-86 years) and included 30 males
and 70 females. Regarding mutational status, 34% had
JAK2V617F, 27% CALR, 2% MPL and 37% were deemed
“TN”. The median duration of disease was 9 years (<1 to

26 years). As regards therapy, treatments are summarised
in Table 1. Of note, over half of this cohort had been pre-
viously exposed to or were receiving therapy with HC. 
Telomere lengths were significantly shorter (33/100

(33%), P=<0.0001) in patients with ET compared AGMC
(Figure 1a). Moreover, shortened TL were present regard-
less of mutational status when compared to AGMC:
CALR (17/33) P=0.0009; JAK2V617F (11/33) P=0.007 and
(5/33) P=0.012 in TN patients (Figure 1b). We note with
interest that of the 18/100 patients whose TL was below
the first centile, indicative of considerable telomere attri-
tion, 55% (10/18) were CALR positive vs. 28% (5/18)
JAK2V617F positive vs. only 17% (3/18) of those patients
who were TN. We next evaluated the impact of cytore-
ductive therapy on TL and identified that independent of
mutational status, there was TL shortening in treated ET
patients 82% (27/33) vs. 18% (6/33) untreated patients
(P=0.05) overall, indicating that introduction of therapy
may well drive further the propensity for TL shortening.
In particular, those ET patients with either current, or
prior HC treatment had significantly shortened TL,
P=0.0015 (48%, 13/27) and P=<0.0001, respectively
(52%, 14/27).  Interestingly, treatment with interferon-
alpha was more commonly associated with less signifi-
cant TL shortening except in those patients who had
been previously exposed to HC (83% (10/12) normal TL
vs. 17% (2/12) shortened TL) (P=<0.0001). 
In our cohort, gender did not have a significant corre-

lation with TL, which is in contrast to previous studies
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Table 1. Patient demographics, disease characteristics and treat-
ment.
Patient characteristics N = 100

Mean age (years) 49.75 (20-86)
Sex
Male: Female 30:70
Molecular status:

JAK2V617F 34
CALR 27
MPL 2
Triple negative 37
Current therapy:
Cytoreductive therapy naïve 33
Off cytoreductive therapy, previous interferon 1
Hydroxycarbamide 30
Interferon-alpha 25
Anagrelide 1
Busulphan 4
Ruxolitinib 5
Vorinostat 1
Previous exposure to  hydroxycarbamide 17
Thromboembolic events:
Arterial 7
Venous 5
Platelet count (x109) 455 (207 - 1709)
White cell count (x109) 6.7 (2.5 - 14.5)
Age/sex corrected relative 1.385 SD±0.468
telomere length (mean SD)



that have described lower TL in male patients compared
to their female counterparts.3,4 Furthermore, we could not
demonstrate statistically significant difference in the rates
of either venous or arterial thrombosis in those with
shortened TL (58% (7/12)) versus those ET patients with
normal TL (42% (5/12)). On risk stratification, TL was
significantly shortened in both low and high-risk ET, P
=<0.0005 and P = <0.0001, respectively. Disease duration
did not impact on TL, as as it was significantly shortened
in patients who have had the disease < or > 10 years (P
=0.0029 and P =0.0005, respectively). On further analy-
sis, we interestingly note shortened TLs in 83% (20/24)
and 73% (22/30) of patients with disease duration of less
than 10 years or greater than 10 years, respectively, who
were exposed to HC therapy. 
Two patients in the cohort transformed to post ET-

myelofibrosis: patient A (27-year-old female with TN ET,
disease duration <10 years), whose TL was 1.686, greater
than the 10th centile, and patient B (73-year-old female
with JAK2V617F positive ET, disease duration >10 years),
whose TL was 0.792, below the first centile.
Additionally, although both patients were on interferon
at the time of analysis, patient B had been exposed to HC
previously.
Heterogeneous results have arisen from previous stud-

ies of TL and telomerase activity across the MPN spec-
trum. A key strength of our study is the large number of
well-defined ET patients included, but a limitation is that
as a cross sectional study, akin to all previously published

studies of TL evaluation in MPN, it permits inferences of
association only. We have demonstrated significant
shortening of TL in ET when compared to appropriately
AGMC irrespective of mutational status. This is in keep-
ing with the work of Spanoudakis et al.2 who suggested
that TL shortening was a global phenomenon in MPN
patients and occurred irrespective of JAK2V617F muta-
tional status, however we additionally demonstrated
therapeutic mediated effects on TL. Our data is in con-
trast to that of Elena et al., whereby in a cohort of MPN
patients, no significant correlation between the use or
duration of cytoreductive therapy and TL shortening was
demonstrated.4 Hence, for the first time, we demonstrate
that current or previous HC exposure is independently
associated with significant TL shortening in ET when
compared to either no therapy or interferon-alpha treat-
ment. Similar findings have been identified in sickle cell
disease cohorts who have been exposed to HC.7

Moreover, in the 18 patients with the shortest telomeres,
defined as a TL <1st centile, there appeared to be an
enrichment of CALR-mutated cases. Although this needs
to be evaluated in a larger cohort of CALR-mutated ET
patients, it suggests that perhaps the proliferative drive of
the MPN clone may differ between JAK2 and CALR
mutated and ‘TN’ ET cases. Dahlstrom et al. have previ-
ously demonstrated dysregulation of shelterin complex
factors in MPN with elevated levels of the shelterin com-
ponents (Protection of telomeres-1(POT1)) in ET, MF and
Polycythemia Vera (PV) and Telomere Regulatory Factor
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Figure 1. Distribution of telomere
length in patients with essential
thrombocythemia and the impact of
mutational status. (A) Telomere
length is shorter in patients with
essential thrombocythaemia when
compared with age and gender
matched controls (P≤0.0001). B:
Telomere length is significantly short-
er in patients with essential thrombo-
cythaemia regardless of mutational
status. CALR: calreticulin; TN: triple
negative; AGMC: age and gender
matched controls.
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1-interacting protein 2 (PV and MF), both of which have
a negative regulatory role on TL, although, of note, this
cohort only comprised 24 ET patients.5 In this study, TL
was inversely proportional to JAK2V617F allelic burden
and POT1 expression tended to correlate with
JAK2V617F allele burden. The TL shortening seen in
MPN may at least in part be due to these regulatory com-
ponents. It will be important to comprehensively evalu-
ate the effect of JAK inhibitor therapy on TL in ET and
other MPN, as this group previously demonstrated that v
inhibitors suppressed POT1 expression in JAK2V617F
harboring cells. It is also of current interest that
Baerlocher8 and colleagues reported the use of telomerase
inhibitor imetelstat in patients with ET, a 13-mer-thio-
phosphoramidate oligonucleotide complimentary to
hTR, inhibiting proliferation of megakaryocytic colonies
with improvement in hematological parameters8 but no
consistent effect on TL. Further updates on the use of
telomerase inhibitors in MPN are awaited. 
In conclusion, we have demonstrated that, when com-

pared to AGMC, ET patients have shortened TL. This
was markedly pronounced in those with CALR and
JAK2V617F mutations but also present in TN disease.
Consistent with previously published data, patients
exposed to HC had significantly shortened TL, we
demonstrate that interferon-alpha treatment was associ-
ated with more normal TL. Limitations notably include
the small sample size and absence of telomerase activity
quantification. However, in the era of targeted therapy
and with the availability of telomerase inhibitors, there is
increasing interest in TL as a marker of disease and
response; furthermore, we suggest this may be an addi-
tional diagnostic tool in the TN population.
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