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Essential thrombocythaemia (ET) is a myeloproliferative neoplasm
(MPN) characterised by megakaryocyte hyperplasia and thrombo-
cytosis. From the genetic perspective, ET patients harbour
mutations in JAK2 (50-60%), CALR (15-30%) and MPL (1-5%)
genes.! These frequencies have been determined in most studies
using DNA obtained from isolated granulocytes or from whole
blood, but, there is little information regarding the prevalence of
these mutations when platelets are analysed. Some previous
studies have reported that in ~10% of ET patients the JAK2V617F
mutation was only detectable when platelets are analysed, in
agreement with the predominant involvement of the
megakaryocytic-platelet lineage in this disease.® In contrast,
some studies suggested no differences in the frequency of
JAK2V617F mutation between platelets and granulocytes when
allele specific RT-PCR and RFLP analysis of platelet RNA was
performed.** In this sense, our group has observed a higher
JAK2V617F allele burden in platelets when compared with
granulocytes in ET patients, although no differences were found
in the number of mutated cases.® Concerning mutations in MPL
gene, the analysis of 82 ET patients showed in two cases the
presence of MPLW515L in platelets but not in granulocytes, T-cells
or erythroid colonies.® Finally, there is scarce information
regarding the presence of CALR mutations in platelets.

Overall, there is general agreement that 10-30% of all ET
patients are wild type for JAK2, CALR and MPL mutations when the
molecular analyses are performed with DNA from isolated
granulocytes or peripheral blood." This subgroup of patients,
called ‘triple-negative’ (TN), has not been extensively studied with
regard to the presence of JAK2, CALR and MPL mutations in
platelets and RNA from granulocytes.

Recently, atypical mutations of MPL and JAK2 were identified by
whole-exome sequencing in a proportion of TN ET patients (10—
20%), suggesting that this group of patients represent a
heterogeneous disease category.”®

We have characterised the molecular profile of a group of TN ET
patients by determining JAK2, CALR and MPL mutational profile
using RNA from platelets. Furthermore, we have assessed the
presence of additional mutations in JAK2 and MPL and other non-
driver genes by targeted next-generation sequencing (NGS) in
granulocytes.

A total of 35 triple negative ET patients (14.8% from the whole
cohort of 236 ET) diagnosed at the Haematology Department from
the Hospital del Mar were included in the study. The diagnosis of
ET was established according to WHO criteria.® At the time when
platelet analysis was performed patients were not receiving
citoreductive therapy. The study was approved by the local Ethics
Committee and informed consent was provided according to the
Declaration of Helsinki.

All patients had been routinely assessed for mutations in DNA
from purified granulocytes. JAK2V617F was determined by quanti-
tative allele-specific PCR, MPL exon 10 mutations (W515, S505) were

analysed by Sanger sequencing and CALR exon 9 mutations were
analysed by PCR followed by fragment analysis as previously
described.'®'2

RNA was extracted from platelets or granulocytes with Trizol
(Life Technologies, Carlsbad, CA) and 1 ug total RNA was reverse
transcribed. The mutational analysis of JAK2V617F was performed
by quantitative allele-specific real time PCR with probes specific
for the mutated and the wild-type form as described previously.'®
Analysis of exon 10 of the MPL gene (5505, W515) was performed by
NGS (454 GS Junior, Roche Applied Science, Mannheim, Germany),
with a median coverage of 1335x (range 497-4863). Mutations were
confirmed by competitive allele specific TagMan (CAST)-PCR assays
(Life Technologies). The mutational analysis of exon 9 of the CALR
gene was performed by PCR, using a 6-carboxyfluorescein labelled
reverse primer, followed by fragment analysis in a Genetic Analyser
3500DX (Applied Biosystems, Foster, CA, USA) or by NGS deep
sequencing (454 GS Junior, Roche Applied Science) with a median
coverage of 1326.5x (range 607-1686). In those patients in whom a
mutation was observed in platelets, we extracted RNA from
granulocytes to assess the presence of the mutation in these cells.

Screening for additional somatic mutations was performed by
targeted NGS in DNA extracted from purified granulocytes. All
mutations detected were confirmed by Sanger sequencing.
Clonality based on X chromosome inactivation pattern by
HUMARA was also analysed.

The main clinical and biological characteristics of the patients
are shown in Table 1. As can been seen, with a median follow-up
of 7 years (range: 0-27), 4 (11.4%) patients presented thrombotic
events and 4 (11.4%) haemorrhagic events during the evolution.

Table 1. Clinical and biological characteristics in 35 patients with
triple-negative essential thrombocythaemia

Age (years)? 58 (9-86)
Gender (M/F) May-30
Haemoglobin (g/I)? 137 (109-166)
Haematocrit (%)® 41 (34.2-51.8)
Platelet count (x10%/I)® 669 (493-2700)
Leucocyte count (x10%/1) 8.5 (5-22.7)
Clonality by HUMARA®, n (%) 6 (24)
Cardiovascular risk factors

Smoking, n (%) 7 (20)

Hypertension, n (%) 14 (40)

Dyslipidaemia, n (%) 12 (34.3)

Diabetes mellitus, n (%) 17.1)

6 (
Thrombosis before diagnosis, n (%) 6 (17.1)
Thrombosis during follow-up, n (%) 4(11.4)
Major bleeding before diagnosis, n (%) 0 (0)
Major bleeding during follow-up, n (%) 4 (11.4)

Haematological and clinical information was collected at diagnosis;
information regarding major thrombosis and haemorrhage included
events after diagnosis. *Median (range). ®Informative in 25 female patients.
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Table 2. Molecular abnormalites detected in 11 triple-negative essential thrombocythaemia patients
Patient JAK2 p.V617F allele burden (%)° MPL p.W515L allele burden (%) Additional mutations by NGS HUMARA
in DNA from GR (allele burden)
RNA RNA GR DNA GR RNA RNA GR® DNA GR®
platelets platelets®
1 20 0 1.85 2.16 0 0 ND Clonal
2 16 10 1.8 12 33 Positive ND NA
3 0 26 15 Positive ND NA
4 0 0 MPL p.Pro222Ser (42.32%) Clonal
5 0 0 MPL p.Ser204Pro (46.94%) Clonal
6 0 0 TET2 p.GIn958Ter (20.17%) Clonal
TET2 p.Leu1880Pro1 (15.2%)
CBL p.Leu380Pro (2.79%)
7 0 0 MPL p.Ser204Phe (25.69%) Clonal
8 0 0 MPL p.Ser204Pro (37.45%) Clonal
MPL p.Arg592GIn (30.56%)
SF3B1 p.His662Asp (3.44%)
9 0 0 TET2 p.GIn790Ter (20%) No clonal
10 0 0 TET2 p.Ser1848Ter (44.74%) NA
SH2B3 p.Trp364Ter (41.47%)
CBL p.Val363Gly (3.69%)
1 0 0 TET2 p.Ala1196Asp (2.41%) NA
Abbreviations: GR, granulocytes; NA, not available. 2JAK2 V617F was determined by allele-specific real time PCR. ®Determined by NGS. “Determined by
CAST-PCR.

No cases of transformation to acute leukaemia or secondary
myelofibrosis occurred.

Platelet analysis of JAK2, MPL and CALR showed the presence of
JAK2V617F in 2 out of 35 (5.7%) patients analysed, with allele
burdens of 16 and 20%. Regarding mutations in MPL gene,
analysis of exon 10 by NGS showed MPLW515L in three cases with
an allele burden of 2.16, 12 and 26% in platelets (Table 2). These
results were confirmed by independent PCR amplifications and
NGS sequencing runs. Interestingly, we detected the coexistence
of JAK2V617F and MPLW515L in two cases. No mutations in CALR
were detected in the analysis of platelet RNA by fragment analysis
or NGS.

Next, we also assessed whether these mutations could be
detected in granulocytic RNA. We demonstrated the presence of
three of these five mutations also in granulocytes when RNA was
analysed (Table 2). These results suggest that RNA expression of
mutant cells is higher than that from wild type cells, thus
improving the detection rate, when compared with analysis of
DNA. Furthermore, analysis of granulocyte DNA using commercial
CAST-PCR assays that increase mutation detection by blocking
amplification of the wild type allele, confirmed the presence of the
MPL mutation in granulocytes in the two patients with higher
allele burden. In the same way, applying Larsen assay in
granulocytic DNA,"® we confirmed JAK2V617F in the two patients
with allele burdens below 2% (Table 2).

Concerning the mutant allele burden, the JAK2V617F percen-
tage was higher in platelet RNA, than in granulocytes in the two
patients with the JAK2 mutation (Table 2). These results are in
agreement with our previous work comparing JAK2V617F allele
burden in platelets and granulocytes.® Regarding MPLW515L, the
allele burden was higher in platelet RNA in two of the three
mutated patients (Table 2).
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Since the detection of a molecular marker is a key element in ET
diagnosis and, moreover it may provide additional information
regarding the clinical outcome, studies in RNA obtained from
platelets and/or granulocytes might be useful in those patients
lacking a molecular marker in DNA from granulocytes. To the best
of our knowledge, this is the first study evaluating the mutational
status of JAK2, MPL and CALR in platelets from TN ET patients. Our
results show that 3 out of 35 (8.6%) TN ET patients presented a
driver molecular marker when the analysis was performed in
platelets.

To gain further insight in the molecular profile of the TN cases
we performed targeted NGS mutational analysis in granulocytes
from 29 out of the 35 patients included in the study. Overall, we
detected 14 additional mutations in 8 (27.6%) patients. Targeted
sequencing of JAK2 and MPL showed the presence of mutations in
exon 4 of the MPL gene in 4/29 (13.8%) patients (Table 2). In three
cases the mutations affected the amino acid Ser204: p.S204P
(n=2) and p.S204F (n=1), previously described by other groups.”®
In the fourth patient a p.P222S was detected which has not been
previously reported. We did not find any JAK2 mutation variant. In
addition, mutations in TET2 (n=5), CBL (n=2), SF3B1 (n=1) and
SH2B3 (n=1) were observed (Table 2). These results support the
molecular complexity and heterogeneity of TN ET patients.

Interestingly, as shown in Table 2, a somatic mutation in either
driver or non-driver genes was detected in all patients who
presented monoclonal haematopoiesis assessed by HUMARA
analysis (6/25, 24%).

In summary, our results reinforce that TN ET patients represent a
heterogeneous group of patients in whom the performance of
molecular analysis in platelets together with targeted sequencing
by NGS techniques provide evidence of clonal hematopoiesis in
one-third of patients.



CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

This study was supported in part by grants from ISCIIl and Spanish Ministry of Health,
P113/00557, PI13/00393, RD12/0036/0010, PT13/0010/0005, 2014SGR567 and the
Xarxa de Banc de Tumors de Catalunya.

AUTHOR CONTRIBUTIONS

AA and CFR designed the study, collected the data, performed the statistical

analysis, analysed and interpreted the results and wrote the paper. CB, AAL and

BB and designed the study, performed the statistical analysis, interpreted the

results, wrote the paper and approved the final version. LC, RL, SP and ET

performed the molecular studies, interpreted the results and approved the final
version.

A Angona'**%, C Fernandez-Rodriguez®>%, A Alvarez-Larran'?3,

L Camacho®?, R Longarén®?, E Torres®, S Pairet**, C Besses' and

B Bellosillo®**

'Department of Haematology, Hospital del Mar, Barcelona, Spain;

2Universitat Autonoma de Barcelona, Barcelona, Spain;

3Grup de Recerca Clinica Aplicada en Neopldsies Hematologiques-

IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain;

“Department of Pathology, Hospital del Mar, Barcelona, Spain and

Universitat Pompeu Fabra, Barcelona, Spain

E-mail: cbesses@parcdesalutmar.cat

SThese authors contributed equally to this work.

REFERENCES

1 Cazzola M, Kralovics R. From Janus kinase 2 to calreticulin: the clinically relevant
genomic landscape of myeloproliferative neoplasms. Blood 2014; 123: 3714-3719.

2 Toyama K, Karasawa M, Yamane A, Irisawa H, Yokohama A, Saitoh T et al.
JAK2-V617F mutation analysis of granulocytes and platelets from patients with
chronic myeloproliferative disorders: advantage of studying platelets. Br J Hae-
matol 2007; 139: 64-69.

3 Toyama K, Karasawa M, Yokohama A, Mitsui T, Uchiumi H, Saitoh T et al.
Differences in the JAK2 and MPL mutation status in the cell lineages of the bcr/
abl-negative chronic myeloproliferative neoplasm subtypes. Intern Med 2011; 50:
2557-2561.

4 Heller PG, Lev PR, Salim JP, Kornblihtt LI, Goette NP, Chazarreta CD et al.
JAK2V617F mutation in platelets from essential thrombocythemia patients:

Letter to the Editor

correlation with clinical features and analysis of STAT5 phosphorylation status.

Eur J Haematol 2006; 77: 210-216.

Campbell PJ, Scott LM, Buck G, Wheatley K, East CL, Marsden JT et al. Definition of

subtypes of essential thrombocythaemia and relation to polycythaemia vera

based on JAK2 V617F mutation status: a prospective study. Lancet 2005;

366: 1945-1953.

Bellosillo B, Martinez-Avilés L, Gimeno E, Florensa L, Longardn R, Navarro G et al.

A higher JAK2 V617F-mutated clone is observed in platelets than in granulocytes

from essential thrombocythemia patients, but not in patients with polycythemia

vera and primary myelofibrosis. Leukemia 2007; 21: 1331-1332.

Milosevic Feenstra JD, Nivarthi H, Gisslinger H, Leroy E, Rumi E, Chachoua | et al.

Whole-exome sequencing identifies novel MPL and JAK2 mutations in triple-

negative myeloproliferative neoplasms. Blood 2016; 127: 325-332.

Cabagnols X, Favale F, Pasquier F, Messaoudi K, Defour JP, lanotto JC et al.

Presence of atypical thrombopoietin receptor (MPL) mutations in triple-negative

essential thrombocythemia patients. Blood 2016; 127: 333-342.

Tefferi A, Thiele J, Orazi A, Kvasnicka HM, Barbui T, Hanson CA et al. Proposals

and rationale for revision of the World Health Organization diagnostic criteria

for polycythemia vera, essential thrombocythemia, and primary myelofibrosis:

recommendations from an ad hoc international expert panel. Blood 2007;

110: 1092-1097.

10 Levine RL, Belisle C, Wadleigh M, Zahrieh D, Lee S, Chagnon P et al. X-inactivation-

based clonality analysis and quantitative JAK2V617F assessment reveal a strong

association between clonality and JAK2V617F in PV but not ET/MMM, and
identifies a subset of JAK2V617F-negative ET and MMM patients with clonal

hematopoiesis. Blood 2006; 107: 4139-4141.

Martinez-Avilés L, Besses C, Alvarez-Larran A, Torres E, Serrano S, Bellosillo B. TET2,

ASXL1, IDH1, IDH2, and ¢-CBL genes in JAK2- and MPL-negative myeloprolifera-

tive neoplasms. Ann Hematol 2012; 91: 533-541.

12 Klampfl T, Gisslinger H, Harutyunyan AS, Nivarthi H, Rumi E, Milosevic JD et al.
Somatic mutations of calreticulin in myeloproliferative neoplasms. N Engl J Med
2013; 369: 2379-2390.

13 Larsen TS, Christensen JH, Hasselbalch HC, Pallisgaard N. The JAK2 V617F
mutation involves B- and T-lymphocyte lineages in a subgroup of patients
with Philadelphia-chromosome negative chronic myeloproliferative disorders.
Br J Haematol 2007; 136: 745-751.

w

(o)}

~

[e<]

e}

This work is licensed under a Creative Commons Attribution 4.0

5 International License. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

© The Author(s) 2016

Blood Cancer Journal


mailto:cbesses@parcdesalutmar.cat
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Molecular characterisation of triple negative essential thrombocythaemia patients by platelet analysis and targeted sequencing
	Table 1 Clinical and biological characteristics in 35 patients with triple-negative essential thrombocythaemia
	Table 2 Molecular abnormalites detected in 11 triple-negative essential thrombocythaemia patients
	A1
	A2
	ACKNOWLEDGEMENTS
	A3
	REFERENCES




