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Key Points

• Major CALR-mutated clones
may be observed in
polycythemia vera negative
for JAK2 mutations.

Calreticulin (CALR) mutations have been reported in Janus kinase 2 (JAK2)– and

myeloproliferative leukemia (MPL)–negative essential thrombocythemia and primary

myelofibrosis. In contrast, no CALR mutations have ever been reported in the context of

polycythemia vera (PV). Here, we describe 2 JAK2V617F-JAK2exon12–negative PV patients

whopresentedwith aCALRmutation in peripheral granulocytes at the time of diagnosis. In

both cases, the CALRmutation was a 52-bp deletion. Single burst-forming units–erythroid

(BFU-E) from 1 patient were grown in vitro and genotyped: the same CALR del 52-bp

mutation was noted in 31 of the 37 colonies examined; 30 of 31 BFU-E were heterozygous for CALR del 52 bp, and 1 of 31 BFU-E was

homozygous forCALR del 52 bp. In summary, although unknownmutations leading to PV cannot be ruled out, our results suggest that

CALRmutations can be associated with JAK2-negative PV. (Blood. 2014;124(26):3964-3966)

Introduction

Calreticulin (CALR) mutations have recently been reported in Janus
kinase 2 (JAK2)– and myeloproliferative leukemia (MPL)–negative
myeloproliferative neoplasms (MPNs), particularly essential thrombo-
cythemia (ET) and primary myelofibrosis (PMF).1,2 The clinical course
of sporadicCALR-mutatedpatients seems tobemore indolent than that of
JAK2-mutated patients.1,3 In contrast, noCALRmutations were reported
in 647 published cases of polycythemia vera (PV). Consequently,CALR
mutations were considered exclusive to JAK2 and MPL mutations and
absent in PV. Because 96% to 99% of PV patients harbor a JAK2 mu-
tation (mostly theV617Fmutation in exon14 and,more rarely, insertion/
deletion in exon 12),4 it seemed logical to assume that CALRmutations
would be rare or absent. However, we and others have demonstrated that
JAK2V617F and CALR mutations can coexist in rare cases of refractory
anemia with ring sideroblasts and thrombocytosis,5 PMF,6 or ET.7,8

Here,wedescribe 2 JAK2V617F-negative PVpatientswhopresented
with aCALRmutation at the time of diagnosis; for 1 patient theCALR-
mutated clone represented.50%ofcells, andhomozygous cells for the
CALRmutation were detected.

Study design

The procedures followedwere in accordancewith theDeclaration ofHelsinki,
and samples were obtained with patients’ written informed consent. Two JAK2
(exons 12, 13, and 14)– andMPL (exon10)–negative PVpatientswere identified
in our database and tested for aCALRmutation. Purification of granulocytes
and peripheral bloodmononuclear cells (PBMCs) and extraction of DNAwere
performed as previously described.9 The JAK2V617F mutation was analyzed by

allele-specific real-time quantitative polymerase chain reaction (PCR) to
estimate the JAK2V617F-mutated allele burden according to the method
published by Lippert et al with a sensitivity,1%.9 Analyses of JAK2 exons
12, 13, and 14 were performed according to the method described by Carillo
et al10 and the MPL mutations were analyzed by high-resolution melting
(HRM) curve analyses followed by Sanger sequencing if positive, as
reported by Boyd et al.11 The CALR exon 9mutations were screened by either
HRM (S.C., unpublished data) or product sizing analysis and Sanger se-
quencing according to the methods of Klampfl et al.1 Single burst-forming
unit–erythroid (BFU-E) colony assays were performed using PBMCs from
patient 1 with methylcellulose-based (no. 5112) or collagen-based (no. 5411)
media containing erythropoietin from Stem Alpha (Saint Denis l’Argentière,
France). To ensure that an optimal colony density was obtained so that single
colonies could be picked without contamination by cells from neighboring
colonies, PBMCs were plated at 4 different concentrations (20 000, 40 000,
100 000, and 200 000 per mL).

Results and discussion

Patient 1 had hemoglobin at 168 g/L, hematocrit at 51.3%, and increased
red cell mass (RCM) at 128% associated with a normal erythropoietin
level. The bone marrow biopsy showed hypercellularity for age, pan-
myelosis associated with normal megakaryocytes, and rare isolated ab-
normal enlarged forms. Using reticulin staining, no myelofibrosis was
noted. Patient 2hadhemoglobin at 194g/L, hematocrit at 53%, and a low
erythropoietin level without dehydration (Table 1). Both hadmoderately
elevated platelet counts (658 and 5753109/L, respectively)with normal
leukocyte counts. Both patients were negative for breakpoint cluster
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region–Abelson (BCR-ABL). Nomutationwas found in JAK2 exons 12,
13, and 14 usingHRMand allele-specific real-time quantitative PCR,9,10

nor in MPL exon 10. Following HRM analysis, CALR mutations were
suspected in both patients and confirmed using Sanger sequencing and
product sizing analysis: in both patients, theCALRmutationswere type 1
deletions (52-bp deletion; c.1092_1143del; Figure 1). For patient 1, the
CALR del 52-bp allele burden assessed using product sizing analysiswas
found to be 64% at the time of diagnosis and 50% after 26 months of
treatment with hydroxyurea. A recent report by Cassinat et al described
complete molecular response in 2 CALR-mutated ET patients under
treatmentwith pegylated interferona12; here, no significant change in the

CALR-mutated allele burdenwas noted after 26months of treatmentwith
hydroxyurea.

To complete the first mutation analysis in peripheral blood gran-
ulocytes, we performed colony assays in methylcellulose- and
in collagen-based media, picked single BFU-E colonies grown for
14 days in the presence of erythropoietin, and genotyped each colony
individually for CALR mutations. Among the 37 colonies thus ex-
amined, 3 had no PCR amplification, 3 were wild-type, and 31
harbored the same CALR mutation observed in peripheral blood
granulocytes, that is, the 52-bp deletion c.1092_1143del. Of the
31 BFU-E, 30 were heterozygous for CALR del 52 bp and 1 was
homozygous. To our knowledge, these patients are the first cases of
CALR-mutated PV to be reported. The presence of a CALRmutation
in peripheral granulocytes and in BFU-E (with homozygous status
for some colonies) suggests that the CALR mutation played a role
in the polycythemia phenotype of these patients. However, because
cases of biclonal JAK2V617F- and CALR-mutated MPNs were re-
cently reported,7 we cannot rule out the possibility that an additional,
unknown mutation occurred prior to or in parallel with the CALR
mutation. In any case, our observations highlight the fact that in the
absence of a JAK2mutation,CALRmutations can be associated with
a PV phenotype.

Of note, it has been reported that when RCM was measured in
patients initially diagnosed with ET, it could reveal masked PV
with normal hematocrit and hemoglobin levels in asmany as 46.5%
of cases.13 Iron deficiency and/or splenomegaly may explain, in
part, artificially normal hemoglobin levels in PV patients. Johansson
et al demonstrated that the hemoglobin level is not a good surrogate
marker for absolute erythrocytosis attested by an RCM .125%
because it presents a hemoglobin level below 18.5 g/dL in 65% of

Figure 1. CALR mutations. CALR mutations determined using (A) sequencing, (B) product sizing analysis, and (C) HRM curve analysis in peripheral blood granulocytes and

in BFU-E from patient 1. The homozygous BFU-E was tested twice, showing 100% and 83% allele burden. In the later experiment, the WT peak was probably due to

contaminating monocytes from the media. WT, wild-type.

Table 1. Characteristics of the 2 patients at the time of diagnosis

Patient 1 Patient 2

Age, y 69 83

Sex, M/F M M

Hemoglobin level, g/L 168 194

Hematocrit, % 51.3 53

Platelet count, 109/L 658 575

White blood cells, 109/L 7.6 7.5

Erythropoietin level, mIU/mL 5.9 2.8

Bone marrow biopsy PV N/A

RCM Increased N/A

JAK2V617F mutation Negative Negative

JAK2 exon 12 mutation Negative Negative

JAK2 exon 13 mutation Negative N/A

JAK2 exon 14 mutation Negative N/A

MPL mutation Negative Negative

BCR-ABL1 mutation Negative Negative

CALR mutation Positive Positive

F, female; M, male; mIU/ml, milli International Unit per millimeter; N/A, not available.
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male patients and below 16.5 g/dL in 37% of female patients.14 This
observation was confirmed byAlvarez-Larrán et al who studied a large
cohort of 179 PV and ET patients. In this cohort, 53 of the 114 (46%)
PV patients presented with hemoglobin values below those defined by
the World Health Organization classification for the diagnosis of PV.
Of these patients, 75% presented with thrombocytosis and would
have been misdiagnosed with ET in the absence of RCM mea-
surement.15 It is therefore possible that the large series of published
cases of CALR-positive ET may have included a few PV patients with
undetected increased RCM, leading to an erroneous diagnosis of ET.

In conclusion, testing JAK2-negative PV patients for CALR mu-
tations may be useful.
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