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Coexisting somatic JAK2 V617F pathogenic variant and
likely germline calreticulin exon 9 nonpathogenic variant
in a patient with newly diagnosed ET
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analysis was positive for a 9-basepair deletion (47 percent
allele fraction, likely germline heterozygous) (Fig. 2, page 2).
Repeat testing by a national reference laboratory using
polymerase chain reaction and fragment analysis confirmed
the 9-bp deletion and noted the finding to likely represent
a previously described in-frame germline polymorphism
of no known clinical significance. Bidirectional Sanger
sequencing using an ABI 310 genetic analyzer disclosed a
novel 9-bp deletion (CALR: c.1280_1288del) predicted to
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Newly discovered pathogenic variants in BCR-ABL1negative myeloproliferative neoplasms (i.e. polycythemia
vera, essential thrombocythemia, primary myelofibrosis)
led to recent revisions of the World Health Organization
diagnostic criteria.1,2 Initially JAK2 V617F, MPL
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with a low-allele fraction somatic JAK2 V617F Fig. 1. QIAxcel (Qiagen) electropherogram for JAK2 V617F variant analysis following polymerase
pathogenic variant and a likely germline CALR chain reaction. Patient wild-type allele (blue arrow, 374-bp) and low-allele fraction mutation (black
nonpathogenic variant.
arrow, 216-bp). Excess primers and primer dimers are depicted with peaks ranging from 15- to 23-bp.
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Fig. 2. QIAxcel (Qiagen) electropherogram for CALR variant analysis following
polymerase chain reaction. Patient wild-type allele (blue arrow, 302-bp) and
9-bp deletion allele (black arrow, 293-bp). Excess primers and primer dimers
are depicted by the 15-bp peak. Relative Fluorescence Units for the 9-bp deletion
and wild-type alleles were 2.1 and 2.3, respectively. This corresponds to a likely
germline heterozygous variant with a 9-bp deletion allele fraction of 47 percent
[2.1 / (2.1+2.3)] × 100 = 47 percent].

be of no clinical significance due to preservation of the Cterminal KDEL (endoplasmic reticulum retention sequence)
signal sequence. A bone marrow biopsy revealed a mildly
hypercellular marrow (about 50 percent cellularity) with
megakaryocytic hyperplasia. Occasional megakaryocyte
clusters and frequent large, atypical forms with abundant
mature cytoplasm and hypersegmented nuclei were identified (Fig. 3). The granulocytic and erythroid lineages

Fig. 3. Bone marrow core biopsy showing hypercellular marrow with megakaryocytic hyperplasia and loose megakaryocytic clusters (black arrows, hematoxylin
& eosin, 200× magnification). Bone marrow aspiration showing megakaryocytic
atypia with abundant mature cytoplasm and nuclear hyperlobation (inset, Giemsa,
1000× magnification).

showed no morphologic abnormalities. Cytogenetic studies
demonstrated a normal female karyotype. The bone marrow findings in conjunction with a known JAK2 V617F
pathogenic variant are diagnostic of a myeloproliferative
neoplasm, most consistent with essential thrombocythemia.
Discussion. Two landmark studies simultaneously identified the presence of recurrent somatic CALR pathogenic
variants in the majority of JAK2 V617F-negative and MPLnegative essential thrombocythemia patients.5,6 The CALR
gene (chromosome 19p13.2) codes for a protein involved
with calcium homeostasis and glycoprotein folding within
the endoplasmic reticulum.3,6 Somatic CALR pathogenic
variants (insertions/deletions in exon 9) cause a frameshift
in the coding sequence, resulting in loss of the endoplasmic
reticulum retention sequence and the development of a
novel C-terminus sequence.5-7 This novel C-terminal sequence leads to gain-of-function and activation of the thrombopoietin receptor with downstream cellular signaling via
the JAK-STAT pathway.7 Numerous somatic CALR frameshift pathogenic variants have been described; the two most
frequent (about 85 percent of cases) are the result of either a
52-basepair deletion (type 1) or a 5-basepair insertion (type
2).5 In contrast, in-frame germline CALR variants occur in
3-basepair multiples, allowing for preservation of the reading frame and retention of normal KDEL C-terminal sequence.5 The frequency of germline CALR variants has been
documented to occur in less than one percent of patients.5,8
A recent study by Szuber, et al., investigated the identification, confirmation, and significance of germline
CALR variants.8 They examined 2,000 peripheral blood
samples and identified 12 samples (0.6 percent) that
demonstrated unique variants, representing either a
12-basepair deletion (n=10) or a 9-basepair deletion
(n=2). In those patients for whom confirmatory testing
was performed on buccal cell samples, they were able to
show 100 percent congruity (n=7) at the same allele fraction of about 50 percent, therefore confirming the germline nature of the variants. Within the same patient cohort
a few patients had coexisting JAK2 V617F (n=3) or somatic CALR variants (n=1) and a clinical diagnosis of a
myeloproliferative neoplasm. None of the patients with
an isolated germline CALR variant had a myeloproliferative neoplasm at the time of diagnostic testing, signifying
that such variants were likely benign.
JAK2 V617F and CALR variants were once thought to
be mutually exclusive; however, rare case reports of coexisting somatic JAK2 and CALR variants have been documented.3,9-11 These coexisting somatic variants are reported
to occur in less than one percent of myeloproliferative neoplasms, though one study demonstrated a co-variant positivity rate of 6.8 percent utilizing high-resolution melting
analysis.4 The reported coexisting positivity rate likely does
not reflect the true positivity rate, as not all patients with
JAK2 V617F variants are tested for CALR variants, espe-
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cially given the original assumption of mutual exclusivity
and the use of predefined testing algorithms. Furthermore,
testing for all possible variants in patients with suspected
myeloproliferative neoplasms is not suggested because
the low positivity rate does not justify the cost of testing.
It has been noted that patients with somatic CALR
pathogenic variants have a more indolent clinical course
with a lower thrombosis risk and longer overall survival
in comparison to those patients with JAK2 V617F pathogenic variants.5,6,12 However, the exact clinical significance
of coexisting variants has yet to be clearly defined secondary to the limited number of reported cases.
Overall, this case study represents the importance of
molecular testing in the diagnosis of myeloproliferative
neoplasms. It is imperative to properly characterize the
type of CALR variant detected. Our case highlights this
potential pitfall as the CALR variant detected was novel
with no known clinical significance, but is predicted to be
a benign variant due to preservation of the reading frame
and C-terminal KDEL signal sequence. Clearly communicating the type of CALR variant, or in our case a likely benign variant, will minimize the possibility of misdiagnosis
and overtreatment. If a patient is suspected of harboring
a germline CALR variant, it is recommended that a nonhematopoietic source (i.e. buccal swab) be obtained for
result confirmation. Unfortunately, our patient has been
lost to follow-up, precluding our ability to obtain a buccal
swab for confirmation testing and obtain follow-up clinical
outcomes data. However, assessment of the allele fraction
(Fig. 2) is supportive of a germline heterozygous variant
since the allele fraction is approximately 50 percent. We
speculate that in the coming years, additional patients with
coexisting JAK2 V617 and CALR variants will be discovered and the clinical significance, prognosis, and outcomes
of these patients will be further defined.
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Test yourself
Here are three questions taken from the case report. Answers are
online now at www.amp.org/casereports and will be published next month
in CAP TODAY.
1. Which of the following statements is true regarding somatic
CALR variants?
a. Variants are found in less than one percent of patients with essential
thrombocythemia.
b. JAK2 V617F and CALR variants are mutually exclusive.
c. These are frameshift variants that interrupt the reading frame.
d. Patients have a more aggressive clinical course and increased thrombotic risk.
2. Which of the following would be considered a germline CALR
variant?
a. 52-basepair deletion
b. 5-basepair insertion
c. 9-basepair deletion
d. 1-basepair deletion
3. Which of the following is true regarding germline CALR
variants?
a. As the sole detected variant, they are not associated with myeloproliferative
neoplasms.
b. They may be seen in conjunction with somatic JAK2 V617F or somatic CALR
variants.
c. These are in-frame variants that preserve the reading frame.
d. All of the above.
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