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Abstract

Philadelphia-negative myeloproliferative neoplasms (MPNs) are a group of clonal disorders that are characterized by excessive
proliferation of abnormal myeloid precursors and mature cells. Somatic driver mutations in the JAK2, CALR, and MPL genes
serve as major diagnostic criteria in the classification of the MPNs, namely polycythemia vera (PV), essential thrombocythemia
(ET), and primary myelofibrosis (PMF). Although initially thought to be mutually exclusive, recent studies have reported the co-
existence of JAK2, MPL, and CALR mutations. In this case report, we describe a case of a Philadelphia-negative myeloprolif-
erative neoplasm harboring mutations in the CALR [NM 004343.3:c.1092 1143del52 (NP_004334.1:p.Leu367Thrfs)] and
MPL [NM_005373.2:c.1543T>A (NP_005364.1:p.Try515Arg)] genes. Given the rarity of documented co-occurrence of driver
mutations in these two genes and the concomitant paucity of data regarding management of patients harboring mutations in both
these genes simultaneously, there are no clear guidelines for the treatment of patients with these mutation patterns and hence it is
difficult to assess the true relevance of this genotype. The fact that both the MPL and CALR genes are a part of the JAK-STAT
pathway could, however, assist in the clinical decision-making process.

Keywords CALR - Doubly mutated - Essential thrombocythemia - MPL - Myeloproliferative neoplasm - Next-generation
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Introduction

The classical Philadelphia—negative myeloproliferative neo-
plasms (MPNs), consisting of polycythemia vera (PV), essen-
tial thrombocythemia (ET), and primary myelofibrosis (PMF),
are heterogeneous clonal neoplasms with somatic driver mu-
tations in the Janus kinase 2 (JAK?2), calreticulin (CALR), and
myeloproliferative leukemia (MPL) virus oncogene genes [1].
Mutations in these genes were initially thought to be mutually
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exclusive. Recently, however, we have encountered two cases
with concurrent mutations in two of these genes. One of these
was a case of myelofibrosis with concurrent mutations in
JAK?2 exon 14 and MPL exon 10; the other was a patient with
concurrent mutations in the CALR and MPL genes. Multiple
research groups have recently reported similar findings with
co-existence of a JAK2 mutation either with a CALR or an
MPL gene mutation [2-9]. There are, however, limited reports
of concurrent CALR and MPL gene mutations [5, 10]. Here,
we describe a case of Philadelphia—negative myeloprolifera-
tive neoplasm with concurrent CALR and MPL mutations. To
the best of our knowledge, this is the first report of a CALR
and MPL double mutant from India.

Clinical history

A 57-year-old-male was referred to a clinical hematologist
for moderate splenomegaly in 2012. The patient had a
history of high platelet count since 1994; blood work-up
reports were, however, not available. The bone marrow
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procedure, performed in 1994, was reported from a lab
with limited resources. Hemogram values and bone mar-
row aspirate microscopy findings from the 1994 proce-
dure were, unfortunately, unavailable. The trephine biopsy
report stated that the marrow was mildly hypocellular
with an increase in the number of megakaryocytes, which
were seen in clusters as well as singly scattered. There
was no mention of megakaryocytic morphology in the
biopsy report. The report also stated that myeloid or ery-
throid hyperplasia was not observed. Although the report
mentioned mild fibrosis (verified by reticulin staining at
the time), the grade was not mentioned. In view of the
mild fibrosis, a diagnosis of primary myelofibrosis was
unlikely. The trephine biopsy slides were, unfortunately,
unavailable at the time of writing this report. Therefore, a
confirmation of the 1994 findings was not possible. In
2012, molecular testing requested by the treating hema-
tologist from a peripheral blood sample did not show the
presence of the JAK2 V617F mutation, which is common-
ly associated with Ph-negative myeloproliferative neo-
plasms. A real-time quantitative PCR (qPCR) was also
performed at that time to rule out chronic myeloid leuke-
mia (CML). BCR-ABL] fusion transcripts were detected at
0.13% compared with the reference ABL transcript. No
CML-specific treatment was initiated; however, the pa-
tient was initiated on aspirin. It is assumed that this course
of action was taken to reduce the risk of thrombosis by
the treating physician. The patient stated that he followed
up with the hematologist quarterly for the next 3 years.
His platelet count during this period was reported to be
normal; however, no reports from this period are avail-
able. It should be noted that the patient indicated that he
had self-medicated with traditional Indian herbal remedies
(Ayurvedic) including Guduchi (7inospora cordifolia, re-
ported to be an immunity booster) and Sharpunkha
(Tephrosia purpurea, reported to protect the liver and
spleen and boost hemoglobin levels). The effect, if any,
of this self-medication has not been determined. In 2015,
the patient underwent surgery for right-sided inguinal her-
nia, after which he developed ascites and was started on a
diuretic (torsemide (Dytor)), which alleviated the ascites.
In May 2018, he was referred to our multidisciplinary
team for a full work-up. In view of the moderate spleno-
megaly, which could not be explained solely by mild liver
parenchymal disease, our hematologist requested for se-
quence analysis of a panel of genes associated with mye-
loproliferative neoplasms (MPNs). In addition, the hema-
tologist requested a repeat testing for hemogram, liver
function, and creatinine levels. The peripheral smear from
the 2018 hemogram indicated a normocytic
normochromic anemia (hemoglobin of 8.8 g/dl) with pres-
ence of tear-drop cells and target cells; no nucleated
RBCs were observed. The total leucocyte counts and
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differential were within normal limits. Interestingly, the
platelet counts were also within normal limits. Bone mar-
row testing was not performed at this time because the
patient refused to undergo a repeat procedure. Based on
current available information, a diagnosis of a
Philadelphia-negative myeloproliferative neoplasm, not
subclassified, was made.

Materials and methods

Testing of DNA extracted from the patient’s peripheral blood
was performed by paired-end custom amplicon next-
generation sequencing (NGS) as described previously [11],
with a slight modification to the protocol. Instead of a direct
PCR-based incorporation of sequencing adapters and
multiplexing tags, the generated amplicons (JAK2 exons 12
and 14, CALR exon 9, and MPL exon 10) were first subjected
to transposon-mediated adapter incorporation (tagmentation)
to improve compatibility with shorter-read NGS protocols.
Multiplexing tags were incorporated subsequently using a
PCR-based method. Sequencing was performed on an
[Ilumina NextSeq 500 sequencer instrument using
sequencing-by-synthesis (SBS) chemistry in 2 x 150 paired-
end mode. Bioinformatic analysis was performed using an in-
house custom-developed pipeline.

Results

A total of 34,606 sequence reads were obtained for this sam-
ple. More than 90% of these sequences had a O-score > 30.
No pathogenic or clinically relevant somatic variants were
detected in exons 12 and 14 of the JAK2 gene. However,
two known somatic mutations were detected at clinically rel-
evant allelic depths in exon 9 of the CALR gene and exon 10
of the MPL gene.

A classical “type-1” 52-bp CALR deletion,
[NM 004343.3:¢c.1092 1143delS52
(NP_004334.1:p.Leu367Thrfs)], was detected at a mutant al-
lele frequency of approximately 13% with a coverage of more
than 4500 reads (Fig. 1). A mutation in the MPL gene,
[NM_005373.2:c.1543T>A (NP_005364.1:p.Try515Arg)],
was detected at approximately 9.8% allelic depth with a total
coverage of greater than 3300 reads (Fig. 2). Alignment
screenshots are from Golden Helix GenomeBrowse® visual-
ization tool v2.x by Golden Helix, Inc. [12].

Discussion

The 2016 WHO classification of myeloproliferative neo-
plasms states that approximately 80% patients with ET harbor



J Hematopathol (2019) 12:163-168

165

D

19: 13,054,559 19: 13,054,579
L L

19: 13,054,599
!

-

19: 13,164,619 19: 13,054,639
L

Reference Sequence GRCh37 hg19, UCSC
GJA|c cJAlc|cJAlc|clAleld

CE E e EE CE Bt

Known Genes 2014-02-16, UCSC

c|clAlcAc)e)c

SE B EEE

G)GJA|G|GJA|G|G] G

CE EE EE E

C

G
CLE

COSMIC Mutations Left Aligned 71 v2, GHI

7 CALR

Patient

10,000
8,000
6,000
4,000

Read Depth

2,000

Pile-up

8,000
6,000

4,000
2,0004" ’ e

&

User Annotations fa
GlcJAlc)c G GJA)c)cjAlc G

 o{ o ol A o | f{ i

Genes and Regulation - Public Annotations &

C|G|C]

GEE

c)A)c|clAlc)c)c WelAlclclalc

€ CE EE EE EEE & EBLE

Variation and Function - Public Annotations &

CALR

CALR
CALR

MPN m

Fig. 1 Alignment ofreads for exon 9 of the CALR gene. The figure shows
alignment of the reads obtained from the patient’s DNA for exon 9 of the
CALR gene against the reference genome and the COSMIC database. The

mutations in the JAK2, MPL, or CALR genes and these gene
mutations are a part of the major diagnostic criteria of ET [13].
Tefferi et al. [14] have previously reported that patients har-
boring CALR mutations have a lower risk of adverse throm-
botic events as compared with that observed in patients har-
boring JAK2 mutations. However, there is no difference in the
overall survival rate of these patients. Phenotype-driver
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mutations in the JAK2, CALR, and MPL genes were initially
thought to be mutually exclusive; however, there have been
recent reports of “doubly mutated” (DM) patients. We have
summarized previously published literature of DM cases in
Table 1. The types of mutations have been mentioned in the
table only in instances where they have been mentioned in the
corresponding study.
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Fig. 2 Alignment of reads for exon 10 of the MPL gene. The figure
shows alignment of the reads obtained from the patient’s DNA for exon
10 of the MPL gene against the reference genome and the COSMIC

database. The region of interest is highlighted by a red box. The
mutation is represented in red in the patient’s reads (last two tracks)
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Table 1  Studies in which concomitant JAK2, MPL, and CALR mutations have been observed
Authors Year of Number MPN Type of mutation

publication ofpatients type
JAK?2 exon 14

JAK2 exon 12 MPL CALR

McGaffin et al. [2] 2014 1 - V617F
Kang et al. [3] 2016 7 ET V617F
Rashid etal. [4] 2016 1 ET V617F
Cleyratetal. [S] 2017 1 ET -
Jeromin et al. [6] 2017 12 - V617F
6 - V617F
1 _ _
Usseglio etal. [7] 2017 4 ET V617F
4 ET V617F
Boddu et al. [8] 2018 1 PV V617F (VAF 95%)
1 PV V617F (VAF 12%)
1 ET V617F (VAF < 1%)
De Roecket al. [9] 2018 1 ET V617F
1 PMF V617F
Mansier et al. [10] 2018 5 - V617F (VAF < 5%)
32 - V617F
11 - V617F
2 _ _
1 PV V6I17F
1 _ _
This study 2019 1 - -

- - Type-6 mutation (48-bp deletion)
All types (types 1, 2, and 3)

Type-1 mutation (52-bp deletion)

- p-W515R
- Type not mentioned -

Type-1 mutation (52-bp deletion)
- - Type not mentioned

- Type not mentioned Type not mentioned

- W515R and W515R —
- - Type-1 mutation (52-bp deletion)
- p-Y591D (VAF -
<10%)
- p-WS5I15L (VAF <3%) —
- - Type-1 mutation (VAF 30%)
- p.-W315R -

Type-1 mutation (52-bp deletion)

Type not mentioned
- - Type not mentioned
- Type not mentioned -

- Type not mentioned Type not mentioned

Type not - -
mentioned
2 different mutations

Type-1 52-bp deletion (VAF 13%)

- p.W515R (VAF 9.8%)

VAF variant allele frequency

Mansier et al. [10] have previously reported that second
concurrent MPN-associated mutations are more frequently
encountered in patients with somatic JAK2 V617F mutant
allele frequencies (MAF) of < 5%. Owing to the limited num-
ber of reports describing patients with concurrent MPN muta-
tions, it was unclear to the group whether the co-occurrence of
these multiple driver mutations could affect the presentation or
evolution of the disease. In a separate study, Boddu et al. [8],
however, reported that second MPN-associated mutations
with mutant allele frequencies of < 5% could be seen in the
background in cases where the allele frequency of the primary
MPN mutation (JAK2 exon 14 V617F) varied widely from 1
to 90%. They surmised that the minor driver mutation could
be ascribed either to low-level somatic mutations or to false
positivity. Therefore, the authors suggested that a more com-
prehensive molecular analysis would be needed to determine
whether the minor mutation was a sub-clone of the primary
mutation. This could perhaps be answered by performing
single-cell sequencing. Kang et al. performed a study on 123
MPN patients; seven patients with ET harbored mutations in
both the JAK2 and CALR genes. They reported that co-
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existence of JAK2 and CALR mutations did not appear to
affect the prognosis or clinical features. The authors, therefore,
concluded that JAK2 mutations have a greater effect on the
disease phenotype and the clinical features in ET patients than
CALR mutations do. Although not directly applicable to the
case at hand, the following observation from their study is of
interest. They noted that ET patients harboring mutations in
the JAK2 gene showed inferior progression-free survival
(PFS) regardless of mutations in the CALR gene.
Nevertheless, patients with mutations in the JAK2 gene exhib-
ited an earlier response to treatment as compared with patients
with mutations in the CALR gene. Based on their work pub-
lished in 2014, McGaffin et al., however, were of the opinion
that double-mutant patients can have a different clinical course
as compared with those harboring mutations in only one of the
genes.

For our patient, high-depth NGS revealed the presence of
concurrent mutations in the CALR and MPL genes. A classical
“type-1” CALR mutation, [NM_004343.3:c.1092 1143del52
(NP_004334.1:p.Leu367Thrfs)], was detected in exon 9 at a
relative mutant allele frequency of approximately 13%. An
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MPL gene mutation, [NM_005373.2:c.1543T>A
(NP_005364.1:p.Try515Arg)], was also detected in exon
10 at a relative mutant allele frequency of approximately
9.8%. 1t should be noted that testing for BCR-ABLI fusion
transcripts to clarify the reported detection of Philadelphia
transcripts at 0.13% at the time of initial diagnosis was also
requested; however, the patient was lost to follow-up and re-
peat testing could not be performed. Such a low relative abun-
dance of the BCR-ABLI transcript at the time of diagnosis is
not usually considered indicative of Ph-positive CML. Several
studies have reported the presence of low levels of BCR-ABL1
fusion transcripts in cases with ET and even in healthy indi-
viduals [8]. Furthermore, sequential follow-ups of a few of
these patients showed disappearance of BCR-ABLI tran-
scripts, confirming that these cases represented ET. Thus, the
original detection of low levels of BCR-ABL] fusion transcript
in our patient is unlikely to have been of clinical significance.

With regard to the case being discussed, the “type-1 52-bp
deletion [NM 004343.3:¢.1092 1143del52
(NP_004334.1:p.Leu367Thrfs)] in the CALR gene results in
a mutant protein with a novel C-terminus in which the nega-
tively charged amino acids are replaced by neutral and posi-
tively charged amino acids, and in which the “KDEL” endo-
plasmic reticulum retention motifis lost. It has been suggested
that impaired Ca®* binding activity, which is known to regu-
late human megakaryocyte function, may play a role in mutant
CALR pathogenicity [15]. Mutations in codon 515 of the MPL
gene (W515L/K mutations are the most common ones in pa-
tients with ET or PMF; W515S, W515A, W515R, and
W515G are less frequently encountered) activate the
TpoR/JAK2/STATS transcriptional cascade, in the absence
of a ligand, leading to cellular proliferation [16]. Given that
the CALR mutation in our patient was present at a mutant
allele frequency of approximately 13% and the MPL mutation
was present at a mutant allele frequency of approximately
9.8%, two possibilities exist: (i) the CALR mutation and the
MPL mutation are two independent driver mutations in dis-
tinct clonal populations, or, (ii) the MPL mutation is a second-
ary mutation in a sub-clonal population of the CALR
mutation—containing clonal population. Single-cell sequenc-
ing techniques can delineate between these two possibilities.
This could help the treating clinicians in deciding whether
single- or multiple-drug therapy is required for patient
management.

Although rare cases of concurrent mutations in the CALR
and MPL genes have been reported in literature [5, 10], con-
current mutations in the CALR and MPL genes have not been
reported in Philadelphia-negative myeloproliferative neo-
plasms in India. Of the 125 patients who have undergone
concomitant testing for mutations in the JAK2, CALR, and
MPL genes at our center, this is the first case of a patient
harboring both CALR and MPL mutations. To summarize,
testing for mutations in both the CALR and MPL genes should

be performed in the presence of low JAK2 mutation burden.
Ideally, a high-depth NGS MPN panel (multiplex panel for
JAK2, MPL, and CALR) capable of detecting low mutant al-
lele burden should be performed in patients suspected of hav-
ing a Philadelphia-negative chronic myeloproliferative neo-
plasm. There is, however, limited data regarding the clinical
outcomes of patients harboring both these mutations
simultaneously.
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