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Summary
Background Discovery of calreticulin (CALR) mu-
tations are considered essential in understanding
the molecular basis of myeloproliferative neoplasms
(MPNs). These mutations have been demonstrated
to be the second driver mutation in MPNs espe-
cially essential thrombocythemia (ET) and primary
myelofibrosis (PMF). The diagnostic and prognostic
significance of these mutations, in addition to the
geographical and ethnic heterogeneity, were previ-
ously reported. Molecular profiling also guides the
selection of therapy for patients with MPNs. There-
fore, we investigated the frequency and clinical and
demographic characteristics of CALR mutations in
Egyptian patients with MPNs.
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Methods We investigated CALR mutations in 84 Egyp-
tian patients with MPNs using florescent polymerase
chain reaction followed by fragment analysis. Then,
we analyzed the relationship between the mutations
and patient clinical data.
Results The frequency of CALR mutations was 13%
(type 2 mutations, 55%; mix or complex mutations,
27%; type 1 mutations, 18%). CALR mutations were
most frequent in ET (21.4%), followed by PMF (15.4%)
and were not found in polycythemia vera (PV). Clin-
ically, patients with mutated CALR had significantly
lower levels of leukocytes (P= 0.042) and higher
platelet count (P=0.04) compared to those with non-
mutated CALR and lower risk of thrombosis although
a statistical difference was not detected.
Conclusions CALR mutations were found frequently
in Egyptian MPNs patients with ET and PMF espe-
cially in those without JAK2 mutation. Patients with
type 2 and complex mutations were more frequent in
our cohort than the previously known published data.
Thus, CALR is a potentially valuable marker for strat-
ification of JAK2-negative MPN patients.

Keywords Calreticulin · Myeloproliferative
neoplasms · Essential thrombocythemia · Primary
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Introduction

Myeloproliferative neoplasms (MPNs) are chronic
myeloid cancers characterized by overproduction of
mature blood cells with increased risk of transfor-
mation into acute myeloid leukemia (AML) [1, 2].
Philadelphia chromosome-negative MPNs include
polycythemia vera (PV), essential thrombocythemia
(ET), and primary myelofibrosis (PMF). Thus far,
both JAK2V617F mutations and MPL mutations have
helped stratify and prognosticate patients. JAK2V617F
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Table 1 Clinical and laboratory characteristics of patients with myeloproliferative neoplasms

Characteristics ET
n (%)
42 (50%)

PV
n (%)
20 (24%)

PMF
n (%)
13 (15%)

CML
n (%)
6 (7%)

MDS/MPN
n (%)
3 (4%)

Healthy controls
n= 11

Gender, n (%)

Male 19 (45%) 19 (95%) 8 (62%) 5 (83%) 2 (67%) 6 (55%)

Female 23 (54%) 1 (5%) 5 (38%) 1 (17%) 1 (33%) 5 (45%)

Age (years), median (rangea) 46
(34–54)

45
(34–65)

57
(51–66)

59.5
(47–65)

46
(38–55)

47
(28–58)

Splenomegaly, n (%)

Yes 28 (67%) 14 (70%) 14 (100%) 6 (100%) 2 (100%) 0 (0%)

No 10 (24%) 6 (30%) – – – 11 (100%)

Splenectomy 4 (9.5%) – – – – 0 (0%)

White cell count, median (rangea)
(×109/L)

11
(7–14.6)

7.3
(4.8–8.8)

14.4
(5.4–25)

73.2
(15–148)

9.8
(1.7–18)

5.7
(4.9–8)

Platelet count, median (rangea)
(×109/L)

736.5
(649–1018)

200
(154–294)

231
(113–390)

179
(118–397)

145
(49–241)

300
(280–379)

Hemoglobin, median (rangea) (g/dl) 11.3
(10–13)

18.4
(17–19.7)

8.4
(6.5–11)

9.8
(8–11.7)

6.2
(4.7–7.7)

13.5
(12.8–14)

LDH U/L, median (rangea) 432.5
(310–727.5)

386
(293–736)

820
(612–1627)

572.5
(392.5–1826)

305
(234–377)

214
(200–300)

CALR-mutant, n (%) 9 (21.4%) 0 2 (15.4%) 0 0 0

JAK2-mutant, n (%) 14 (33.3%) 3 (15%) 6 (46.1%) 0 0 0

Nonmutated JAK2/CALR, n (%) 19 (45.3%) 17 (85%) 5 (38.5%) 6 (100%) 3 (100%) 11 (100%)

Treatment, n (%)

Hydroxyurea 21 (50%) 17 (85%) 11 (84%) 4 (66%) 2 (67%) –

Venesection 13 (31%) 2 (10%) 1 (8%) – – –

Methylprednisolone 3 (7%) 3 (15%) – 1 (17%) – –

Low dose aspirin 3 (7%) 3 (15%) 1 (8%) 1 (17%) – –
aRange: interquartile range
n number, % percent, ET essential thrombocythemia, PV polycythemia vera, PMF primary myelofibrosis, CML chronic myeloid leukemia, MDS myelodysplastic
syndrome, MPN myeloproliferative neoplasm

mutations are detected in approximately 95% of pa-
tients with PV and in 50–60% of ET and PMF patients
[2]. Rarely, patients carry other JAK2 mutations, such
as insertions or deletions in exon 12 [3]. Activating
mutations of MPL, the thrombopoietin receptor gene,
are present in 5–10% of patients with ET and PMF
with nonmutated JAK2 [5, 6]. Nearly one-third of pa-
tients with ET or PMF do not carry any JAK2 or MPL
mutations [5, 7].

The identification of calreticulin (CALR) muta-
tions has changed the molecular diagnostic algorithm
for MPNs and improves the diagnostic accuracy of
JAK2V617F-negative ET and PMF cases and influence
prognosis [4].

At the end of 2013, two studies identified recurrent
mutations in the CALR gene using whole-exome se-
quencing. They detected recurrent CALR mutations
in 60–88% of patients with ET and PMF who were
negative for JAK2 and MPL mutations [8, 9].

Mutant CALR activates JAK/STAT signaling lead-
ing to downstream proliferative signaling [10]. CALR
is required for downstream JAK-STAT activation and
oncogenic transformation through the C-terminal
domains of the mutant protein [11, 12]. Addition-
ally, expression of mutant CALR in Ba/F3 cells results

in cytokine-independent proliferation with increased
phospho-STAT5 expression and sensitivity to JAK2
inhibition [10].

CALR mutations are either insertions or deletions
in exon 9 (type 1: a 52-bp deletion, 45–53%, or type 2:
a 5-bp insertion (ins TTGTC), 32–41%). Other less fre-
quent mutations in exon 9 account for up to 15% of
CALR mutations [13]. All CALR mutations lead to
a frame shift generating a common 36 amino acid
C-terminal end with the loss of the KDEL motif, and
the KDEL endoplasmic reticulum (ER) retention signal
generating an abundance of positively charged amino
acids [13].

Patients carrying calreticulin mutations have been
reported to be at lower risk for disease complications
including thrombosis in ET or massive myelofibro-
sis with transfusion dependency and symptomatic
splenomegaly in PMF as compared to patients with
JAK2 V617F mutations [14]. It was recently reported
that antiplatelet therapy did not affect thrombosis risk
in CALR-mutated ET patients but was associated with
a higher incidence of bleeding [15]. Also, the best pos-
thematopoietic cell transplantation (HCT) outcome
was observed with CALR-mutated PMF [16]. Given
the above findings, it is important to study CALR mu-
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tations to further stratify and determine the clinical
therapeutic strategy for CALR-mutated patients.

Very few studies have investigated CALR mutations
in Egyptian patients with MPNs. Therefore, in this
study, we analyzed the status and frequency of CALR
mutations in a cohort of Egyptian patients with MPNs
correlating that with clinical and laboratory character-
istics to better guide therapeutic decisions in routine
clinical practice.

Materials and methods

The study was approved by the institutional review
board of the faculty of medicine, Mansoura University,
Egypt. Between 2009 and 2017, patients were selected
from the Oncology Center database according to avail-
ability of archived peripheral blood DNA for mutation
screening. Patients were diagnosed as MPNs based
on the criteria of diagnosis established by the WHO
2008 [17]. A second revision of diagnostic criteria was
performed based on the new WHO 2016 revision for
MPNs [4]. A total of 84 patients with MPN (53 males
and 31 females), including cases with ET (n=42), PV
(n= 20), PMF (n= 13), MDS/MPN (n= 3), and chronic
myeloid leukemia (CML) (n=6) were selected. The pa-
tient samples were chosen to represent different MPN
subtypes and not the incidence proportions. We fo-
cused our selection on JAK2V617F-negative patients
with an additional small number of JAK2V617F-posi-
tive patients to be used as a comparative group. We
also included 11 healthy controls (7 males and 4 fe-
males). Demographic and clinical information at the
time of presentation, from patients and healthy con-
trols, was obtained from medical records and is sum-
marized in Table 1. Each patient provided informed
consent for sample collection in accordance with the
Declaration of Helsinki.

Janus kinase 2 and calreticulin mutation analyses

DNA was extracted from peripheral blood using the
DNA Mini Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions. Polymerase
chain reaction (PCR) was performed for detection
of JAK2V617F mutations as previously described [18]
as a part of the routine diagnostic workup for MPN
patients.

CALRmutations were detected in archived genomic
DNA from peripheral blood using fluorescent PCR fol-
lowed by fragment length analysis. Detection of CALR
mutations in exon 9 was performed as previously de-
scribed [19]. Briefly, 50ng of genomic DNAwas ampli-
fied with 7.5pmol each of forward and reverse primers
to amplify a 293-bp product. The forward primer
was (CALR-F) 5′–6 FAM (6-carboxyfluorescein) -TAA-
CAAAGGTGAGGCCTGGT-3′ and the reverse primer
was (CALR-R) 5′GCCTCTCTACAGCTCGTCCTT-3′.
The reaction was carried out in a total of 25μl using
1×Hot Star Taq Master Mix (Qiagen). PCR conditions

were as follows: 10min denaturation at 95°C, then
40 cycles of 95°C for 30s, 55 °C for 30s and 72°C
for 30s followed by 10min incubation at 72°C. PCR
products were separated by electrophoresis on a 3%
agarose gel (supplementary Figs. 1and 2). PCR prod-
ucts were analyzed by capillary electrophoresis on an
ABI-3500 genetic analyzer followed by fragment analy-
sis on Gene Mapper Software 4.1 (Applied Biosystems,
Forest City, CA, USA) (Fig. 2). Products’ peak heights
were analyzed, and the ratio of mutant to wild-type
plus mutant peaks was calculated in order to define
% CALR mutation burden [20].

Statistical analysis

Statistical analyses were performed with the statis-
tical software GraphPad Prism 5.0 (GraphPad Soft-
ware, USA). Continuous variables including age and
peripheral blood count were summarized by median
and range and analyzed using the Mann–Whitney test.
Overall survival (OS) analysis was considered from the
date of diagnosis to the date of death or last con-
tact and was prepared by the Kaplan–Meier method.
A value of P< 0.05 was considered statistically signifi-
cant.

Results

Frequency and pattern of the calreticulin mutation

Among the 84 MPN cases, CALR mutations were iden-
tified in 11 patients (13%), 23 patients (27%) were pos-
itive for JAK2 V617F, and 50 patients (60%) were neg-
ative for both mutations (wild-CALR and JAK2V617F).
In patients without JAK2V617F (wild-type), the fre-
quency of CALR mutations was slightly higher at 18%
(11/61) (Fig. 1).

Fig. 1 Calreticulin (CALR) mutation % among JAK2-negative
patients
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Table 2 Calreticulin (CALR) exon 9 mutation profile in 11 myeloproliferative neoplasm patients

Patient ID Age Gender Clinical diagnosis Type of CALR mutations CALR mutation % of CALR mutation

5 50 M ET Type 2 Insertion 5bp 50

11 51 M ET Type 2 Insertion 5bp 50

67 64 M ET Type 2 Insertion 5bp 50

80 32 M ET Type 2 Insertion 5bp 50

42 49 F ET Type 2 Insertion 5bp 50

10 36 F ET Type 2 Insertion 5bp 50

49 46 F ET Type 1 Deletion 52bp 49

16 45 M ET Mix mutations Del. 7bp, del. 52bp 64

19 59 M ET Mix mutation Del. 46bp, ins. 8bp 62

58 73 F MF Type 1 Deletion 52bp 49

24 54 F MF Mix mutations Del. 45bp, del. 51bp, ins. 7bp 65

CALR calreticulin,MF myelofibrosis, ET essential thrombocythemia, bp base pairs, ins. insertion, del. deletion,M male, F female

Fig. 2 Results of polymerase chain reaction (PCR) fragment
analysis of calreticulin (CALR) exon from a representative sub-
set of the patients that were tested. For the fragment analysis

the sizes are indicated in bp, with the peak relative fluorescent
units shown underneath
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Fig. 2 (continued)

All 11 CALR mutations were detected in ET and
PMF cases (11/55, 20%). No CALR mutations were
found in patients with PV, CML or MDS/MPN.

Type 2 CALR mutations were the most prevalently
found in 55% (6/11) of patients. Type 1 mutations
were found in 18% (2/11) of patients. The remaining
3 cases, harbored two or more mutated clones (3/11,
27%) (Table 2, Fig. 2). Type 2 mutations were more
frequent in ET patients (6/9, 67%) and type 1 muta-
tions represented 50% of the 2 CALR-mutated PMF
patients (Fig. 3).

Clinical characteristics of patients with CALR
mutations

All of the 20 PV, 6 CML and 3 MDS/MPN patients had
wild-type CALR. Table 3 shows the clinical and labo-
ratory characteristics of the CALR-mutated and -non-
mutated cases. As shown in Table 3, patients with
mutated CALR had a significantly lower white blood
cell (WBC) count than those with nonmutated CALR
(P= 0.042). A significantly higher platelet count was
also observed in the CALR-mutated group (P=0.04)
which may be due to the large number of ET pa-

tients in our cohort. No significant differences were
observed in Hb level, LDH level or age between the
CALR-mutated and -nonmutated group. As CALRmu-
tation is observed only in ET and PMF patients, we
compared the clinical characteristics of ET and PMF
patients in Table 4. ET patients with mutant CALR had
lower WBC counts (P=0.015) than those with mutant
JAK2V617F. Similarly, PMF patients with mutant CALR
showed lower WBC counts (P=0.009) than mutant
JAK2 patients. No significant difference was identified
between ET patients with mutant CALR and mutant
JAK2 in terms of age, hemoglobin level and platelet
count. Additionally, there was no significant differ-
ence in age, WBC count, or platelet count between
PMF patients with mutant CALR and mutant JAK2.

Thrombotic event, splenomegaly and overall survival

According to our data, there were no significant differ-
ences in thrombotic events or splenomegaly between
the CALR-mutated and -nonmutated patient groups.

CALR-mutant patients had a lower risk of death
than JAK2-mutant patients (P=0.186, median survival
months 37.5 and 25 months, HR: 0.29 and 3.35, re-
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Fig. 3 Pie chart of the different calreticulin (CALR) mutations
in patients with a essential thrombocythemia (ET) and b pri-
mary myelofibrosis (PMF)

Fig. 4 Overall survival in patients with myeloproliferative
neoplasms (MPN) stratified by mutation type

Table 4 Clinical characteristics of ET and PMF patients with CALR and JAK2V617F mutation

Characteristics ET PMF

CALR+ JAK2V617F+ P value CALR+ JAK2V617F+ P value

Patients, n 9 14 – 2 6 –

Males, n 6 9 – 0 5 –

Age (years), median (rangea) 49
(41–55)

53
(44–66)

0.373 64
(54–73)

63
(54–75)

0.928

WBC count (x109/L), median (rangea) 6.6
(4.8–10)

13.1
(10.3–23.6)

0.013 10.4
(7.1–13.6)

25
(19.6–28.5)

0.009

Hemoglobin (g/L), median (rangea) 11.3
(9.8–12.6)

12.8
(9.6–14.6)

0.349 7.8
(6.7–9)

10.6
(8.7–13.2)

0.202

Platelets (x109/L), median (rangea) 802
(613–1104)

946
(706–1232)

0.295 237
(171–304)

379
(168–984)

0.447

Spleenomegally, N (%) 7 (77.8) 10 (71.4) 0.9 2 (100) 6 (100) 1

Thrombotic events, N (%) 0 (0) 8 (57) 0.007 1 (50) 0 (0) 0.25

OS, median survival months (rangea) 37.5
(24.7–51.7)

33
(22.5–54)

0.121 63
(30–96)

40.5
(20.5–66)

0.527

Survival, % 100% 71% – 100% 83% –
aRange: interquartile range
n number, % percent, WBC white blood cell count, Hb hemoglobin, PLT platelets, LDH lactate dehydrogenase, OS overall survival

Table 3 Clinical and laboratory characteristics of CALR-
positive (CALR+) and -negative (CALR–) mutations

Charcteristics CALR+ CALR– P value

Number (%) 11 (13%) 73 (87%) –

Male/female 6/5 46/27 0.74

Age (years), median (rangea) 50
(45–59)

49
(37.5–58.5)

0.69

WBC (x109/L), median (rangea) 7.1
(5.5–11.5)

11
(7–18.5)

0.042

Hb (g/L), median (rangea) 11.2
(8.7–12.4)

12.6
(9.7–16.7)

0.12

PLT (x109/L), median (rangea) 703
(608–1093)

467
(159–728)

0.04

LDH (U/L), median (rangea) 540
(320–920)

489
(316–816)

0.92

Spleenomegally, n/% 9/82% 56/77% 0.99

Thrombotic event, n/% 1/9% 15/21% 0.68

OS, median survival months
(rangea)

37.5
(24–52)

25
(12–48)

0.186

Survival, % 100% 82% –
aRange: interquartile range
n number, % percent, WBC white blood cell count, Hb hemoglobin,
PLT platelets, LDH lactate dehydrogenase, OS overall survival

spectively; Fig. 4). Additionally, the median survival
months were higher in CALR-mutated ET and PMF
patients (37.5 vs 33 months, HR: 0.22 vs 4.58 and 63
vs 40.5 months, HR: 0.25 and 4.05, respectively) when
compared to JAK2-mutated patients but significant
level was not reached (Table 4).

Discussion

CALR mutations play an important role in MPN pa-
tients without JAK2V617F and MPL mutations [9].
These mutations are increasingly established as valu-
able molecular markers for confirming the diagnosis
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of MPN [13]. Somatic mutations in CALR exon 9 are
considered the second most common mutation in
JAK2- and MPL-negative PMF and ET patients [21,
22].

Due to the diagnostic and prognostic value of these
mutations, in addition to the geographical and ethnic
variation previously reported [23, 24], the frequency
of CALR mutations was investigated in a retrospective
cohort of Egyptian MPN patients to determine the ex-
isting mutational spectrum. Although a number of
methodological approaches used to detect CALR mu-
tations exists, fragment length analysis was found to
be sufficient to detect relevant mutations [20, 25] so
was the method of choice to investigate CALR muta-
tions in our patients.

Previous studies showed that CALR mutations are
present almost exclusively in JAK2V617F-negative pa-
tients with ET and PMF [9, 26]. This was confirmed in
our study where CALR mutations were detected only
in ET and PMF cases without JAK2V617F mutation.
According to multiple studies, the incidence of CALR
mutations are observed in 9–25% of MPN patients [8,
9, 13, 26], being detected in approximately 20–25% of
patients with ET and PMF and not in patients with
PV [8, 9, 13, 26]. In our study, CALR mutations were
detected in 11 of 84 (13%) patients with MPNs and
in 11 of 61 (18%) MPN patients without JAK2V617F
mutations. This was consistent with the El Nahass
et al. [27] study of Egyptian MPN patients that found
CALR mutation in 15% (14/93) of Egyptian MPN pa-
tients. Furthermore, they reported CALR mutation in
24% of ET patients and in 17% of PMF patients and
not detected in PV patients [27].

In our patients CALR mutations were detected in
21.4% of ET and 15.4% of PMF patients, with no mu-
tation detected in PV patients. This is consistent with
what was observed by El Nahass et al. in Egyptian
MPN patients [27].

Also, our results were consistent with the Kim et al.
study on Korean patients with MPNs that found CALR
mutations in 12.6% of patients with MPNs (17.7% of
ET patients, 14.8% of PMF patients and not in PV pa-
tients) [28] and with the Wang et al. study on Chinese
patients with Ph-negative MPNs that reported CALR
mutations in 10.6% [29].

It was previously observed that type 1mutations are
associated with PMF and ET with an increased risk of
myelofibrotic transformation, while type 2 mutations
are associated with ET, low risk of thrombosis and an
indolent clinical course [22].

In our study, the majority (9/11, 82%) of the CALR
mutation pattern was an insertion and complex (mix)
mutation pattern while 18% (2/11) were a type 1 mu-
tation. Interestingly, type 2 mutations were the most
prevalent (55%) in our patients followed by complex
mutations (27%) which is noticed to be the higher
reported in literature then type 1 mutations (18%).
Type 2 mutations were more frequent in ET patients
(6/9, 67%).

Many studies have reported that patients with
CALRmutations were preferentially male and younger
in age [26, 30]; however, no male preference was
observed in our CALR-mutated patient group. Ad-
ditionally, there were no age difference between our
patients with CALR and JAK2V617F mutations which
is similar to what was previously reported in Egyptian
MPN patients [27].

Previous reports demonstrated that CALR mu-
tations were associated with higher platelet count,
lower thrombosis risk and less leukocytosis [22, 31].
Our patients with CALR mutations also showed sig-
nificantly higher platelet counts (P= 0.04) and lower
WBC counts (P= 0.042) compared to CALR-negative
patients, which is consistent with reported by El Na-
hass et al. [27].

In previous studies, CALR mutations have been as-
sociated with longer survival times in PMF cases [32].
In our cohort, there was no difference in overall sur-
vival between CALR-mutated and -nonmutated cases
(P=0.186). Survival of CALR-mutated versus -nonmu-
tated patients was 100% versus 82% (P=0.186) con-
sistent with the 100% and 92% (P=0.197) that was
reported by the Egyptian MPN study [27].

In conclusion, the frequency and spectrum of CALR
mutations in our EgyptianMPN patients are compara-
ble to previously published reports, thus, confirming
the importance of CALR as a driver mutation in ET
and PMF. However, in our patient population type 2
and complexmutations aremore frequent than in pre-
viously published studies. Therefore, further research
on a larger patient cohort and more deep molecular
profiling are required to confirm these findings and
help to establish better treatment guidelines.

Take Home Message

The frequency and spectrum of CALR mutations in our
Egyptian MPN patients are comparable to previously
published reports, confirming the importance of CALR
as a driver mutation in ET and PMF. Type 2 and complex
mutations are more frequent in our study than in previ-
ously published studies. Further research on a larger
patient cohort and more deep molecular profiling are
required to confirm these findings and help to establish
better treatment guidelines.
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