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METHODS AND TECHNIQUES

Background: Approximately 15% to 24% of essential thrombocythemia (ET) and 25—35% of primary myelofibrosis cases carry
a mutation in the calreticulin (CALR) gene. Sanger sequencing, ¢ PCR, high resolution melt or targeted next generation sequenc-
ing usually used to detect these mutations are expensive and require costly equipment. Nevertheless, type 1 CALR mutations are
detectable by using polymerase chain reaction (PCR) and agarose gel electrophoresis. Aim: To offer the use of the allele-specific
reverse transcription (RT) PCR for rapid low-cost detection of the type 2 mutation in the CALR gene. Materials and Methods:
Allele-specific primers designed for detecting type 2 mutation (5-bp insertion; c¢.1154_1155 ins TTGTC) of the CALR gene were
used for allele-specific RT-PCR analysis of cDNA of the patient with JAK2-, MPL-negative ET, whose mutation in CALR gene has
been identified by Sanger sequencing. RT-PCR samples were analyzed by agarose gel electrophoresis. Results: The type 2 mutation
(K385fs*47 ins5) in CALR gene was detected by Sanger sequencing in JAK2- and MPL-negative ET patient. The cDNA obtained
was then re-analyzed by using allele-specific RT-PCR with newly designed primers. Normal and type 2 mutation alleles of the
CALR gene were detected by gel electrophoresis. The results of allele-specific RT-PCR were consistent with the data of Sanger
sequencing. Conclusion: Allele-specific RT-PCR analysis may be used for the fast low-cost detection of the major type 2 mutation

(ins 5) of the CALR gene in patients with MPNs.
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The myeloproliferative neoplasms (MPNs) are
clonal hematopoietic stem cell disorders characterized
by dysregulated proliferation and expansion of one
or more myeloid lineages (erythroid, granulocytic,
megakaryocytic, monocytic/macrophage, or mast
cell) [1]. Most of the cases are initially diagnosed
in a proliferative phase when counts of granulocytes,
erythrocytes, and/or platelets in the peripheral blood
increased because of the maturation of neoplastic
cells in the bone marrow. In 2008, the World Health
Organization (WHO) published a revised classifica-
tion of the MPNs and altered the algorithms for their
diagnosis [2]. The WHO diagnostic algorithms and
classification of MPNs were further revised in 2016 [3].
According to this revision, WHO classification of MPNs
includes chronic myeloid leukemia, BCR-ABL1-
positive; chronic neutrophilic leukemia; polycythemia
vera (PV); primary myelofibrosis (PMF); essential
thrombocythemia (ET); chronic eosinophilic leukemia,
not otherwise specified; MPN, unclassifiable. The revi-
sion of MPNs classification was influenced by recently
discovered genetic abnormalities that play arole in the
pathogenesis of these neoplasms and can be used
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as diagnostic parameters. The genetic abnormalities
include mutations or rearrangements of genes that
encode protein tyrosine kinases (but not only them)
involved in a number of cellular signal transduction
pathways. In chronic myeloid leukemia, the formation
of the BCR-ABL1 fusion gene results in constitutive
activation of ABL-derived tyrosine kinase. This ge-
netic abnormality is associated with such consistent
clinical, laboratory, and morphologic findings that can
be used as a major criterion for diagnosis. For Ph-
negative MPNs (PV, ET, PMF), mutations in the Janus
kinase 2 gene (JAK2), the thrombopoietin receptor
gene (or myeloproliferative leukemia virus oncogene,
MPL), calreticulin (CALR) gene, etc. are not specific for
any single MPN, but their presence strictly indicates
that the myeloid proliferation is neoplastic. The WHO
diagnostic criteria for PV, ET, and PMF combine clini-
cal and laboratory data with genetic information and
histological features of the bone marrow biopsy.

ET involves primarily the megakaryocytic lin-
eage. The disease can occur at any age, including
children; but most cases occur after 60 years, or,
less frequently, in 30 year-old individuals, especially
women [4]. Approximately 35-50% of patients with
ET are asymptomatic at diagnosis. The disease is usu-
ally discovered during routine screening or treatment
of anotherillness. Some patients have symptoms that
are related to microvascular occlusive events. The
marked thrombocytosis is associated with abnormal
platelet function and an increased risk of thrombosis
and hemorrhage [2].
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PMF is Ph-negative MPN associated with forma-
tion of fibrous tissue within the bone marrow. PMF
patients may be asymptomatic for many years.
Eventually, fever, fatigue, frequent infections, night
sweating, enlarged spleen and liver, and weight loss
may occur.

Mutations in JAK2, CALR or MPL are among
the main WHO diagnostic criteria for ET and PMF [3].
The JAK2 gene mutations are found in 40-55%
of ET patients and 35-50% of PMF patients [5-6].
The MPL mutations are present in up to 5% of pa-
tients with ET [7]. In 2013, mutations in CALR were
identified in the majority of patients with non-mutated
JAKZ or MPL suggesting the role of mutant CALRin the
pathogenesis of MPN [8-9]. 15-24% of ET patients
and 25-35% of PMF patients had mutations in CALR
gene. Mutations in this gene are not found in PV pa-
tients. Up to 10% of patients with ET or PMF were
negative for JAK2, MPL, and CALR mutations [10].

CALR is a multifunctional Ca?* binding protein
mostly localized in the endoplasmic reticulum and in-
volved in many biologic processes, including prolifera-
tion, apoptosis, and cell death. At present, more than
50 mutations (insertions and deletions) that cause
a frameshift to an alternative reading frame in the
CALR gene were detected. In ET patients, type 1 mu-
tation (52-bp deletion; ¢.1092_1143del, also known
as L367fs*46), and type 2 mutation (5-bp insertion;
c.1154_1155 TTGTC, also known as K385fs*47) occur
in45-53% and 32-41% of all cases with the CALR gene
mutations, respectively. Type 1 mutation occursin 75%
of all PMF cases with CALR gene mutations [11]. Other
mutation types were observed at much lower frequen-
cies. Mutations in the CALR gene are associated with
younger age and male sex of ET patients. Patients with
JAKZ and MPL mutations have a higher risk of death
than ET patients with CALR mutations [8, 10, 12].

The type 1 or 2 mutations are detected in up to 90%
of all the cases with mutated CALR in ET. While type
1 mutation can be easily detected by using agarose gel
electrophoresis, such approach encounters a prob-
lem in case of type 2 mutation due to the difficulties
in separating the fragments that differ only slightly
by their length. The aim of the study was to develop
the modified method of allele-specific PCR for the
detection of type 2 mutation of the CALR gene that
could be useful for differential diagnosis of MPNs.

MATERIALS AND METHODS

cDNA samples of five ET patients who underwent
molecular diagnostic tests at the Department of Mo-
lecular Genetics of the Institute of Molecular Biology
and Genetics, the NASU, were used for the analysis.
Allthe patients were referred to the Reference Labora-
tory of Immunocytochemistry and Oncohematology
Department of RE Kavetsky Institute of Experimental
Pathology Oncology and Radiobiology, the NASU
for verifying the diagnosis. The design of the study
was approved by the Ethics committees of both col-
laborating institutions. Mutation in JAK2 and MPL

genes were detected in three samples as described
in [13-16]. Two samples with JAK2- and MPL-negative
ET were further analyzed by Sanger sequencing [16].
A cDNA sample from a patient with type 2 mutation
confirmed by Sanger sequencing was used to de-
sign and validate a mutation detection system us-
ing allele-specific reverse transcription polymerase
chain reaction (RT-PCR). Primers for allele-specific
RT-PCR were designed by using the Gene Runner
3.0.5 sequence of Homo sapiens CALRNM_004343.3.
It’s modification corresponding to the sequence of the
type 2 mutation of the CALR (5-bp insertion TTGTC
at c.1154_1155) was used as a template for analysis.
Primers calr_ins_f — (F) 5’GAGGAGGCAGAGGA-
CAATTGTC and calr2_r — (R) 5’AGGCCTCTCTA-
CAGCTCGTC were selected to detect type 2 mutation.
Primers calr2_f — (F) 5’GATCGACAACCCAGATTA-
CAAG and calr2_r (R) 5’AGGCCTCTCTACAGCTCGTC
were selected to detect type 1 mutation (52-bp dele-
tion), normal allele, and were also used for Sanger
sequencing. Sizes of the amplified fragments are
426 bp (normal allele), 431 bp (type 2 mutation)
or 374 bp (type 1 mutation, del 52). Primer localiza-
tion and size of the amplified fragments are shown
in Fig. 1. All primers were tested by using MFE primer
(https://mfeprimer3.igenetech.com/spec) and Prim-
er-BLAST(http://Awww.ncbi.nlm.nih.gov/tools/primer-blast/).

Calr2_f Calr_ins_f Calr2_r
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Fig. 1. Oligonucleotide primers localization on the sequence
of the Homo sapiens CALR gene with type 2 mutation (ins5)

0.5uM primers calr_ins_fand calr2_r, 2 mM MgCls,,
0.2 mM dNTPs, 1 unit mix Taq DNA polymerase/Pfu
polymerase (30:1) in a total volume of 20 uL were
used to detect type 2 mutation of the CALR gene.
The PCR conditions were as follows: initial denatur-
ation step of 3 min at 95 °C, 35 cycles of 30 sat 94 °C,
15 s of annealing at 58 °C, and 20 s of extension
at72°C. 0.5 uM primers calr2_fand calr2_r were used
to detect normal CALR gene under the same condi-
tions. The PCR products were resolved in 2.0-2.5%
agarose gel in sodium borate buffer. After electropho-
resis the gel was incubated with ethidium bromide and
visualized under UV light.

RESULTS AND DISCUSSION

The cDNA samples of ET patients were re-ana-
lyzed to detect mutations of the CALR gene. Cases
with JAK2- and MPL-negative ET were analyzed
by Sanger sequencing to detect the mutation (Fig. 2,
a). As can be seen from the sequencing data, TTGTC
insertion in cDNA sample originated from 64 year old
ET patient was confirmed. The patient was presented
with the disease in 2008. The diagnosis of ET was sug-
gested. According to the data of molecular-genetic
analysis performed in 2010 at the Department of Mo-
lecular Genetics of the Institute of Molecular Biology
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and Genetics NASU, no mutations in JAK2 and MPL
genes were revealed. Detection of type 2 mutation
in the CALR gene confirmed finally the diagnosis
of ET in accordance with the up-to-date WHO cri-
teria [3].

Presently there are several techniques used for
detecting CALR mutations. Some of them (Sanger
sequencing, qPCR, or targeted next generation se-
quencing) are expensive and require costly equipment.
High resolution melt (HRM) is of too low sensitivity and
Sanger sequencing is needed for determining the
genotype of the CALRvariants. The method of real-time
quantitative PCR with allele-specific primers [13] re-
quires equipment for real-time PCR and expensive Tag-
Man primers. Fragment analysis PCR that could be used
for the detection of the CALR gene mutationsis simple,
rapid and low cost but requires the use of high resolution
gels and devices for capillary electrophoresis.
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Fig. 2. a — Sanger sequencing of the mutation type 2 of the
CALR gene in the ET patient (the region of the ins5 TTGTC loca-
tionis marked by dots); b — Detection of mutationin CALR gene
by using allele-specific RT-PCRin ET patient (lanes 2, 3). Line 1,
4 — DNA size markers O’Range Ruler 50 bp; lane 2 — normal and
type 2 mutation alleles of the CALR gene (426 bp — N, 431 bp —
ins5); lane 3 — type 2 mutation of the CALR gene (130 bp)

Here we present the fast and cost-effective de-
tection method of allele-specific PCR to detect type
2 mutation of CALR gene that could be useful for dif-
ferential diagnosis of MPNs. The result of the analysis

of cDNA samples of ET patient is shown in Fig. 2, b.
Inlane 2, the separated products obtained by PCR us-
ing calr2_fand calr2_r primers are shown. Normal and
type 2 mutation alleles of the CALR gene (426 bp —
N, 431 bp — ins5) were detected. But as mentioned
above, the separation of such fragments with similar
size by agarose gel electrophoresis could not be al-
ways effective. The proposed allele-specific primers
allowed us to solve this problem. After PCR using
calr_ins_f and calr2_r primers, the mutant allele was
detected (Fig. 2, b, lane 3). This is completely con-
sistent with the data obtained by Sanger sequencing.

Thus, the results presented allow us to suggest
the use of the allele-specific RT-PCR analysis for fast
low-cost detection of the major mutation type 2 (ins 5)
in CALR gene in ET and PMF patients for differential
diagnosis.
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LWBUAKWNIA TA ELLEBUA CMOCIE BUSBJIEHHS
MYTALLII 2-FrO TUMNY F'EHA CALR 3A
AOMOMOIol0 ANEJNIb-CNELUU®DIYHOI 3T-MJIP
Ang OIArHOCTUKU MIEJTONPOJTIDPEPATUBHUX
HOBOYTBOPEHb
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Bnnsbko 15-24% BunagkiB eceHujanbHOi TpomobouuTeMii
(ET) i 25-35% Bunapakie nepBuHHOro mienodiéposy (MM®)
XapakTepunayloTbCs HAsBHICTIO MyTauii B reHi KanbpeTukymiHy
(CALR). CekBeHyBaHHS1 3a CeHrepom, kinbkicHa nonimepasHa
naHuorosa peakuia (MJ1P), aHani3a nnasneHHa OHK 3 Buco-
KO0 po3ainbHoto 3aaTHicTio (high resolution melt — HRM) a6o
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MOBHOMEHOMHE CEKBEHYBAHHSA HACTYMHOrO MOKOJIHHA (next
generation sequencing — NGS), aki 3a3B14yail BUKOPUCTOBY-
I0TbCH O4J151 BUSIBAIEHHS LX MyTaLlii, € LOPOrMMuy Ta BUMarailoTb
BMCOKOBapTiCHOro obnagHaHHA. OpgHak, myTauito CALR 1-ro
TUNY MOXHa BUABUTK 3a gornomoroto MNJIP Ta enektpodopesy
B araposHomy reni. Mera: BukopuctaHHs anenb-cneumdiyHoi
MJ1P 3i 3BOPOTHOI TPAHCKPUILLEID ANS LWBUAKOrO Ta HeL0pPO-
roro BusiBNeHHa MyTaii 2-ro Tuny B reHi CALR. Marepianun Ta
meToau: AnenbcneundiyHi npanimepu, NpU3HaYeHi ona Bu-
ABNEHHs MyTauii 2-ro Tuny (BctaBka 5-bp; c.1154_1155ins
TTGTC) reqa CALR 6ynn BukopucTaHi ofis anenbcneumndiyHo-
ro aHanizy metonom lMJIP 3i 3BopoTHO0 TpaHckpunuieto kKAHK
naujieHta 3 mienonponidepaTtnBHUM HOBOYTBOPEHHSAM, Y IKOFO
He 6yno BMABNEHO MyTauii B reHax JAK2 Ta MPL i Bu3Have-
HO MyTauito reHa CALR cekBeHyBaHHAM 3a CeHrepom. 3pas-
K metogom [MJIP 3i 3BOPOTHOIO TPAHCKPUMLUIED aHanidyBanm
enekTpodope3om y arapo3Homy reni. Peaynbtartu: na aHa-
ni3y BUKOpMCTaHO BMNapok 3 JAK2- ta MPL-HeratusHoto ET.
MyTauiio 2-ro Tuny (K385fs*47 ins5) 6yno BUSBNEHO CEKBEHY-
BaHHAM 3a CeHrepom. Lo kIHK noBTOpHO aHanizyeBanu 3a fo-
nomMoroto anenb-cneundivyHoi MJ1P 3i 3BOPOTHOIO TpaHCKpU-
uieto. HopmanbHuin anenb Ta anenb 3 MyTaLli€eto 2-ro Tuny reHa
CALR BusiBnsSinn 3a JOMNOMOroto renb-enekrpodopesy. OTpu-
MaHi pe3ysibTaT NOBHICTIO Y3roAXYTbCS 3 AaHUMN, OTpUMa-
HUMM 32 JOMOMOrol0 cekBeHyBaHHs 3a CeHrepom. BusisnenHs
myTauii 2-ro Tuny (K385fs*47 ins5) octatoyHo niaTeepanno
niarHo3 «eceHuianbHa TpoMbouuTeMis» 3rigHO 3 CcydaCHUMU
kputepiasmm BOO3. BucHoBku: Anenb-cneumdiyHnin aHanis
MJIP 3i 3BOPOTHOIO TPaHCKPULIED MOXe ByT1 BUKOPUCTAHO
0N WBMOKOrO Ta HEAO0POroro BUSIBJIEHHS OCHOBHOI MyTauii
2-ro Tuny (ins 5) rena CALR y nauieHTiB 3 mienonponibepaTtuns-
HVIMW HOBOYTBOPEHHSIMW.

Knioyosi cnoBa: CALR (kanbpeTuKysiH), eceHuianbHa TPOM-
6ountewmis (ET), anenbcneundiyHa MJIP, mienonponidepatme-
Hi HOBOYTBOPEHHS, MyTaL,is.



