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DESCRIPTION

[0001] The present invention relates to a method for diagnosing a myeloid malignancy comprising determining the
presence of a mutant allele of the calreticulin gene. Also genomic sequences, cDNA sequences, mMRNA sequences
and protein sequences of the mutant calreticulin are subject of the present invention. Further, the invention relates
to medical uses of inhibitors of mutant calreticulin.

[0002] Primary myelofibrosis (PMF), essential thrombocythemia (ET) and polycythemia vera (PV) are monoclonal
hematological disorders that belong to the classical BCR-ABL negative myeloproliferative neoplasms (MPN)
(Campbell & Green, 2006). Since the 2005 discovery of a somatic mutation in the JAK2 kinase gene, a tremendous
progress has been made in molecular diagnosis, clinical management, treatment and molecular understanding of
MPN. The valine to phenylalanine (V617F) mutation constitutively activates the Jak2 kinase resulting in increased
phosphorylation of its substrates (Stat5, Stat3, Erk, etc.) and leading to increased cytokine responsiveness of
myeloid cells (Baxter et al, 2005; James et al, 2005; Kralovics et al, 2005; Levine et al, 2005). Identification of
additional mutations soon followed such as in JAK2 exon 12 in PV (Scott et al, 2007) and in the thrombopoietin
receptor gene MPL in PMF and ET (Pardanani et al, 2006; Pikman et al, 2008). Although the three MPN disease
entities differ in their clinical presentation, they share many molecular as well as clinical features. The JAK2-V617F
mutation is present in about 95% of PV cases, 60% PMF and 50% of ET cases, respectively. Mutations in JAK2 exon
12 are specific to about 3% of PV cases whereas MPL mutations are restricted to the PMF (5%) and ET (3%). All
three MPN entities are predisposed at a variable degree to thrombosis, bleeding and leukemic transformation
(Sverdlow et al, 2008). Although patients may remain in the chronic phase of MPN for several years, disease
progression occurs in a form of secondary myelofibrosis in PV and ET, development of accelerated phase with
variable degree of pancytopenia followed by leukemic transformation affecting all three MPN entities (Sverdlow et al,
2008).

[0003] Somatic mutations accumulate during the entire clonal evolution of MPN hematopoietic stem cells. These
acquired genetic alterations may be point mutations, chromosomal lesions and epigenetic defects and they all may
contribute to the fitness of the evolving clone (Klampfl et al, 2011; Kralovics, 2008). These mutations may accelerate
proliferation by various means, decrease differentiation potential of progenitors or render them less susceptible to
apoptosis. Mutations affecting these mechanisms have been described in genes such as TET2 (Delhommeau et al,
2009), EZH2 (Ernst et al, 2010), DNMT3A (Stegelmann et al, 2011), ASXL1 (Stein et al, 2011), and TP53
(Harutyunyan et al, 2011) in different types of myeloid malignancies including MPN (Milosevic & Kralovics, 2013).
However, so far only JAK2 and MPL mutations are considered strongly MPN associated and they represent the
most useful molecular markers of MPN.

[0004] Despite the progress made in the understanding of the molecular pathogenesis of MPN approximately half
of the patients with PMF and ET lack a molecular marker for diagnosis as these patients are negative for both JAK2
and MPL mutations.

[0005] Thus, the technical problem underlying the present invention is the provision of means and methods for
diagnosis of a myeloid malignancy.

[0006] Accordingly, the present invention relates to a method for assessing whether a patient suffers from a
myeloid malignancy or is prone to suffering from a myeloid malignancy, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid

malignancy when said one or more mutant alleles of the calreticulin gene is present, wherein said one or

more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein, wherein said mutant

calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ

IDNO:1,20r3;
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2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4,

3. (c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4. (d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (¢) and wherein
the protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a
result of the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and
wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by
immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0007] The technical problem is solved by provision of the embodiments characterized in the claims.

[0008] The present invention solves the above identified technical problem since, as documented herein below and
in the appended examples, it was surprisingly found that patients suffering from a myeloid malignancy, preferably
primary myelofibrosis (PMF) and essential thrombocytemia (ET), have somatic mutations in the calreticulin (CALR)
gene. Another surprising finding was that these myeloid cell specific somatic mutations in the CALR gene in patients
with MPN strongly associate with those patients that are negative for both JAK2 and MPL mutations (the previously
described disease causing mutations in MPN). As shown herein, CALR mutations are found in 88% of PMF cases,
and in 68% of ET cases double negative for JAK2 and MPL. Thus, the present invention provides a reliable
diagnosis of myeloid malignancies. The invention is especially useful for patients for which no reliable markers exist,
such as patients which are negative for JAK2 and MPL mutations.

[0009] Moreover, it was found herein that the herein provided somatic mutations in the calreticulin (CALR) gene
result in a C-terminus of the calreticulin protein which has completely different characteristics compared with the wild
type calreticulin protein. It is believed that these different characteristics cause or contribute to the development of
myeloid malignancy, preferably primary myelofibrosis (PMF) and essential thrombocytemia (ET).

[0010] All the mutations of CALR identified herein are in the last exon 9 encoding the C-terminal amino acids of the
protein and are predominantly insertion/deletion mutations. The majority of the mutations were present in a
heterozygous state and they cause a frameshift to an alternative reading frame (alternative frame 1 as shown in
Figure 3A). This frameshift results in the replacement of the C-terminal negatively charged amino acids (aspartic
and glutamic acid rich) of calreticulin by a predominantly positively charged polypeptide rich in arginine and
methionine. In addition, the last 4 amino acids of calreticulin (KDEL (SEQ ID NO: 1331)) contain the endoplasmatic
reticulum retention signal. This signal is absent in the mutant calreticulin suggesting that the mutant protein is less
represented in the ER compared to the wild type protein. As the negatively charged C-terminus of calreticulin is a
low affinity high capacity Ca2+ binding domain, it is believed that the Ca2+ binding function of the mutant protein is
lost. It has been demonstrated herein that the predominant mutations of CALR are type 1 and type 2 mutations as
defined herein; see Fig. 3E. These mutants and their use in accordance with the present invention is therefore
preferred. Nucleic acid sequences encoding the C-terminus and the amino acid sequence of the C-terminus of type
1 and type 2 CALR mutations are shown in SEQ ID NO: 5 to 12. Further nucleic acids of type 1 and type 2 CALR
mutations are disclosed herein.

[0011] The detection of the herein provided CALR mutations at the level of genomic DNA, RNA, cDNA and protein
is useful for the diagnosis of a myeloid malignancy, for example, whether a patient has a myeloid malignancy, what
type of myeloid malignancy, and specific features of the disease.

[0012] As used herein, "diagnosis" refers, inter alia, to the identification of the nature of an illness or the
identification of a physiological or pathophysiological problem underlying a symptom. Thus "diagnosis of a myeloid
malignancy” refers to determining (a) if a patient has a myeloid malignancy and/or (b) what fype(s) of myeloid
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malignancy and/or (c) features of the specific myeloid malignancy. Diagnosis can be performed e.g. based on
examination of symptoms and/or complementary tests (e.g. cytogenetic or molecular tests).

[0013] The term "assessing whether a patient suffers from a myeloid malignancy" and "diagnosing myeloid
malignancy” can be used interchangeably herein. The diagnosis can also comprise or relate to the assessment
whether a patient is prone to suffering from a myeloid malignancy, i.e. whether the patient is at risk of developing a
myeloid malignancy.

[0014] The present invention relates to a method for assessing whether a patient suffers from a myeloid
malignancy or is prone to suffering from a myeloid malignancy, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein, wherein
said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r3;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4,

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and
wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0015] A sample can be obtained from the patient. "Obtaining” encompasses receipt of a sample that is provided by
a third party. For example, blood or bone marrow may be drawn from a patient, placed in appropriate receptacle,
and then provided for analysis.

[0016] The present disclosure relates to a method for assessing whether a patient suffers from a myeloid
malignancy or is prone to suffering from a myeloid malignancy, said method comprising

+ obtaining a sample from said patient;

« determining the presence of one or more mutant alleles of the calreticulin gene in a sample from said patient;
and

+ assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy when said one or more mutant alleles of the calreticulin gene is present.

[0017] In accordance with the present invention, a patient is assessed "positive" for a myeloid malignancy, if one or
more mutant alleles of the calreticulin gene are presentin a sample, preferably a blood sample, from said patient.

[0018] The term "myeloid malignancy” as used herein refers to clonal haematological diseases affecting the
myeloid blood lineages including those with chronic and those with acute clinical course. Myeloid malignancies
include myeloproliferative neoplasms, myelodysplastic syndromes and acute myeloid leukemias. It is preferred
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herein that the myeloid malignancy is a myeloproliferative neoplasm, particularly primary myelofibrosis (PMF) or
essential thrombocythemia (ET), or a myelodysplastic syndrome, particularly refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T).

[0019] Thus, the diagnosis of myeloid malignancy can be to further diagnose subtypes of disease. In further
embodiments, the diagnosis utilizes additional tests in combination, such as blood chemistry, cytology, and genetic
analysis. Depending on the nature of the myeloproliferative neoplasm, additional diagnostic tests may include red
cell mass determination (for polycythemia), bone marrow aspirate and trephine biopsy, arterial oxygen saturation
and carboxyhaemoglobin level, neutrophil alkaline phosphatase level, vitamin B12 (or B12 binding capacity) and
serum urate. Genetic tests have proven to be increasingly important in diagnosis.

[0020] The following tests are traditionally done to diagnose the following diseases. See e.g. Vardiman, et al.
(2009). "The 2008 revision of the World Health Organization (WHO) classification of myeloid neoplasms and acute
leukemia: Rationale and important changes”. Blood 114 (5): 937-51.

Chronic myelogenous leukemia (CML)

[0021] With defining translocation 1(9;22);Philadelphia chromosome, BCR-ABL translocation which has three
breakpoints:

* U-BCR-ABL (p230): leads to CML with usual neutrophilia and basophilia

+ minor-BCR-ABL (p190): leads to CML which has a tendency to become acute lymphoblastic leukemia (ALL)
usually precursor B ALL and rarely precursor T ALL

* major-BCR-ABL (p210): normal usual breakpoint

Essential thrombocythemia (ET)

[0022] ET is associated with the JAK2V617F mutation in up to 55% of cases and with an MPL (thrombopoietin
receptor) mutation in up to 5% of cases:

s Cellular phase - increased large megakaryocytes with fibrosis and little increase in other bone marrow
elements
= Fibrotic phase - collagenous fibrosis with lack of marrow elements

[0023] These disorders are still being revised according to more specific genetic mutations and how often patients
end in a fibrotic marrow event.

Polycythemia vera (PV)

[0024] PV is associated most often with the JAK2VB17F mutation in greater than 95% of cases, whereas the
remainder have a JAK2 exon 12 mutation:

» Cellular phase - increased megakaryocytes which cluster, reticulin fibrosis, later trichrome fibrosis, and
increased myeloid and erythroid precursors
» Fibrotic phase - collagenous fibrosis with lack of marrow elements
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Primary myelofibrosis (PMF)

[0025] PMF is associated with the JAK2V617F mutation in up to 50% of cases, the JAK2 exon 12 mutations in 1-2%
of cases, and the MPL (thrombopoietin receptor) mutation in up to 5% of cases:

» Cellular phase - increased megakaryocytes which cluster, reticulin fibrosis, later trichrome (collagenous)
fibrosis, and increased myeloid precursors
+ Fibrotic phase - collagenous fibrosis with lack of marrow elements

[0026] Refractory anemia with ring sideroblasts associated with marked thrombocytosis (RARS-T) is often
considered a myeloid malignancy. Diagnosis of RARS-T may traditionally involve hematology and cytology, analysis
of bone marrow, and lack of karyotype abnormalities such as del (5q), t(3;3)(q21;926) or inv(3)(q21;926). See
Broseus et al. "Clinical features and course of refractory anemia with ring sideroblast associated with marked
thrombocytosis" Haematologica 9(7): 1036-1041 (2012).

[0027] While the type of myeloid malignancy guides diagnosis and treatment, individual malignancies may have
specific mutations that further determine the prognosis and course of treatment. Genetic markers are particularly
useful because they often illuminate the underlying pathogenesis of the disease.

[0028] The determination of the presence of one (or more) mutant alleles of the calreticulin gene or of a gene
product thereof as described herein can be performed as a stand-alone analysis. Alternatively, this analysis can be
followed or preceded by the analysis of other markers for myeloid malignancies, such as JAK2 and MPL mutations.
For example, patients suspected to suffer from a myeloid malignancy, such as a myeloproliferative neoplasm (and in
particular primary myelofibrosis (PMF) or essential thrombocythemia (ET)), can be tested first for a JAK2 mutation
(in particular the V617F mutation). If they are tested negative for the JAK2 mutation they can be tested for mutant
calreticulin. If they are then tested negative for mutant calreticulin, they can be tested for MPL mutations, e.g.
mutations in exon 10 of the mpl gene. Of course, further markers can also be tested. Also different orders or modes
of testing JAK2 mutations, mutant calreticulin and/or MPL mutations and, optionally, further markers are envisaged
herein. For example, a positive JAK2 mutation test can be followed by a test for mutant calreticulin (and vice versa)
for further diagnosis or prognostic assessment of the myeloid malignancy. Also simultaneous determination of such
markers is envisaged, like the simultaneous test for JAK2 mutation(s) and mutant calreticulin (and, optionally, further
markers), or the simultaneous test of JAK2 mutation(s), mutant calreticulin and MPL mutation(s) (and, optionally,
further markers). Preferably, the patients (or a sample from the patients) suffering from a myeloid malignancy or
being prone to suffering from a myeloid malignancy are negative for both JAK2 and MPL mutations, i.e. mutations of
JAK2 and MPL are absent in patients assessed to suffer from a myeloid malignancy or being prone to suffering from
a myeloid malignancy in accordance with the present invention. In other words, the patients (or a sample from the
patients) assessed to suffer from a myeloid malignancy or being prone to suffering from a myeloid malignancy in
accordance with the present invention have preferably wild-type JAK2 and MPL present. For further diagnosis, the
use of further markers/tests is envisaged. For example, routine bone marrow testing can be used. Such further
markers/testing, like bone marrow testing, may be used to validate e.g. a positive mutant calreticulin test or may
follow e.g. a negative mutant calreticulin test.

[0029] Wild-type nucleic acid sequences and amino acid sequences of JAK2 and MPL are known and can be
deduced from the respective databases, such as NCBI. Exemplary nucleic acid sequences and amino acid
sequences of wild-type JAK2 are shown in NM_004972.3 (JAK2 cDNA) and NP_004963.1 (JAK2 protein),
respectively. Exemplary nucleic acid sequences and amino acid sequences of wild-type MPL are shown in
NM_005373.2 (MPL cDNA) and NP_005364.1 (MPL protein).

[0030] Mutations of JAK2 and MPL in myeloid malignancies have been described herein above. Such mutations
are, for example, the V617F mutation of JAK2 (valine to phenylalanine mutation at position 617 of the amino acid
sequence of JAK2), mutations in exon 12 of the nucleic acid sequence encoding JAK2 and/or mutations in exon 10
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of MPL.

[0031] The valine to phenylalanine (V617F) mutation is disclosed in Baxter et al, 2005; James et al, 2005; Kralovics
et al, 2005; Levine et al, 2005). Mutations in JAK2 exon 12 in PV and in the thrombopoietin receptor gene MPL in
PMF and ET have been disclosed in Scott et al, 2007 and in Pardanani et al, 2006; Pikman et al, 2006, respectively.
The presence of JAK2 and MPL mutations can be excluded by allele specific PCR for JAK2-V617F(ref) and by
Sanger sequencing of exon 12 of JAK2 and exon 10 of MPL. An exemplary protocol that can be used in this context
is disclosed in Kralovics R, Teo SS, Li S, Theocharides A, Buser AS, Tichelli A, Skoda RC. Acquisition of the V617F
mutation of JAK2 is a late genetic event in a subset of patients with myeloproliferative disorders. Blood. 2006 Aug
15;108(4):1377-80. Epub 2006 May 4.

[0032] Accordingly, the present invention provides a novel myeloid malignancy patient group which is assessed to
be positive for mutant calreticulin and negative for mutant JAK2 and mutant MPL (or, in other words, the novel
myeloid malignancy patient group is assessed to be positive for mutant calreticulin and positive for wild-type JAK2
and wild-type MPL).

[0033] In a preferred embodiment, the methods of the present invention comprise

» a step of determining the presence of a wild type JAK2 protein or a wild type JAK2 nucleic acid in a sample
from the patient; and/or

» a step of determining the presence of a wild type MPL protein or a wild type MPL nucleic acid in a sample
from the patient.

[0034] In a particularly preferred embodiment, the methods of the present invention comprise

+ a step of determining the presence of a wild type JAK2 protein or a wild type JAK2 nucleic acid in a sample
from the patient; and

» a step of determining the presence of a wild type MPL protein or a wild type MPL nucleic acid in a sample
from the patient.

[0035] The above steps of determining the presence of a wild type JAK2 protein or a wild type JAK2 nucleic acid in
a sample from the patient; and/or determining the presence of a wild type MPL protein or a wild type MPL nucleic
acid in a sample from the patient can be performed prior to or after the step of determining the presence of a gene
product of one or more mutant alleles of the calreticulin gene as defined in the claims in a sample from said patient
as provided and defined herein.

[0036] The present invention relates to a method for assessing whether a patient suffers from a myeloid
malignancy or is prone to suffering from a myeloid malignancy, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient;

» determining the presence of a wild type JAK2 protein or a wild type JAK2 nucleic acid in a sample from the
patient; and

» assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy when said one or more mutant alleles of the calreticulin gene is present, wherein said gene
product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow
cytometry, or FACS.

[0037] The present invention relates to a method for assessing whether a patient suffers from a myeloid
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malignancy or is prone to suffering from a myeloid malignancy, said method comprising

« determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient;

+ determining the presence of a wild type MPL protein or a wild type MPL nucleic acid in a sample from said
patient; and

» assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy when said one or more mutant alleles of the calreticulin gene is present, wherein said gene
product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow
cytometry, or FACS.

[0038] The present invention relates to a method for assessing whether a patient suffers from a myeloid
malignancy or is prone to suffering from a myeloid malignancy, said method comprising

» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient;

+ determining the presence of a wild type JAKZ2 protein or a wild type JAK2 nucleic acid in a sample from said
patient;

» determining the presence of a wild type MPL protein or a wild type MPL nucleic acid in a sample from said
patient; and

» assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy when said one or more mutant alleles of the calreticulin gene is present, wherein said gene
product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow
cytometry, or FACS.

[0039] Preferably, the method of the invention relates solely to the assessment whether a patient suffers from a
myeloid malignancy.

[0040] The present invention relates to a method for assessing whether a patient suffers from a myeloid
malignancy, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient; and

» assessing that said patient suffers from a myeloid malignancy when said one or more mutant alleles of the
calreticulin gene is present , wherein said gene product is protein, and wherein the presence or amount of
said protein is determined by immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods,
mass spectrometry, flow cytometry, or FACS.

[0041] The present invention relates to a method for assessing whether a patient suffers from primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient; and

» assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said one or more mutant alleles of the calreticulin gene is present, wherein said gene
product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow
cytometry, or FACS.
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[0042] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient; and

» assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said one or more mutant alleles of the calreticulin gene is present, wherein said gene
product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow
cytometry, or FACS.

[0043] The present invention relates to a method for assessing whether a patient suffers from refractory anemia
with ringed sideroblasts and thrombocythemia or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia, said method comprising

» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene as defined
in the claims in a sample from said patient; and

» assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia or is
prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia when said one or
more mutant alleles of the calreticulin gene is present, wherein said gene product is protein, and wherein the
presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay, gel- or
blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0044] The method provided herein comprises determining the presence of preferably solely one mutant allele of
the calreticulin gene in a sample from the patient. Preferably, the method is an in vitro method. The herein provided
and disclosed mutations of the calreticulin gene are somatic mutations. These mutations can be present in a
homozygous state or a heterozyguous state, preferably in a heterozyguous state.

[0045] The one or more mutant alleles of the calreticulin gene can comprise a nucleic acid encoding a mutant
calreticulin protein. The mutant calreticulin proteins disclosed and provided herein are characterized by a common
C-terminal amino acid sequence. As it is evident, for example, from Table 2 in the Example, the C-termini of the
mutant calreticulin proteins have a common minimum sequence. Said common minimum sequence is shown the
amino acid sequence as depicted in SEQ ID NO. 4 and is encoded by nucleic acid molecules having a nucleic acid
sequence as depicted in SEQ ID NO: 1, 2 or 3.

[0046] Accordingly, the mutant calreticulin protein to be used in accordance with the present invention is selected
from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r3;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).
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[0047] In one embodiment, the mutant calreticulin protein to be used in accordance with the present invention is

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r 3;0r
2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4.

[0048] The present invention relates to a method for assessing whether a patient suffers from primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

+ assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

(a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO: 1, 2
or 3;

(b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;
(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted;

(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent conditions to
the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the protein is a mutant of
the calreticulin gene;

(e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

(f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of the
genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0049] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r3;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;
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4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0050] The present invention relates to a method for assessing whether a patient suffers from refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising

« determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

+ assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T)or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r3;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0051] The mutant calreticulin proteins provided and to be used herein have characteristic C-termini, which are
shown in SEQ ID NO:s 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100,
104, 108, 112, 116, 120, 124, 128, 132, 136, 140, and 144. These C-termini comprise the amino acid sequence as
shown in SEQ ID NO: 4.

[0052] The mutant calreticulin protein can, in accordance with the above, be selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
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140, or 144;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0053] The present invention relates to a method for assessing whether a patient suffers from a primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, or 144;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0054] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
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wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, or 144;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0055] The present invention relates to a method for assessing whether a patient suffers from refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

+ assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, or 144;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),
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wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0056] In one embodiment, the mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143; and

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, or 144.

[0057] Herein, 36 types of mutant calreticulin protein have been identified (see Table 2 showing C-termini of the
full-length mutant calreticulin proteins). These mutant proteins are unified by their common characteristic C-terminus
as shown in SEQ ID NO. 4. The full-length sequences of the mutant calreticulin proteins are shown in SEQ ID NOs:
148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236,
240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, and 288.

[0058] Accordingly, the mutant calreticulin protein provided and to be used herein can be selected from the group

consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171,
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199,
201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227,
229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, or 287;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252,
256, 260, 264, 268, 272, 276, 280, 284, or 288;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0059] The present invention relates to a method for assessing whether a patient suffers from primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said one or more mutant alleles of the calreticulin gene is present,
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wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant

calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171,
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199,
201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227,
229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, or 287;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252,
256, 260, 264, 268, 272, 276, 280, 284, or 288;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0060] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

= assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant

calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171,
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199,
201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227,
229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, or 287;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252,
256, 260, 264, 268, 272, 276, 280, 284, or 288;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
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the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0061] The present invention relates to a method for assessing whether a patient suffers from refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

« assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant

calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171,
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199,
201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227,
229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, or 287;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252,
256, 260, 264, 268, 272, 276, 280, 284, or 288;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c);

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0062] In one embodiment, the mutant calreticulin protein provided and to be used herein can be selected from the

group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171,
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199,
201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227,
229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, or 287; and

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252,
256, 260, 264, 268, 272, 276, 280, 284, or 288.
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[0063] It has been shown herein that the identified mutations occur in exon 9 of the calreticulin gene. The following
relates therefore to the mutations in the wild-type calreticulin gene and in exon 9 thereof.

The wild-type calreticulin gene is well known. Its nucleic acid sequence and amino acid sequence can be obtained
from databases like NCBI under accession number NG_029662.1 (gene) and NP_004334.1 (protein).

An exemplary nucleic acid sequence of the wild-type calreticulin gene is shown in SEQ ID NO: 289. The
corresponding amino acid sequence is shown in SEQ ID NO: 290.

[0064] Accordingly, the wild-type calreticulin gene can comprise a sequence selected from the group consisting of:
a) a nucleic acid encoding a polypeptide comprising an amino acid sequence as depicted in SEQ ID NO: 290;
(b) a nucleic acid comprising a nucleotide sequence as depicted in SEQ ID NO: 289;

(¢) a nucleic acid hybridizing under stringent conditions to the complementary strand of the nucleic acid as defined
in (a) or (b);

(d) a nucleic acid comprising a nucleotide sequence with at least 70 % identity to the nucleotide sequence of the
nucleic acids of any one of (a) to (¢); and

(e) a nucleic acid comprising a nucleotide sequence which is degenerate as a result of the genetic code to the
nucleotide sequence of a nucleic acid of any one of (a) to (d).

[0065] The one or more mutant allele of the calreticulin gene can be in a region encompassing exon 9 of the above
described calreticulin gene. The wild-type nucleic acid sequence of exon 9 of the calreticulin gene is shown in SEQ
ID NO:435. The corresponding wild-type amino acid sequence is shown SEQ ID NO:436.

[0066] In accordance with the above, exon 9 of the wild-type calreticulin gene can comprise a sequence selected
from the group consisting of:

a) a nucleic acid encoding a polypeptide comprising an amino acid sequence as depicted in SEQ ID NO:436;
(b) a nucleic acid comprising a nucleotide sequence as depicted in SEQ ID NO:435;

(¢) a nucleic acid hybridizing under stringent conditions to the complementary strand of the nucleic acid as defined
in (a) or (b);

(d) a nucleic acid comprising a nucleotide sequence with at least 70 % identity to the nucleotide sequence of the
nucleic acids of any one of (a) to (¢); and

(e) a nucleic acid comprising a nucleotide sequence which is degenerate as a result of the genetic code to the
nucleotide sequence of a nucleic acid of any one of (a) to (d).

[0067] As shown herein (see, for example, Table 2), the herein provided mutant alleles of the calreticulin genes
have a frameshift mutation compared to the wild-type calreticulin gene. The frameshift mutation can be in exon 9 of
the wild-type calreticulin gene. Due to the frameshift mutation, the open reading frame of the wild-type calreticulin
gene is no longer used, but an alternative frame 1, which leads to the generation of the characteristic C-terminus of
the mutant calreticulin proteins (the common minimum amino acid sequence of the mutant proteins is shown in SEQ
ID NO. 4).

[0068] The frameshift mutation can be caused by the deletion of one or more nucleotides, by the insertion of two or
more nucleotides or a combination of insertion and deletion of one or more nucleotides, provided that the mutant
protein comprises the characteristic C-terminus (as shown in SEQ ID NO: 4) or a fragment thereof.
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[0069] For example, the frameshift mutation is (or is caused by) the deletion of one nucleotide from the coding
sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, or the insertion of two nucleotides into
the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0070] For example, (1 + (3%ng)) nucleotides can be deleted from the calreticulin gene (or from exon 9 thereof),
whereby no can be any natural number including zero. Non-limiting examples of the number of nucleotides that can
be deleted from the calreticulin gene (or from exon 9 thereof) to generate a nucleic acid encoding the herein
provided mutant calreticulin proteins are 1, 4, 19, 22, 31, 34, 46, 52 nucleotides.

[0071] Likewise, the frameshift mutation can be (or can be caused by) the insertion of two nucleotides into the
coding sequence of the wild-type calreticulin gene, particularly in exon 9 thereof. Accordingly, (2 + (3%ng))
nucleotides can be inserted into the calreticulin gene (or into exon 9 thereof), whereby no can be any natural
number including zero. For example, 5 nucleotides can be inserted into the calreticulin gene (or into exon 9 thereof)
to generate a nucleic acid encoding the herein provided mutant calreticulin proteins.

[0072] The frameshift mutation can also be caused by a combination of insertion and deletion of one or more
nucleotides into/from the wild-type calreticulin gene (or into/from exon 9 thereof), provided that the resulting mutant
protein comprises the characteristic C-terminus (as shown in SEQ ID NO: 4) or a fragment thereof.

[0073] For example, the frameshift mutation can be (or can be caused by) the deletion of one nuclecotide from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of six
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0074] For example, the frameshift mutation can be (or can be caused by) the deletion of two nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of four
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0075] For example, the frameshift mutation can be (or can be caused by) the deletion of three nucleotides from
the coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of five
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0076] For example, the frameshift mutation can be (or can be caused by) the deletion of 12 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 5
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0077] For example, the frameshift mutation can be (or can be caused by) the deletion of 18 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 11
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0078] For example, the frameshift mutation can be (or can be caused by) the deletion of 18 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 14
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0079] For example, the frameshift mutation can be (or can be caused by) the deletion of 20 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 1
nucleotide into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0080] For example, the frameshift mutation can be (or can be caused by) the deletion of 28 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 6
nucleotides into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0081] For example, the frameshift mutation can be (or can be caused by) the deletion of 35 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 1
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nucleotide into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0082] For example, the frameshift mutation can be (or can be caused by) the deletion of 36 nucleotides from the
coding sequence of the wild-type calreticulin gene, particularly from exon 9 thereof, and by the insertion of 2
nucleotide into the coding sequence of the wild-type calreticulin gene, particularly into exon 9 thereof.

[0083] Further combinations of insertion/deletion inventions that result in the generation of the characteristic C-
terminus of the mutant calreticulin proteins (the common minimum amino acid sequence of the mutant proteins is
shown in SEQ ID NO. 4) or of a fragment thereof are readily conceivable.

[0084] Due to the above described insertions, deletions and combinations of insertions/deletions, a frameshift is
introduced into the (coding sequence of the) wild-type calreticulin gene and particularly in exon 9 thereof.
Accordingly, the mutant calreticulin protein disclosed herein and to be used in accordance with the present invention
comprises a mutant amino acid stretch encoded by these mutant exon 9 sequences.

[0085] Accordingly, the mutant calreticulin protein can be selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373,
375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429,
431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0086] The present invention relates to a method for assessing whether a patient suffers from primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

« determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

+ assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373,
375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429,
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431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0087] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373,
375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429,
431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0088] The present invention relates to a method for assessing whether a patient suffers from refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising
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» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein,
wherein said mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373,
375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429,
431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is a mutant of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0089] In one embodiment, the mutant calreticulin protein is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373,
375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429,
431, 432, or 433;and

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, or 434.

[0090] The presence of the one or more mutant alleles of the calreticulin gene is assessed on the protein level.

[0091] If the presence of the one or more mutant alleles of the calreticulin gene is to be assessed on the genomic
level, the mutant allele can comprise or consist of DNA, preferably genomic DNA.

[0092] For example, the mutant allele can comprise a nucleic acid selected from the group consisting of

1. (a) a nucleic acid encoding a polypeptide comprising an amino acid sequence as depicted in SEQ ID NO: 4, 8,
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12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284,
288; 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370,
374,378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

2. (b) a nucleic acid comprising a nucleotide sequence as depicted in SEQ ID NO: 1, 5,9, 13, 17, 21, 25, 29, 33,
37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77, 81, 85, 89, 93, 97, 101, 105, 109, 113, 117, 121, 125, 129, 133,
137, 141, 145, 149, 153, 157, 161, 165, 169, 173, 177, 181, 185, 189, 193, 197, 201, 205, 209, 213, 217,
221, 225, 229, 233, 237, 241, 245, 249, 253, 257, 261, 265, 269, 273, 277, 281, 285, 291, 295, 299, 303,
307, 311, 315, 319, 323, 327, 331, 335, 339, 343, 347, 351, 355, 359, 363, 367, 371, 375, 379, 383, 387,
391, 395, 399, 403, 407, 411, 415, 419, 423, 427, or 431;

3. (c) a nucleic acid hybridizing under stringent conditions to the complementary strand of the nucleic acid as
defined in (a) or (b) and encoding one or more mutant alleles of the calreticulin gene, said allele comprising a
frameshift mutation in exon 9 compared to the wild-type calreticulin gene;

4. (d) a nucleic acid comprising a nucleotide sequence with at least 70 % identity to the nucleotide sequence of
the nucleic acids of any one of (a) to (¢); and

5. (e) a nucleic acid comprising a nucleotide sequence which is degenerate as a result of the genetic code to the
nucleotide sequence of a nucleic acid of any one of (a) to (d).

[0093] The present invention relates to a method for assessing whether a patient suffers from a primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

« assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein as defined herein above,
wherein said mutant allele comprises a nucleic acid selected from the group consisting of

1. (a) a nucleic acid encoding a polypeptide comprising an amino acid sequence as depicted in SEQ ID NO: 4, 8,
12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284,
288; 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370,
374,378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

2. (b) a nucleic acid comprising a nucleotide sequence as depicted in SEQ ID NO: 1, 5,9, 13, 17, 21, 25, 29, 33,
37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77, 81, 85, 89, 93, 97, 101, 105, 109, 113, 117, 121, 125, 129, 133,
137, 141, 145, 149, 153, 157, 161, 165, 169, 173, 177, 181, 185, 189, 193, 197, 201, 205, 209, 213, 217,
221, 225, 229, 233, 237, 241, 245, 249, 253, 257, 261, 265, 269, 273, 277, 281, 285, 291, 295, 299, 303,
307, 311, 315, 319, 323, 327, 331, 335, 339, 343, 347, 351, 355, 359, 363, 367, 371, 375, 379, 383, 387,
391, 395, 399, 403, 407, 411, 415, 419, 423, 427, or 431;

3. (c) a nucleic acid hybridizing under stringent conditions to the complementary strand of the nucleic acid as
defined in (a) or (b) and encoding one or more mutant alleles of the calreticulin gene, said allele comprising a
frameshift mutation in exon 9 compared to the wild-type calreticulin gene;

4. (d) a nucleic acid comprising a nucleotide sequence with at least 70 % identity to the nucleotide sequence of
the nucleic acids of any one of (a) to (¢); and

5. (e) a nucleic acid comprising a nucleotide sequence which is degenerate as a result of the genetic code to the
nucleotide sequence of a nucleic acid of any one of (a) to (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.
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[0094] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein as defined herein above,
wherein said mutant allele comprises a nucleic acid selected from the group consisting of

1. (a) a nucleic acid encoding a polypeptide comprising an amino acid sequence as depicted in SEQ ID NO: 4, 8,
12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284,
288; 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370,
374,378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

2. (b) a nucleic acid comprising a nucleotide sequence as depicted in SEQ ID NO: 1, 5,9, 13, 17, 21, 25, 29, 33,
37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77, 81, 85, 89, 93, 97, 101, 105, 109, 113, 117, 121, 125, 129, 133,
137, 141, 145, 149, 153, 157, 161, 165, 169, 173, 177, 181, 185, 189, 193, 197, 201, 205, 209, 213, 217,
221, 225, 229, 233, 237, 241, 245, 249, 253, 257, 261, 265, 269, 273, 277, 281, 285, 291, 295, 299, 303,
307, 311, 315, 319, 323, 327, 331, 335, 339, 343, 347, 351, 355, 359, 363, 367, 371, 375, 379, 383, 387,
391, 395, 399, 403, 407, 411, 415, 419, 423, 427, or 431;

3. (c) a nucleic acid hybridizing under stringent conditions to the complementary strand of the nucleic acid as
defined in (a) or (b) and encoding one or more mutant alleles of the calreticulin gene, said allele comprising a
frameshift mutation in exon 9 compared to the wild-type calreticulin gene;

4. (d) a nucleic acid comprising a nucleotide sequence with at least 70 % identity to the nucleotide sequence of
the nucleic acids of any one of (a) to (¢); and

5. (e) a nucleic acid comprising a nucleotide sequence which is degenerate as a result of the genetic code to the
nucleotide sequence of a nucleic acid of any one of (a) to (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0095] The present invention relates to a method for assessing whether a patient suffers from refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising

» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T)or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said one or more mutant alleles of the calreticulin gene is present,

wherein said one or more mutant alleles of the calreticulin gene comprises a nucleic acid encoding a mutant
calreticulin protein as defined herein above,
wherein said mutant allele comprises a nucleic acid selected from the group consisting of

1. (a) a nucleic acid encoding a polypeptide comprising an amino acid sequence as depicted in SEQ ID NO: 4, 8,
12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284,
288; 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370,
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374,378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

2. (b) a nucleic acid comprising a nucleotide sequence as depicted in SEQ ID NO: 1, 5,9, 13, 17, 21, 25, 29, 33,
37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77, 81, 85, 89, 93, 97, 101, 105, 109, 113, 117, 121, 125, 129, 133,
137, 141, 145, 149, 153, 157, 161, 165, 169, 173, 177, 181, 185, 189, 193, 197, 201, 205, 209, 213, 217,
221, 225, 229, 233, 237, 241, 245, 249, 253, 257, 261, 265, 269, 273, 277, 281, 285, 291, 295, 299, 303,
307, 311, 315, 319, 323, 327, 331, 335, 339, 343, 347, 351, 355, 359, 363, 367, 371, 375, 379, 383, 387,
391, 395, 399, 403, 407, 411, 415, 419, 423, 427, or 431;

3. (c) a nucleic acid hybridizing under stringent conditions to the complementary strand of the nucleic acid as
defined in (a) or (b) and encoding one or more mutant alleles of the calreticulin gene, said allele comprising a
frameshift mutation in exon 9 compared to the wild-type calreticulin gene;

4. (d) a nucleic acid comprising a nucleotide sequence with at least 70 % identity to the nucleotide sequence of
the nucleic acids of any one of (a) to (¢); and

5. (e) a nucleic acid comprising a nucleotide sequence which is degenerate as a result of the genetic code to the
nucleotide sequence of a nucleic acid of any one of (a) to (d),

wherein said gene product is protein, and wherein the presence or amount of said protein is determined by
immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, mass spectrometry, flow cytometry, or
FACS.

[0096] Any methods routinely employed for mutational analyses can be used in accordance with the present
invention. The presence of the mutant allele on genomic level, can, for example, be determined by sequencing
(such as Sanger sequencing e.g. bidirectional Sanger sequencing) and/or PCR-based detection strategies, such as
PCR sizing assays (i.e. PCR followed by fragment analysis e.g. via agarose gel electrophoresis (like high-density
agarose gel electrophoresis)).

[0097] Detection of a mutation in a nucleic acid can be performed by methods known in the art, including direct
sequencing, restriction fragment length polymorphism identification (RFLPI) of genomic DNA, random amplified
polymorphic detection (RAPD), amplified fragment length polymorphism detection (AFLPD), polymerase chain
reaction (PCR), DNA sequencing, allele specific oligonucleotide (ASQO) probes, hybridization to DNA microarrays or
beads, high resolution melting (HRM), and TagMan probe principle. The nucleic acid can be genomic DNA,
amplified genomic DNA, mRNA, cDNA, or amplified cDNA.

[0098] Sequencing is typically performed on specifically amplified nucleic acids. Fragment size analysis typically
uses differences in sizes of amplicons following PCR. High resolution melting (HRM) detects mutations in DNA by
precisely measuring the melting point of double stranded DNA. Gundry et al., "Amplicon Melting Analysis with
Labeled Primers: A Closed-Tube Method for Differentiating Homozygotes and Heterozygotes" Clinical Chemistry 49:
396-406 (2003). Typically the user will use PCR to amplify the DNA region in which their mutation of interest lies.
The amplified DNA is then precisely heated from around 50°C up to around 95°C, until the strands separate. This
process is typically monitored with fluorescent dyes.

[0099] One approach that can be employed herein uses fragment size analysis, followed or not by sequencing. As
mentioned above, PCR assays using e.g. genomic DNA of mutant calreticulin as template can be used for
amplification of the DNA. Subsequently the amplified DNA can be subject to fragment analysis e.g. via agarose gel
electrophoresis.

[0100] Methods for determining the presence of the mutant allele on mRNA level or protein level are described
further below.

[0101] For mRNA, many of the same methods as used for DNA can be performed after reverse transcription to
generate cDNA. Other methods include RealTime PCR, ReverseTranscriptase PCR, Whole Transcriptome Shotgun
Sequencing (RNAseq), in situ hybridization or micro-arrays. Real Time PCR simultaneously amplifies and detects a
sequence of interest. The use of specific primers and fluorescent labels can distinguish between wild type and
mutations.
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[0102] Proteins can be analyzed by methods that include immunohistochemistry (IHC), immunoassay, gel- or blot-
based methods, mass spectrometry, flow cytometry, or fluorescent activated cell sorting (FACS). Many methods
monitor the binding of an antibody or set of antibodies to a protein of interest that detect differences between a wild
type and mutant forms. Mass spectrometry detects differences in the size of a protein and its fragments that reveal
information about the underlying sequence. For example, polyclonal antibodies that specifically bind to mutant
calreticulin protein can be used, as shown in Example 2.

[0103] As described above, the present invention takes advantage of the determination of the presence of a gene
product of one or more mutant alleles of the calreticulin gene in order to diagnose myeloid malignancy, wherein the
gene product is protein.

[0104] Myeloid malignancies include myeloproliferative neoplasms and myelodysplastic syndromes. It is preferred
herein that the myeloid malignancy is a myeloproliferative neoplasm, particularly primary myelofibrosis (PMF) or
essential thrombocythemia (ET), or a myelodysplastic syndrome, particularly refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T).

[0105] If the gene product is mRNA, the presence or amount of said mRNA can be determined by routine
techniques, such as RealTime PCR, ReverseTranscriptase PCR, Whole Transcriptome Shotgun Sequencing
(RNAseq), sanger sequencing, in situ hybridization or micro-arrays.

[0106] Accordingly, the determination by PCR techniques such as RealTime PCR or ReverseTranscriptase PCR
can further comprise the steps

1. (i) contacting the nucleic acid in the sample with one or two oligonucleotides; and
2. (ii) generating an amplification product containing the target sequence.

[0107] Exemplary mutation specific probes and primers are provided and used herein.

[0108] Examplary oligonucleotides (primers) to be used in accordance with the present invention are

Forward: ACAACTTCCTCATCACCAACG (SEQ ID NO: 437)
and/or

Reverse: GGCCTCAGTCCAGCCCTG (SEQ ID NO: 438)

Forward: GGCAAGGCCCTGAGGTGT (SEQ ID NO: 439)
and/or

Reverse: GGCCTCAGTCCAGCCCTG (SEQ ID NO: 438)

[0109] Further suitable mutation specific probes and primers for use in the present invention can, for example, be
derived from the cDNA sequences of the mutated calreticulin gene. Such cDNA sequences are provided and
described below. Exemplary cDNA sequences that can be used in this context are shown in SEQ ID NO: 2, 6, 10,
14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62, 66, 70, 74, 78, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 122,
126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214,
218, 222, 226, 230, 234, 238, 242, 246, 250, 254, 258, 262, 266, 270, 274, 278, 282, or 286; 292, 296, 300, 304,
308, 312, 316, 320, 324, 328, 332, 336, 340, 344, 348, 352, 356, 360, 364, 368, 372, 376, 380, 384, 388, 392, 396,
400, 404, 408, 412, 416, 420, 424, 428, or 432.

[0110] Further exemplary cDNA sequences that can be used for the design of mutation specific probes and primers
are depicted in the following table:
Sequences of mutation junctions in the cDNA sequence of CALR for the design of mutation specific probes or PCR
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primers.

CALR cDNA junction sequences in mutated positions
mutation

Type 1 GAAGGACAAACAGGACGAGGAGCAGAGGACAAGGAGGATGAT (SEQ ID NO: 440)

Type2 |GAGGAGGAGGCAGAGGACAATTGTCGGAGGATGATGAGGACAAAG (SEQ ID NO:
441)

Type 3 GGACAAACAGGACGAGGAGCAGAGGCAGAGGACAAGGAGGAT (SEQ ID NO: 442)
Type 4 CAGGACGAGGAGCAGAGGCTTAGGAGGAGGCAGAGGACAAGG (SEQ ID NO: 443)
Type 5 TGAAGGACAAACAGGACGAGGGGCAGAGGACAAGGAGGATGA (SEQ ID NO: 444)
Type 6 AGGACAAACAGGACGAGGAGCGGAGGCAGAGGACAAGGAGGA (SEQ ID NO: 445)
Type 7 CAGGACGAGGAGCAGAGGCTTAGGAGGATGATGAGGACAAAG (SEQ ID NO: 446)

Type 8 GGACGAGGAGCAGAGGCTTAAGAGGAGGCAGAGGACAAGGAG (SEQ ID NO: 447)
Type 9 CAAGAAACGCAAAGAGGAGGAGAGGCAGAGGACAAGGAGGAT (SEQ ID NO: 448)

Type 10  JAGGAGGAGGAGGCAGAGGACATIGTGTCGGAGGATGATGAGGACAAAG (SEQ ID NO:
449)

Type 11 {AAGGACAAACAGGACGAGGACCAGAGGCAGAGGACAAGGAGGAT (SEQ ID NO: 450)
Type 12 JCAAACAGGACGAGGAGCAGAGGAGGAGGAGGAGGCAGAGGAC (SEQ ID NO: 451)
Type 13 {AACAGGACGAGGAGCAGAGGCAGAGGAGGAGGCAGAGGACAAG (SEQ ID NO: 452)
Type 14 {ACAGGACGAGGAGCAGAGGCTGAGGAGGAGGCAGAGGACAAG (SEQ ID NO: 453)

Type 15 {CAGGACGAGGAGCAGAGGCTTAGGAGGAGGGAGAGGACAAGGAGGATGATG (SEQ
ID NO: 454)

Type 16 {CAGGACGAGGAGCAGAGGCTTCAGAGGAGGCAGAGGACAAGGAG (SEQ ID NO:
455)

Type 17 {GGACGAGGAGCAGAGGCTTAAGAGGAGGCAGTGGACAAGGAGGATGATGAGG (SEQ
ID NO: 456)

Type 18 {GGACGAGGAGCAGAGGCTTAAGAGGATGATGAGGACAAAGAT (SEQ ID NO: 457)
Type 19 {GGAGCAGAGGCTTAAGGAGGAGAGGCAGAGGACAAGGAGGAT (SEQ ID NO: 458)
Type 20 (GGCTTAAGGAGGAGGAAGAAGGGAGGAGGCAGAGGACAAGGA (SEQ ID NO: 459)

Type 21 {GGCTTAAGGAGGAGGAAGAAGCGTTTAAGAGGACAAGGAGGATGATGA (SEQ ID NO:
460)

Type 22 (CTTAAGGAGGAGGAAGAAGACAACGCAAAGAGGAGGAGGAGG (SEQ ID NO: 461)

Type 23 {CTTAAGGAGGAGGAAGAAGACTGCGTGAGGAGGAGGAGGCAGAGGAC (SEQ ID NO:
462)

Type 24 {CTTAAGGAGGAGGAAGAAGACAGGAGGCAGAGGACAAGGAGG (SEQID NO: 463)
Type 25 {TAAGGAGGAGGAAGAAGACAAAAGGCAGAGGACAAGGAGGATG (SEQ ID NO: 464)
Type 26 {TAAGGAGGAGGAAGAAGACAAAAACGCAAAGAGGAGGAGGAG (SEQ ID NO: 465)

Type 27 {AAGGAGGAGGAAGAAGACAACTTIGTTTCGCAAAGAGGAGGAGGAGGCA (SEQ ID
NO: 466)

Type 28 {GGAAGAAGACAAGAAACGCAAAAGGAGGATGATGAGGACAAA (SEQ ID NO: 467)
Type 29 {GAAGACAAGAAACGCAAAGAGCCTCCTCTTTGTCTAAGGAGGATGATGAGGACAAA

(SEO ID NO: 468)

Type 30 {AGACAAGAAACGCAAAGAGGACCATCCTTGTCGGAGGATGATGAGGACAAAGA (SEO
ID NO: 469)

Type 31  {AGAGGAGGAGGAGGCAGAGGGCAAITGTCGGAGGATGATGAGGACAAAG (SEQ ID
NO: 470)

Type 32 |GAGGAGGAGGAGGCAGAGGACTGTCGGAGGATGATGAGGACAAAGA (SEQ ID NO:
471)

Type 33 {GAGGAGGAGGCAGAGGACAAATGTCGGAGGATGATGAGGACAAAG (SEQ ID NO:
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CALR cDNA junction sequences in mutated positions

mutation
472)

Type 34 AGGAGGAGGAGGCAGAGGACACTTGTCGGAGGATGATGAGGACAAAGA (SEQ ID
NO: 473)

Type 35 (AGGAGGAGGAGGCAGAGGACATITTGTCGGAGGATGATGAGGACAAAGA (SEQ ID
NQO:474)

Type 36 {AGGAGGAGGCAGAGGACAACTIGTCGGAGGATGATGAGGACAAAGA (SEQ ID NO:
475)

Bold letters indicate the borders of a deletion event; underlined letters indicate inserted sequences; Bold and italic
letters indicate single nucleotide variants

[0111] The following relates to embodiments, wherein the gene product is a protein/polypeptide.

[0112] The gene product can comprise a polypeptide selected from the group consisting of

a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO: 1, 2 or
3

(b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;
(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted;

(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent conditions to
the complementary strand of nucleic acid molecules as defined in (a) or (¢) and wherein the protein is encoded by
said one or more mutant alleles of the calreticulin gene;

(e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

(f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of the
genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0113] The present invention relates to a method for assessing whether a patient suffers from a primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

» determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said gene product is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein as defined
herein above,
wherein said gene product is selected from the group consisting of

a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO: 1, 2 or
3

(b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;
(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted;

(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent conditions to
the complementary strand of nucleic acid molecules as defined in (a) or (¢) and wherein the protein is encoded by
said one or more mutant alleles of the calreticulin gene;

(e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and
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(f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of the
genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0114] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

+ assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said gene product is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein as defined
herein above,
wherein said gene product is selected from the group consisting of

a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO: 1, 2 or
3

(b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;
(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted;

(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent conditions to
the complementary strand of nucleic acid molecules as defined in (a) or (¢) and wherein the protein is encoded by
said one or more mutant alleles of the calreticulin gene;

(e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

(f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of the
genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0115] The present invention relates to a method for assessing whether a patient suffers from a refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said gene product is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein as defined
herein above,
wherein said gene product is selected from the group consisting of

a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO: 1, 2 or
3

(b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;
(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted;

(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent conditions to
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the complementary strand of nucleic acid molecules as defined in (a) or (¢) and wherein the protein is encoded by
said one or more mutant alleles of the calreticulin gene;

(e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

(f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of the
genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0116] The gene product can comprise a polypeptide selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
143, 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170,
171, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198,
199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226,
227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254,
255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282,
283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312,
313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340,
341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368,
369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396,
397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424,
425,427,428, 429, 431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220,
224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306,
310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390,
394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0117] The present invention relates to a method for assessing whether a patient suffers from a primary
myelofibrosis or is prone to suffering from primary myelofibrosis, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

e assessing that said patient suffers from primary myelofibrosis or is prone to suffering from primary
myelofibrosis when said gene product is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein as defined
herein above,
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wherein said gene product is a polypeptide selected from the group consisting of

(a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO: 1, 2,
3,5,6,7,9,10, 11,13, 14, 15, 17,18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45,
46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70, 71, 73, 74, 75, 77, 78, 79, 81, 82, 83, 85,
86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119,
121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142, or 143 145, 146, 147, 149,
150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171, 173, 174, 175, 177,178, 179,
181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199, 201, 202, 203, 205, 206, 207, 209, 210,
211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241,
242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271,
273, 274, 275, 277, 278, 279, 281, 282, 283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304,
305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335,
336, 337, 339, 340, 341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365,
367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396,
397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427,
428, 429, 431, 432, or 433;

(b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44,
48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148,
152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240,
244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334,
338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426,
430, or 434;

(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted;

(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent conditions to
the complementary strand of nucleic acid molecules as defined in (a) or (¢) and wherein the protein is encoded by
said one or more mutant alleles of the calreticulin gene;

(e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

fg) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of the
genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0118] The present invention relates to a method for assessing whether a patient suffers from essential
thrombocythemia or is prone to suffering from essential thrombocythemia, said method comprising

+ determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from essential thrombocythemia or is prone to suffering from essential
thrombocythemia when said gene product is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein as defined
herein above,
wherein said gene product is a polypeptide selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170,
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171, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198,
199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226,
227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254,
255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282,
283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312,
313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340,
341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368,
369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396,
397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424,
425,427,428, 429, 431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220,
224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306,
310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390,
394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0119] The present invention relates to a method for assessing whether a patient suffers from a refractory anemia
with ringed sideroblasts and thrombocythemia (RARS-T) or is prone to suffering from refractory anemia with ringed
sideroblasts and thrombocythemia (RARS-T), said method comprising

« determining the presence of a gene product of one or more mutant alleles of the calreticulin gene in a sample
from said patient; and

» assessing that said patient suffers from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) or is prone to suffering from refractory anemia with ringed sideroblasts and thrombocythemia
(RARS-T) when said gene product is present,

wherein said one or more mutant alleles comprises a nucleic acid encoding a mutant calreticulin protein as defined
herein above,
wherein said gene product is selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170,
171, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198,
199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226,
227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254,
255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282,
283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312,
313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340,
341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368,
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369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396,
397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424,
425,427,428, 429, 431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220,
224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306,
310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390,
394, 398, 402, 406, 410, 414, 418, 422, 426, 430, or 434;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d),

wherein the presence or amount of said protein is determined by immunohistochemistry (IHC), by immunoassay,
gel- or blot-based methods, mass spectrometry, flow cytometry, or FACS.

[0120] If the gene product is protein, the presence or amount of said protein can be determined routine techniques,
such as by immunohistochemistry (IHC), by immunoassay, gel- or blot-based methods, IHC, mass spectrometry,
flow cytometry, or FACS.

[0121] As the CALR mutations cause a frameshift of the translated polypeptide, a characteristic C-terminal amino
acid sequence is present in the mutated calreticulin proteins as described and provided herein. This characteristic
amino acid sequence alters the overall charge of the protein. It also alters the migration of the mutated calreticulin
during protein electrophoresis. One can take advantage of this difference in charge and/or in migration behaviour in
order to determine the presence of a mutated calreticulin protein. For example, antibodies specific to mutant
calreticulin protein can be used to identify said mutant protein e.g. by Western immunoblotting. Optionally, also
antibodies specific to the wild type calreticulin protein can be used (in addition) as a control. Such antibodies can
include polyclonal and monoclonal antibodies which can be prepared by routine techniques.

[0122] Preferably, the patient is a human patient. The patient can be suspected of suffering from a myeloid
malignancy or he/she can be suspected of being prone to suffering from a myeloid malignancy.

[0123] The following relates to samples to be used in accordance with the present invention. The sample can be a
bone marrow sample, a blood sample or a saliva sample. The sample is preferably a blood sample. The blood
sample preferably comprises peripheral granulocytes. The sample can be obtained from a patient by routine
techniques, for example, by biopsy.

[0124] The following relates to herein provided mutant calreticulin proteins.

[0125] The present invention relates to a protein selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r3;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4. (d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and
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6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0126] The present invention relates to a protein selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, or 144;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0127] The present invention relates to a protein selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171,
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199,
201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227,
229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, or 287;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252,
256, 260, 264, 268, 272, 276, 280, 284, or 288;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4. (d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0128] The present invention relates to a protein selected from the group consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373,
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375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429,
431, 432, or 433;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, or 434;

3. (c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or substituted

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by said one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0129] The meaning of the terms "polypeptide", "protein" and "nucleic acid sequence(s)/molecule(s)" are well
known in the art and are used accordingly in context of the present invention. For example, "nucleic acid
sequence(s)/molecule(s)" as used herein refer(s) to all forms of naturally occurring or recombinantly generated
types of nucleic acids and/or nucleic acid sequences/molecules as well as to chemically synthesized nucleic acid
sequences/molecules. This term also encompasses nucleic acid analogues and nucleic acid derivatives. The term
"nucleic acid sequence(s)/molecule(s)" can refer to deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). The
"nucleic acid sequence(s)/molecule(s)" may be made by synthetic chemical methodology known to one of ordinary
skill in the art, or by the use of recombinant technology, or may be isolated from natural sources, or by a
combination thereof. The DNA and RNA may optionally comprise unnatural nucleotides and may be single or double
stranded. "Nucleic acid sequence(s)/molecule(s)" also refers to sense and anti-sense DNA and RNA, that is, a
nucleotide sequence which is complementary to a specific sequence of nucleotides in DNA and/or RNA.
Furthermore, the term "nucleic acid sequence(s)/molecule(s)" may refer to DNA or RNA or hybrids thereof or any
modification thereof that is known in the state of the art (see, e.g., US 5525711, US 4711955, US 5792608 or EP
302175 for examples of modifications). The nucleic acid molecule(s) may be single- or double-stranded, linear or
circular, natural or synthetic, and without any size limitation. For instance, the nucleic acid molecule(s) may be
genomic DNA, cDNA, mRNA, antisense RNA, or a DNA encoding such RNAs or chimeroplasts (Colestrauss, Science
(1996), 1386-1389). Said nucleic acid molecule(s) may be in the form of a plasmid or of viral DNA or RNA. "Nucleic
acid sequence(s)/molecule(s)" may also refer to (an) oligonucleotide(s), wherein any of the state of the art
modifications such as phosphothioates or peptide nucleic acids (PNA) are included.

[0130] Nucleic acid sequence with a certain level of identity to the herein provided human sequences can be
identified by the skilled person using methods known in the art, e.g. by using hybridization assays or by using
alignments, either manually or by using computer programs such as those mentioned herein below in connection
with the definition of the term "hybridization" and degrees of homology.

[0131] The nucleic acid sequence may be at least 70% identical to the nucleic acid sequence as shown in SEQ ID
NO. 1. More preferably, the nucleic acid sequence is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98%
identical to the nucleic acid sequence as shown in SEQ ID NO. 1, wherein the higher values are preferred. Most
preferably, the nucleic acid sequence is at least 99% identical to the nucleic acid sequence as shown in SEQ ID NO.
1.

[0132] The nucleic acid sequence may be at least 70% identical to the nucleic acid sequence as shown in SEQ ID
NO. 2. More preferably, the nucleic acid sequence is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98%
identical to the nucleic acid sequence as shown in SEQ ID NO. 2, wherein the higher values are preferred. Most
preferably, the nucleic acid sequence is at least 99% identical to the nucleic acid sequence as shown in SEQ ID NO.
2.

[0133] The nucleic acid sequence may be at least 70% identical to the nucleic acid sequence as shown in SEQ ID
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NO. 3. More preferably, the nucleic acid sequence is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98%
identical to the nucleic acid sequence as shown in SEQ ID NO. 3, wherein the higher values are preferred. Most
preferably, the nucleic acid sequence is at least 99% identical to the nucleic acid sequence as shown in SEQ ID NO.
3.

[0134] The nucleic acid sequence may be at least 70% identical to the nucleic acid sequence as shown in SEQ ID
NO.1,2,3,5,6,7,9,10, 11,13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42, 43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70, 71, 73, 74, 75,77, 78, 79, 81,
82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113, 114, 115,
117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142, 143, 145, 146,
147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171, 173, 174, 175, 177,
178,179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199, 201, 202, 203, 205, 206, 207,
209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227, 229, 230, 231, 233, 234, 235, 237, 238,
239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269,
270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301,
303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332,
333, 335, 336, 337, 339, 340, 341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363,
364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393,
395, 396, 397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424,
425, 427, 428, 429, 431, 432, or 433.

[0135] More preferably, the nucleic acid sequence is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98%
identical to the nucleic acid sequence as shown in SEQ ID NOs. 1, 2, 3, 5,6, 7,9, 10, 11, 13, 14, 15, 17, 18, 19, 21,
22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61,
62, 63, 65, 66, 67,69, 70,71,73,74,75,77,78,79, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101,
102, 103, 105, 106, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131,
133, 134, 135, 137, 138, 139, 141, 142, 143, 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162,
163, 165, 166, 167, 169, 170, 171, 173, 174,175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193,
194, 195, 197, 198, 199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223,
225, 226, 227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254,
255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283, 285,
286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317,
319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345, 347, 348,
349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379,
380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401, 403, 404, 405, 407, 408, 409,
411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429, 431, 432, or 433, wherein the higher
values are preferred.

[0136] Most preferably, the nucleic acid sequence is at least 99% identical to the nucleic acid sequence as shown in
SEQIDNO. 1, 2,3,5,6,7,9,10, 11,13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38,
39, 41, 42, 43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73, 74, 75, 77, 78,
79, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113, 114,
115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142, 143, 145,
146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171, 173, 174, 175,
177,178,179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199, 201, 202, 203, 205, 206,
207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227, 229, 230, 231, 233, 234, 235, 237,
238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259, 261, 262, 263, 265, 266, 267,
269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300,
301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331,
332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361,
363, 364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392,
393, 395, 396, 397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423,
424,425, 427,428, 429, 431, 432, or 433.
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[0137] Hybridization assays for the characterization of nucleic acids with a certain level of identity to the nucleic acid
sequences as provided herein are well known in the art; see e.g. Sambrook, Russell "Molecular Cloning, A
Laboratory Manual", Cold Spring Harbor Laboratory, N.Y. (2001); Ausubel, "Current Protocols in Molecular Biology",
Green Publishing Associates and Wiley Interscience, N.Y. (1989). The term "hybridization" or "hybridizes" as used
herein may relate to hybridizations under stringent or non-stringent conditions. If not further specified, the conditions
are preferably non-stringent. Said hybridization conditions may be established according to conventional protocols
described, e.g., in Sambrook (2001) loc. cit.; Ausubel (1989) loc. cit., or Higgins and Hames (Eds.) "Nucleic acid
hybridization, a practical approach" IRL Press Oxford, Washington DC, (1985). The setting of conditions is well
within the skill of the artisan and can be determined according to protocols described in the art. Thus, the detection
of only specifically hybridizing sequences will usually require stringent hybridization and washing conditions such as,
for example, the highly stringent hybridization conditions of 0.1 x SSC, 0.1% SDS at 65°C or 2 x SSC, 60°C, 0.1 %
SDS. Low stringent hybridization conditions for the detection of homologous or not exactly complementary
sequences may, for example, be set at 6 x SSC, 1% SDS at 65°C. As is well known, the length of the probe and the
composition of the nucleic acid to be determined constitute further parameters of the hybridization conditions. It is
envisaged herein that a nucleic acid can be a primer or probe, for example, a nucleic acid hybridizing under
stringent conditions to the complementary strand of the nucleic acid of a mutant calreticulin (or of a fragment thereof
as defined herein) or of the nucleic acid encoding a mutant calreticulin protein (or encoding the C-terminus thereof)
or of exon 9 of the mutant calreticulin and the like as defined and provided herein above. Primers and probes are
often in the range of 10-30 nucleotides. Thus, the invention relates to a nucleic acid (like a primer or probe)
hybridizing under stringent conditions to the complementary strand of the nucleic acid mutant calreticulin as defined
and provided herein above, wherein said hybridizing nucleic acid is smaller than 50, 49, 48, 47, 46, 45, 44, 43, 42,
41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, or 20 nucleotides and is larger than
5,6,7,8,9,10, 11,12, 13, 14, or 15 nucleotides .

[0138] Preferably, the nucleic acid has a length of 10 to 35 nucleotides, more preferably 15 to 25 nucleotides,
particularly preferred a length of 18 to 21, e.g. 18, 19, 20 or 21 nucleotides.

[0139] In accordance with the present invention, the terms "homology" or "percent homology” or "identical” or
"percent identity" or "percentage identity" or "sequence identity" in the context of two or more nucleic acid
sequences refers to two or more sequences or subsequences that are the same, or that have a specified
percentage of nucleotides that are the same (at least 70%, 75%, 80%, 85%, most preferably at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97% or 98% identity, most preferably at least 99% identity), when compared and
aligned for maximum correspondence over a window of comparison (preferably over the full length), or over a
designated region as measured using a sequence comparison algorithm as known in the art, or by manual
alignment and visual inspection. Sequences having, for example, 75% to 90% or greater sequence identity may be
considered to be substantially identical. Such a definition also applies to the complement of a test sequence.
Preferably the described identity exists over a region that is at least about 15 to 25 nucleotides in length, more
preferably, over a region that is at least about 50 to 100 nucleotides in length and most preferably over the full
length. Those having skill in the art will know how to determine percent identity between/among sequences using,
for example, algorithms such as those based on CLUSTALW computer program (Thompson Nucl. Acids Res. 2
(1994), 4673-4680) or FASTDB (Brutlag Comp. App. Biosci. 6 (1990), 237-245), as known in the art.

[0140] Although the FASTDB algorithm typically does not consider internal non-matching deletions or additions in
sequences, i.e., gaps, in its calculation, this can be corrected manually to avoid an overestimation of the % identity.
CLUSTALW, however, does take sequence gaps into account in its identity calculations. Also available to those
having skill in this art are the BLAST and BLAST 2.0 algorithms (Altschul, (1997) Nucl. Acids Res. 25:3389-3402;
Altschul (1993) J. Mol. Evol. 36:290-300; Altschul (1990) J. Mol. Biol. 215:403-410). The BLASTN program for
nucleic acid sequences uses as defaults a word length (W) of 11, an expectation (E) of 10, M=5, N=4, and a
comparison of both strands. The BLOSUM®62 scoring matrix (Henikoff (1989) PNAS 89:10915) uses alignments (B)
of 50, expectation (E) of 10, M=5, N=4, and a comparison of both strands.

[0141] In order to determine whether an nucleotide residue in a nucleic acid sequence corresponds to a certain
position in the nucleotide sequence of e.g. SEQ ID NOs: 1, 2, 3, 5,6, 7,9, 10, 11, 13, 14, 15,17, 18, 19, 21, 22, 23,
25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63,
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65, 66, 67, 69, 70, 71, 73, 74, 75, 77, 78, 79, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102,
103, 105, 1086, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133,
134, 135, 137, 138, 139, 141, 142, 143, 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163,
165, 166, 167, 169, 170, 171, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194,
195, 197, 198, 199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225,
226, 227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283, 285, 286,
287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319,
320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345, 347, 348, 349,
351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380,
381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411,
412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429, 431, 432, and 433, respectively, the skilled
person can use means and methods well-known in the art, e.g., alignments, either manually or by using computer
programs such as those mentioned herein. For example, BLAST 2.0, which stands for Basic Local Alignment Search
Tool BLAST (Altschul (1997), loc. cit.; Altschul (1993), loc. cit.; Altschul (1990), loc. cit.), can be used to search for
local sequence alignments. BLAST, as discussed above, produces alignments of nucleotide sequences to determine
sequence similarity. Because of the local nature of the alignments, BLAST is especially useful in determining exact
matches or in identifying similar sequences. The fundamental unit of BLAST algorithm output is the High-scoring
Segment Pair (HSP). An HSP consists of two sequence fragments of arbitrary but equal lengths whose alignment is
locally maximal and for which the alignment score meets or exceeds a threshold or cut-off score set by the user.
The BLAST approach is to look for HSPs between a query sequence and a database sequence, to evaluate the
statistical significance of any matches found, and to report only those matches which satisfy the user-selected
threshold of significance. The parameter E establishes the statistically significant threshold for reporting database
sequence matches. E is interpreted as the upper bound of the expected frequency of chance occurrence of an HSP
(or set of HSPs) within the context of the entire database search. Any database sequence whose match satisfies E
is reported in the program output.

[0142] Analogous computer techniques using BLAST (Altschul (1997), loc. cit.; Altschul (1993), loc. cit.; Altschul
(1990), loc. cit.) are used to search for identical or related molecules in nucleotide databases such as GenBank or
EMBL. This analysis is much faster than multiple membrane-based hybridizations. In addition, the sensitivity of the
computer search can be modified to determine whether any particular match is categorized as exact or similar. The
basis of the search is the product score, which is defined as:

% scquence identity x % maximum BLAST score

100
and it takes into account both the degree of similarity between two sequences and the length of the sequence

match. For example, with a product score of 40, the match will be exact within a 1-2% error; and at 70, the match
will be exact. Similar molecules are usually identified by selecting those, which show product scores between 15 and
40, although lower scores may identify related molecules. Another example for a program capable of generating
sequence alignments is the CLUSTALW computer program (Thompson (1994) Nucl. Acids Res. 2:4673-4680) or
FASTDB (Brutlag (1990) Comp. App. Biosci. 6:237-245), as known in the art.

[0143] The explanations and definitions given herein above in respect of "homology/identity of nucleic acid
sequences” apply, mutatis mutandis, to "amino acid sequences” of the herein provided mutant calreticulin proteins
as depicted in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96,
100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188,
192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280,
284, 288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374,
378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, and 434, respectively, as explained below.

[0144] The polypeptide to be used in accordance with the present invention may have at least 70 %
identity/similarity to the proteins having the amino acid sequence as, for example, depicted in SEQ ID NO: 4,
respectively. More preferably, the polypeptide has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98%
identity/similarity to the proteins depicted in SEQ ID NO: 4, respectively, wherein the higher values are preferred.
Most preferably, the polypeptide has at least 99% homology to the protein as depicted in 4.
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[0145] The polypeptide to be used in accordance with the present invention may have at least 70 %
identity/similarity to the proteins having the amino acid sequence as, for example, depicted in SEQ ID NO: 4, 8, 12,
16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124,
128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216,
220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306, 310,
314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398, 402,
406, 410, 414, 418, 422, 426, 430, and 434, respectively. More preferably, the polypeptide has at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97% or 98% identity/similarity to the proteins depicted in SEQ ID NO: 4, 8, 12, 16, 20,
24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128,
132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220,
224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306, 310, 314,
318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398, 402, 406,
410, 414, 418, 422, 426, 430, and 434, respectively, wherein the higher values are preferred. Most preferably, the
polypeptide has at least 99% homology to the protein as depicted in 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52,
56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152,
156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244,
248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338,
342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430,
and 434, respectively.

[0146] Without deferring from the gist of the present invention also (a) (functional) fragment(s) or (a) (functional)
derivative(s) of the herein provided polypeptides or proteins can be used, for example, (functional) fragment(s) or
(functional) derivative(s) of the minimum C-terminus of the mutant calreticulin as shown in SEQ ID NO. 4. Also (a)
(functional) fragment(s) or (a) (functional) derivative(s) of further herein provided mutant calreticulin polypeptides or
proteins can be used, for example, (functional) fragment(s) or (functional) derivative(s) of the polypeptide(s) as
shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100,
104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284,
288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378,
382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, and 434, respectively.

[0147] Thus, a (functional) fragment of the above polypeptide(s)/protein(s) provided herein and to be used in
accordance with the present invention can be any of the above specific polypeptides as shown in any one of SEQ ID
NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204,
208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298,
302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390,
394, 398, 402, 406, 410, 414, 418, 422, 426, 430, and 434, respectively, wherein one to 10 amino acids are
deleted.

[0148] A (functional) derivative(s) of the above polypeptide(s)/protein(s) provided herein and to be used in
accordance with the present invention can be any of the above specific polypeptides as shown in SEQ ID NOs: 4, 8,
12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212,
216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306,
310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430, and 434, respectively, wherein one to 10 amino acids are inserted, added
or substituted.

[0149] Preferably, the deletion, insertion, addition and/or substitution of one to 10 amino acids is within the C-
terminus of the herein provided mutant calreticulin, i.e. within the amino acid sequence of the polypeptide as shown
in SEQ ID NOs: 4.
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[0150] Preferably, the deletion, insertion, addition and/or substitution of one to 10 amino acids is within the C-
terminus of the herein provided mutant calreticulin, i.e. within the amino acid sequence of the polypeptides as shown
in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104,
108, 112, 116, 120, 124, 128, 132, 136, 140, 144, respectively.

[0151] 1,2, 3,4,5,6,7,8,9, or 10 amino acids can be deleted, inserted, added or substituted preferably within the
C-terminus of the herein provided mutant calreticulin, i.e. within the amino acid sequence of the polypeptides as
shown in SEQ ID NOs: 4.

[0152] 1, 2, 3,4, 5,6,7, 8,9, or 10 amino acids can be deleted preferably from the C-terminus of the herein
provided mutant calreticulin, i.e. from the amino acid sequence of the polypeptide as shown in SEQ ID NOs: 4.

[0153] 1, 2, 3,4,5,6, 7, 8,9, or 10 amino acids can be deleted, inserted, added and/or substituted preferably
within the C-terminus of the herein provided mutant calreticulin, i.e. within the amino acid sequence of the
polypeptides as shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84,
88,92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, respectively.

[0154] The term "one to 10 amino acids deleted" relates to (functional) fragments of the specific mutant calreticulin
proteins provided herein.

[0155] A preferred (functional) fragment of the above mentioned polypeptides provided herein and to be used in
accordance with the present invention consists of from 15 to 25 contiguous amino acids. Accordingly, a (functional)
fragment of the above mentioned polypeptides provided herein and to be used in accordance with the present
invention preferably consists of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous amino acids.

[0156] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention preferably consists of from 15 to 25 contiguous amino acids of the amino acid sequence
shown in SEQ ID NO: 4.

[0157] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention preferably consists of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous amino acids
of the amino acid sequence shown in SEQ ID NO: 4.

[0158] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention preferably consists of from 15 to 25 contiguous amino acids of the polypeptides as shown
in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104,
108, 112, 116, 120, 124, 128, 132, 136, 140, 144, respectively.

[0159] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention preferably consists of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous amino acids
of the polypeptides as shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76,
80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, respectively.

[0160] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41 and up to 42 contiguous amino acids of the
amino acid sequence shown in SEQ ID NO: 4.

[0161] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 and up to 43 contiguous amino acids of the
amino acid sequence shown in SEQ ID NO: 32 or 112.

[0162] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
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with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43 and up to 44 contiguous amino acids of
the amino acid sequence shown in SEQ ID NO: 8, 128, 132 or 144.

[0163] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, and up to 45 contiguous amino
acids of the amino acid sequence shown in SEQ ID NO: 12, 44, 136 or 140.

[0164] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 and up to 46 contiguous amino
acids of the amino acid sequence shown in SEQ ID NO: 16 or 124.

[0165] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, and up to 47 contiguous
amino acids of the amino acid sequence shown in SEQ ID NO: 24, 40, 76, 100, or 120.

[0166] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, and up to 48 contiguous
amino acids of the amino acid sequence shown in SEQ ID NO: 28, 36, 72, 84, 96 or 116.

[0167] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,48 and up to 49
contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 20, 48, 60, 64, 68, or 80.

[0168] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,48, 49 and up to 50
contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 52 or 56.

[0169] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,48, 49, 50, 51 and up to
52 contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 92.

[0170] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,48, 49, 50, 51, 52 and up
to 53 contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 88 or 104.

[0171] A (functional) fragment of the above mentioned polypeptides provided herein and to be used in accordance
with the present invention can consist of at least 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,48, 49, 50, 51, 52, 53
and up to 54 contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 108.

[0172] The fragment or derivative preferably has the same (or essentially the same) biological activity as the full
length polypeptide from which it is derived, the full length polypeptide having the amino acid sequence as shown in
SEQ ID NO: 4, 8,12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108,
112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294,
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298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386,
390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, and 434. In this sense, the fragment or derivative is a
"functional” fragment or derivative to be used herein.

[0173] The herein provided polypeptide (as shown, for example, in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40,
44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144,
148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236,
240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330,
334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422,
426, 430, and 434, respectively) may have one to 10 amino acids deleted, inserted, added and/or substituted
provided that the polypeptide maintains essentially the biological activity which is characteristic of the polypeptides
from which it is derived.

[0174] Preferably, any such deletions, insertions, additions and/or substitutions (in this context particularly
substitutions) are conservative, i.e. amino acids are substituted by amino acids having the same or similar
characteristics. For example, a hydrophobic amino acid will preferably be substituted by another hydrophobic amino
acid and so on.

[0175] The "biological activity" characteristic of the herein provided polypeptides can be considered as an activity
which is causative for the (development) of a myeloid malignancy as defined herein, such as a myeloproliferative
neoplasm (particularly primary myelofibrosis and essential thrombocytemia).

[0176] The present invention also provides for inhibitors of mutant calreticulin. These inhibitors can be used as a
medicament.

[0177] The term "antagonist of mutant calreticulin” or "inhibitor of mutant calreticulin” means in context of the
present invention a compound capable of fully or partially preventing or reducing the physiologic activity and/or
expression level of (a) mutant calreticulin. The terms "antagonist” or "inhibitor" are used interchangeably herein.

[0178] In the context of the present invention said antagonist may, therefore, prevent, reduce, inhibit or inactivate
the physiological activity of a mutant calreticulin upon binding of said compound/substance (i.e. antagonist/inhibitor)
to said mutant calreticulin. As used herein, the term "antagonist" also encompasses competitive antagonists,
(reversible) non-competitive antagonists or irreversible antagonist, as described, inter alia, in Mutschler,
"Arzneimittelwirkungen" (1986), Wissenschaftliche Verlagsgesellschaft mbH, Stuttgart, Germany. Such an inhibition
can be measured by determining substrate turnover.

[0179] An "antagonist" or "inhibitor" of a mutant calreticulin may also be capable of preventing the function of a
mutant calreticulin by preventing/reducing the expression of the nucleic acid molecule encoding for said mutant
calreticulin. Thus, an antagonist/inhibitor of a mutant calreticulin may lead to a decreased expression level of the
mutant calreticulin (e.g. decreased level of an mutant calreticulin mMRNA and/or of mutant calreticulin protein); this
may be reflected in a decreased mutant calreticulin activity. The decreased activity and/or expression level can be
measured/detected by known methods which are also described herein.

[0180] An "antagonist/inhibitor of a mutant calreticulin” may, for example, interfere with transcription of (an) mutant
calreticulin gene(s), processing (e.g. splicing, export from the nucleus and the like) of the gene product(s) (e.g.
unspliced or partially spliced mRNA) and/or translation of the gene product (e.g. mature mRNA). The
"antagonist/inhibitor of a mutant calreticulin® may also interfere with further modification (like glycosylation or
phosphorylation) of the polypeptide/protein encoded by the mutant calreticulin gene(s) and thus completely or
partially inhibit the activity of the a mutant calreticulin protein(s) as described herein above. Furthermore, the
"antagonist/inhibitor of a mutant calreticulin® may interfere with interactions of the mutant calreticulin protein(s) with
other proteins (thus, for example, interfering with the activity of complexes involving mutant calreticulin protein(s))
or, in general, with its synthesis, e.g. by interfering with upstream steps of mutant calreticulin expression or with
signalling pathways in which the mutant calreticulin is involved. Depending on the mode of action, such antagonists
may, for example, be denoted "sequestering antagonists” or "signalling antagonists”.
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[0181] In sum, the herein described mutant calreticulin antagonist/inhibitor will, accordingly, lead to a decrease or
reduction of mutant calreticulin expression level and/or activity, and thereby reduce its contribution to the
development or proliferation of a myeloid malignancy as defined herein.

[0182] The antagonist(s) may be shRNA (small hairpin RNA), siRNA (small interfering RNA), miRNA (microRNA),
dsRNA (double stranded RNA), stRNA (small temporal RNA), antisense molecules, extracellular binding-partners,
small (binding) molecules, aptamers, intramers, or antibody molecules such as a full antibody (immunoglobulin), a
F(ab)-fragment, a F(ab)o-fragment, a single-chain antibody, a chimeric antibody, a CDR-grafted antibody, a bivalent
antibody-construct, a synthetic antibody, a bispecific single chain antibody or a cross-cloned antibody.

The present invention relates to an siRNA or shRNA specifically targeting the nucleic acid encoding the mutant
calreticulin protein(s), whereby the nucleic is especially mRNA as defined herein.

[0183] Up to 10 % of the contiguous bases of the herein provided siRNAs or shRNAs can be non-complementary.
The siRNA can further comprise at least one base at the 5' end and/or at least one base at the 3' end.

[0184] Antagonist(s)/inhibitor(s) which are nucleic acids, such as siRNAs, shRNAs, antisense molecules and the like
can readily be prepared by known techniques using, for example, the following target sequences. For example,
siRNAs, shRNAs and the like to be employed herein can comprise or consist of an RNA sequence corresponding to
one of the target sequences below. The term "RNA sequence corresponding to" means in this context that the RNA
sequence is identical to one of the target sequences below with the exception that the tymidine (T) residues of the
target sequence is replaced by a uracil (U) residue. The siRNA can consist of a nucleic acid molecule comprising at
least ten contiguous bases. For example, the siRNA, shRNA and the like can comprise at least ten contiguous bases
of an RNA sequence corresponding to one of the target sequences below as defined above. The siRNA, shRNA and
the like can consist of ten contiguous bases of an RNA sequence corresponding to one of the target sequences
below as defined above.

The siRNA, shRNA and the like can target one of the target sequences below. These sequences relate to SEQ ID
NO: 476 to SEQ ID NO: 1309.

Type of CALR mutation shRNA sequences covering the mutation site

Type 1
ARGGACAARACAGCACGAGEAG
AGGACAAACAGGACGAGGAGC
GGACAAACAGGACGAGGAGCA
GACARACAGGACGAGGAGCAG
ACAAACAGGACGAGGAGCAGG
CARACAGGACGAGGAGCAGAG
BAACAGCACGACGAGCAGAGG
AACAGGACGCAGGAGCAGAGGA
ACAGGACGAGGAGCAGAGGAC
CAGGACGAGGAGCAGAGGACA
AGGACGAGGAGCAGAGGACAR
GEACGAGCAGCAGAGGACALRG
GACGAGGAGCAGAGGACAAGE
ACGAGGAGCAGAGGACAAGGA
CGAGGAGCAGAGGACARGGAG
CAGGAGCAGAGCACAAGCAGS
AGGAGCAGAGGACALGGAGGA
GGAGCAGAGGACAAGGAGGAT
GAGCAGAGGACAAGGAGGATG
AGCAGAGGACAAGGAGGATGA

Type 2
GAGGAGGAGGECAGAGGACAAT
AGGACGCAGGCAGAGGACAATT
GGAGGAGGCAGAGGACAATTE
GACCAGGCAGAGGACAATICT
AGGAGGCAGAGGACAATTGIC
GGAGGCACAGCACAATTGTCG
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Type of CALR mutation

shRNA sequences covering the mutation site

GAGGCAGAGGACAATTGTCGG
AGGCAGAGGACAATTGTCGGA
GGCAGAGGACAATTGTCGGAG
GCAGAGGACAATTGTCGGAGE
CAGAGGACAATTGTCGGAGGA
AGAGGACAATTGTCGCGAGGAT
GAGGACAATTGTCGGAGGATG
AGCACAATTGTCCGAGGATGA
GGACAATTGTCGGAGGATGAT
GACAATTGTCGGAGGATGATG
ACAATTGTCGGAGGATGATGA
CAATTGTCGGAGGATGATGAG
AATTGTCGGAGGATGATGAGE
ATTGTCGGAGGATGATGAGGA
TTCTCGGAGGATGATGAGGAC
TGTCGGAGGATGAT GAGGACA
GTCGGAGGATGATGAGGACAA
TCGCGAGGATGATGAGGACAAA
CGGAGGATGATGAGGACARAG

Type 3

GACAAACAGGACGAGGAGCAG
ACAARACAGGACGAGGAGCAGA
CAAACAGGACGAGGAGCAGAG
ARACAGGACGAGGAGCAGAGG
AACAGGACGAGGAGCAGAGGC
ACAGGACGAGGAGCAGAGGCA
CAGGACGAGGAGCAGAGGCAG
AGGACGAGGAGCAGAGGCAGA
GGACGAGGAGCAGAGGCAGAG
GACGAGGAGCAGAGGCAGAGS
ACGAGGAGCAGAGGCAGAGGA
CGAGGAGCAGAGGCAGAGGAC
GAGGAGCAGAGGCAGAGGACA
AGGAGCAGAGGCACGAGGACAA
GGAGCAGAGGCAGAGGACAAG
GAGEAGAGGCAGAGGACAAGG
AGCAGAGGCAGAGGACRAGGA
GCAGAGGCAGAGGACAAGGAG
CAGAGGCAGAGGACAAGGAGG
AGAGGCAGAGGACAACGAGGA

Type 4

AGGACGAGGAGCAGAGGCTTA
GGACGAGCAGCAGAGGCTTAG
GACGAGGAGCAGAGGCTTAGSE
ACGAGGAGCAGAGGCTTAGGA

CCGAGGAGCAGAGGCTTAGGAG
GAGGAGCAGAGGCTTAGGAGG
AGGAGCAGAGGCTTAGGAGGA
GGAGCAGAGGLCTTAGGAGGAG
GAGCAGAGGCTTAGGAGGAGG
AGCAGAGGCTTAGGAGGAGGE
GCAGAGGCTTAGGAGGAGGCA
CAGAGGCTTAGCGAGGAGGCAG
AGAGGCTTAGGAGGAGGCAGA
GAGGOTTAGGAGGALGORAGAG
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Type of CALR mutation

shRNA sequences covering the mutation site

AGGCTTAGGAGGAGGCAGAGE
GGCTTAGCAGGAGGCAGAGGA
GCTTAGGAGGAGGCAGAGGAC
CTTAGGAGGAGGCAGAGGACA
TTAGGAGGAGGCAGAGGACAA
TAGGAGGAGGCAGAGGACAAG

Type 5

GAAGGACAAACAGGACGAGEG
AAGGACAAACAGGACGAGGGE
AGGACAAACAGGACGAGGGGE
GGACAARCAGGACGAGGGGCA
GACAAACAGGACGAGCEGGCAG
ACARAACAGGACGAGGGGCAGA
CAARCAGGACGAGGGGCAGAG
ARAACAGGACGAGGGGCAGAGG
AACAGGACGAGGGGCAGAGGA
ACAGGACGAGGGGCAGAGGAC
CAGGACGAGGGGCAGAGGACA
AGGACGAGGGGCAGAGCACAA
GGACGAGCGGGCAGAGGACAAG
GRCGAGGGGCAGAGGACAAGE
ACGAGGGGCAGAGGACAAGGA
CGAGGGGCAGAGGACAAGGAG
GAGGGGCAGAGCACAAGGAGG
AGGGGCACGAGGACAAGGAGGA
GGGGCAGAGGACAAGGAGGAT
GGGCAGAGGACAAGGAGGATG

Type 6

GGACAAACAGGACGAGGAGCG
GACAAACAGGACGAGGAGCGG
ACAARCAGGACGAGGAGCGGA
CAAACAGGACGAGGAGCGGAG
AAACAGGACGAGCAGCGGAGE
RAACAGGACGAGGAGCGGAGGE
ACAGGACGAGGAGCGGAGGCA

CAGGACGAGGAGCGGAGGCAG
AGGCACGAGGAGCGCGAGGCAGA
GGACGAGGAGCGGAGGCAGAG
GACGAGGAGCGGAGGCAGAGS
ACGAGGAGCGGAGGCAGAGGA
CGAGGAGCGGAGGCAGAGGAC
GAGGAGCGGAGGCAGAGGACA
AGGAGCGGAGGCAGAGGACAA
GCAGCGGAGGCAGAGGACAAG
GAGCGGAGGCAGAGGACAAGG
AGCGGAGGCAGAGGACAAGGA
GCGGAGGCAGAGGACAAGGAG
CGGAGGCAGAGGACAAGGAGG

Type 7

AGGACGAGGAGCAGAGGCTTA
GGACGAGGAGCAGAGGCTTAG
GACGAGGAGCAGAGGCTTAGE
ACGAGGAGCAGAGGCTTAGGA
CGAGGAGCAGAGGCTTAGGAG
GAGGAGCAGAGGUTTAGGAGG
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Type of CALR mutation

shRNA sequences covering the mutation site

AGGAGCAGAGGCTTAGGAGGA
GGAGCAGAGGCTTAGGAGGAT
GAGCAGAGGCTTAGGAGGATG
AGCAGAGGCTTAGGAGGATGA
GCAGAGGCTTAGGAGGATGAT
CAGAGGCTTAGCAGGATGATG
AGAGGCTTAGGAGGATGATGA
GAGGCTTAGGAGGATGATGAG
AGGCTTAGGAGGATGATGAGG
GGCITAGGAGGATGATGAGGA
GCTTAGGAGGATGATGAGGAC
CTTAGGAGGATGATGAGGACA
TTAGGAGGATGATGAGGACAA
TAGGAGGATGATCAGCACAAA

Type 8

GACGAGGAGCAGAGGCTTAAG
ACGAGGAGCAGAGGCTTAAGA
CGAGGAGCAGAGGCTTAAGAG
GAGGAGCAGAGGCTTAAGAGG
AGGAGCAGAGGCTTAAGAGGA
GGAGCAGAGGCTTAAGAGGAG
GAGCAGAGGCTTAAGAGGAGG
AGCAGAGGCTTAAGAGGAGGC
GCAGAGGCTTAAGAGGAGGCA
CAGAGGCTTAAGAGGAGGCAG

AGAGGCTTAAGAGGAGGCAGA
GAGGCTTAAGAGGAGGCAGAG
AGGCTTAAGAGGAGGCAGAGG
GGCTTAAGAGGAGGCAGAGGA
GCTTRAGAGGAGGCAGAGGAC
CTTAAGAGGAGGCAGAGGACA
TTAAGAGGAGGCAGAGGACAA
TAAGAGGAGGCAGAGGACAAG
BAGAGGAGGCAGAGGACAAGG
AGAGGAGGCAGAGGACAAGGA

Type 9

AAGAAACGCAAAGAGGAGGAG
AGAAACGCAAAGAGGAGGAGA
GAAACGCAAAGAGGAGGAGAG
AAACGCAAAGAGGAGGAGAGG
AACGCAAAGAGGAGGAGAGGC
ACGCRAAGAGGAGGAGAGGCA
CGCAAAGAGGAGGAGAGGCAG
GCAAAGAGGCAGGAGAGGCAGA
CAARGAGCAGGAGAGGCAGAG
AAAGAGGAGGAGCAGGCAGAGG
AAGAGGAGGAGAGGCAGAGGA
AGAGGAGGAGAGGCAGCAGGAC
GAGGAGGAGAGGCAGAGGACA
AGGAGGAGAGGCAGAGGACAA
GGAGGAGAGGCAGAGGACAAG
GAGGAGAGGCAGAGGACAAGG
AGGAGAGGCAGAGGACAAGGA
GGAGAGGCAGAGGACARAGGAG
GAGAGGCAGAGGACAAGGAGG
AGAGGCAGAGGACAAGGAGGA
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Type of CALR mutation

shRNA sequences covering the mutation site

Type 10

GGAGGAGGAGGCAGAGGACAT
GAGGAGGAGGCAGAGGACATG
AGGAGGAGGCAGAGGACATGT
GGAGGAGGCAGAGGACATGETGC
GAGGAGGCAGAGGACATGTGT
AGGAGGCAGAGGACATGTIGTIC
GGAGGCAGAGGACATETGTCG
GAGGCAGAGGACATGTGTCGG
AGGCAGAGGACATGTGTCGGA
GGCAGAGGACATGTGTCGGAG
GCAGAGGACATGTGTCGGAGG
CAGAGGACATGTGTCGGAGGA
AGAGGACATGTGTCGGAGGAT

GAGGACATGTGTCGGAGGATG
AGGACATGTGTCGGAGGATGA
GGACATGTGTCGGAGGATGAT
GACATGTGTCGGAGGATGATG
ACKTGTGTCGGAGGATGATGA
CATGTGTCGGAGGATGATGAG
ATGTGTCGGAGGATGATGAGG
TGTGTCGGAGGATGATGAGGA
GTGTCGGAGGATGATGAGGAC
TGTCGGAGGATGATGAGGACA
GTCGGAGGATGATGAGGACAA
TCGGAGGATGATGAGGACAAA
CGGAGGATGATGAGGACARAAG

Type 11

AAGGACAAACAGGACGAGGAC
AGGACAAACAGGACGAGGACC
GGACAAACAGGACGAGGACCA
GACRAACAGGACGAGGACCAG
ACAAACAGGACGAGGACCAGA
CAAACAGGACGAGGACCAGAG
AAACAGGACGAGGACCAGAGSE
AARCAGGACGAGGCACCAGAGGEC
ACAGGACGAGGACCAGAGGCA
CAGGACGAGGACCAGAGGCAG
AGGACGAGGACCAGAGGCAGA
GGACGAGGACCAGAGGCAGAG
GACGAGGACCAGAGGCAGAGG
ACGAGGACCAGAGGCAGAGGA
CGAGGACCAGAGGCAGAGGAC
GAGGACCAGAGGCAGAGGACA
AGGACCAGAGGCAGAGGACAA
GGACCAGAGGCAGAGGACAAG
GACCAGAGGCAGAGGACAAGG
ACCAGAGGCAGAGGACAAGGA
CCAGAGGCAGAGGACAAGGAG
CAGAGGCAGAGCACAAGGAGG
AGAGGCAGAGGACAAGGAGGA

Type 12

AAACAGGACGAGGAGCAGAGG
AARCAGGACGAGGAGCAGAGGA
ACAGGACGAGGAGCAGAGGAG
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Type of CALR mutation

shRNA sequences covering the mutation site

CAGGACCAGGAGCAGAGGAGG
AGGCACGAGGAGCAGAGGAGGA
GGACGAGGAGCAGAGGAGGAG
GACGAGGAGCAGAGGAGGAGS

ACGAGGAGCAGAGGACGAGGA
CCAGGAGCAGAGGAGGCAGGAG
GAGGAGCAGAGGAGGCAGGAGG
AGGAGCAGAGGAGGAGGAGGA
GGAGCAGAGGAGGAGGAGGAG
GAGCAGAGGAGGAGGAGGAGG
AGCAGAGGAGGAGGAGGAGGC
GCAGAGGAGGAGGAGGAGGCA
CAGAGGAGGAGCGAGGAGGCAG
AGAGGAGGAGGAGGAGGCAGA
GAGGAGGAGGAGGAGGCAGAG
AGGAGGAGGAGGAGGCAGAGH
GGAGGAGGAGGAGGCAGAGGA

Type 13

ACAGGACGAGGAGCAGAGGCA
CAGGACGAGGAGCAGAGGCAG
AGGACGAGGAGCAGAGGCAGA
GGACGAGGAGCAGAGGCAGAG
GACGAGGAGCACAGGCAGAGG
ACGAGGAGCAGAGGCAGAGGA
CGAGGAGCAGAGGCAGAGGAG
GAGGAGCAGAGGCAGAGGAGG
AGGAGCACAGGCAGAGGAGGA
GGAGCAGAGGCAGAGGAGGAG
GAGCAGAGGCAGAGGAGGAGG
AGCAGAGGCAGAGGAGGAGGC
GCAGAGGCAGAGGAGGAGGCA
CAGAGGCAGAGGAGGAGGCAG
AGAGGCAGAGGAGGAGGCAGA
GAGGCAGAGGAGGAGGCAGAG
AGGCAGAGGAGGAGGCAGAGS
GGCAGAGGAGGAGGCAGAGGA
GCAGAGGAGGAGGCAGAGGAC
CAGAGGAGGAGGCAGAGGACA
AGAGGAGGAGGCAGAGGACAA

Type 14

CAGGACGAGGAGCAGAGGCTG
AGGACGAGGAGCAGAGGCTGA
GGACGAGGAGCAGAGGCTGAG
GACGAGGAGCAGAGGCTGAGG
ACGAGGAGCAGAGGCTGAGGA
CGAGGAGCAGAGGCTGAGGAG
GAGGAGCAGAGGCTGAGGAGG
AGGAGCAGAGECTGAGGAGGA
GGAGCAGAGGCTGAGGAGGAG

GAGCAGAGGCTGAGGAGGAGG
AGCAGAGGCTGAGGAGGAGGC
GCAGAGGCTGAGGAGGAGGCA
CAGAGGCTGAGGAGGAGGCAG
AGAGGCTGAGGAGGAGGCAGA
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Type of CALR mutation

shRNA sequences covering the mutation site

GAGGCTGAGGAGGAGGCAGAG
AGGCTGAGGAGGAGGCAGAGG
GGCTGAGCAGGAGGCAGAGGA
GCTGAGGAGGAGGCAGAGGAC
CTGAGGAGGAGGCAGAGGACA
TGAGGAGGAGGCAGAGGACAA

Type 15

AGGACGAGGAGCAGAGGCTTA
GGACGAGGAGCAGAGGCTTAG
GACGAGGAGCAGAGGCTTAGG
ACGAGGAGCAGAGGCTTAGGA
CCAGGAGCAGAGCGCTTAGGAG
GAGGAGCAGAGGUTTAGGAGG
AGGAGCAGAGGCTTAGGAGGA
GGAGCAGAGGCTTAGGAGGAG
GAGCAGAGGCTTAGGAGGAGG
AGCAGAGGUTTAGCAGGAGGS
GCAGAGGCTTAGGAGGCAGGGA
CAGAGGCTTAGGAGGAGGGAG
AGAGGCTTAGGAGGACGGAGA
GAGGCTTAGGAGGAGGGAGAG
AGGCTTAGGAGGAGGGAGAGE
GGCTTAGGAGGAGGGAGAGGA
GCTTAGGAGGAGGGAGAGGAC
CTTAGGAGGAGGGAGAGGACA
TTAGGAGGAGGGAGAGGACAA
TAGGAGGAGGGAGAGGACAAG
AGGAGGAGGGAGAGGACAAGG
GGAGGAGGGAGAGGACAAGGA
GAGGAGGGAGAGGACAAGGASG
AGGAGGGAGAGGACAAGGAGG
GGAGGGAGAGGACAAGGAGGA
GAGGCAGAGGACAAGGAGGAT
AGGGAGAGGACAAGGAGGATG
GGGAGAGGACAAGGAGGATGA
GCGAGAGGACAAGGAGGATGAT
GAGAGGACAAGGAGGATGATG

Type 16

AGGACGAGGAGCAGAGGCTIC
GGACGAGGAGCAGAGGCTITCA

GACGAGGAGCAGAGGCTTCAG
ACGAGGAGCAGAGGCTTCAGA
CGAGGAGCAGAGGCTTCAGAG
GAGGAGCAGAGGCTTCAGAGGE
AGGAGCAGAGGCTTCAGAGGA
GGAGCAGAGGCTTCAGAGGAG
GAGCAGAGGCTTCAGAGGAGG
AGCAGAGGCTTCAGAGGAGGC
GCAGAGGCTTCAGAGGAGGCA
CAGAGGCTTCAGCAGGAGGCAG
AGAGGCTTCAGAGGAGGCAGA
GAGGCTTCAGAGGAGCCAGAG
AGGCTTCAGAGGAGGCAGAGGE
GGCTTCAGAGGAGGCAGAGGA
GCTTCAGAGGAGGCAGAGGACL
CTTCAGAGRAGGCAGAGRACA
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Type of CALR mutation

shRNA sequences covering the mutation site

TTCAGAGGAGGCAGAGGACAA
TCAGAGGAGGCAGAGGACAAG
CAGAGGAGGCAGAGGACAAGG
AGAGGAGGCAGAGGACAAGGA

Type 17

GACGAGGAGCAGAGGLTTAAG
ACGAGGAGCAGAGGCTTAAGA
CGAGGAGCAGAGGCTTAAGAG
GAGGAGCAGAGGCTTAAGAGG
AGCAGCAGAGGCTTAAGAGGA
GGAGCAGAGGCTTAAGAGGAG
GAGCAGAGGCTTAAGAGGAGGE
AGCAGAGGCTTAAGAGGAGGC
GCAGAGGCTTAAGAGGAGGCA
CAGAGGCTTAAGAGGAGGCAG
AGAGGCTTAAGAGGAGGUAGT
GAGGCTTAAGAGGAGGCAGTG
AGGCTTAAGAGGAGGCAGTGG
GGCTTAAGAGGAGGCAGTGGA
GCTTAAGAGGAGGCAGTGGAC
CTTAAGAGGAGGCAGTGGACA
TTAAGAGGAGGCAGTGGACAA
TAAGAGGAGGCAGTGGACAAG
AAGAGGAGGCAGTGGACAAGG
AGAGGAGGCAGTGGACAAGGA
GAGGAGGCAGTGGACAAGGAG
AGCAGGCAGTGGACAAGGAGS
GGAGGCAGTGGACAAGGAGGA

GAGGCAGTGGACAAGGAGGAT
AGGCAGTGGACAAGGAGGATG
GGCAGTGGACAAGGAGGATGA
GCAGTGGACAAGGAGGATGAT
CAGTGGACAAGGAGGATGATG
AGTGGACAAGGAGCGATGATGA
GTGGACAAGGAGGATGATGAG
TCGGACAAGGAGGATGATGAGG

Type 18

GACGAGGAGCAGAGGCTTAAG
ACGAGGAGCAGAGGCTTAAGA
CGAGGAGCAGAGGCTTAAGAG
GAGGAGCAGAGGCTTAAGAGG
AGCGAGCAGAGGCTTAAGAGGA
GGAGCAGAGGCTTAAGAGGAT
GAGCAGAGGCTTAAGAGGATE
AGCAGAGGCTTAAGAGGATGA
GCAGAGGCTTAAGAGGATGAT
CAGAGGCTTAAGAGGATGATG
AGAGGCTTAAGAGGATGATGA
GAGGCTTAAGAGGATGATGAG
AGGCTTAAGAGGATGATGAGG
GGCTTAAGAGGATGATGAGGA
GCTTAAGAGGATGATGAGGAC
CTTAAGAGGATCGATGAGGACA
TTAAGAGGATGATGAGGACAA
TAAGAGGATGATGAGGCACAAA

AROATORNT AT/ ROTR A RO
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Type of CALR mutation

shRNA sequences covering the mutation site

X3! FEA TGV I AT TR =}

AGAGGATGATGAGGACAAAGA

Type 19

GAGCAGAGGCTTAAGCGAGGAG
AGCAGAGGCTTAAGGAGGAGA
GCAGAGGCTITAAGGAGGAGAG
CAGAGGCTTAAGGAGGAGAGG
AGAGGCTTAAGGAGCAGAGGC
GAGGCTTAAGGAGGAGAGGCA
AGGCTTAAGGAGGAGAGGCAG
GGCTTAAGGAGGAGAGGCAGA
GCTTAAGGAGGAGAGGCAGAG
CTTAAGGAGGAGAGGCAGAGG
TTRAGGAGGAGRAGGCAGAGGA
TAAGGAGGAGAGGCAGAGGAC
AAGGAGGAGAGGCAGAGGACA
AGGAGGAGAGGCAGAGGACAA
GGAGGAGAGGCAGAGGACAAG

GAGGAGAGGCAGAGGACAAGG
AGGAGAGGCAGAGGACAAGGA
GGAGAGGCAGAGGACAAGGAG
GAGAGGCAGAGGACAAGGAGG
AGAGGCAGAGGACAAGGAGGA

Type 20

GCTTAAGGAGGAGGAAGAAGG
CTTRAGGAGGAGGAAGAAGGG
TTAAGGAGGAGGAAGAAGGGA
TAAGGAGGAGGAAGAAGGGAG
AAGGAGGAGGAAGAAGGGAGE
AGGAGGAGGAAGAAGGGAGGA
GGAGGAGGAAGAAGGGAGGAG
GAGGAGGAAGAAGGGAGGAGG
AGGAGGAAGAAGGGAGGAGGC
GGAGGAAGAAGGGAGGAGGCA
GAGGAAGAAGGGAGGAGGCAG
AGGAAGAAGGGAGGAGGCAGA
GGAAGAAGGGAGGAGGCAGAG
GAAGAAGGGAGGAGGCAGAGG
AAGAAGGGAGGAGGCAGAGGA
AGARGGGAGGAGGCAGAGGAC
GAAGGGAGGAGGCAGAGGACA
AAGGGAGGAGGCAGAGGACAA
AGGGAGGAGGCAGAGGACAAG
GGGAGGAGGCAGAGGACAAGG

Type 21

GCTTAAGGAGGAGGAAGAAGC
CTTAAGGAGGAGGAAGAAGCEG
TTAAGGAGGAGGAAGAAGCGT
TAAGGAGGAGGAAGAAGCGTT
AAGCGAGGAGGAAGAAGCGTTT
AGGCAGGAGGAAGAAGCGTTTA
GGAGGAGGAAGAAGCGTTTAA
GAGGAGGAAGAAGCGTTTAAG
AGGAGGAAGAAGCGITTAAGA
GGAGGAAGAAGCGTTTAAGAG
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Type of CALR mutation

shRNA sequences covering the mutation site

GAGE EAAGUETTT GALG
AGGAAGAAGCGTTTAAGAGGA
GGAAGAAGCGTTTAAGAGGAC
GAAGRAGCGTTTAAGAGGACA
AAGAAGCGTTTAAGAGCGACAA
AGAAGCGTTTAAGAGGACAAG
GAAGCGTTTAAGAGGACAAGG
AAGCGTTTAAGAGGACAAGGA

AGCGCGTTTAAGAGGACAAGGAG
GCGTTTAAGAGGACAAGGAGH
CGTTTAAGAGGACAAGGAGGA
GTTTRAAGAGGACAAGGAGGAT
TTTAAGAGGACAAGGAGGATG
TTARGAGGACAAGGAGGATGA
TAAGAGGACAAGGAGGATGAT
AAGAGGACAAGGAGGATGATG

Type 22

TTAAGGAGGAGGAAGAAGACA
TAAGGAGCGAGGAAGAAGACAA
RMAGGAGGAGGAAGAAGACAALC
AGGAGGAGGAAGAAGACAACG
GGAGGAGGAAGAAGACAACGC
GAGGAGGAAGAAGACARACGCA
AGGAGGAAGAAGACAACGCAA
GGAGGAAGAAGACAACGCAAA
GAGGRAGAAGACAACGCAAAG
AGGAAGAAGACAACGCAAAGA
GGAAGAAGACAACGCAAAGAG
GAAGRAGACAACGCAAAGAGG
AAGAAGACAACGCARAGAGGA
AGAAGACAACGCAAAGAGGAG
GAAGACAACGCAAAGAGGAGG
AAGACAACGCAAAGAGGAGGA
AGACARACGCAAAGAGGAGGAG
GACAACGCARAGAGGAGGAGG
ACAACGCAAAGAGGAGGAGGA
CAACGCAAAGAGGAGGAGGAG

Type 23

TTAAGGAGGAGGAAGAAGACT
TAAGGAGGAGGAAGAAGACTG
AAGGAGGAGGAAGRAGACTGC
AGGAGGAGCAAGAAGACTGLG
GGAGGAGGAAGAAGACTGCGT
GAGGAGGAAGAAGACTGCGETG
AGGAGGAAGAAGACTGCGTGA
GCGAGGAAGAAGACTGCGTGAG
GAGGAAGAAGACTGCGTGAGG
AGGCARGAAGACTGCGTGAGGA
GGAAGAAGACTGCGTGAGGAG
GAAGAAGACTGCGTGAGGAGG
AAGAAGACTGCGTGAGGAGGA
AGAAGACTGCGTGAGGAGGAG
GAAGACTGCGTGAGGAGGAGG

AAGACTGCGTGAGGAGGAGGA
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Type of CALR mutation

shRNA sequences covering the mutation site

ACACTGCGTCAGGAGEAGGAG
GACTGCGTGAGGAGGAGGAGE
ACTGCGTGAGGAGGAGGAGGC
CTGCGTGAGGAGGAGGAGGCA
TGCGTGAGGAGGAGGAGGLAG
GCGETGAGGAGGAGGAGGCAGA
CCTGAGGAGGAGGAGGCAGAG
GTGAGGAGGAGGAGGCAGAGG
TGAGGAGGAGGAGGCAGAGGA

Type 24

TTARGGAGGAGGAAGAAGACA
TAAGGAGGAGGAAGRAGACAG
ARGGAGGAGGAAGAAGACAGG
AGGAGGAGGAAGAAGACAGGA
GGAGGAGGAAGAAGACAGGAG
GAGGAGGAAGAAGACAGGAGG
AGGAGGAAGAAGACAGGAGGC
GGCAGGAAGAAGACAGGAGGCA
GAGGAAGAAGACAGGAGGCAG
AGGAAGAAGACAGGAGCGCAGA
GGAAGAAGACAGGAGGCAGAG
GAAGARGACAGGAGGCAGAGG
AAGAAGACAGGAGGCAGAGGA
ACAAGACAGGAGGCAGAGGAL
GAAGACAGGAGGCAGAGGACA
AAGACAGGAGGCAGAGGACAA
AGACAGGAGGCAGAGGACAAG
GACAGGAGGCAGAGGACAAGG
ACAGGAGGCAGAGGACAAGGA
CAGGAGGCAGAGGACAAGGAG

Type 25

AAGGAGGAGGAAGAAGACAAA
AGGAGGAGGAAGAAGACALAA
GGAGGAGGAAGAAGACAALAG
GAGEAGGAAGAAGACAAARGG
AGGAGGAAGAAGCACAAAAGGC
GGAGGCAAGAAGACAAAAGGCA
GAGGAAGAAGACAAAAGGCAG
AGGAAGAAGACAAAAGCGCAGA
GCAAGAAGACAAAAGGCAGAG
GAAGAAGACAAAAGGCAGAGG
AAGAAGACAAARGGCAGAGGA
AGAAGACAAAAGGCAGAGGAC
GAAGACAAAAGGCAGAGGACA

AAGACAARAGGCAGAGGACAA
AGACAAAAGGCAGAGGACRAG
GACAARAAGGCAGAGGACAAGS
ACAARAGGCAGAGGACAAGGA
CAARAGGCAGAGGACAAGGAG
AAAAGGCAGAGGACRAGGAGS
AAAGGCAGAGGACAAGGAGGA
AAGGCAGAGGACAAGGAGGAT

Type 26

AAGGAGGAGGAAGARGCACAAA
AGGAGGAGGAAGAAGACAARA
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Type of CALR mutation

shRNA sequences covering the mutation site

GCAGGAGGAAGAAGACAARAA
GAGGAGGAAGAAGACAAARAAC
AGGAGGAAGAAGACAAAANCG
GGAGGAAGAAGACAARAAACGC
GAGGAAGAAGACAARARAACGCA
AGGAAGAAGACAAANACGCAA
GGAAGAAGACAAAAACGGCARA
GAAGAAGACAAAAACGCAAAG
AAGAAGACAARAACGCAAAGA
AGAAGACAAARACGCARAGAG
GAAGACAAAAACGCAAAGAGG
AAGACAAARACGCAAAGAGGA
AGACAAAAACGCARAAGAGGAG
GACARRAAAACGCAAAGAGGAGG
ACAAAAACGCAAAGAGGAGGA
CAAAAACGCARAAGAGGAGGAG
AAAAACGCARAGCAGCAGGAGE
AAARCGCAAAGAGGAGGAGGA
ARACGCAAAGAGGAGGAGGAG

Type 27

AGGAGGAGGAAGAAGACAAGT
GGAGGAGGAAGAAGACAAGTG
GAGGAGGAAGAAGACAAGTGT
AGGAGGAAGAAGACAAGTGTT
GGAGGAAGAAGACAAGTGTTT
GAGGAAGAAGACAAGTGTTTIC
AGGAAGAAGACAAGTGTTTCG
GGAAGAAGACAAGTGTTTCGC
GAAGAAGACAAGTGTTTCGCA
BAGAAGACAAGTGTTTCGCAA
AGAAGACAAGTGTTTCGCAAA
GAAGACAAGTGTTTCGCAAAG
AAGACAAGTGTITTCGCAAAGA
AGACAAGTGTTTCGCARAGAG

GACAAGTGITTCGCARAGAGG
ACAAGTCTTTCGCAAAGAGGA
CAAGTGTTTCGCAAAGAGGAG
AAGTGTTTCGCAAAGAGGAGG
AGTGTTTCGCAAAGAGGAGGA
GTGTTTCGCCAAAGAGGCAGGAG
TGTTTCGCAAAGAGCAGGAGS
GTTTCGCAAAGAGGAGGAGGA
TTTCGCAAAGAGGAGGAGGAG
TTCGCAAAGAGGAGGAGGAGG
TCGCAAAGAGGAGGAGGAGGC

Type 28

GAAGAAGACAAGARACGCAAA
AAGAAGACAAGAAACGCAAAA
AGAAGACAAGAAACGCRARAG
GAAGACAAGAAACGCAAAAGG
AAGACAAGAAACGCAAAAGGA
AGACAAGAANCGCARAAGGAG
GACAAGAAACGCAAAAGGAGG
ACAAGAAACGCAAAMAGGAGGA
CAAGARACGCAAAAGGAGGAT
AAGARACGCAARAAGGAGGATG
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Type of CALR mutation

shRNA sequences covering the mutation site

AGAAACGCAARAGGAGGATGA
GAAACGCAAAAGGAGGATGAT
AAACGCAARAGGAGGATGATG
AACGCAAAAGGAGGATGATGA
ACGCAAAAGGAGCGATGATGAG
CGCAAAAGGAGGATGATGAGG
GCAARAGGAGGATGATGAGGA
CAAANGGAGGATGATGAGGAC
AAAAGGAGGATGATGAGGACA
AAAGGAGGATGATGAGGACAA

Type 29

AAGACAAGAARRCGCAAAGAGC
AGACAAGAARCGCAAAGAGCC
GACAAGAAACGUAAAGAGCCT
ACAAGAAACGCARAAGRGCCTC
CAAGAAACGCARAGAGCCTCC
AAGAAACGCAAAGAGCCTCCT
AGAAACGCARAGAGCCTCCTC
GAAACGCAAAGAGCCTCCTCT
ARACGCAAAGAGCCTCCTICTT
AACGCAAAGAGCCTCCTICTTT
ACGCAAAGAGCCTCCTCTTITGC
CGCARAGAGCCTCCTCTTTGT

GCAAAGAGCCTCCTCTITTGTC
CAAAGAGCCTCCTCITTGTCT
AAAGAGCCTCCTCTTTGTCTA
AAGAGCCTCCTICTTTGTCTAA
AGAGCCTCCTCTTTCTCTAAG
GAGCCTCCTCTTTGTCTAAGG
AGCCTCCTCTITGTCTAAGGA
GCCTCCTCTTTGTCTAAGGAG
CCTCCTCTTTGTCTAAGGAGG
CTCCTCTTIGTCTAAGGAGGA
TCCTCTTTGTCTAAGGAGGAT
CCTCTTTGTCTAAGGAGGATG
CTCTTTGTCTAAGGAGGATGA
TCTTTGTCTAAGGAGGATGAT
CTTTGTCTAAGGAGGATGATG
TTTGTCTAAGGAGGATGATGA
TTCGTCTAAGGAGGATGATGAG
TGTCTAAGGAGGATGATGAGS
GTCTRAAGGAGGATGATGAGGA
TCTAAGGAGGATGATGAGGAC
CTAAGGAGGATGATGAGGACA
TAAGGAGGATGATGAGGACAA

Type 30

GACAAGAAACGCAAAGAGGAC
ACAAGAAACGCAAAGAGGACC
CAAGAAACGCAAAGAGGACCA
AAGAAACGCAAAGAGGACCAT
AGAAACGCAAAGAGGACCATC
GAARCGCAAAGAGGACCATCC
AAACGCAAAGAGGACCATCCT
AACGCAAAGAGGACCATCCTT
ACGCARAGAGGACCATCCTIG
CGCAAAGAGGACCATCCTTGT
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Type of CALR mutation

shRNA sequences covering the mutation site

GCARAGAGGACCATCCTTGTC
CAAAGAGGACCATCCTTCTCG
AAAGAGGACCATCCTTGTCGE
AAGAGGACCATCCTTGTCGGA
AGAGGACCATCCTTGTCGGAG
GAGGACCATCCTTGTCGGAGG
AGGACCATCCTTGETCGGAGGA
GGACCATCCTTGETCGGAGGAT
GACCATCCTTGTCGGAGGATG
ACCATCCTTGTCEGAGGATGA
CCATCCTTGTCGGAGGATGAT

CATCCTTGTICGGAGGATGATG
ATCCTTGTCGGAGGATGATGA
TCCTTGTCGGAGGATGATGAG
CCTTGTCGGAGGATGATGAGG
CTTGTCGGAGGATGATGAGGA
TTGTCGGAGGATGATGAGGAC
TGTCGGAGGATGATGAGGACA
GTCGGAGGATGATGAGGACAA
TCGGAGGATGATGAGGACARA
CGGAGGATGATGAGGACAAAG

Type 31

AGAGGAGGAGGAGGCAGAGGG
GAGGAGGAGGAGGCAGAGGGC
AGGAGGAGGAGGCAGAGGGCA
GGAGGAGGAGGCAGAGGGCAA
GAGGAGGAGGCAGAGGGCAAT
AGGAGGAGGCAGAGGGCAATT
GGAGGAGGCAGAGGGCAATTG
GAGGAGGCAGAGGGCAATTGT
AGGAGGCAGAGGGCAATTGTC
GGAGGCAGAGGGCAATTGTCG
GAGGCAGAGGGCAATTGTLGGE
AGGCAGAGGGCAATTGTCGGA
GGCAGAGGGCAATTCTICCGAG
GCAGAGGGCAATTGTCGGAGG
CAGAGGGCAATTGTCGGAGGA
AGAGGGCAATTGTCGGAGGAT
GAGGGCAATTGTCGGAGGATE
AGGGCAATTGTCGGAGGATGA
GGGCAATTGTCGGAGGATGAT
GGCAATTGTICGGAGGATGATG
GCAATTGTCGGAGGATGATGA
CAATTGTCGGAGCGATGATGAG
AATTGTCGGAGGATGATGAGG
ATTGTCGGAGGATGATGAGGA
TTGTCGGAGGATGATGAGGALC
TGTCGGAGGATGATGAGGACA
GTCGGAGCATGATGAGGACAA
TCGGAGGATGATGAGGACAAA
CGCAGGATGATGAGGACAAAG

Type 32

AGGAGGAGGAGGLCAGAGGACT
GGAGGAGGAGGCAGAGGACTG
GAGGAGGAGGCAGAGGACTGET
AGGAGGAGGCAGAGGACTGTC
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Type of CALR mutation

shRNA sequences covering the mutation site

GGAGGAGGCAGAGGACTGETCG
GAGGAGGCAGAGGACTGICGG
AGGCAGGCAGAGGACTGCTCGGA
GGAGGCAGAGGACTGTCGGAG
GAGGCAGAGGACTGTCGGAGG
AGGCAGAGCACTGCTCCGAGGA
GGCAGAGGACTGTCGCAGGAT
GCAGAGGACTGICGGAGGATG
CAGAGGACTGTCGGAGGATGA
AGAGGACTGTCGCAGGATGAT
GAGGACTGTICGGAGGATGATG
AGGACTGTCGGAGGATGATGA
GCACTGTCGGAGGATGATGAG
GACTGTCGGAGGATGATGAGG
ACTGTCGGAGGATGATGAGGA
CTGTCGGAGCATGATGAGGAC
TGTCGGAGGATCGATGAGGACA
GTCGGAGGATGATGAGGATAA
TCGGAGGATGATGAGGACAAA
CGGAGGATGATGAGGACAAAG

Type 33

GAGGAGGAGGCAGAGGACARA
AGGAGGAGGCAGAGGACAAAT
GGAGGAGGCAGAGGACAAATG
GAGGAGGCAGAGGACAAATGT
AGGAGGCAGAGGACAAATGTC
GGAGGCAGAGGACAAATGTCG
GAGGCAGAGGACAAATGTCGGE
AGGCAGAGGACAAATGTCGGA
GGCAGAGGACAAATGTCGGAG
GCAGAGGACAAATGTCGGAGG
CAGAGGACAAATGTCGGAGGA
AGAGGACAAATGTCGGAGGAT
GAGGACAAATGTCGGAGGATG
AGGACAAATGTCGGAGGATGA
GGACAAATGTCGGAGGATGAT
GACARAATGCTCGGAGGATGATG
ACAAATGTCGGAGGATGATGA
CAARTGTCGGAGGATGATGAG
ARATGTCGGAGGATGATGAGG
AATGETCGGAGGATGATGAGGA
ATGTICGGAGGATGATGAGGAC
TGTCGGAGGATCATGAGGACA
GTCGGAGCGATGATGAGGACAA

TCGGALGATGATGAGGACAAA
CGGAGCGATGATGAGCGACARAG

Type 34

GGAGGAGGAGGCAGAGGACAC
GAGGAGGAGGCAGAGGACACT
AGGAGGAGGCAGAGCACACTT
GGAGGAGGCAGAGGACACTTE
GAGGAGGCAGAGGACACTTGT
AGGAGGCAGAGGACACTTGTC
GGAGGCAGAGGACACTTGTCG
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Type of CALR mutation

shRNA sequences covering the mutation site

GAGGCAGAGGACACTTGTCGE
AGGCAGAGGACACTTGCTCGGA
GGCAGAGGACACTTGTCGGAG
GCAGAGGACACTTGTCGGAGE
CAGAGGACACTTGETCGGAGGA
AGAGGACACTTGTCGGAGGAT
GAGGACACTTGICGGAGGATG
AGGACACTTGTCGGAGGATGA
GGACACTTGTCGGAGGATGAT
GACACTTGTICGGAGGATGATG
ACACTTGTCGGAGGATGATGA
CACTTIGTCGGAGGATGATGAG
ACTTGTCGGAGGATGATGAGG
CTTGTCGGAGGATGATGAGGA
TTGTCGGAGGATGATGAGGAC
TGTCGCAGGATGATGAGGACA
GTCGGAGCATGATGAGGACAA
TCGGAGGATGATGAGGACAAA
CGGAGGATGATGAGGACAAAG

Type 35

GCAGGAGGAGGCAGAGGACAT
GAGGAGGAGGCAGAGGACATT
AGGAGGAGGCAGAGGACATTT
GGAGGAGGCAGAGGACATTIG
GAGGAGGCAGAGGACATTTGT
AGGAGGCAGAGGACATTTGTC
GGAGGCAGAGGACATTTGTCG
GAGGCAGAGGACATTTGTCGG
AGGCAGAGGACATTTGTCGGA
GGCAGAGGACATTTGTCGGAG
GCAGAGGACATTTGTICGGAGG
CAGAGGACATTTGTCGGAGGA
AGAGGACATTTIGTCGGAGGAT
GAGGACATTTGTCGGAGGATG
AGGACATTIGTCGGAGGATGA

GGACATTTGTCGGAGGATGAT
GACATTTGTICGGAGGATGATG
ACATTTGTCGGAGGATGATGA
CATTTGTCGGAGGATGATGAG
ATTTGTCGGAGGATGATGAGG
ITTGTCGGAGCGATCATGAGGA
TTCTCGGAGGATGATCAGGAC
TGTCGGAGGATGCATGAGGACA
GTCGGAGGATGATGAGGACAA
TCGGAGGATGATGAGGACAAA
CGGAGGATGATGAGGACAAAG

Type 36

GGAGGAGGCAGAGGACAAGTG
GAGGAGGCAGAGGACAAGTGT
AGGAGGCAGAGGACAAGTGTC
GGAGGCAGAGGACAAGTGTCG
GAGGCAGAGGACAAGTGICGE
AGGUAGAGGACAAGIGTCGGA
GGCAGAGGACAAGTGTCGGAG
GCAGAGGACAAGTGTCGGAGG
CAGAGGACAAGTGETCGGAGGA
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Type of CALR mutation shRNA sequences covering the mutation site

AGAGGACAAGTGTCGGAGGAT
GAGGACAAGTGTCGGAGGATG
AGGACAAGTGTCCGAGGATGA
GCACAAGTGTCGGAGGATGAT
GACAAGTGTCGGAGGATGATG
ACAAGTGTCGGAGGATGATGA
CAAGTGTCGGAGGATGATGAG
ARGTCTCGGAGGATGATGAGG
AGTGTCGCAGGATGATGAGGA
GTECTCGGAGGATGATCAGGAC
TGTCGGAGGATGATGAGGACA
GTCGCAGGATGATGAGGACAA
TCGGAGGATGATGAGGACAAA
CGCAGGATGATGAGGACAAAG

[0185] Herein contemplated are antibodies that specifically bind to the above provided mutant calreticulin
protein(s). Such antibodies can be used for diagnostic and therapeutic purposes in accordance with the present
invention. For example, antibodies raised against the C-terminal unique polypeptide of mutated calreticulin offers a
diagnostic test for myeloid malignancy. Also detection of peptides derived from this unique C-terminus by mass
spectrometry offers a diagnostic test for myeloid malignancy. Preferably, such antibodies are inhibitors of mutant
calreticulin.

[0186] For example, antibodies to be used herein can specifically bind to the following mutant calreticulin protein(s)
shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100,
104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284,
288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378,
382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, and 434, respectively. Particularly, such antibodies
can specifically bind to the C-terminus of the mutant calreticulin protein(s), for example, to proteins as shown in SEQ
ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108,
112, 116, 120, 124, 128, 132, 136, 140, 144, respectively.

[0187] It is invisaged herein that the antibodies can specifically bind to (functional) fragments or (functional)
derivaties of the mutant calreticulin proteins as defined herein, for example also to polypeptides having at least 70 %
or more identity to herein provided mutant calreticulin protein(s).

[0188] Accordingly, the present invention relates to the use of these antibodies in the methods of the present
invention. Therefore, the present invention relates to the use of the herein above described antibody/antibodies
specifically binding to or specifically recognizing one or more of the herein described and provided mutant
calreticulin proteins polypeptides for assessing whether a patient suffers from a myeloid malignancy or is prone to
suffering from a myeloid malignancy.

[0189] The present invention also relates to an antibody/antibodies specifically binding to the C-terminus of the
mutant calreticulin protein(s) as shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64,
68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, respectively, or the
above composition comprising said antibody/antibodies for the preparation of a diagnostic kit for use in the methods
of the present invention.

[0190] The antibody may be a polyclonal antibody, a monoclonal antibody, a full antibody (immunoglobulin), a
F(ab)-fragment, a F(ab)o-fragment, a single-chain antibody, a chimeric antibody, a CDR-grafted antibody, a bivalent

antibody-construct, a bispecific single chain antibody, a synthetic antibody or a cross-cloned antibody and the like.
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[0191] Polyclonal or monoclonal antibodies or other antibodies (derived therefrom) can be routinely prepared
using, inter alia, standard immunization protocols; see Ed Harlow, David Lane, (December 1988), Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory; or Ed Harlow, David Lane, (December 1998), Portable
Protocols (Using Antibodies): A Laboratory Manual 2nd edition, Cold Spring Harbor Laboratory.

[0192] For example, immunization may involve the intraperitoneal or subcutaneous administration of the mutant
calreticulin protein/polypeptide (and/or fragments, isoforms, homologues and so on) as defined herein to a mammal
(e.g. rodents such as mice, rats, hamsters and the like). Preferably, fragments of the mutant protein/polypeptide are
used, wherein the fragment preferably bears the C-terminus (or a fragment thereof) as defined herein.

[0193] A preferred fragment of the above mentioned polypeptides (i.e. the mutant calreticulin
protein/polypeptide(s)) provided herein and to be used in accordance with the present invention consists of from 15
to 25 contiguous amino acids. Accordingly, a fragment of the above mentioned polypeptides provided herein and to
be used in accordance with the present invention preferably consists of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
contiguous amino acids. A fragment of the above mentioned polypeptides provided herein and to be used in
accordance with the present invention preferably consists of from 15 to 25 contiguous amino acids of the amino acid
sequence shown in SEQ ID NO: 4. A fragment of the above mentioned polypeptides provided herein and to be used
in accordance with the present invention preferably consists of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 4.

[0194] As proof of principle, a fragment (RRKMSPARPRTSCREACLQGWTEA) was used to generate polyclonal
antibodies that bind specifically to mutant calreticulin antibody; see Example 2. This fragment consists of 24
contiguous amino acids of the amino acid sequence shown in SEQ ID NO: 4. These polyclonal antibodies can be
used as a research tool and/or in the diagnostic methods provided herein. This fragment of the mutant calreticulin
protein (or other fragments provided and defined herein) can also be used as a vaccine, as it is described herein
further below.

[0195] Methods for the preparation and screening of antibodies that specifically bind to or specifically recognize the
mutant polypeptides are known in the art. For example, antibodies recognizing the mutant protein may be affinity
purified. ELISA is commonly used for screening sera and/or assaying affinity column fractions. Western Blots can be
used to demonstrate that the antibody can detect the actual protein of interest and to evaluate whether the antibody
only recognizes the protein of interest, or if it cross-reacts with other proteins.

[0196] A person skilled in the art is in the position to apply and to adapt the teaching of these documents for the
generation and validation of antibodies specifically binding to or specifically recognizing the polypeptides as defined
herein in context of the present invention.

[0197] The following relates to the use of the herein provided mutant calreticulin proteins as a vaccine. Thus, the
mutant calreticulin proteins act as antigens. Therefore, the terms "mutant calreticulin protein" and "mutant
calreticulin protein antigens" and the like can be used interchangeably herein in the following.

[0198] In accordance with the above, the herein provided mutant calreticulin proteins can be used as a vaccine. In
other words, herein provided mutant calreticulin proteins can be used in active immunization. Thus, the present
invention relates to mutant calreticulin proteins as defined and provided herein (or nucleic acids (or vectors
comprising same)) encoding mutant calreticulin proteins as defined and provided herein for use as vaccine. Mutant
calreticulin proteins, fragments and derivatives thereof have been described herein above in great detail. These
explanations and definitions apply, mutatis mutandis, in this context. Useful as vaccine are, in particular, proteins
comprising or consisting of the C-terminus of the herein provided mutant calreticulin proteins as shown in SEQ ID
NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 124, 128, 132, 136, 140, 144, respectively, as well as of fragments thereof. Particularly useful in this
context are mutant calreticulin proteins that comprise or consist of the minimum C-terminus as shown in SEQ ID NO:
4 or a fragment thereof.

[0199] The present invention relates to a protein for use as vaccine, wherein the protein is selected from the group
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consisting of

—

. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2o0r3;

. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4;

.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4.(d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent

w N

conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by one or more mutant alleles of the calreticulin gene;

[$)]

. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

[2]

. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a) or (d).

[0200] The present invention relates to a protein for use as vaccine, wherein the protein is selected from the group
consisting of

1. (a) a protein encoded by a nucleic acid molecule having the nucleic acid sequence as depicted in SEQ ID NO:
1,2,3,5,6,7,9,10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41,
42,43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74, 75,77,78, 79,
81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113,
114,115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142,
or 143;

2. (b) a protein comprising the amino acid sequence as shown in SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, or 144;

3.(c) a protein as defined in (a) or (b) wherein one to 10 amino acids are deleted, inserted, added or
substituted;

4. (d) a protein comprising an amino acid sequence encoded by a nucleic acid hybridizing under stringent
conditions to the complementary strand of nucleic acid molecules as defined in (a) or (c) and wherein the
protein is encoded by one or more mutant alleles of the calreticulin gene;

5. (e) a protein having at least 70 % identity to the protein of any one of (a) to (d); and

6. (f) a protein comprising an amino acid sequence encoded by a nucleic acid being degenerate as a result of
the genetic code to the nucleotide sequence of a nucleic acid as defined in (a)(d).

[0201] The present invention relates to a protein for use as vaccine as defined herein above, wherein the protein
consists of 15 to 25 contiguous amino acids of the protein as shown in SEQ ID NO: 4.

[0202] Preferably, a fragment of the protein shown in SEQ ID NO: 4 comprising or consisting of 3, 4, 5, 6,7, 8, 9,
10, 11,12, 13, 14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or
40 amino acids of the protein as shown in SEQ ID NO: 4 is used as vaccine. Particularly preferred are fragments of
the protein shown in SEQ ID NO: 4 comprising or consisting of 15 to 25 contiguous amino acids of the protein as
shown in SEQ ID NO: 4 for use as vaccine. Accordingly, a fragment of the protein shown in SEQ ID NO: 4
comprising or consisting of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous amino acids of the protein as
shown in SEQ ID NO: 4 is used as vaccine.

[0203] Such fragments or derivatives of the protein shown in SEQ ID NO: 4 can be coupled to proteins such as
keyholde lymphocyte hemocyanin (KLH), bovine serum albumin (BSA), or bacterial toxoids (e.g. tetanus toxoid,

diphtheria toxoid) and used for immunization.

[0204] The vaccine can be used in the treatment of myeloid malignancies as defined herein.
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[0205] Accordingly, the present invention relates to a vaccine for use in a method for prophylactic or therapeutic
treatment of a myeloid malignancy as defined herein, the method comprising administering an effective amount of
the vaccine as defined herein above to a patient. In other words, the present invention relates to a mutant
calreticulin protein as defined herein for use in a method for prophylactic or therapeutic treatment of a myeloid
malignancy as defined herein, the method comprising administering an effective amount of the mutant calreticulin
protein as defined herein above to a patient.

[0206] For example, while a patient would not normally react to CALR, because of self-tolerance, many of the exon
9 mutations of CALR cause frameshifts such that the C-terminal portion of mutant CALR differs from the wild type
and is therefore not subject to self-tolerance. Immunization with the mutant polypeptide would generate an immune
response against mutant CALR. Accordingly, a vaccine can be used therapeutically to target the existing cancer.

[0207] A vaccine could also be used prophylactically. For example, it is known that cancers can mutate and evolve
to evade the host immune response and anticancer treatment. Thus, a patient with a myeloid malignancy that has
no CALR mutation, or a single CALR mutation, may later develop additional CALR mutations. Immunization against
other CALR mutant forms can, therefore, select against such CALR mutants.

[0208] CALR mutants can also be used to generate antibodies in vitro or in another animal for use in therapy in the
patient. Such an approach is particularly useful because the antibodies can be produced against epitopes tolerated
in the patient. Such antibodies are also useful for therapy because the titre can be precisely controlled, and the
antibody may also be conjugated to toxins or radionucleides for targeted therapy.

[0209] An exemplary protocol for performing active immunization (or the use of the vaccines provided herein
above) is described in the following:

For example, mice can be immunized with a vaccine (for example a peptide derived from the protein shown in SEQ
ID NO: 4 or a peptide which is a fragment of the protein shown in SEQ ID NO: 4, wherein the peptide is coupled with
KLH or BSA) before transplantation of bone marrow cells expressing mutant or wild type calreticulin. The immunized
recipient mice can be sublethaly or lethaly irradiated to promote engraftment or not irradiated at all. The
transplanted cells can be a mixture of cells expressing either mutated calreticulin or wild type calreticulin. The
immunized mice will be followed after transplantation. If an immune response is elicited against mutant calreticulin
expressing cells, the engraftment will be preferably occur with wild type calreticulin expressing cells. Control mice
without immunisation will be used. Alternatively, immunization can be performed after engraftment of mice with a
50:50 (or other ratio) mixture of wild type/mutated calreticulin expressiong cells. If an immune response is elicited
against mutant calreticulin expressing cells, the 50:50 (or other) ratio will change in favour of the wild type
calreticulin expressing cells. Control mice without immunization will be used for comparison.

[0210] The present invention relates to the use of a mutant calreticulin protein as antigen as provided herein and
defined herein above and, optionally, an adjuvant, for the manufacture of a vaccine composition for the treatment or
prevention of myeloid malignancy as defined herein.

[0211] The mutant calreticulin protein can be produced recombinantly (i.e. produced in in appropriate host cells) or
synthetic (i.e. chemically synthesized).. Recombinant production of mutant calreticulin protein is described herein.
For example, recombinant production can be achieved using any one of the molecular cloning and recombinant
expression techniques known in the art. For example, a nucleic acid molecule encoding mutant calreticulin protein
can be introduced into an appropriate host cell, such as a bacterium, a yeast cell (e.g., a Pichia cell), an insect cell
or a mammalian cell (e.g., CHO cell). The encoding nucleic acid molecule can be placed in an operable linkage to a
promoter capable of effecting the expression of the mutant calreticulin protein antigen in the host cell. mutant
calreticulin protein, which is expressed by the host cell, can be readily purified using routine protein purification
techniques.

[0212] For example, the nucleotide sequence as set forth in SEQ ID NO: 1, 2 or 3 or a nucleic acid sequence
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encoding the mutant calreticulin protein antigen shown in SEQ ID NO: 4 or encoding fragement thereof, such as a
protein consisting of 15 to 25 contiguous amino acids of the protein shown in SEQ ID NO: 4, can be cloned in an
expression vector and placed in an operable linkage to a temperature sensitive promoter. The expression vector
can be introduced into Escherichia coli and the antigen can be expressed upon heat induction. The cells can be
lysed and the inclusion bodies where the antigen accumulates are separated by centrifugation. The recombinant
protein in the inclusion bodies is solubilized using SDS or other solubilization agents known in the art such as urea,
guanidine hydrochloride, sodium cholate, taurocholate, and sodium deoxycholate. In accordance with the present
invention, a purified r recombinant mutant calreticulin protein is combined with a pharmaceutically acceptable carrier
to form a vaccine composition.

[0213] The present invention provides an immunogenic composition for conferring protection in a patient against
myeloid malignancy, the composition comprising a mutant calreticulin protein. The composition can be formulated as
a vaccine for in vivo administration to a patient. The composition can comprise an adjuvant, such as aluminum
hydroxide or aluminum phosphate.

[0214] Further, the present invention provides an immunogenic composition comprising a mutant calreticulin
protein as defined herein above for use as a medicament. A composition comprising a mutant calreticulin protein as
defined herein above can be used for the manufacture of a medicament for immunizing a host or patient against
disease a myeloid malignancy.

[0215] The present invention is directed to a vaccine composition containing a mutant calreticulin protein antigen as
defined herein (or "a mutant calreticulin protein vaccine"), that is suitable for administration to patients and is
capable of protecting patients against a myeloid malignancy.

[0216] The term "a pharmaceutically acceptable carrier”" includes any and all solvents, dispersion media, coatings,
adjuvants, stabilizing agents, diluents, preservatives, antibacterial and antifungal agents, isotonic agents, adsorption
delaying agents, and the like. Diluents can include water, saline, dextrose, ethanol, glycerol, and the like. Isotonic
agents can include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among others. Stabilizers include
albumin, among others.

[0217] Adjuvants suitable for use in a vaccine composition in accordance with the present invention include, but are
not limited to several adjuvant classes such as; mineral salts, e.g., Alum, aluminum hydroxide, aluminum phosphate
and calcium phosphate; surface-_active agents and microparticles, e.g., nonionic block polymer surfactants (e.g..,
cholesterol), virosomes, saponins (e.g., Quil A, QS-_21 and GPI-_0100), proteosomes, immune stimulating
complexes, cochleates, quarterinary amines (dimethyl diocatadecyl ammonium bromide (DDA)), avridine, vitamin A,
vitamin E; bacterial products such as the RIBI adjuvant system (Ribi Inc.), cell wall skeleton of Mycobacterum phlei
(Detox®), muramyl dipeptides (MDP) and tripeptides (MTP), monophosphoryl lipid A, Bacillus Calmete-_Guerin,
heat labile E. coli enterotoxins, cholera toxin, trehalose dimycolate, CpG oligodeoxnucleotides; cytokines and
hormones, e.g., interleukins (IL-_1, IL-_2, IL- 6, IL-_12, IL-15, IL-_18), granulocyte- macrophage colony
stimulating factor, dehydroepiandrosterone, 1,25-_dihydroxy vitamin D3; polyanions, e.g., dextran; polyacrylics (e.g.,
polymethylmethacrylate, Carbopol 934P); carriers e.g., tetanus toxid, diphtheria toxoid, cholera toxin B subnuit,
mutant heat labile enterotoxin of enterotoxigenic E. coli (rmLT), heat shock proteins; oilin- _water emulsions
e.g.,_AMPHIGEN® (Hydronics, USA); and water-_in-_oil emulsions such as, e.g., Freund's complete and incomplete
adjuvants.

[0218] The herein provided mutant calreticulin protein antigen and the pharmaceutically acceptable carrier can be
combined in any convenient and practical manner to form a vaccine composition, e.g., by admixture, solution,
suspension, emulsification, encapsulation, absorption and the like, and can be made in formulations such as tablets,
capsules, powder, syrup, suspensions that are suitable for injections, implantations, inhalations, ingestions or the
like. Preferably, the vaccine is formulated such that it can be administered to patients by injection in a dose of about
0.1 to 5 ml, or preferably about 0.5 to 2.5 ml, or even more preferably, in a dose of about 1 ml. When appropriate,
the pharmaceutical compositions of the present invention should be made sterile by well-known procedures.

[0219] The amount of herein provided mutant calreticulin protein antigen in the vaccines should be immunizing-
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effective and is generally in the range of 0.5 -1000 pg per dose.

[0220] The amount of adjuvants suitable for use in the vaccines depends upon the nature of the adjuvant used. For
example, when Quil A and cholesterol are used as adjuvant, Quil A is generally in an amount of about 1-1000 Pg
per dose; and cholesterol is generally in an amount of about 1-1000 Pg per dose.

[0221] In accordance with the present disclosure, a vaccine can be administered by any known routes, including
the oral, intranasal, mucosal, topical, transdermal, and parenteral (e.g., intravenous, intraperitoneal, intradermal,
subcutaneous or intramuscular). Administration can also be achieved using needle-free delivery devices.
Administration can be achieved using a combination of routes, e.g., first administration using a parental route and
subsequent administration using a mucosal route. Preferred routes of administration include subcutaneous and
intramuscular administrations.

[0222] The present invention provides combination vaccines and methods for protecting patients by administering
such combination vaccines.

[0223] The present invention provides an immunogenic agent, wherein the immunogenic agent is mutant
calreticulin protein as defined and provided herein above. Said agent is effective to induce an immunogenic
response against mutant calreticulin proteins in a patient. Therefore, the immunogenic agent can be used in the
treatment or prevention of a myeloid malignancy as defined herein.

[0224] Further, the present invention provides a conjugate comprising an immunogenic agent linked to a carrier
protein. The immunogenic agent is mutant calreticulin protein as defined and provided herein above. The carrier
protein (such as serum albumin among others) can enhance the immune response. The conjugate can be a fusion
protein comprising an immunogenic agent (i.e. the mutant calreticulin protein as defined and provided herein above)
fused to a carrier protein. The agent can also be linked to the carrier protein by chemical cross-linking. The agent
can be linked or fused to the amino terminus of the carrier protein. The agent can be linked or fused to the carboxyl
of the carrier protein. The agent can be linked or fused internally to the carrier protein. Multiple repeats or multimers
of the agent can be present in a conjugate, such as a fusion protein. The agent can be part of a longer polypeptide
that includes the agent with other amino acids. The agent can be a component of a particle. The particle can be a
liposome or a microparticle. The agent can be emulsified or encapsulated in the particle, such as a liposome or a
microparticle.

[0225] The presence of a unique C-terminal polypeptide in mutated calreticulin proteins as provided herein offers
the opportunity to target the mutant protein leaving the wild type protein intact. As the amino acid sequence derived
from the -1 reading frame of calreticulin exon 9 encodes a peptide not showing homology to any other vertebrate
protein, inhibitors as defined above (like antibodies (preferably inhibitory antibodies), siRNA, shRNAs or small
molecule drugs) can be generated against it with a therapeutic effect. For example, the mutant calreticulin protein
C-terminal amino acid sequence (such as the mutant protein derived from the alternative reading frame of exon 9)
can be used for generation of polyclonal and monoclonal antibodies (preferably inhibitory antibodies). The mutant
calreticulin as provided herein is therefore a valuable target for immunotherapy in myeloid malignancies.
Alternatively, immunization of patients with the mutant peptide or recombinant mutant proteins can be used in
therapeutic intervention of myeloid malignancy.

[0226] It has been shown that calreticulin is secreted from the cells and can be detected in serum. Calreticulin is
also trafficked to the cellular surface where it provides an "eat me signal" for phagocytosis of apoptotic cells.

[0227] Accordingly, the present invention provides for an inhibitor of a mutant calreticulin for use as a medicament.
Further, the present invention relates to the mutant calreticulin protein as provided herein, antibodies specifically
binding thereto (preferably inhibitory antibodies), nucleic acids as provided herein (particularly nucleics acids
encoding mutant calreticulin protein), the siRNA as provided herein for use as a medicament. The terms
"medicament” and "pharmaceutical composition" are used interchangeably herein. Accordingly, definitions and
explanations provided herein in relation to "pharmaceutical compositions”, apply, mutatis mutandis, to the term
"medicament”.
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[0228] The present invention relates to an inhibitor of a mutant calreticulin for use in the treatment of a myeloid
malignancy.

[0229] The presentinvention provides a method for treating a myeloid malignancy patient comprising administering
an effective amount of an inhibitor of a mutant calreticulin to the patient.

[0230] The patient to be treated can be a patient assessed "positive" in accordance with the present invention, i.e.
a patient a sample of whom has been determined to have one or more mutant alleles of the calreticulin gene
present.

[0231] Accordingly, the present invention relates to an inhibitor of a mutant calreticulin for use in the treatment of a
myeloid malignancy, whereby a patient is to be treated, who suffers from a myeloid malignancy or is prone to
suffering from a myeloid malignancy, whereby one or more mutant alleles of the calreticulin gene (or of a gene
product thereof) in a sample from said patient is determined to be present.

[0232] All definitions and explanations given herein above in relation to the determination of the presence of one or
more mutant alleles of the calreticulin gene (or of a gene product thereof) in a sample from said patient apply,
mutatis mutandis, in this context.

[0233] The present disclosure provides a method for treating a myeloid malignancy patient comprising
administering an effective amount of an inhibitor of a mutant calreticulin to the patient, the method further
comprising assessing that the patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy, comprising

+ determining the presence of one or more mutant alleles of the calreticulin gene (or of a gene product thereof)
in a sample from said patient; and

» assessing that said patient suffers from a myeloid malignancy or is prone to suffering from a myeloid
malignancy when said one or more mutant alleles of the calreticulin gene (or a gene product thereof) is
present.

[0234] All definitions and explanations given herein above in relation to the determination of the presence of one or
more mutant alleles of the calreticulin gene (or of a gene product thereof) in a sample from said patient apply,
mutatis mutandis, in this context.

[0235] The mutant calreticulin can be a mutant calreticulin protein as defined herein above. If the mutant
calreticulin is a mutant calreticulin protein, the inhibitor can be an antibody (preferably an inhibitory antibody),
extracellular binding partners, small binding molecules, aptamers, or intramers.

[0236] The mutant calreticulin can be a nucleic acid encoding a mutant calreticulin protein as defined herein above.
If the mutant calreticulin is such a nucleic acid (preferably mRNA as provided and defined above), the inhibitor can
be siRNA, miRNA, dsRNA, shRNA, stRNA, and antisense molecules.

[0237] As mentioned above, myeloid malignancy includes a myeloproliferative neoplasm or a myelodysplastic
syndrome. An exemplary myeloproliferative neoplasm is primary myelofibrosis (PMF). Preferred herein is the
therapy of a myeloproliferative neoplasm, particularly that of primary myelofibrosis (PMF) or of essential
thrombocythemia (ET). An exemplary myelodysplastic syndrome subject to therapeutic intervention in accordance
with the present invention is refractory anemia with ringed sideroblasts and thrombocythemia (RARS-T).

[0238] The terms "treatment”, "treating” and the like are used herein to generally mean obtaining a desired
pharmacological and/or physiological effect. The effect may be prophylactic in terms of completely or partially
preventing a disease or symptom thereof and/or may be therapeutic in terms of partially or completely curing a
disease and/or adverse effect attributed to the disease. The term "treatment” as used herein covers any treatment
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of a disease in a subject and includes: (a) preventing a disease related in a subject which may be predisposed to
the disease; (b) inhibiting the disease, i.e. arresting its development; or (c) relieving the disease, i.e. causing
regression of the disease.

[0239] An "individual®, "patient" or "subject" for the purposes of the present invention includes both humans and
other animals, particularly mammals, and other organisms. Thus, the methods are applicable to both human
therapy and veterinary applications. Preferably, the "individual®, "patient" or "subject" is a mammal, and most
preferably the "individual", "patient" or "subject" is human.

[0240] The inhibitor of a mutant calreticulin may be administered as a single agent (i.e. in form of a monotherapy)
or in form of a combination therapy, for example, conventional therapies like hydroxyurea or interferon alpha
therapy.

[0241] The pharmaceutical composition will be formulated and dosed in a fashion consistent with good medical
practice, taking into account the clinical condition of the individual patient, the site of delivery of the pharmaceutical
composition, the method of administration, the scheduling of administration, and other factors known to
practitioners. The "effective amount" of the pharmaceutical composition for purposes herein is thus determined by
such considerations.

[0242] The skilled person knows that the effective amount of pharmaceutical composition administered to an
individual will, inter alia, depend on the nature of the compound.

[0243] For example, if said inhibitor is a small molecule, the total (pharmaceutically) effective amount of the
inhibitor in the pharmaceutical composition administered orally per dose will be in the range of about 50 mg inhibitor
per day to 1000 mg inhibitor per day of patient, although, as noted above, this will be subject to therapeutic
discretion. More preferably, this dose is at least 50 mg inhibitor per day, and most preferably for humans between
about 50mg and 600 mg inhibitor per day. For example, an inhibitor may be administered at a dose of 15 mg/kg
body weigth per day. If given continuously, the inhibitor is typically administered at a dose rate of about 50 mg per
day to about 600 mg per day. An intravenous bag solution may also be employed. The length of treatment needed
to observe changes and the interval following treatment for responses to occur appears to vary depending on the
desired effect. The particular amounts may be determined by conventional tests which are well known to the person
skilled in the art. The length of treatment needed to observe changes and the interval following treatment for
responses to occur appears to vary depending on the desired effect. The particular amounts may be determined by
conventional tests which are well known to the person skilled in the art.

[0244] The administration of the herein provided compositions may, inter alia, comprise an administration twice
daily, every day, every other day, every third day, every forth day, every fifth day, once a week, once every second
week, once every third week, once every month, etc.

[0245] For example, if said compound is a (poly)peptide or protein the total pharmaceutically effective amount of
pharmaceutical composition administered parenterally per dose will be in the range of about 1 pg protein /kg/day to
15 mg protein /kg/day of patient body weight, although, as noted above, this will be subject to therapeutic discretion.
More preferably, this dose is at least 0.01 mg protein /kg/day, and most preferably for humans between about 0.01
and 1 mg protein /kg/day. If given continuously, the pharmaceutical composition is typically administered at a dose
rate of about 1 pg/kg/hour to about 50 pg/kg/hour, either by 1-4 injections per day or by continuous subcutaneous
infusions, for example, using a mini-pump. An intravenous bag solution may also be employed. The length of
treatment needed to observe changes and the interval following treatment for responses to occur appears to vary
depending on the desired effect. The particular amounts may be determined by conventional tests which are well
known to the person skilled in the art.

[0246] Pharmaceutical compositions of the invention may be administered orally, rectally, parenterally,
intracisternally, intravaginally, intraperitoneally, topically (as by powders, ointments, drops or transdermal patch),
bucally, or as an oral or nasal spray.
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[0247] Pharmaceutical compositions of the invention preferably comprise a pharmaceutically acceptable carrier. By
"pharmaceutically acceptable carrier” is meant a non-toxic solid, semisolid or liquid filler, diluent, encapsulating
material or formulation auxiliary of any type. The term "parenteral” as used herein refers to modes of administration
which include intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and intraarticular injection and
infusion.

[0248] The pharmaceutical composition is also suitably administered by sustained release systems. Suitable
examples of sustained-release compositions include semi-permeable polymer matrices in the form of shaped
articles, e.g., films, or mirocapsules. Sustained-release matrices include polylactides (U.S. Pat. No. 3,773,919, EP
58,481), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate (Sidman, U. et al., Biopolymers 22:547-556
(1983)), poly (2-hydroxyethyl methacrylate) (R. Langer et al., J. Biomed. Mater. Res. 15:167-277 (1981), and R.
Langer, Chem. Tech. 12:98-105 (1982)), ethylene vinyl acetate (R. Langer et al., Id.) or poly-D-(-)-3-hydroxybutyric
acid (EP 133,988). Sustained release pharmaceutical composition also include liposomally entrapped compound.
Liposomes containing the pharmaceutical composition are prepared by methods known per se: DE 3,218,121;
Epstein et al., Proc. Natl. Acad. Sci. (USA) 82:3688-3692 (1985); Hwang et al., Proc. Natl. Acad. Sci. (USA) 77:4030-
4034 (1980); EP 52,322; EP 36,676; EP 88,046; EP 143,949; EP 142,641; Japanese Pat. Appl. 83-118008; U.S. Pat.
Nos. 4,485,045 and 4,544,545; and EP 102,324. Ordinarily, the liposomes are of the small (about 200-800
Angstroms) unilamellar type in which the lipid content is greater than about 30 mol. percent cholesterol, the selected
proportion being adjusted for the optimal therapy.

[0249] For parenteral administration, the pharmaceutical composition is formulated generally by mixing it at the
desired degree of purity, in a unit dosage injectable form (solution, suspension, or emulsion), with a
pharmaceutically acceptable carrier, i.e., one that is non-toxic to recipients at the dosages and concentrations
employed and is compatible with other ingredients of the formulation.

[0250] Generally, the formulations are prepared by contacting the components of the pharmaceutical composition
uniformly and intimately with liquid carriers or finely divided solid carriers or both. Then, if necessary, the product is
shaped into the desired formulation. Preferably the carrier is a parenteral carrier, more preferably a solution that is
isotonic with the blood of the recipient. Examples of such carrier vehicles include water, saline, Ringer's solution,
and dextrose solution. Non aqueous vehicles such as fixed oils and ethyl oleate are also useful herein, as well as
liposomes. The carrier suitably contains minor amounts of additives such as substances that enhance isotonicity
and chemical stability. Such materials are non-toxic to recipients at the dosages and concentrations employed, and
include buffers such as phosphate, citrate, succinate, acetic acid, and other organic acids or their salts; antioxidants
such as ascorbic acid; low molecular weight (less than about ten residues) (poly)peptides, e.g., polyarginine or
tripeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids, such as glycine, glutamic acid, aspartic acid, or arginine; monosaccharides,
disaccharides, and other carbohydrates including cellulose or its derivatives, glucose, manose, or dextrins; chelating
agents such as EDTA; sugar alcohols such as mannitol or sorbitol; counterions such as sodium; and/or nonionic
surfactants such as polysorbates, poloxamers, or PEG.

[0251] The components of the pharmaceutical composition to be used for therapeutic administration must be
sterile. Sterility is readily accomplished by filtration through sterile filtration membranes (e.g., 0.2 micron
membranes). Therapeutic components of the pharmaceutical composition generally are placed into a container
having a sterile access port, for example, an intravenous solution bag or vial having a stopper pierceable by a
hypodermic injection needle.

[0252] The components of the pharmaceutical composition ordinarily will be stored in unit or multidose containers,
for example, sealed ampoules or vials, as an aqueous solution or as a lyophilized formulation for reconstitution. As
an example of a lyophilized formulation, 10-ml vials are filled with 5 ml of sterile-filtered 1% (w/v) aqueous solution,
and the resulting mixture is lyophilized. The infusion solution is prepared by reconstituting the lyophilized
compound(s) using bacteriostatic Water-for-Injection.

[0253] The purpose of treatment for polycythemia vera is to reduce the number of extra blood cells. Treatment of
polycythemia vera may include, phlebotomy, chemotherapy with or without phlebotomy, biologic therapy using
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interferon alfa or pegylated interferon alpha and low-dose aspirin.

[0254] The treatment of primary myelofibrosis in patients without signs or symptoms is usually watchful waiting.
Patients with primary myelofibrosis may have signs or symptoms of anemia. Anemia is usually treated with
transfusion of red blood cells to relieve symptoms and improve quality of life. In addition, anemia may be treated
with erythropoietic growth factors, prednisone, danazol, thalidomide, lenalidomide, or pomalidomide. Treatment of
primary myelofibrosis in patients with other signs or symptoms may include targeted therapy with ruxolitinib (a JAK1
and JAK2 inhibitor), chemotherapy, donor stem cell transplant, thalidomide, lenalidomide, or pomalidomide,
splenectomy, radiation therapy to the spleen, lymph nodes, or other areas outside the bone marrow where blood
cells are forming, biologic therapy using interferon alfa or erythropoietic growth factors, or the inclusion in a clinical
trial of other targeted therapy drugs.

[0255] Treatment of essential thrombocythemia in patients younger than 60 years who have no signs or symptoms
and an acceptable platelet count is usually watchful waiting. In some cases, the patient can take aspirin to help
prevent blood clots. Treatment of other patients may include Chemotherapy, hydroxyurea, Anagrelide therapy,
biologic therapy using interferon alfa or pegylated interferon alpha, platelet apheresis.

[0256] The JAK-binding inhibitor ruxolitinib shows promise for curative and supportive treatment. Ruxolitinib has
been approved by the Food and Drug Administration) for use in the treatment of high and intermediate risk
myelofibrosis in 2011; see Tefferi March 22, 2012; Blood: 119 (12) Also Ostojic reports that ruxolitinib is used in the
therapy of myelofibrosis; see Ostojic Therapeutics and Clinical Risk Management 2012:8 95-103.

[0257] JAK inhibitors that are currently used in clinical trials for myeloproliferative neoplasms include, besides
ruxolitinib, SAR302503, CYT387, lestaurtinib, SB1518, AZD1480, BMS911543, LY2784544, NS-018, and XL019;
see Tefferi March 22, 2012; Blood: 119 (12).

[0258] An exemplary formula of ruxolitinib ((3R)-3-cyclopentyl-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)pyrazol-1-
yllpropanenitrile; trade name Jakafi, Jakavi) is shown below:

N

[0259] Refractory anemia with ringed sideroblast and thrombocytosis may require blood transfusions and other
supportive therapy to remedy anemia, including high doses of pyrodoxine (Vitamin B6). Bone marrow transplant is
also an option. RARS-T may also progress to leukemia.

[0260] The use of above therapies is contemplated for patients diagnosed positive or negative for the presence of
mutant calreticulin in accordance with the present invention, either alone or in combination with therapies (e.g.
antibodies) specifically targeting the mutant calreticulin. Accordingly, therapies (e.g. antibodies) that target mutant
CALR, can likewise be useful in treatment if used as monotherapy or in combination with other therapies. For
example, interferon alfa therapy can be used to treat patients with MPN (like essential thrombocythemia patients)
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diagnosed positive for the presence of mutant calreticulin in accordance with the present invention.

[0261] If, for example, the patient is tested positive for the presence of mutant calreticulin and (a) JAK2 mutation(s),
the use of JAK inhibitor(s) (like ruxolitinib) is contemplated herein. Depending on clinical parameters, (e.g age,
prognosis of the patient) also further therapies, like stem cell transplantation can be used to treat e.g. a patient
tested positive for the presence of mutant calreticulin.

[0262] Inhibitors for use in accordance with the present invention are described and provided herein. Also the use
of inhibitors yet to be generated or known compounds to be tested for their inhibiting activity is envisaged in context
of the present invention.

[0263] Therefore, the present invention provides a method for assessing the activity of a candidate molecule
suspected of being an inhibitor of a mutant calreticulin as defined and provided herein comprising the steps of:

1. (a) contacting a cell, tissue or a non-human animal comprising a mutant calreticulin with said candidate
molecule;

2. (b) detecting a decrease in activity of said mutant calreticulin; and

3. (c) selecting a candidate molecule that decreases activity of said mutant calreticulin;
wherein a decrease of the activity is indicative for the capacity of the selected molecule to be useful in the
treatment of myeloid malignancy as defined herein.

[0264] Also a decrease in the (expression) level can indicate useful inhibitors.

[0265] The present invention relates to a method for assessing the activity of a candidate molecule suspected of
being an inhibitor of a mutant calreticulin as defined and provided herein comprising the steps of:

1. (a) contacting a cell, tissue or a non-human animal comprising a mutant calreticulin with said candidate
molecule;

2. (b) detecting a decrease in the (expression) level of said mutant calreticulin; and

3. (c) selecting a candidate molecule that decreases the (expression) level of said mutant calreticulin;
wherein a decrease of the (expression) level is indicative for the capacity of the selected molecule to be useful
in the treatment of myeloid malignancy as defined herein.

[0266] The mutant calreticulin can be any of the mutant calreticulin proteins/polypeptides as defined herein above
or any of the nucleic acids (particularly mRNAs) as defined herein, which encode the mutant calreticulin
proteins/polypeptides.

[0267] The mutant calreticulin proteins can comprise or consist of the amino acid sequence of the polypeptides
shown in 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108,
112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294,
298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386,
390, 394, 398, 402, 406, 410, 414, 418, 422, 426, 430, and 434, respectively. Also the use of fragments or
derivatives of these proteins as defined above is envisaged in this context.

[0268] The mutant calreticulin nucleic acids can comprise or consist of the nucleic acids shownin 1, 2, 3, 5,6, 7, 9,
10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46, 47, 49,
50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70,71, 73,74,75,77,78,79, 81, 82, 83, 85, 86, 87, 89,
90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121, 122,
123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142, 143, 145, 146, 147, 149, 150, 151, 153,
154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170,171, 173, 174, 175, 177, 178, 179, 181, 182, 183,
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185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214,
215, 217, 218, 219, 221, 222, 223, 225, 226, 227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245,
246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275,
277, 278, 279, 281, 282, 283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308,
309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339,
340, 341, 343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369,
371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400,
401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429, 431,
432, and 433, respectively.

[0269] Further, the present invention provides the use of (a) nucleic acid(s) (e.g. oligonucleotide(s) like
primer(s)/primer pair(s) or probe(s) as described below) or antibody capable of detecting the presence of one or
more mutant alleles of the calreticulin gene or the presence or amount of a gene product of one or more mutant
alleles of the calreticulin gene as defined herein for the methods of the present invention, i.e. for assessing whether
a patient suffers from a myeloid malignancy or is prone to suffering from a myeloid malignancy.

[0270] The oligonucleotide(s) may be about 15 to 100 nucleotides in length. A person skilled in the art is, based on
his general knowledge and the teaching provided herein, easily in the position to identify and/or prepare (a) an
oligo- or polynucleotide capable of detecting the presence of one or more mutant alleles of the calreticulin gene or
the presence or amount of a gene product of one or more mutant alleles of the calreticulin gene as defined herein.
These oligo- or polynucleotides may be used as probe(s) or primers in the methods provided herein. Often primers
and/or probes have a length of 10 to 30 nucleotides. Accordingly, the invention relates to (a) nucleic acid(s) (in
particular (a) primer(s) or (a) probe(s)) capable of detecting the presence of one or more mutant alleles of the
calreticulin gene or the presence or amount of a gene product of one or more mutant alleles of the calreticulin gene
as defined herein, wherein said nucleic acid is smaller than 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36,
35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, or 20 nucleotides and is larger than 5, 6,7, 8, 9, 10, 11, 12,
13, 14, or 15 nucleotides. Preferably, the nucleic acid has a length of 10 to 35 nucleotides, more preferably 15 to 25
nucleotides, particularly preferred a length of 18 to 21, e.g. 18, 19, 20 or 21 nucleotides. These nucleic acid(s) may
hybridize under stringent conditions to the complementary strand of the nucleic acid mutant calreticulin as defined
and provided herein above.

[0271] A skilled person will know, for example, computer programs which may be useful for the identification of
corresponding probes/primers to be used herein. For example, the nucleic acid sequence(s) of exemplary coding
sequences as disclosed herein (SEQ ID NO: 1, 2, 3, 5,6, 7, 9, 10, 11, 13, 14, 15,17, 18, 19, 21, 22, 23, 25, 26, 27,
29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46, 47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67,
69,70,71,73,74,75,77,78, 79, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103, 105, 106,
107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121, 122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137,
138, 139, 141, 142, 143, 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163, 165, 166, 167,
169, 170,171,173,174, 175,177,178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198,
199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223, 225, 226, 227, 229,
230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259,
261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283, 285, 286, 287, 291, 292,
293, 295, 296, 297, 299, 300, 301, 303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323,
324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345, 347, 348, 349, 351, 352, 353,
355, 356, 357, 359, 360, 361, 363, 364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384,
385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401, 403, 404, 405, 407, 408, 409, 411, 412, 413, 415,
416, 417, 419, 420, 421, 423, 424, 425, 427, 428, 429, 431, 432, and 433, respectively) may be used in this
context.

[0272] Also the sequences disclosed in the following table may be used in this context:
Sequences of mutation junctions in the cDNA sequence of CALR for the design of mutation specific probes or PCR
primers.
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CALR cDNA junction sequences in mutated positions

mutation

Type 1 GAAGGACAAACAGGACGAGGAGCAGAGGACAAGGAGGATGAT
Type 2 GAGGAGGAGGCAGAGGACAATTGTCGGAGGATGATGAGGACAAAG
Type 3 GGACAAACAGGACGAGGAGCAGAGGCAGAGGACAAGGAGGAT
Type 4 CAGGACGAGGAGCAGAGGCTTAGGAGGAGGCAGAGGACAAGG
Type 5 TGAAGGACAAACAGGACGAGGGGCAGAGGACAAGGAGGATGA
Type 6 AGGACAAACAGGACGAGGAGCGGAGGCAGAGGACAAGGAGGA
Type 7 CAGGACGAGGAGCAGAGGCTTAGGAGGATGATGAGGACAAAG
Type 8 GGACGAGGAGCAGAGGCTTAAGAGGAGGCAGAGGACAAGGAG
Type 9 CAAGAAACGCAAAGAGGAGGAGAGGCAGAGGACAAGGAGGAT
Type 10 AGGAGGAGGAGGCAGAGGACATGTGTCGGAGGATGATGAGGACAAAG
Type 11 AAGGACAAACAGGACGAGGACCAGAGGCAGAGGACAAGGAGGAT

Type 12 CAAACAGGACGAGGAGCAGAGGAGGAGGAGGAGGCAGAGGAC

Type 13 AACAGGACGAGGAGCAGAGGCAGAGGAGGAGGCAGAGGACAAG

Type 14 ACAGGACGAGGAGCAGAGGCTGAGGAGGAGGCAGAGGACAAG

Type 15 CAGGACGAGGAGCAGAGGCTTAGGAGGAGGGAGAGGACAAGGAGGATGATG
Type 16 CAGGACGAGGAGCAGAGGCTTCAGAGGAGGCAGAGGACAAGGAG

Type 17 GGACGAGGAGCAGAGGCTTAAGAGGAGGCAGTGGACAAGGAGGATGATGAGG
Type 18 GGACGAGGAGCAGAGGCTTAAGAGGATGATGAGGACAAAGAT

Type 19 GGAGCAGAGGCTTAAGGAGGAGAGGCAGAGGACAAGGAGGAT

Type 20 GGCTTAAGGAGGAGGAAGAAGGGAGGAGGCAGAGGACAAGGA

Type 21 GGCTTAAGGAGGAGGAAGAAGCGTTTAAGAGGACAAGGAGGATGATGA

Type 22 CTTAAGGAGGAGGAAGAAGACAACGCAAAGAGGAGGAGGAGG

Type 23 CTTAAGGAGGAGGAAGAAGACTIGCGTGAGGAGGAGGAGGCAGAGGAC

Type 24 CTTAAGGAGGAGGAAGAAGACAGGAGGCAGAGGACAAGGAGG

Type 25 TAAGGAGGAGGAAGAAGACAAAAGGCAGAGGACAAGGAGGATG

Type 26 TAAGGAGGAGGAAGAAGACAAAAACGCAAAGAGGAGGAGGAG

Type 27 AAGGAGGAGGAAGAAGACAAGTIGTTTCGCAAAGAGGAGGAGGAGGCA

Type 28 GGAAGAAGACAAGAAACGCAAAAGGAGGATGATGAGGACAAA

Type 29 GAAGACAAGAAACGCAAAGAGCCTCCTCTTTGTCTAAGGAGGATGATGAGGACAAA
Type 30 AGACAAGAAACGCAAAGAGGACCATCCTTGTCGGAGGATGATGAGGACAAAGA
Type 31 AGAGGAGGAGGAGGCAGAGGGCAATTGTCGGAGGATGATGAGGACAAAG
Type 32 GAGGAGGAGGAGGCAGAGGACTIGTCGGAGGATGATGAGGACAAAGA

Type 33 GAGGAGGAGGCAGAGGACAAATGTCGGAGGATGATGAGGACAAAG

Type 34 AGGAGGAGGAGGCAGAGGACACTTGTCGGAGGATGATGAGGACAAAGA

Type 35 AGGAGGAGGAGGCAGAGGACATTTGTCGGAGGATGATGAGGACAAAGA

Type 36 AGGAGGAGGCAGAGGACAAGIGTCGGAGGATGATGAGGACAAAGA

Bold letters indicate the borders of a deletion event; underlined letters indicate inserted sequences; Bold and italic
letters indicate single nucleotide variants

[0273] Examplary oligonucleotides (primers) provided herein and to be used in accordance with the present
invention are

Forward: ACAACTTCCTCATCACCAACG (SEQ ID NO: 437)
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and/or
Reverse: GGCCTCAGTCCAGCCCTG (SEQ ID NO: 438)

Forward: GGCAAGGCCCTGAGGTGT (SEQ ID NO: 439)
and/or

Reverse: GGCCTCAGTCCAGCCCTG (SEQ ID NO: 438)

[0274] In one embodiment, the present invention relates to transgenic cell or a transgenic non-human animal
having the nucleic acid as described and explained herein (or a vector comprising same), e.g. a nucleic acid
comprising at least one or more mutant alleles of the calreticulin gene as defined herein. Such transgenic cell(s) or a
transgenic non-human animal(s) can be used for screening and/or validation of a medicament for the treatment of a
myeloid malignancy.

[0275] The term "cell" as used in this context may also comprise a plurality of cells as well as cells comprised in a
tissue. The cell to be used in the screening or validation method may be obtained from samples from a (transgenic)
non-human animal or human suffering from a myeloid malignancy. The tumor cell or cell may also be obtained from
patient samples (e.g. biopsies), in particular a biopsy/biopsies from a patient/subject suffering from a myeloid
malignancy. Accordingly, the cell may be a human cell. Again, such a cell to be used in the present screening or
validation methods may be comprised in a tissue or tissue sample, like in a sample biopsy.

[0276] The used non-human animal or cell may be transgenic or non transgenic. "Transgenic” in this context
particularly means that at least one of the mutant calreticulins as described or defined herein is (over-) expressed
and/or that the activity of at least one of the mutant calreticulins is present (or increased).

[0277] A preferred (transgenic) non-human animal or (transgenic) cell in context of the invention suffers from a
myeloid malignancy.

[0278] The term "transgenic non-human animal” or "transgenic cell" as used herein refers to an non-human animal
or cell, not being a human, that comprises genetic material different from the genetic material of a corresponding
wild-type animal/cell. "Genetic material” in this context may be any kind of a nucleic acid molecule, or analogues
thereof, for example a nucleic acid molecule, or analogues thereof as defined herein. "Different" in this context
means additional or fewer genetic material with respect to the genome of the wild-type animal/cell and/or
rearranged genetic material, i.e. genetic material present at a different locus of the genome with respect to the
genome of the wild-type animal/cell. An overview of examples of different expression systems to be used for
generating transgenic cell/animal is, for instance, contained in Methods in Enzymology 153 (1987), 385-516, in
Bitter et al. (Methods in Enzymology 153 (1987), 516-544) and in Sawers et al. (Applied Microbiology and
Biotechnology 46 (1996), 1-9), Billman-Jacobe (Current Opinion in Biotechnology 7 (1996), 500-4), Hockney
(Trends in Biotechnology 12 (1994), 456-463), Griffiths et al., (Methods in Molecular Biology 75 (1997), 427-440).

[0279] In a preferred embodiment, the (transgenic) non-human animal or (transgenic) cell is or is derived from a
mammal. Non-limiting examples of the (transgenic) non-human animal or derived (transgenic) cell are selected from
the group consisting of a mouse, a rat, a rabbit, and a guinea pig.

[0280] The present invention also relates to a vector comprising the nucleic acid molecule of the present invention.

[0281] Many suitable vectors are known to those skilled in molecular biology, the choice of which would depend on
the function desired and include plasmids, cosmids, viruses, bacteriophages and other vectors used conventionally
in genetic engineering. Methods which are well known to those skilled in the art can be used to construct various
plasmids and vectors; see, for example, the techniques described in Sambrook et al. (loc cit.) and Ausubel, Current
Protocols in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1989), (1994).
Alternatively, the polynucleotides and vectors of the invention can be reconstituted into liposomes for delivery to
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target cells. As discussed in further details below, a cloning vector was used to isolate individual sequences of DNA.
Relevant sequences can be transferred into expression vectors where expression of a particular polypeptide is
required. Typical cloning vectors include pBluescript SK, pGEM, pUC9, pBR322 and pGBT9. Typical expression
vectors include pTRE, pCAL-n-EK, pESP-1, pOP13CAT.

[0282] Preferably said vector comprises a nucleic acid sequence which is a regulatory sequence operably linked to
said nucleic acid sequence defined herein.

[0283] The term "regulatory sequence” refers to DNA sequences, which are necessary to effect the expression of
coding sequences to which they are ligated. The nature of such control sequences differs depending upon the host
organism. In prokaryotes, control sequences generally include promoter, ribosomal binding site, and terminators. In
eukaryotes generally control sequences include promoters, terminators and, in some instances, enhancers,
transactivators or transcription factors. The term "control sequence" is intended to include, at a minimum, all
components the presence of which are necessary for expression, and may also include additional advantageous
components.

[0284] The term "operably linked" refers to a juxtaposition wherein the components so described are in a
relationship permitting them to function in their intended manner. A control sequence "operably linked" to a coding
sequence is ligated in such a way that expression of the coding sequence is achieved under conditions compatible
with the control sequences. In case the control sequence is a promoter, it is obvious for a skilled person that double-
stranded nucleic acid is preferably used.

[0285] Thus, the recited vector is preferably an expression vector. An "expression vector" is a construct that can be
used to transform a selected host and provides for expression of a coding sequence in the selected host.
Expression vectors can for instance be cloning vectors, binary vectors or integrating vectors. Expression comprises
transcription of the nucleic acid molecule preferably into a translatable mRNA. Regulatory elements ensuring
expression in prokaryotes and/or eukaryotic cells are well known to those skilled in the art. In the case of eukaryotic
cells they comprise normally promoters ensuring initiation of transcription and optionally poly-A signals ensuring
termination of transcription and stabilization of the transcript. Possible regulatory elements permitting expression in
prokaryotic host cells comprise, e.g., the P\, /ac, trp or tac promoter in E. coli, and examples of regulatory elements

permitting expression in eukaryotic host cells are the AOX7 or GALT promoter in yeast or the CMV-, SV40-, RSV-
promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer or a globin intron in mammalian and other animal
cells.

[0286] Beside elements, which are responsible for the initiation of transcription such regulatory elements may also
comprise transcription termination signals, such as the SV40-poly-A site or the tk-poly-A site, downstream of the
polynucleotide. Furthermore, depending on the expression system used leader sequences capable of directing the
polypeptide to a cellular compartment or secreting it into the medium may be added to the coding sequence of the
recited nucleic acid sequence and are well known in the art; see also the appended Examples. The leader
sequence(s) is (are) assembled in appropriate phase with translation, initiation and termination sequences, and
preferably, a leader sequence capable of directing secretion of translated protein, or a portion thereof, into the
periplasmic space or extracellular medium. Optionally, the heterologous sequence can encode a fusion protein
including an N-terminal identification peptide imparting desired characteristics, e.g., stabilization or simplified
purification of expressed recombinant product; see supra. In this context, suitable expression vectors are known in
the art such as Okayama-Berg cDNA expression vector pcDV1 (Pharmacia), pCDM8, pRc/CMV, pcDNA1, pcDNA3
(In-vitrogene), pEF-DHFR, pEF-ADA or pEF-neo (Mack et al. PNAS (1995) 92, 7021-7025 and Raum et al. Cancer
Immunol Immunother (2001) 50(3), 141-150) or pSPORT1 (GIBCO BRL).

[0287] Preferably, the expression control sequences will be eukaryotic promoter systems in vectors capable of
transforming of transfecting eukaryotic host cells, but control sequences for prokaryotic hosts may also be used.
Once the vector has been incorporated into the appropriate host, the host is maintained under conditions suitable
for high level expression of the nucleotide sequences, and as desired, the collection and purification of the
polypeptide of the invention may follow; see, e.g., the appended examples.
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[0288] An alternative expression system, which can be used to express a cell cycle interacting protein is an insect
system. In one such system, Autographa californica nuclear polyhedrosis virus (AcNPV) is used as a vector to
express foreign genes in Spodoptera frugiperda cells or in Trichoplusia larvae. The coding sequence of a recited
nucleic acid molecule may be cloned into a nonessential region of the virus, such as the polyhedrin gene, and
placed under control of the polyhedrin promoter. Successful insertion of said coding sequence will render the
polyhedrin gene inactive and produce recombinant virus lacking coat protein coat. The recombinant viruses are then
used to infect S. frugiperda cells or Trichoplusia larvae in which the protein of the invention is expressed (Smith, J.
Virol. 46 (1983), 584; Engelhard, Proc. Nat. Acad. Sci. USA 91 (1994), 3224-3227).

[0289] Additional regulatory elements may include transcriptional as well as translational enhancers.
Advantageously, the above-described vectors of the invention comprise a selectable and/or scorable marker.

[0290] Selectable marker genes useful for the selection of transformed cells and, e.g., plant tissue and plants are
well known to those skilled in the art and comprise, for example, antimetabolite resistance as the basis of selection
for dhfr, which confers resistance to methotrexate (Reiss, Plant Physiol. (Life Sci. Adv.) 13 (1994), 143-149); npt,
which confers resistance to the aminoglycosides neomycin, kanamycin and paromycin (Herrera-Estrella, EMBO J. 2
(1983), 987-995) and hygro, which confers resistance to hygromycin (Marsh, Gene 32 (1984), 481-485). Additional
selectable genes have been described, namely trpB, which allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine (Hartman, Proc. Natl. Acad. Sci. USA 85 (1988), 8047);
mannose-6-phosphate isomerase which allows cells to utilize mannose (WO 94/20627) and ODC (ornithine
decarboxylase) which confers resistance to the ornithine decarboxylase inhibitor, 2-(difluoromethyl)-DL-ornithine,
DFMO (McConlogue, 1987, In: Current Communications in Molecular Biology, Cold Spring Harbor Laboratory ed.)
or deaminase from Aspergillus terreus which confers resistance to Blasticidin S (Tamura, Biosci. Biotechnol.
Biochem. 59 (1995), 2336-2338).

[0291] Useful scorable markers are also known to those skilled in the art and are commercially available.
Advantageously, said marker is a gene encoding luciferase (Giacomin, Pl. Sci. 116 (1996), 59-72; Scikantha, J. Bact.
178 (1996), 121), green fluorescent protein (Gerdes, FEBS Lett. 389 (1996), 44-47) or B-glucuronidase (Jefferson,
EMBO J. 6 (1987), 3901-3907). This embodiment is particularly useful for simple and rapid screening of cells,
tissues and organisms containing a recited vector.

[0292] As described above, the recited nucleic acid molecule can be used alone or as part of a vector to express
the polypeptide of the invention in cells, for, e.g., purification but also for gene therapy purposes. The nucleic acid
molecules or vectors containing the DNA sequence(s) encoding any one of the above described polypeptide of the
invention is introduced into the cells which in turn produce the polypeptide of interest. Gene therapy, which is based
on introducing therapeutic genes into cells by ex-vivo or in-vivo techniques is one of the most important applications
of gene transfer. Suitable vectors, methods or gene-delivery systems for in-vitro or in-vivo gene therapy are
described in the literature and are known to the person skilled in the art; see, e.g., Giordano, Nature Medicine 2
(1996), 534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256 (1992), 808-813; Verma, Nature
389 (1994), 239; Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ. Res. 77 (1995), 1077-1086; Onodera, Blood
91 (1998), 30-36; Verma, Gene Ther. 5 (1998), 692-699; Nabel, Ann. N.Y. Acad. Sci. 811 (1997), 289-292;
Verzeletti, Hum. Gene Ther. 9 (1998), 2243-51; Wang, Nature Medicine 2 (1996), 714-716; WO 94/29469; WO
97/00957, US 5,580,859; US 5,589,466; or Schaper, Current Opinion in Biotechnology 7 (1996), 635-640. The
recited nucleic acid molecules and vectors may be designed for direct introduction or for introduction via liposomes,
or viral vectors (e.g., adenoviral, retroviral) into the cell. Preferably, said cell is a germ line cell, embryonic cell, or
egg cell or derived there from, most preferably said cell is a stem cell. An example for an embryonic stem cell can
be, inter alia, a stem cell as described in Nagy, Proc. Natl. Acad. Sci. USA 90 (1993), 8424-8428.

[0293] The invention also provides for a host transformed or transfected with a vector of the invention. Said host
may be produced by introducing the above described vector of the invention or the above described nucleic acid
molecule of the invention into the host. The presence of at least one vector or at least one nucleic acid molecule in
the host may mediate the expression of a gene encoding the above described single chain antibody constructs.

[0294] The described nucleic acid molecule or vector of the invention, which is introduced in the host may either
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integrate into the genome of the host or it may be maintained extrachromosomally.
The host can be any prokaryote or eukaryotic cell.

[0295] The term "prokaryote" is meant to include all bacteria, which can be transformed or transfected with DNA or
RNA molecules for the expression of a protein of the invention. Prokaryotic hosts may include gram negative as well
as gram positive bacteria such as, for example, E. coli, S. typhimurium, Serratia marcescens and Bacillus subtilis.
The term "eukaryotic" is meant to include yeast, higher plant, insect and preferably mammalian cells. Depending
upon the host employed in a recombinant production procedure, the protein encoded by the polynucleotide of the
present invention may be glycosylated or may be non-glycosylated. Especially preferred is the use of a plasmid or a
virus containing the coding sequence of the polypeptide of the invention and genetically fused thereto an N-terminal
FLAG-tag and/or C-terminal His-tag. Preferably, the length of said FLAG-tag is about 4 to 8 amino acids, most
preferably 8 amino acids. An above described polynucleotide can be used to transform or transfect the host using
any of the techniques commonly known to those of ordinary skill in the art. Furthermore, methods for preparing
fused, operably linked genes and expressing them in, e.g., mammalian cells and bacteria are well-known in the art
(Sambrook, loc cit.).

[0296] Preferably, said the host is a bacterium or an insect, fungal, plant or animal cell.

[0297] It is particularly envisaged that the recited host may be a mammalian cell. Particularly preferred host cells
comprise CHO cells, COS cells, myeloma cell lines like SP2/0 or NS/0. As illustrated in the appended examples,
particularly preferred are CHO-cells as hosts.

[0298] More preferably said host cell is a human cell or human cell line, e.g. per.c6 (Kroos, Biotechnol. Prog., 2003,
19:163-168).

[0299] In a further embodiment, the present invention thus relates to a process for the production of a polypeptide
of the invention, said process comprising culturing a host of the invention under conditions allowing the expression
of the polypeptide of the invention and recovering the produced polypeptide from the culture.

[0300] The transformed hosts can be grown in fermentors and cultured according to techniques known in the art to
achieve optimal cell growth. The polypeptide of the invention can then be isolated from the growth medium, cellular
lysates, or cellular membrane fractions. The isolation and purification of the, e.g., microbially expressed
polypeptides of the invention may be by any conventional means such as, for example, preparative
chromatographic separations and immunological separations such as those involving the use of monoclonal or
polyclonal antibodies directed, e.g., against a tag of the polypeptide of the invention or as described in the
appended examples.

[0301] The conditions for the culturing of a host, which allow the expression are known in the art to depend on the
host system and the expression system/vector used in such process. The parameters to be modified in order to
achieve conditions allowing the expression of a recombinant polypeptide are known in the art. Thus, suitable
conditions can be determined by the person skilled in the art in the absence of further inventive input.

[0302] Once expressed, the polypeptide of the invention can be purified according to standard procedures of the
art, including ammonium sulfate precipitation, affinity columns, column chromatography, gel electrophoresis and the
like; see, Scopes, "Protein Purification", Springer-Verlag, N.Y. (1982). Substantially pure polypeptides of at least
about 90 to 95% homogeneity are preferred, and 98 to 99% or more homogeneity are most preferred, for
pharmaceutical uses. Once purified, partially or to homogeneity as desired, the polypeptide of the invention may
then be used therapeutically (including extracorporeally) or in developing and performing assay procedures.
Furthermore, examples for methods for the recovery of the polypeptide of the invention from a culture are described
in detail in the appended examples.

[0303] Furthermore, the present invention provides a kit useful for carrying out the methods of the invention, the kit
comprising a nucleic acid or an antibody capable of detecting the presence of a one or more mutant alleles of the
calreticulin gene or the presence or amount of a gene product of one or more mutant alleles of the calreticulin gene
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as defined herein. Also envisaged herein is the use of the herein described kit for carrying out the herein provided
methods.

[0304] For example, said kit may comprise (a) compound(s) required for specifically determining the presence of
one or more mutant alleles of the calreticulin gene or the presence or amount of a gene product of one or more
mutant alleles of the calreticulin gene as defined herein. Moreover, the present invention also relates to the use of
(a) compound(s) required for specifically determining the presence of one or more mutant alleles of the calreticulin
gene or the presence or amount of a gene product of one or more mutant alleles of the calreticulin gene as defined
herein for the preparation of a kit for carrying out the methods of this invention. On the basis of the teaching of this
invention, the skilled person knows which compound(s) is (are) required for specifically determining the presence of
one or more mutant alleles of the calreticulin gene or the presence or amount of a gene product of one or more
mutant alleles of the calreticulin gene as defined herein. For example, such compound(s) may be (a) "binding
molecule(s)", like, for example, (a) antibody. Particularly, such compound(s) may be (a) (nucleotide) probe(s), (a)
primer(s) (pair(s)), (an) antibody(ies) and/or (an) aptamer(s) specific for at least one mutant allele of the calreticulin
gene or for a gene product of at least one mutant alleles of the calreticulin gene as defined herein. The kit (to be
prepared in context) of this invention may be a diagnostic kit. As mentioned above, the determination of the
presence of one (or more) mutant alleles of the calreticulin gene or of a gene product thereof as described herein
can be performed as a stand-alone analysis. Alternatively, this analysis can be followed or preceded by the analysis
of other markers for myeloid malignancies, such as JAK2 and MPL mutations. Also simultaneous determination of
such markers is envisaged, like the simultaneous test for JAK2 mutation(s) and mutant calreticulin (and, optinally,
further markers), or the simultaneous test of JAK2 mutation(s), mutant calreticulin and MPL mutation(s) (and,
optinally, further markers). According (a) kit(s) (or uses of such kits) is/are envisaged herein that provide means for
such subsequent or simultaneous tests. For example, said kit may comprise, in addition to (a) compound(s)
required for specifically determining the presence (or amount) of one or more mutant alleles of the calreticulin gene
(or of a gene product thereof), (a) compound(s) required for specifically determining the presence as JAK2 and/or
MPL mutations (and optionally further markers), e.g. (a) antibody(ies), (a) (nucleotide) probe(s), (a) primer(s)
(pair(s)), (an) antibody(ies) and/or (an) aptamer(s) specific that allow the specific detection of JAK2 and MPL
mutations (and optionally further markers).

[0305] The kit (to be prepared in context) of this invention may further comprise or be provided with (an) instruction
manual(s). For example, said instruction manual(s) may guide the skilled person (how) to determine the presence of
one or more mutant alleles of the calreticulin gene or the presence or amount of a gene product of one or more
mutant alleles of the calreticulin gene as defined herein and/or (how) to diagnose myeloid malignancy. Said
instruction manual(s) may comprise guidance to use or apply the herein provided methods or uses. The kit (to be
prepared in context) of this inventon may further comprise substances/chemicals and/or equipment
suitable/required for carrying out the methods and uses of this invention. For example, such substances/chemicals
and/or equipment are solvents, diluents and/or buffers for stabilizing and/or storing (a) compound(s) required for
specifically determining the presence of one or more mutant alleles of the calreticulin gene or the presence or
amount of a gene product of one or more mutant alleles of the calreticulin gene as defined herein.

[0306] As used herein, the terms "comprising" and "including" or grammatical variants thereof are to be taken as
specifying the stated features, integers, steps or components but do not preclude the addition of one or more
additional features, integers, steps, components or groups thereof. This term encompasses the terms "consisting of"
and "consisting essentially of."

Thus, the terms "comprising"/"including"/*having" mean that any further component (or likewise features, integers,
steps and the like) can be present.

[0307] The term "consisting of" means that no further component (or likewise features, integers, steps and the like)
can be present.

[0308] The term "consisting essentially of* or grammatical variants thereof when used herein are to be taken as
specifying the stated features, integers, steps or components but do not preclude the addition of one or more
additional features, integers, steps, components or groups thereof but only if the additional features, integers, steps,
components or groups thereof do not materially alter the basic and novel characteristics of the claimed composition,
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device or method.

[0309] Thus, the term "consisting essentially of* means that specific further components (or likewise features,
integers, steps and the like) can be present, namely those not materially affecting the essential characteristics of the
composition, device or method. In other words, the term "consisting essentially of* (which can be interchangeably
used herein with the term "comprising substantially"), allows the presence of other components in the composition,
device or method in addition to the mandatory components (or likewise features, integers, steps and the like),
provided that the essential characteristics of the device or method are not materially affected by the presence of
other components.

[0310] The term "method" refers to manners, means, techniques and procedures for accomplishing a given task
including, but not limited to, those manners, means, techniques and procedures either known to, or readily
developed from known manners, means, techniques and procedures by practitioners of the chemical, biological and
biophysical arts.

[0311] As used herein, the term "isolated" refers to a composition that has been removed from its in-vivo location.
Preferably the isolated compositions or compounds of the present invention are substantially free from other
substances (e.g., other proteins or other compounds) that are present in their in-vivo location (i.e. purified or semi-
purified compositions or compounds.)

[0312] As used herein the term "about" refers to + 10%.
[0313] The present invention is further described by reference to the following non-limiting figures and examples.

[0314] The Figures show:

Figure 1.

Validation of CALR gene mutations in patients 191 and 296 by Sanger sequencing

Depicted are Sanger sequencing traces. Boxes around the sequence letters mark the bases that are lost due to the
deletion events. Fig. 1 shows SEQ ID NOs: 1324 to 1327.

Figure 2.

Frequency of CALR mutations in myeloid malighancies

A: Distribution of JAK2, MPL and CALR mutations in the three classical MPN disease entities. B: The frequency of
patients with mutant CALR in different myeloid malignancies, is indicated by the dark bars. N, total numbers of
patients analysed for a specific disease entity. C: Distribution of JAK2, MPL, CALR and SF3B1 mutations in 24
patients with refractory anemia with ring sideroblasts associated with marked thrombocytosis. PV, polycythemia
vera; ET, essential thrombocythemia; PMF primary myelofibrosis; dnAML, de novo AML: CML, chronic myeloid
leukaemia; MDS, myelodysplastic syndrome; CMML, chronic myelomonocytic leukaemia; RARS-T, refractory
anemia with ring sideroblasts associated with marked thrombocytosis.

Figure 3.

Mutational pattern of CALR mutations in MPN patients.

The wide black bar represents exon 9 of CALR, the narrow bar the 3' UTR of the gene, the thin line intronic and
intergenic regions.

A: indicated are the cDNA sequence in the beginning and end of exon 9. Below the cDNA sequence are the amino
acid sequences derived from the three alternative reading frames. B: The three reading frames result in different
peptide compositions, especially with respect to the charge of amino acids. C: Summary of all mutations detected in
MPN patients and their position within CALR exon 9. Bars indicate deletion events, letters inserted sequences.
Independent insertions and deletions are depicted above the exon 9 scheme, combined insertion/deletion events
below. D: The specific peptide makeup of wild type CALR and of the two most frequently detected types of
mutations. B, D: Each box represents an amino acid. Black boxes with '-' sign are negatively charged amino acids,
boxes with '+' sign are positively charged amino acids. Crossed boxes represent stop codons. E: Relative
frequencies of all 36 mutation types observed in CALR.

Fig. 3 shows SEQ ID NOs: 1328 to 1339.
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Figure 4.

Association of CALR mutations with uniparental disomies and clonal hierarchies in patients with multiple
somatic mutations

Panel A: Affymetrix SNP 6.0 array data is shown for three samples that had more than 50% burden of CALR
mutations. Each dot represents a single SNP. The x-axis shows the genomic position, the y-axis depicts the allelic
status of the SNP. (heterozygous status = allelic difference of 0). The array data shows 19p uniparental disomy of
different sizes in the three samples. Boxes indicate the genomic region of the uniparental disomies. To the right of
each allelic difference plot, the results of the CALR exon 9 fragment analysis for the same sample is shown. In each
case the burden of the mutant allele is higher than the wild type allele burden. Panel B: Clonal hierarchies derived
from the analysis of hematopoietic progenitor colonies. Patient H_0191 (top) harbored somatic mutations in a total
of 4 genes. As shown in the bar chart, 51% of the colonies had mutations in CALR, GAB2 and METTL11B. The
other half of the colonies (48%) had mutations in all four genes indicating that the mutation in PHF16 was acquired
later and gave rise to a subclone. Additionally, one colony harbored a one base pair deletion in CALR, different from
the 52 base pair deletion that was observed in the granulocyte sample and all other colonies of this patient. As this
colony had none of the other mutations observed in the patient it represents an independent clone although this
conclusion is based only on a single colony. Patient H_0296 (bottom) had somatic mutations in CALR, PIK3R1 and
C100RF71. All colonies analyzed for this patient had all three mutations. One colony showed an 18 base pair
deletion in CALR in addition to the 1 base pair deletion observed in this patient. Both mutations were on the same
allele.

Figure 5.

Clinical significance of CALR mutations

Outcome estimates in patients with essential thrombocythemia or primary myelofibrosis stratified according to their
somatic mutation. Panel A: Kaplan-Meier analysis of overall survival in patients with primary myelofibrosis.
Subgroups were compared using the log-rank test. Patients with myelofibrosis carrying a somatic mutation of CALR
had a better overall survival than those with JAK2-V617F [median value 21.4 years (95% Cl, 17.1-22.9) vs. 11.0
years (95% CI, 7.8-14.4), respectively; P<0.001] or MPL mutation [median value 8.2 years (95% CI, 2.0-not
reached); P<0.001], while no difference was observed between the latter 2 subgroups. Panel B: Kaplan-Meier
analysis of overall survival in patients with essential thrombocythemia. Subgroups were compared using the log-rank
test. Median value for overall survival was not reached in any subgroup. Patients with CALR mutation had better
overall survival compared with those carrying JAK2-V617F. The 10-year overall survival was 96.9% (95% Cl, 91.7-
98.8%) in the former vs. 91.1% (95% Cl, 87.1-93.9%) in the latter (P=0.043). Panel C: Cumulative incidence of
thrombosis in patients with essential thrombocythemia. Death in absence of the event of interest was considered as
a competing event, and subgroups were compared with the Pepe and Mori's test. Patients carrying a CALR exon 9
mutation had a lower cumulative incidence of thrombosis compared with those carrying JAK2-V617F: the 10-year
cumulative incidence was 11.0% (95% CI, 6.3-17.1%) in the former vs. 21.0% (95% Cl, 16.6-25.7%) in the latter
(P=0.003).

Figure 6.

Functional analysis of CALR type 1 mutation

Panel A: Cell viability of Ba/F3 cells expressing an empty vector (GFP), wild type CALR (CALR wt-GFP) or mutant
CALR (CALR de152-GFP) was assessed after 72 hours in presence of increasing interleukin-3 concentration. RLU,
relative luminescence units. Error bars represent standard error of the mean. Panel B: Cell proliferation of Ba/F3
cells expressing an empty vector (GFP), wild type CALR (CALR wt-GFP) or mutant CALR (CALR de152-GFP), in the
absence of interleukin-3 was determined for 7 days. Error bars represent standard error of the mean. Panel C:
shows the activation of STATS in response to interleukin-3. Ba/F3 cells expressing the empty vector (GFP), the wild
type CALR (wt), or the CALR mutant (de152) were starved for 4 hours in serum free medium without interleukin-3
and were then stimulated for 20 minutes with 100 pg/ml and 1 ng/ml of interleukin-3, as indicated. Western blot was
performed on the cell lysates with antibodies against pYSTAT5, STATS, and CALR. An antibody against GAPDH was
used as loading control. Panel D: Immunofluorescence was performed against CALR (third panel) and an
endoplasmic reticulum specific marker (Calnexin, second panel), in HEK293T transfected with the respective
constructs. The wild type CALR co-localizes with calnexin, in the endoplasmic reticulum (last panel). However, the
mutant CALR is not constrained within the endoplasmic reticulum. The nucleus is stained with the dye DAPI (first
panel).
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Figure 7.

The sensitivity of Ba/F3 cells to SAR302503.

Ba/F3 cells expressing the empty vector (GFP), CALR wild type (CALR wt-GFP) or CALR mutant (CALR de152-
GFP) were analyzed by defining cell viability after 48 hours in presence of decreasing SAR302503. For relative
viability, relative luminescence units were normalized to the DMSO control. Error bars represent standard error of
the mean.

Figure 8.

Western blot analysis was performed probing the sera of the four immunized mice, against lysates from HEK293T
cells expressing the CALR mutant del52. The figure shows that the sera from all four immunized mice did not have
any antibodies against the mutant calreticulin peptide before immunization - p (pre-immunized lanes). They
generated specific antibody after 2 booster doses.

Figure 9.

Western blot analysis was performed probing the sera of the four immunized mice, against lysates from HEK293T
cells expressing the CALR Aexon9. The figure shows that the sera from all four immunized mice did not have any
antibodies against the CALR Aexon9 in both the pre-immunized sera (p) or after booster doses.

Figure 10.

Western blot analysis was performed probing the sera of the four immunized mice, against lysates from HEK293T
cells expressing the CALR mutant del52. The figure shows that the sera of all four immunized mice had more
specific antibody against calreticulin mutant after the third booster dose.

The Examples illustrate the invention.

Example 1: Somatic mutations of calreticulin in primary myelofibrosis and essential thrombocythemia

Material and Methods

Patient sampling

[0315] We studied patients with Philadelphia chromosome-negative myeloproliferative neoplasms followed at the
Medical University of Vienna, Austria, and the Department of Hematology Oncology, Fondazione IRCCS Policlinico
San Matteo, Pavia, Italy. The investigations have been approved by the ethics committees of both institutions, and
all patients provided written informed consent. Diagnosis of polycythemia vera, essential thrombocythemia and
primary myelofibrosis was done according to the 2008 criteria of the World Health Organization (Sverdlow et al,
2008).

Diagnostic criteria

[0316] Diagnosis of polycythemia vera, essential thrombocythemia and primary myelofibrosis was done according
to the criteria in use at the time of the first observation, as previously reported (Passamonti et al. 2004). In 2002 the
criteria of the World Health Organization (WHO) were adopted (Vardiman et al, 2002) and in 2008 their revision was
implemented (Swerdlow et al, 2008). JAK2 and MPL mutation analyses were performed as previously described
(Passamonti et al, 2010a; Rumi et al, 2013; Passamonti et al, 2011) in Pavia and as outlined below in Vienna. Bone
marrow fibrosis was assessed semi-quantitatively following the European consensus guidelines (Thiele et al, 2005).
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Thrombotic events were defined as described in detail previously (Marchioli et al, 2013). Patients were treated
according to the recommendations that have been formalized by the European Leukemia Net in 2011 (Barbui et al,
2011)

Assessment of JAK2-V617F, JAK2-exon 12 and MPL-W515L mutations in Vienna

[0317] An allele specific PCR assay was used to detect the JAK2-V617F mutation. A primer mix consisting of 4 yM
of a common forward primer (gtttcttAGTGCATCTTTATTATGGCAGA (SEQ ID NO: 1340)), 2 uM of a reverse primer
specific for the wild type allele (TTACTCTCGTCTCCACAGAC (SEQ ID NO: 1341)) and 2 uM of a reverse primer
specific for the mutant allele (aaaTTACTCTCGTCTCCACAGAA (SEQ ID NO: 1342)) was prepared. The two reverse
primers were fluorescently labeled with 6 - carboxyfluorescein (6-FAM) on the 5' end. A PCR reaction was set up
using the AmpliTag Gold DNA Polymerase with Gold Buffer and MgCl, (Applied Biosystems) containing 1.1 pl of the
10x PCR GOLD buffer, 0.66 pl of 25 mM MgCly, 0.44 pl of 2.5 mM dNTPs, 1.4 ul of the primer mix, 0.05 pl of the
AmpliTag Gold polymerase (5 U/pl), 6.36 pl HO and 1 pl genomic DNA (10 ng/ul). PCR was performed as follows:
95°C for 5 min - 36 x (94°C for 30 sec, 62.2°C for 30 sec, 72°C for 30 sec) - 72°C for 15 min - 8°C hold. The PCR
products were sized on a 3130x1 Genetic Analyzer (Applied Biosystems) and the data were analyzed using Gene
Mapper software (Applied Biosystems).

[0318] The assay used to detect mutations in JAK2 exon 12 was reported before (Li et al, 2008)

For testing for the MPL-W515L the following allele specific PCR assay was used. A primer mix consisting of 8 uM of
a common forward primer (GTTTCTTCCGAAGTCTGACCCTTTTTG (SEQ ID NO: 1343)), 4 uM of a reverse primer
specific for the wild type allele (GTAGTGTGCAGGAAACTGCC (SEQ ID NO: 1344)) and 4 uM of a reverse primer
specific for the mutant allele (AAAGTAGTGTGCAGGAAACTGCA (SEQ ID NO: 1345)) was prepared. The two
reverse primers were fluorescently labeled with 6-carboxyfluorescein (6-FAM) on the 5' end. A PCR reaction was set
up as described above for JAK2-V617F mutation. PCR was performed as follows: 94°C for 10 min - 30 x (94°C for
30 sec, 62.2°C for 30 sec, 72°C for 30 sec) - 72°C for 15 min - 8°C hold. The PCR products were sized on a 3130x1
Genetic Analyzer (Applied Biosystems) and the data were analyzed using Gene Mapper software (Applied
Biosystems).

Whole exome sequencing

[0319] Genomic DNA was isolated from peripheral blood granulocytes (tumor tissue) and CD3* T-lymphocytes
(control tissue) according to standard procedures. DNA libraries were generated using the NEB Next DNA Sample
prep kit (reagent set) (New England Biolabs, Ipswich, MA) and whole-exome enrichment was performed using the
Sure Select Human All Exon kit (Agilent, Santa Clara, CA) according to the manufacturers instructions. The libraries
were sequenced on an lllumina HiSeq2000 system (lllumina, San Diego, CA) following the manufacturers
recommendations. See Supplementary Table 1 for details on whole-exome sequencing parameters.
Supplementary Table 1

exonic bases covered at least

sample_ID gDNA sequencingj total reads {| mean 2X 10X 20X 30X

source parameters coverage
H_0010B_GD{granulocytesi 52bp PE, 1440,507,278} 230 ]93.92%182.95% }80.45%78.86%
51bp PE
H_0010B_TD T- 70bp SR, 1305,708,053] 187 {95.67%187.27%182.73%}79.58%

lymphocytes{ 75bp PE

H_0191B_GDjgranulocytes] 70bp SR, 1329,139,581}{ 163 {95.93%88.71%184.26% {81.04%
51bp PE

H_0191A_TD T- 70bp SR, §300,420,257 173 95.55% {88.26% {84.01%{80.81%
lymphocytesi 75bp PE

H_0202B_GD {granulocytesj 70bp SR, §286,094,080 149 95.41%§87.81%{83.32% { 79.84%
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exonic bases covered at least
sample_ID gDNA sequencing; total reads | mean 2X 10X 20X 30X
source |parameters coverage
51bp PE
H 0202B TD T- 70bp SR, 262,563,166 160 95.25% {87.80% {83.44%{80.01%
lymphocytes{ 75bp PE
H_0296C_GD jgranulocytes{ 70bp SR, 279,769,005 138 95.17%{87.45%{82.68%{78.78%
51bp PE
H 0296C TD T- 70bp SR, 266,487,695 158 95.34%{87.79%{83.36%{79.83%
lymphocytes{ 75bp PE
H_0333B_GD {granulocytesi{ 70bp SR, {293,076,867 156 95.65% {88.23%{83.79%{80.41%
51bp PE
H_0333B_TD T- 70bp SR, §260,476,597 155 94.99% {87.47%}83.03%{79.50%
lymphocytesi 75bp PE
H_0386B_GD jgranulocytesi 70bp SR, §285,286,604 148 95.58% {88.00% {83.48%{79.96%
51bp PE
H_0386B_TD T- 70bp SR, 266,364,404 162 95.18% {87.69% {83.39%]79.98%
lymphocytes{ 75bp PE
minimum 260,476,597 138 93.92% {82.95%{80.45%178.78%
maximum 440,507,278 230 95.93%{88.71%{84.26% {81.04%
average 297,991,132 165 95.30% {87.45%{83.16%{79.88%
gDNA, genomic DNA; bp, base pairs; PE, paired-end; SR single read
Supplementary Table 2: Primers used to analyze the mutational status of CALR
application targeted jforward primer sequence reverse primer sequence
CALR
exon
Sanger sequencing 9 ACAACTTCCTCATCACCAACG {GGCCTCAGTCCAGCCCTG
/ PCR product (SEQ ID NO: 437) (SEQ ID NO: 438)
subcloning
9 GGCAAGGCCCTGAGGTGT GGCCTCAGTCCAGCCCTG
(SEQ ID NO: 439) (SEQ ID NO: 438)
PCR fragment 1 GTCAGGTTGGTTTGAGAGGC (GCTAACCCTAACTCCCGCC
analysis (SEQ ID NO: 1310) (SEQ ID NO: 1311)
Sanger sequencing 2 GGATCTCCTTTCCTGTCCCC CCACCTGTCCTCCTCCAAG
(SEQ ID NO: 1312) (SEQ ID NO: 1313)
Sanger sequencing 3 GAGGACAGGTGGAGGAAGTG JAAATTGTTGCTGGGACTTATTC
(SEQ ID NO: 1314) (SEQ ID NO: 1315)
Sanger sequencing 4 CAGACCCGAGTTGAAGAACC (AGAAGGAAGAAGGTGAGCGG
(SEQ ID NO: 1316) (SEQ ID NO: 1317)
Sanger sequencing 5 CTGATCAACAAGGACATCCG CTCGGGCTTCTTAGCATCAG
(SEQ ID NO: 1318) (SEQ ID NO: 1319)
Sanger sequencing 6-7 AAGCCTGAGGTTGGTGTTTG {CTCACCTGGGGTGCCTACC
(SEQ ID NO: 1320) (SEQ ID NO: 1321)
Sanger sequencing 8 GTGTCAGCGGTGTTCCTTG TTAAGCCTCTGCTCCTCGTC
(SEQ ID NO: 1322) (SEQ ID NO: 1323)
Sanger sequencing

Whole-exome Sequencing analysis
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[0320] The sequencing reads were aligned against the human reference genome (hg18) using BWA v0.5.9 (Li &
Durbin, 2009). The genome analysis toolkit (GATK) v1.5 (McKenna et al, 2010) was used to post-process the
alignments according to the best practices guidelines v3 of GATK. The coverage data presented in Supplementary
Table 1 were calculated from the post-processed alignment files using the CalculateHsMetrics.jar script from Picard
(http://picard.sourceforge.net). The post-processed alignment files were further analyzed by two variant callers:

1. 1. GATK's Unified Genotyper (DePristo et al, 2011) was used to call single nucleotide variants and small
insertions/deletions from the granulocyte DNA samples. The preliminary variant lists were further processed
using the Variant Quality Score Recalibrator (GATK) to generate recalibrated variant lists. The variants were
annotated using ANNOVAR version 2012-05-25 (Wang et al, 2010). We filtered for variants that are found in
coding exons and that affect the amino acid composition of the protein, as well as for variants at splice sites.

2. 2. The Varscan 2.3.2 tool (Koboldt et al, 2012) was used to call somatic variants comparing post-processed
alignments from the granulocyte DNA sample with the alignments from the T-lymphocyte sample of the same
patient. Varscan was used according to the programmer's instructions. Samtools 0.1.18 (Li et al, 2009)
generated the mpileup files needed as the input for Varscan. Varscan hit lists were annotated by ANNOVAR
and filtered as described above. Intersecting the variant lists retrieved from the two variant calling pipelines,
as follows, generated final variant lists. GATK provides a score for the likelihood of a variant to be a true
variant, which is the VQSLOD score. Varscan provides a p-value for a variant to be somatic. Basic
requirements for final single nucleotide variant (SNV) calling were that the variants had to be called by both
variant-calling pipelines and that the variant in the granulocyte sample was not classified as "low quality” by
GATK. From all SNVs falling into this category, all those were called which had a VQSLOD score > 0 and a
somatic p-value of < 0.05. We also called variants with a VQSLOD [-2;0] but required a somatic p-value of
<0.01 for those. Insertion / deletion variant calling is more complex than SNV calling. In order not to miss true
variants, we just required an insertion / deletion to be found by both pipelines. No further quality measures or
p-values were required to call these variants.

Singer Sequencing
[0321] Primers for Sanger Sequencing were designed using the PrimerZ tool
(http://ncbi36.genepipe.ncgm.sinica.edu.tw/primerz/beginDesign.do) or the Primer3 tool

(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi/). Primer sequences are listed in Supplementary
Table 2.

[0322] PCRs were performed using the AmpliTaqg Gold 360 Mastermix (Applied Biosystems / Life Technologies,
Paisley, UK).

[0323] A touchdown program was used for the PCR: 95 °C, 5 min - 10x (94 °C, 30 sec - 67 °C, 30 sec [-1 °C per
cycle] - 72 °C, 30sec.) - 29x (94 °C, 30 sec - 57 °C, 30 sec- 72 °C, 30 sec) - 72 °C, 10 min. 10 °C, hold. For Sanger
Sequencing the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) was used with the following
program: 96 °C, 1 min. - 25x (96 °C, 10 sec. - 50 °C, 5 sec. - 60 °C, 4 min.) - 10 °C hold. Sequencing traces were
read on a 3130x1 Genomic Analyzer (Genetic Analyzer) ((Applied Biosystems). Sequence analysis was done using
the Sequencher Software 4.9 (Gene Codes, Ann Arbor, MI)

PCR fragment analysis for detection of CALR-exon9 mutations

[0324] Primers were designed for CALR exon 9 and the forward primer was 6-FAM labeled (Supplementary Table
2). PCR was performed as follows: 95 °C, 10 min. - 10x (94 °C, 15 sec. - 55 °C, 15 sec. - 72 °C, 30 sec.) - 20x (89
°C, 15 sec. - 55 °C, 15 sec. - 72 °C, 30 sec.) - 72 °C, 20 min - 10 °C, hold. PCR products were diluted 1:25 in water
and sized on a 3130x1 Genomic Analyzer (Genetic Analyzer) (Applied Biosystems). The results were analyzed
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using the Gene Mapper software version 4.0 (Applied Biosystems).

PCR product subcloning

[0325] PCR products were subcloned with the TOPO TA cloning kit (Invitrogen / Life Technologies, Paisley, UK)
following the manufacturer's instructions using TOP-10 bacteria. Single bacterial colonies were picked the following
day and expanded in an over-night culture. Plasmids were extracted with the QlAprep Spin Mini Prep kit (Qiagen,
Hilden, Germany). A sequencing reaction was set up using the BigDye Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems): 50 - 200 ug plasmid, 4ul Primer, 1ul BigDye Terminator mix, 1ul sequencing buffer and HPLC
water up to 10ul. The sequencing program was 96 °C, 5 min. - 25x (96 °C, 1 min. - 50 °C, 5 sec. - 60 °C, 4 min.) -
10 °C hold.

SNP microarray analysis

[0326] DNA samples were processed and hybridized to Genome-Wide Human SNP 6.0 arrays (Affymetrix)
according to the protocol supplied by the manufacturer. The raw data was analyzed by Genotyping Console version
3.0.2 software (Affymetrix). The samples were assessed for chromosomal aberrations (deletions, gains and
acquired uniparental disomies) as implemented in the Genotyping Console software.

Cloning of CALR exon 9 mutations

[0327] The wild type and mutant CALR was amplified from the clone purchased from Source Biosciences and
cloned into the Xhol and EcoRl sites in the retroviral construct pMSCV-IRES-GFP. The wild type CALR was amplified
using the following primers - (FP - ATGCCTCGAGCCGCCACCATGCTGCTATCCGTGCCGCTGCTGCTC (SEQ ID
NO: 1346) and RP- ATGCGAATTCCTACAGCTCGTCCTTGGCCTGGCC (SEQ ID NO: 1347)).

[0328] The mutant CALR was amplified in two fragments followed by nested PCR -

(FP1  -ATGCCTCGAGCCGCCACCATGCTGCTATCCGTGCCGCTGCTGCTC (SEQ ID NO: 1346), RP1 -
CCTCATCATCCTCCTTGTCCTCTGCTCCTCGTCCTG (SEQ ID NO: 1348),

FP2 - CAGGACGAGGAGCAGAGGACAAGGAGGATGATGAGG (SEQ ID  NO: 1349), RP2 -
ATGCCCGCGGCTAGGCCTCAGTCCAGCCCTGGAGG (SEQ ID NO: 1350))

Virus production and transduction

[0329] The retrovirus was generated and cells were transduced as described before (Zuber et al, 2013). Briefly,
PlatE cells (75% confluent in a 10 cm dish) were transfected with 20 pg of the respective viral vector using the
Calcium Phosphate Transfection Kit (Sigma #CAPHOS). The medium was changed after 24 hours and viral
supernatant was collected at 36, 40, 44 and 60 hours after transfection. 1 million Ba/F3 cells were transduced with
the fresh viral supernatant, in 6 well plates by spinoculation (4 ug/ml of polybrene, 1350g, 30 minutes at 32°C), at
every virus collection point. The cells were analyzed for transduction efficiency by flow cytometry, 48 hours after the
final transduction step. The GFP positive cells were sorted by FACS and the sorting efficiency was analyzed by flow
cytometry.

Proliferation and viability assays
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[0330] To assess the viability of transduced Ba/F3 cells in presence of interleukin-3, cells were plated in 96-well
plates at 5000 cells per well in triplicates on a dilution series of interleukin-3 (highest dose 25 ng/ml). After 72 hours
cell viability was determined by the CellTiter-Glo® Luminescent Cell Viability Assay (Promega).

[0331] To determine cell proliferation in the absence of interleukin-3, Ba/F3 cells were plated in 12-well plates at
1000000 cells per well in triplicates and cultured for 7 days in complete RPMI (with 10% FCS, Pen/Strep and L-
glutamine) without interleukin-3. Every 24 hours cell humber was assessed using CASY® Cell Counter (Roche
Innovatis).

[0332] To define the sensitivity to the inhibitor SAR302503 (Sanofi), Ba/F3 cells were plated in 96-well plates at
25000 cells per well in triplicates on a dilution series of SAR302503 (highest concentration 40 yM) and in presence
of 10 ng/ml interleukin-3. After 48 hours cell viability was determined by the CellTiter-Glo® Luminescent Cell Viability
Assay (Promega).

Interleukin-3 stimulation and westemn blotting

[0333] Ba/F3 cells were cultured in complete RPMI (10% FCS, Pen/Strep, L-glutamine) in the presence of 1 ng/ml
of interleukin-3. Cells were starved in serum free medium without interleukin-3 for 4 hours. Stimulation was
performed with respective concentration of interleukin-3, for 20 minutes. The cells were pelleted and protein
extraction was done as described before (Corvinus et al, 2005). Briefly, complete whole cell extract buffer
(containing the protease and phosphatase inhibitors) was added to the cells, and lysis was done by 3 consecutive
freeze-thaw cycles with liquid Nitrogen. Lysates were collected after centrifugation for 20 minutes at 20,000 g.
Protein concentration was measured using the Bradford reagent. Western blot was performed by standard
techniques and 50 ug of protein was loaded per well. The following antibodies were used - pYStat5 (Invitrogen, #71-
6900), Stat5 (Santa Cruz, sc-836), Calreticulin (Millipore, MABT145), GAPDH (Santa Cruz, sc-32233), anti-rabbit
HRP (GE, NA934) and anti-mouse HRP (GE, NA931).

Immunofluorescence

[0334] HEK293T cells were seeded on glass coverslips coated with 0.1% gelatin transfected with the CMV-CALR wt
and CMV-CALR del52 plasmids by lipofection (Invitrogen), according to the manufacturer's instructions, for 24
hours. ER staining was visualized using anti-Calnexin (ab31290, abcam); secondary anti-mouse AlexaFluor 546
(Invitrogen). Anti-Calreticulin antibody (MABT145, Millipore) was used to stain CALR; secondary anti-rabbit
AlexaFlour 594 (Invitrogen). Slides were visualized using an LSM780 (Carl Zeiss, Germany) with a GaAsP multi-
detector unit and two PMTs. Pinhole was set to 1AU on each channel. Images were taken sequentially, and
channels selected, to reduce overlap. Images were taken at 100x and analyzed with Imaged (NIH, open source.).

Statistical analysis

[0335] Statistical analysis was performed with the use of standard methods. Hypothesis testing was carried out with
a non-parametric approach. All tests were two-tailed and P-values were considered significant when lower than
0.05. Microsoft Office Excel (Copyright Microsoft Corp), Stata 11.2 (Copyright StataCorp LP) and R 2.15.2 (R Core
Team, 2012) were used for data management and analysis. The cumulative incidence of thrombotic complications
was estimated with a competing risk approach according to the Kalbfleisch-Prentice method (Kalbfleisch & Prentice,
1980). Death in absence of the event of interest was considered as a competing event.

Results
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Whole exome sequenceing reveals recurrent Mutations of CALR in PMF (Primary myelofibrosis)

[0336] Genomic DNA from peripheral blood granulocytes (tumor tissue) and CD3* T-lymphocytes (control tissue)
from 6 patients with PMF was analyzed using whole exome sequencing. Independent validation of the detected
variants using classical Sanger sequencing confirmed somatic mutations in between two and twelve genes per
patient. The only recurrently affected gene was CALR encoding calreticulin. Two patients harbored somatic
deletions in exon 9 of CALR. PCR product subcloning and sequencing revealed that patient 191 had a 52 base pair
deletion and patient 296 harbored a one base pair deletion (Figure 1). As the 52 base pair deletion in patient 191
was incorrectly annotated as a one base pair deletion coupled with a single nucleotide variant by our variant calling
analysis pipeline the sequence alignment of patient 191 was manually reviewed. A misalignment of the sequencing
reads covering the site of mutation was observed. The incorrect alignment was due to a repetitive element in the
affected genomic region. Following up on this finding the sequence alignments for the remaining four patients were
investigated and a recurrent 5 bp insertion was detected in all 4 patients. The mutations of CALR found in the
patients by whole exome sequencing were confirmed to be somatic by Sanger sequencing of the matched T-
lymphocyte DNA samples. In summary, all six PMF patients analyzed by whole exome sequencing harbored somatic
insertion or deletion mutations in exon 9 of CALR.

Frequency of CALR exon 9 mutations in myeloproliferative neoplasm (MPN) patients

[0337] In order to estimate the prevalence of CALR mutations in MPN a cohort of 896 MPN patients was screened
for insertion and deletion mutations in CALR exon 9 using high-resolution sizing of fluorescent dye-labelled PCR
products. This cohort included 382 patients with polycythemia vera (PV), 311 with essential thrombocythemia (ET)
and 203 with primary myelofibrosis (PMF) (Table 1). 150 samples harboring insertions or deletions in CALR (17%)
were identified. The mutations have been independently validated by Sanger sequencing. In PV no CALR mutations
were observed. In ET and PMF, 78 (25%) and 72 (35%) patients had mutations in CALR, respectively (Table 1). All
patients were genotyped for the JAK2-V617F mutation. PV patients negative for this mutation were tested for
mutations in JAK2 exon 12. ET and PMF patients with wildtype JAK2 were tested for mutations in MPL exon 10.

[0338] The distribution of JAK2, MPL and CALR mutations in the three MPN disease entities is depicted in Figure
2A. All patients with mutant CALR had wild type JAK2 and MPL. Therefore, mutations in CALR significantly associate

with ET (P=9.33x10"%%) and PMF (P=1.71x10"*) that are wild type for JAK2 and MPL mutations. A total of 67 MPN
patients tested wild type for JAK2 and MPL as well as for CALR exon 9. Of these "triple-negative" cases, 19 patients
were Sanger sequenced for mutations in all 9 exons of CALR but no mutations were detected.

[0339] As CALR mutations were highly associated with JAK2 and MPL wild type ET or PMF, another 211 patients
falling into this disease category were analyzed. In total, of 289 JAK2/MPL wild type ET patients 195 had mutant
CALR (67%). Of the combined 120 JAK2/MPL wild type PMF patients, 105 had a mutation in CALR (88%). In 150
patients with mutant CALR for whom we had matched T-lymphocyte DNA available, the mutations were somatic.
Table 1. Comparison of JAK2, MPL, and CALR mutations in the three subtypes of MPN (number of patients are
shown).

MPN subtype N JAK2 mutant {| MPL mutant { CALR mutant{ JAK2/MPL/CALR wild
type
ET 311 184 11 78 38
PMF 203 108 13 72 10
PV 382 363 0 0 19
total: 896 655 24 150 67

Frequency of CALR mutations in other myeloid malignancies
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[0340] To investigate if CALR mutations are present in other myeloid malignancies we screened 254 patients with
de novo AML, 45 with chronic myeloid leukemia, 73 with myelodysplastic syndrome, 64 with chronic myelomonocytic
leukemia and 24 with refractory anemia with ringsideroblasts associated with marked thrombocytosis for mutations
in CALR exon 9. While the vast majority of these patients had wild type CALR exon 9, three patients with refractory
anemia with ring sideroblasts associated with marked thrombocytosis harbored mutations in CALR (Figure 2B), all of
them having wild-type JAK2 and MPL (Figure 2C). Mutations in the gene encoding splicing factor 3B, subunit 1
(SF3B1) co-occurred with mutations in all three genes. Out of 524 healthy subjects one had a 3 bp in-frame deletion
in CALR.

CALR frameshift mutations substitute the C-termiual amino acid sequence with a novel peptide derived
from an alternative reading frame

[0341] A total of 36 different types of mutations in CALR including insertions, deletions, combinations of deletions
and insertions, as well as combinations of insertions/deletions with single nucleotide variants was detected. All
observed mutations result in a frameshift to the alternative reading frame 1 of CALR (Figure 3A). This leads to a
marked change in the amino acid composition of the C-terminus of the mutant CALR protein (Figure 3B). The C-
terminus derived from exon 9 in wild type CALR is highly negatively charged, whereas the peptides of the mutants
derived from the alternative reading frame 1 are positively charged. As the alternative reading frame 2 has a
number of stop codons, frameshift mutations into this frame would result in a premature termination of translation
and truncation of the protein (Figure 3B). No frameshift mutations into the alternative reading frame 2 were
observed in the MPN patients studied. The 36 types of mutations are depicted in Figure 3C. Due to the different
sizes and positions of the mutations gains and losses of variable numbers of amino acids are found at the C-
terminal region of the protein (Table 2). All frameshift mutations generate a novel C-terminal amino acid sequence
(Table 2). Full-length protein sequences of all mutants are shown in SEQ ID NO: 148, 152, 156, 160, 164, 168, 172,
176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264,
268, 272, 276, 280, 284, 288. The cDNA sequences around the mutation junctions are provided in Table 3.

Table 2. C-terminal amino acid sequences of insertion/deletion frameshift mutations of CALR found in MPN patients.
Table 2 discloses SEQ ID NOs 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 4, 76, 80, 84, 88, 92,
96, 100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, and 144, respectively, in order of appearance.

Type 1 TRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 2 NCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 3 QRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 4 RRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 5 GQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 6 RRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 7 RRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 8 RRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 9 RQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 10 MCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 11 DQRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 12 RRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 13 QRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 14 RRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 15 RRRERTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 16 QRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 17 RRQWTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 18 RMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
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Type 19 RQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 20 GRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 21 AFKRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 22 NAKRRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 23 CVRRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 24 RRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 25 RQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 26 NAKRRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 27 CFAKRRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 28 RRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 29 PPLCLRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 30 DHPCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 31 GNCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 32 CRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 33 CRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 34 TCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 35 ICRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 36 CRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Table 3. Sequences of mutation junctions in the cDNA sequence of CALR for the design of mutation specific probes
or PCR primers. Table 7 discloses SEQ ID NOS 440-475, respectively, in order of appearance.

CALR cDNA junction sequences in mutated positions

mutation

Type 1 GAAGGACAAACAGGACGAGGAGCAGAGGACAAGGAGGATGAT
Type 2 GAGGAGGAGGCAGAGGACAATTGTCGGAGGATGATGAGGACAAAG
Type 3 GGACAAACAGGACGAGGAGCAGAGGCAGAGGACAAGGAGGAT
Type 4 CAGGACGAGGAGCAGAGGCTTAGGAGGAGGCAGAGGACAAGG
Type 5 TGAAGGACAAACAGGACGAGGGGCAGAGGACAAGGAGGATGA
Type 6 AGGACAAACAGGACGAGGAGCGGAGGCAGAGGACAAGGAGGA
Type 7 CAGGACGAGGAGCAGAGGCTTAGGAGGATGATGAGGACAAAG
Type 8 GGACGAGGAGCAGAGGCTTAAGAGGAGGCAGAGGACAAGGAG
Type 9 CAAGAAACGCAAAGAGGAGGAGAGGCAGAGGACAAGGAGGAT
Type 10 AGGAGGAGGAGGCAGAGGACATGTGTCGGAGGATGATGAGGACAAAG
Type 11 AAGGACAAACAGGACGAGGACCAGAGGCAGAGGACAAGGAGGAT

Type 12 CAAACAGGACGAGGAGCAGAGGAGGAGGAGGAGGCAGAGGAC

Type 13 AACAGGACGAGGAGCAGAGGCAGAGGAGGAGGCAGAGGACAAG

Type 14 ACAGGACGAGGAGCAGAGGCTGAGGAGGAGGCAGAGGACAAG

Type 15 CAGGACGAGGAGCAGAGGCTTAGGAGGAGGGAGAGGACAAGGAGGATGATG
Type 16 CAGGACGAGGAGCAGAGGCTTCAGAGGAGGCAGAGGACAAGGAG

Type 17 GGACGAGGAGCAGAGGCTTAAGAGGAGGCAGTGGACAAGGAGGATGATGAGG
Type 18 GGACGAGGAGCAGAGGCTTAAGAGGATGATGAGGACAAAGAT

Type 19 GGAGCAGAGGCTTAAGGAGGAGAGGCAGAGGACAAGGAGGAT

Type 20 GGCTTAAGGAGGAGGAAGAAGGGAGGAGGCAGAGGACAAGGA

Type 21 GGCTTAAGGAGGAGGAAGAAGCGTTTAAGAGGACAAGGAGGATGATGA

Type 22 CTTAAGGAGGAGGAAGAAGACAACGCAAAGAGGAGGAGGAGG
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CALR cDNA junction sequences in mutated positions
mutation

Type 23 CTTAAGGAGGAGGAAGAAGACTIGCGTGAGGAGGAGGAGGCAGAGGAC

Type 24 CTTAAGGAGGAGGAAGAAGACAGGAGGCAGAGGACAAGGAGG

Type 25 TAAGGAGGAGGAAGAAGACAAAAGGCAGAGGACAAGGAGGATG

Type 26 TAAGGAGGAGGAAGAAGACAAAAACGCAAAGAGGAGGAGGAG

Type 27 AAGGAGGAGGAAGAAGACAAGIGTTTCGCAAAGAGGAGGAGGAGGCA

Type 28 GGAAGAAGACAAGAAACGCAAAAGGAGGATGATGAGGACAAA

Type 29 GAAGACAAGAAACGCAAAGAGCCTCCTCTTTGTCTAAGGAGGATGATGAGGACAAA
Type 30 AGACAAGAAACGCAAAGAGGACCATCCTTGTCGGAGGATGATGAGGACAAAGA
Type 31 AGAGGAGGAGGAGGCAGAGGGCAATTGTCGGAGGATGATGAGGACAAAG
Type 32 GAGGAGGAGGAGGCAGAGGACTIGTCGGAGGATGATGAGGACAAAGA

Type 33 GAGGAGGAGGCAGAGGACAAATGTCGGAGGATGATGAGGACAAAG

Type 34 AGGAGGAGGAGGCAGAGGACACTTGTCGGAGGATGATGAGGACAAAGA

Type 35 AGGAGGAGGAGGCAGAGGACATTTGTCGGAGGATGATGAGGACAAAGA

Type 36 AGGAGGAGGCAGAGGACAACTTGTCGGAGGATGATGAGGACAAAGA

Bold letters indicate the borders of a deletion event; underlined letters indicate inserted sequences; Bold and italic
letters indicate single nucleotide variants

[0342] Myeloid cell specific somatic mutations in the CALR gene were identified in patients with MPN. The
mutations strongly associate with those patients that are negative for both JAK2 and MPL mutations (the previously
described disease causing mutations in MPN). As CALR mutations are found in 88% of PMF cases, and in 67% of
ET cases double negative for JAK2 and MPL, it is believed that CALR mutations are filling in a large diagnostic gap
for JAK2/MPL negative ET and PMF. Therefore, detection of CALR mutations at the level of genomic DNA, RNA or
cDNA offers an important diagnostic test for MPN.

[0343] All identified mutations of CALR are in last exon 9 encoding the C-terminal amino acids of the protein and
are predominantly insertion/deletion mutations. The vast majority of mutations were present in a heterozygous state
and they cause a frameshift to the same alternative reading frame. This frameshift results in the replacement of the
C-terminal negatively charged amino acids (aspartic and glutamic acid rich) of calreticulin by a predominantly
positively charged polypeptide rich in arginine and methionine. In addition, the last 4 amino acids of calreticulin
(KDEL (SEQ ID NO: 1331)) contain the endoplasmatic reticulum retention signal. This signal is absent in the mutant
calreticulin suggesting that the mutant protein is less represented in the ER compared to the wild type protein. As
the negatively charged C-terminus of calreticulin is the low affinity high capacity Ca2+ binding domain, it is believed
that the Ca2+ binding function of the mutant protein is lost.

[0344] From all CALR mutated cases, mutations of type 1 (52 base pair deletion) and type 2 (5 base pair insertion)
were representing 53% and 32%, respectively (Figure 3D,E). The other mutation types were observed at much
lower frequencies, many detected only in a single patient (Figure 3E). As all 36 mutation types frameshift to
alternative reading frame 1, the resulting mutant CALR proteins share a common novel amino acid sequence at the
C-terminus (Table 2). The C-terminal peptide derived from alternative reading frame 1 contains a number of
positively charged amino acids, whereas the wild type CALR C-terminus is largely negatively charged (Figure 3B). In
addition, the wild type calreticulin contains the endoplasmic reticulum retention motif at the C-terminal end (KDEL
(SEQ ID NO: 1331) amino acid sequence). The C-terminal KDEL end (SEQ ID NO: 1331) is lost in all mutant
variants (Table 2). Depending on the type of mutation, the mutant proteins retain variable amounts of the negatively
charged amino acids of wild type calreticulin. The 52 base pair deletions of type 1 eliminate almost all negatively
charged amino acids, whereas the 5 base pair insertions of type 2 retain approximately half of negatively charged
amino acids (Figure 3D). Given these differences, we hypothesized that type 1 and type 2 mutations may be
associated with qualitatively different phenotypes. Accordingly, we found that the type 1 deletions were significantly
more frequent in primary myelofibrosis compared to essential thrombocythemia (P=0.0007). In addition, we
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detected only 3 patients homozygous for CALR mutations associated with uniparental disomy of chromosome 19p
and all 3 cases had a 5 base pair insertion of type 2 (Figure 4A).

CALR mutations are acquired early in the clonal evolution and mutant clones are stable

[0345] In order to investigate whether mutations in CALR are acquired early or late in the clonal history of a patient,
we analyzed hematopoietic progenitor colonies from two patients for which we had mutational profiles from whole
exome sequencing. The clonal hierarchies of patients H 0191 and H_0296 are shown in Figure 4B. We conclude
that mutations in CALR were acquired early in the major clones of the two patients analyzed.

[0346] For 24 patients with mutant CALR we had follow-up samples available, all of which tested positive for the
mutation.

Clinical significance of CALR mutations

[0347] Overall we studied 1215 patients with essential thrombocythemia or primary myelofibrosis Table 4.. Of
those, 63.4% carried JAK2-V617F, 4.4% carried activating mutations of MPL exon 10, 23.5% carried mutations of
CALR exon 9, and only 8.8% had none of the previous clonal markers. Of note, most of these latter patients
clustered in the essential thrombocythemia subgroup. We used the Wilcoxon rank-sum test to compare hematologic
values in patients carrying different mutant genes. Within patients with essential thrombocythemia, those carrying
CALR mutation had lower hemoglobin level, lower white blood cell count, and higher platelet count at diagnosis
compared with patients carrying mutant JAK2 (P<0.001 in all instances). Within patients with primary myelofibrosis,
those carrying a CALR mutation had a lower white blood cell count (P=0.027) and a higher platelet count (P<0.001)
than patients with mutant JAK2. Overall survival and risk of thrombosis were analyzed only in patients carrying a
mutation in JAK2, MPL, or CALR, i.e., having a clonal marker. Assuming that mutation status did not change with
time, we did all analyses since initial diagnosis. Since 6 patients were excluded due to inadequate follow-up, a total
of 1102 patients were examined. The median follow-up for the whole cohort of patients with any of the three genes
mutated was 5.7 years (range 0-31 years). As shown in Figure 5A, there was a significant difference in overall
survival between the 3 subgroups of patients with primary myelofibrosis (P<0.001). Those carrying a somatic
mutation of CALR had a better overall survival than those with JAK2 (P<0.001) or MPL mutation (P<0.001), while no
difference was observed between the latter two subgroups. In patients with essential thrombocythemia, who have
much longer overall survivals, there was a significant difference only between CALR mutated and JAK2 mutated
patients (P=0.043, Figure 5B). In a Cox regression multivariate analysis of overall survival including type of myeloid
neoplasm (essential thrombocythemia versus primary myelofibrosis), type of mutant gene, and patient cohort (Pavia
versus Vienna) as covariates, the first two factors were found to be independent prognostic factors. As expected,
primary myelofibrosis was associated with shorter overall survival as compared with essential thrombocythemia
(hazard ratio of death 7.1, P<0.001, Cl 4.9-10.2). In addition, the type of mutant gene had an independent effect on
survival. In fact, as compared with patients carrying a CALR mutation, both those with JAK2 (hazard ratio 3.1,
P<0.001, Cl 2.0-4.7) and those carrying an MPL mutation (hazard ratio 3.5, P<0.001, Cl 1.8-6.7) had a higher risk of
death. The cumulative incidence of thrombosis in essential thrombocythemia was calculated with a competing risk
approach with death from all causes as a competing event, and is reported in Table 5 while the actual curves are
shown in Figure 5C. Patients with essential thrombocythemia carrying a CALR mutation had a lower risk of
thrombosis than patients carrying a JAK2 mutation (P=0.003), while no significant difference was found between the
other subgroups. It should be noted that the subgroup of patients carrying an MPL mutation was small.

Table 4: Cohort descriptives for the 1215 patients used to estimate clinical significance of CALR mutations

Diagnosis JAK?2 MPL exon 10 CALR JAK2IMPLICALRY All patients
mutated mutated (n=53)§ mutated jwild type (n=107)] (n=1215)
(n=770) (n=285)

Essential 0 o o o

thrombocythemia 581 (65%) 35 (3.9%) 186 (20.8%) 92 (10.3%) 894

Primary 189 18 99 15 321
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Diagnosis JAK?2 MPL exon 10 CALR JAK2IMPLICALRY All patients
mutated mutated (n=53)}{ mutated {wild type (n=107)] (n=1215)
(n=770) (n=285)

myelofibrosis (58.9%) (5.6%) (30.8%) (4.7%)

Table 5: Cumulative incidence of thrombosis comparing patients with mutant JAK2, MPL and
CALR

Cumulative
incidence of At 5 years At 10 years At 15 years
thrombosis
0,
JAK2-mutated 13% (Cl 10-16.4) 21% (CI 16.6-25.7) glg,of)c'
(o]
MPL-mutated 9.3% (Cl 2.3-22.3) 9.3% (Cl 2.3-22.3) o (1()3'
0,
CALR-mutated 6.3% (Cl 3.2-10.8) 11% (C1 6.3-17.1) ;23;?2/(‘;)((3'

Functional analysis of the type 1 CALR mutation

[0348] In order to study the functional effects of mutant CALR we cloned the cDNA of the wild type CALR and the
type 1 mutation (52 base pair deletion) into the retroviral expression vector pMSCV-IRES-GFP. After retroviral
production and transfection of the CALR cDNAs into the interleukin-3-dependent murine cell line Ba/F3 we sorted
the transgene positive cells by flow cytometry for GFP. Next we measured interleukin-3-dependent proliferation of
cells. Cells expressing the type 1 CALR mutation exhibited interleukin-3-independent growth and hypersensitivity to
interleukin-3 (Figure 6A). When we measured the proliferation of cells in the absence of interleukin-3, only the CALR
52 base pair deletion mutation exhibited significant accumulation of cells (Figure 6B). To investigate if the
interleukin-3-independence in the CALR 52 base pair deletion mutant cells is caused by activation of JAK-STAT
signaling, we determined the sensitivity of cells to the JAK2 kinase inhibitor SAR302503. As shown in Figure 7 both
wild type and the 52 base pair deletion mutant of CALR showed similar sensitivity to SAR302503 suggesting that the
interleukin-3-independent growth of the mutant CALR cells is dependent on JAK2 or a JAK family kinase targeted by
SAR302503. To confirm this hypothesis, we examined the phosphorylation of STAT5 in the presence and absence
of interleukin-3 in the control and CALR transfected cell lines. We detected increased phosphorylation of STAT5 in
the absence of interleukin-3 in the 52 base pair deletion mutant of CALR and at 0.1 ng/ml interleukin-3
concentration (Figure 6C). Thus, increased activation of JAK-STAT signaling is likely responsible for the cytokine-
independent growth of cells expressing the 52 base pair deletion mutant of CALR.

[0349] Immunofluorescence microscopy was used to determine the localization of wild type and type 1 mutant
CALR. Upon overexpression in HEK cells, the wild type CALR colocalized with the endoplasmic reticulum (stained
with calnexin). In case of the type 1 mutant CALR, this colocalization was less prominent most likely due to the
absence of the KDEL sequence (SEQ ID NO: 1331) from the C-terminus of the mutant CALR (Figure 6D).

[0350] We have identified somatic mutations in the CALR gene in patients with primary myelofibrosis and essential
thrombocythemia. CALR mutations are mutually exclusive with mutations in both JAK2 and MPL. No CALR
mutations were found in polycythemia vera, a myeloproliferative neoplasm that is specifically associated with JAK2
mutations. CALR mutations are the second most frequent mutation after JAK2 in myeloproliferative neoplasms. We
have also studied patients with other myeloid neoplasms, and found CALR mutations only in 12.5% of cases with
refractory anemia with ring sideroblasts associated with marked thrombocytosis, a typical
myelodysplastic/myeloproliferative neoplasm (Malcovati et al, 2009) This strongly supports a causal relationship
between CALR mutations and excessive platelet production.

[0351] As CALR mutations are found in about 73% of patients that do not carry alterations of JAK2 and MPL, we
believe they are filling in the current molecular diagnostic gap in myeloproliferative neoplasms. Altogether, only less
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than 10% of our patients with essential thrombocythemia or primary myelofibrosis do not carry a somatic mutation of
JAK2, MPL or CALR. In some of these subjects, the mutated clone might be too small to be detected with the
current approaches. Rare mutant driver genes may play a role in other patients, while some patients might not have
a clonal disease at all. This is particularly true for patients with a clinical diagnosis of essential thrombocythemia, as
differential diagnosis between clonal and reactive thrombocytosis may be difficult without a clonal marker (Schafer,
2004). Overall, the assessment of CALR mutations markedly improves the current diagnostic approach for essential
thrombocythemia or primary myelofibrosis, and should be included in the WHO criteria for these disorders (Sverdlow
et al, 2008)

[0352] All the mutations of CALR we identified are insertion/deletion mutations in the last exon encoding the C-
terminal amino acids of the protein. The most mutations are present in a heterozygous state and cause a frameshift
to a specific alternative reading frame. This frameshift results in the replacement of the C-terminal negatively
charged amino acids of calreticulin by a positively charged polypeptide rich in arginine and methionine. The last 4
amino acids of calreticulin (KDEL (SEQ ID NO: 1331)) contain the endoplasmic reticulum retention signal. This
signal is absent in the mutant calreticulin. Consequently mutant calreticulin has an altered subcellular localization. As
the negatively charged C-terminus of calreticulin is the low-affinity high-capacity Ca2+ binding domain, the Ca2+
binding function of the mutant protein may be impaired. The presence of the peptide sequence derived from the
alternative reading frame at the C-terminus of mutated CALR offers an opportunity for immunologic targeting as it
represents a cancer specific epitope.

[0353] To further analyze the oncogenic capability of the mutant calreticulin, we generated Ba/F3 cells with
overexpression of the wild type and the type 1 mutant CALR (52 base pair deletion - del52). Interestingly, the CALR
del52 Ba/F3 cells showed cytokine independent proliferation. However, the growth of Ba/F3 cells expressing wild
type and mutant calreticulin was suppressed equally upon treatment with a JAK2 kinase inhibitor, suggesting the
requirement of the JAK-STAT pathway in the mutant calreticulin-induced cytokine independence. In accordance, we
could detect increased phosphorylation of STAT5 in del52 Ba/F3 cells, both in the absence and presence of
interleukin-3 stimulation. Calreticulin/Ca2+/calmodulin has been previously shown to modulate the activity of Stats.
Calreticulin complex with ERp57, in endoplasmic reticulum, suppresses the phosphorylation and transcriptional
activity of Stat3 in mouse embryonic fibroblasts (Coe et al, 2010). Moreover, inhibition of the Ca2+/calmodulin
dependent kinase || gamma results in reduced levels of phosphorylated Stat1, Stat3 and Stat5 (Si & Collins 2008).
Interestingly, overexpression of calreticulin attenuates interferon alpha induced Stat1 phosphorylation, resulting in
interferon resistance (Yue et al, 2012). Further studies are required to elucidate the mechanism of the activation of
JAK-STAT pathway by the mutant calreticulin in myeloid cells. The involvement of the JAK-STAT signaling pathway
in CALR positive patients may also explain the effectivity of JAK2 inhibitor therapy in primary myelofibrosis. However,
our results indicate that the JAK2 inhibitors may not be selective for cells expressing the mutated CALR compared to
the CALR wild type cells.

[0354] Although our analyses of clinical outcome are retrospective, they strongly suggest that CALR positive
myeloproliferative neoplasms have a more benign clinical course than the corresponding disorders associated with
JAK2 or MPL mutation. Due to the small number of MPL mutated patients, the more reliable comparisons are those
between JAK2 mutated and CALR mutated patients. Our observations clearly show that CALR mutated patients
have lower risk of thrombosis and better overall survival than JAK2 mutated patients. The lower incidence of
thromboembolic complications might be related to the fact that CALR mutated patients had lower hemoglobin levels
and lower white blood cell counts. A better overall survival was observed both in patients with primary myelofibrosis
and those with essential thrombocythemia, although it was much more relevant in the former, confirming previous
findings on patients with and without JAK2 mutations (Campbell et al, 2006b; Rumi et al, 2013). From a practical
point of view, the different impact of mutant genes might be incorporated in existing prognostic scoring systems for
primary myelofibrosis and essential thrombocythemia (Passamonti 2010b, Passamonti 2012) and may also guide
therapeutic decision-making. More specifically, CALR molecular characterization should become an essential
component of future clinical management of essential thrombocythemia and primary myelofibrosis.

Example 2: Generation of CALR mutant specific antibodies in mice
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[0355] The CALR mutations associated with MPN occur in the last exon of the gene (exon 9). These mutations are
insertions and/or deletions that result in a 'frameshift’ mutation to a very specific alternative reading frame, leading
to synthesis of a novel C-terminal peptide in the mutant. As all the mutations result in generation of the same
alternative reading frame, the C-terminal peptide has the same sequence in all the CALR mutants.

A synthetic peptide with the c-terminal end sequence of the mutant calreticulin protein (Sequence -
RRKMSPARPRTSCREACL QGWTEA-), conjugated to the Keyhole Limpet Hemocyanin (KLH) was used to immunize
four wild type C57B1/6 mice.

[0356] The mice received 3 booster doses after the primary immunization. The sera of the mice was tested (pre-
immune and after boosters) for the presence mutant calreticulin specific antibodies by western blot analysis of
lysates from HEK cells that over-expressed the CALR del52 and the artificially generated CALR mutant that lacks
the exon 9 (Aexon9, which lacks the mutant peptide). The lysates were run on 8% polyacrylamide gels and probed
with the mouse serum. Anti-mouse antibody conjugated to HRP (GE NA931) was used as secondary antibody. After
the second booster, the sera from all four mice had CALR mutant specific antibodies that detected the CALR del52
mutant (Figure 8), but not the control exon 9 deleted CALR (Figure 9). Anti- calreticulin antibody (Millipore
MABT145) was used as positive control (Pos), which recognizes all three forms of calreticulin - wild type, mutant del
52 and deleted exon 9. The signal, from the sera of all four mice, was stronger after the third booster was applied
(Figure 10).

[0357] The C-terminal peptide of the mutant calreticulin (mentioned above) is immunogenic and can successfully
be used to generate specific antibodies, in particular polyclonal antibodies against the mutant calreticulin. These
antibodies can be used as research reagents as well as for diagnostic purposes as disclosed here.

[0358] The present invention refers to the following nucleotide and amino acid sequences:

The sequences provided herein are in part available in the NCBI database and can be retrieved from www at
ncbi.nlm.nih.gov/sites/entrez?db=gene; The sequences also relate to annotated and modified sequences. The
present invention also provides techniques and methods wherein homologous sequences, and variants of the
concise sequences provided herein are used. Preferably, such "variants” are genetic variants.

SEQ ID No. 1: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 18
SEQ ID No. 2: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 18
SEQ ID No. 3: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 18
SEQ ID No. 4: Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 18

SEQ ID No. 5: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 1
SEQ ID No. 6: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 1
SEQ ID No. 7: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 1
SEQ ID No. 8: Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 1

SEQ ID No. 9: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 2
SEQ ID No. 10: Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 2
SEQ ID No. 11 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 2
SEQ ID No. 12 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 2

SEQ ID No. 13 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 3
SEQ ID No. 14 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 3

SEQ ID No. 15 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 3
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SEQ ID No. 16 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 3

SEQ ID No. 17 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 4
SEQ ID No. 18 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 4
SEQ ID No. 19 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 4
SEQ ID No. 20 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 4

SEQ ID No. 21 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 5
SEQ ID No. 22 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 5
SEQ ID No. 23 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 5
SEQ ID No. 24 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 5

SEQ ID No. 25 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 6
SEQ ID No. 26 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 6
SEQ ID No. 27 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 6
SEQ ID No. 28 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 6

SEQ ID No. 29 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 7
SEQ ID No. 30 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 7
SEQ ID No. 31 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 7
SEQ ID No. 32 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 7

SEQ ID No. 33 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 8
SEQ ID No. 34 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 8
SEQ ID No. 35 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 8
SEQ ID No. 36 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 8

SEQ ID No. 37 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 9
SEQ ID No. 38 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 9
SEQ ID No. 39 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 9
SEQ ID No. 40 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 9

SEQ ID No. 41 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 10
SEQ ID No. 42 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 10
SEQ ID No. 43 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 10
SEQ ID No. 44 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 10

SEQ ID No. 45 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 11
SEQ ID No. 46 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 11

SEQ ID No. 47 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 11
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SEQ ID No. 48 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 11

SEQ ID No.49 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 12
SEQ ID No.50 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 12
SEQ ID No.51 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 12
SEQ ID No.52 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 12

SEQ ID No.53 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 13
SEQ ID No.54 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 13
SEQ ID No.55 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 13
SEQ ID No.56 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 13

SEQ ID No.57 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 14
SEQ ID No.58 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 14
SEQ ID No.59 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 14
SEQ ID No.60 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 14

SEQ ID No.61 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 15
SEQ ID No.62 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 15
SEQ ID No.63 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 15
SEQ ID No.64 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 15

SEQ ID No.65 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 16
SEQ ID No.66 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 16
SEQ ID No.67 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 16
SEQ ID No.68 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 16

SEQ ID No.69 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 17
SEQ ID No.70 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 17
SEQ ID No.71 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 17
SEQ ID No.72 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 17

SEQ ID No.73 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 19
SEQ ID No.74 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 19
SEQ ID No.75 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 19
SEQ ID No.76 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 19

SEQ ID No.77 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 20
SEQ ID No.78 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 20
SEQ ID No.79 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 20

SEQ ID No.80 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 20
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SEQ ID No.81 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 21
SEQ ID No.82 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 21
SEQ ID No.83 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 21
SEQ ID No.84 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 21

SEQ ID No.85 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 22
SEQ ID No.86 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 22
SEQ ID No.87 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 22
SEQ ID No.88 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 22

SEQ ID No.89 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 23
SEQ ID No.90 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 23
SEQ ID No.91 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 23
SEQ ID No.92 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 23

SEQ ID No.93 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 24
SEQ ID No.94 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 24
SEQ ID No.95 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 24
SEQ ID No.96 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 24

SEQ ID No.97 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 25
SEQ ID No.98 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 25
SEQ ID No.99 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 25
SEQ ID No. 100 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 25

SEQ ID No.101 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 26
SEQ ID No. 102 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 26
SEQ ID No. 103 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 26
SEQ ID No. 104 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 26

SEQ ID No. 105 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 27
SEQ ID No.106 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 27
SEQ ID No. 107 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 27
SEQ ID No.108 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 27

SEQ ID No. 109 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 28
SEQ ID No.110 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 28
SEQ ID No.111 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 28

SEQ ID No.112 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 28
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SEQ ID No. 113 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 29
SEQ ID No. 114 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 29
SEQ ID No. 115 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 29
SEQ ID No.116 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 29

SEQ ID No. 117 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 30
SEQ ID No.118 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 30
SEQ ID No. 119 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 30
SEQ ID No. 120 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 30

SEQ ID No.121 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 31
SEQ ID No.122 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 31
SEQ ID No.123 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 31
SEQ ID No. 124 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 31

SEQ ID No.125 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 32
SEQ ID No. 126 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 32
SEQ ID No. 127 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 32
SEQ ID No. 128 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 32

SEQ ID No.129 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 33
SEQ ID No. 130 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 33
SEQ ID No.131 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 33
SEQ ID No. 132 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 33

SEQ ID No.133 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 34
SEQ ID No. 134 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 34
SEQ ID No. 135 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 34
SEQ ID No. 136 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 34

SEQ ID No.137 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 35
SEQ ID No.138 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 35
SEQ ID No.139 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 35
SEQ ID No. 140 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 35

SEQ ID No.141 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 36
SEQ ID No. 142 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 36
SEQ ID No. 143 Nucleotide sequence encoding the C-terminus of homo sapiens calreticulin mutant type 36
SEQ ID No. 144 Amino acid sequence of the C-terminus of homo sapiens calreticulin mutant type 36

SEQ ID No. 145 Nucleotide sequence encoding homo sapiens calreticulin mutant type 1
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SEQ ID No. 146 Nucleotide sequence encoding homo sapiens calreticulin mutant type 1
SEQ ID No. 147 Nucleotide sequence encoding homo sapiens calreticulin mutant type 1
SEQ ID No. 148 Amino acid sequence of homo sapiens calreticulin mutant type 1

SEQ ID No. 149 Nucleotide sequence encoding homo sapiens calreticulin mutant type 2
SEQ ID No.150 Nucleotide sequence encoding homo sapiens calreticulin mutant type 2
SEQ ID No. 151 Nucleotide sequence encoding homo sapiens calreticulin mutant type 2
SEQ ID No. 152 Amino acid sequence of homo sapiens calreticulin mutant type 2

SEQ ID No.153 Nucleotide sequence encoding homo sapiens calreticulin mutant type 3
SEQ ID No. 154 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 3
SEQ ID No.155 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 3
SEQ ID No.156 Amino acid sequence of homo sapiens calreticulin mutant type 3

SEQ ID No.157 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 4
SEQ ID No.158 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 4
SEQ ID No.159 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 4
SEQ ID No.160 Amino acid sequence of homo sapiens calreticulin mutant type 4

SEQ ID No.161 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 5
SEQ ID No.162 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 5
SEQ ID No.163 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 5
SEQ ID No.164 Amino acid sequence of homo sapiens calreticulin mutant type 5

SEQ ID No.165 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 6
SEQ ID No.166 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 6
SEQ ID No.167 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 6
SEQ ID No.168 Amino acid sequence of homo sapiens calreticulin mutant type 6

SEQ ID No.169 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 7
SEQ ID No. 170 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 7
SEQ ID No. 171 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 7
SEQ ID No. 172 Amino acid sequence of homo sapiens calreticulin mutant type 7

SEQ ID No. 173 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 8
SEQ ID No. 174 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 8
SEQ ID No. 175 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 8
SEQ ID No. 176 Amino acid sequence of homo sapiens calreticulin mutant type 8

SEQ ID No. 177 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 9
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SEQ ID No. 178 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 9
SEQ ID No. 179 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 9
SEQ ID No.180 Amino acid sequence of homo sapiens calreticulin mutant type 9

SEQ ID No.181 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 10
SEQ ID No.182 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 10
SEQ ID No.183 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 10
SEQ ID No.184 Amino acid sequence of homo sapiens calreticulin mutant type 10

SEQ ID No.185 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 11
SEQ ID No.186 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 11
SEQ ID No.187 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 11
SEQ ID No.188 Amino acid sequence of homo sapiens calreticulin mutant type 11

SEQ ID No.189 Nucleotide sequence encoding homo sapiens calreticulin mutant type 12
SEQ ID No. 190 Nucleotide sequence encoding homo sapiens calreticulin mutant type 12
SEQ ID No. 191 Nucleotide sequence encoding homo sapiens calreticulin mutant type 12
SEQ ID No. 192 Amino acid sequence of homo sapiens calreticulin mutant type 12

SEQ ID No. 193 Nucleotide sequence encoding homo sapiens calreticulin mutant type 13
SEQ ID No. 194 Nucleotide sequence encoding homo sapiens calreticulin mutant type 13
SEQ ID No. 195 Nucleotide sequence encoding homo sapiens calreticulin mutant type 13
SEQ ID No. 196 Amino acid sequence of homo sapiens calreticulin mutant type 13

SEQ ID No. 197 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 14
SEQ ID No.198 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 14
SEQ ID No. 199 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 14
SEQ ID No.200 Amino acid sequence of homo sapiens calreticulin mutant type 14

SEQ ID No.201 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 15
SEQ ID No.202 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 15
SEQ ID No.203 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 15
SEQ ID No.204 Amino acid sequence of homo sapiens calreticulin mutant type 15

SEQ ID No.205 Nucleotide sequence encoding homo sapiens calreticulin mutant type 16
SEQ ID No.206 Nucleotide sequence encoding homo sapiens calreticulin mutant type 16
SEQ ID No.207 Nucleotide sequence encoding homo sapiens calreticulin mutant type 16
SEQ ID No.208 Amino acid sequence of homo sapiens calreticulin mutant type 16

SEQ ID No.209 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 17



SEQ ID No.210 Nucleotide sequence encoding homo sapiens calreticulin mutant type 17
SEQ ID No.211 Nucleotide sequence encoding homo sapiens calreticulin mutant type 17
SEQ ID No.212 Amino acid sequence of homo sapiens calreticulin mutant type 17

SEQ ID No.213 Nucleotide sequence encoding homo sapiens calreticulin mutant type 18

SEQ ID No.214 Nucleotide sequence encoding homo sapiens calreticulin mutant type 18
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SEQ ID No.215 Nucleotide sequence encoding the homo sapiens calreticulin mutant type 18

SEQ ID No.216 Amino acid sequence of homo sapiens calreticulin mutant type 18

SEQ ID No.217 Nucleotide sequence encoding homo sapiens calreticulin mutant type 19
SEQ ID No.218 Nucleotide sequence encoding homo sapiens calreticulin mutant type 19
SEQ ID No.219 Nucleotide sequence encoding homo sapiens calreticulin mutant type 19
SEQ ID No.220 Amino acid sequence of homo sapiens calreticulin mutant type 19

SEQ ID No.221 Nucleotide sequence encoding homo sapiens calreticulin mutant type 20
SEQ ID No.222 Nucleotide sequence encoding homo sapiens calreticulin mutant type 20
SEQ ID No.223 Nucleotide sequence encoding homo sapiens calreticulin mutant type 20
SEQ ID No.224 Amino acid sequence of homo sapiens calreticulin mutant type 20

SEQ ID No.225 Nucleotide sequence encoding homo sapiens calreticulin mutant type 21
SEQ ID No.226 Nucleotide sequence encoding homo sapiens calreticulin mutant type 21
SEQ ID No.227 Nucleotide sequence encoding homo sapiens calreticulin mutant type 21
SEQ ID No.228 Amino acid sequence of homo sapiens calreticulin mutant type 21

SEQ ID No.229 Nucleotide sequence encoding homo sapiens calreticulin mutant type 22
SEQ ID No.230 Nucleotide sequence encoding homo sapiens calreticulin mutant type 22
SEQ ID No.231 Nucleotide sequence encoding homo sapiens calreticulin mutant type 22
SEQ ID No.232 Amino acid sequence of homo sapiens calreticulin mutant type 22

SEQ ID No.233 Nucleotide sequence encoding homo sapiens calreticulin mutant type 23
SEQ ID No.234 Nucleotide sequence encoding homo sapiens calreticulin mutant type 23
SEQ ID No.235 Nucleotide sequence encoding homo sapiens calreticulin mutant type 23
SEQ ID No.236 Amino acid sequence of homo sapiens calreticulin mutant type 23

SEQ ID No.237 Nucleotide sequence encoding homo sapiens calreticulin mutant type 24
SEQ ID No.238 Nucleotide sequence encoding homo sapiens calreticulin mutant type 24
SEQ ID No.239 Nucleotide sequence encoding homo sapiens calreticulin mutant type 24
SEQ ID No.240 Amino acid sequence of homo sapiens calreticulin mutant type 24

SEQ ID No.241 Nucleotide sequence encoding homo sapiens calreticulin mutant type 25

SEQ ID No.242 Nucleotide sequence encoding homo sapiens calreticulin mutant type 25



SEQ ID No.243 Nucleotide sequence encoding homo sapiens calreticulin mutant type 25
SEQ ID No.244 Amino acid sequence of homo sapiens calreticulin mutant type 25

SEQ ID No.245 Nucleotide sequence encoding homo sapiens calreticulin mutant type 26
SEQ ID No.246 Nucleotide sequence encoding homo sapiens calreticulin mutant type 26
SEQ ID No.247 Nucleotide sequence encoding homo sapiens calreticulin mutant type 26
SEQ ID No.248 Amino acid sequence of homo sapiens calreticulin mutant type 26

SEQ ID No.249 Nucleotide sequence encoding homo sapiens calreticulin mutant type 27
SEQ ID No.250 Nucleotide sequence encoding homo sapiens calreticulin mutant type 27
SEQ ID No.251 Nucleotide sequence encoding homo sapiens calreticulin mutant type 27
SEQ ID No.252 Amino acid sequence of homo sapiens calreticulin mutant type 27

SEQ ID No.253 Nucleotide sequence encoding homo sapiens calreticulin mutant type 28
SEQ ID No.254 Nucleotide sequence encoding homo sapiens calreticulin mutant type 28
SEQ ID No.255 Nucleotide sequence encoding homo sapiens calreticulin mutant type 28
SEQ ID No.256 Amino acid sequence of homo sapiens calreticulin mutant type 28

SEQ ID No.257 Nucleotide sequence encoding homo sapiens calreticulin mutant type 29
SEQ ID No.258 Nucleotide sequence encoding homo sapiens calreticulin mutant type 29
SEQ ID No.259 Nucleotide sequence encoding homo sapiens calreticulin mutant type 29
SEQ ID No.260 Amino acid sequence of homo sapiens calreticulin mutant type 29

SEQ ID No.261 Nucleotide sequence encoding homo sapiens calreticulin mutant type 30
SEQ ID No.262 Nucleotide sequence encoding homo sapiens calreticulin mutant type 30
SEQ ID No.263 Nucleotide sequence encoding homo sapiens calreticulin mutant type 30
SEQ ID No.264 Amino acid sequence of homo sapiens calreticulin mutant type 30

SEQ ID No.265 Nucleotide sequence encoding homo sapiens calreticulin mutant type 31
SEQ ID No.266 Nucleotide sequence encoding homo sapiens calreticulin mutant type 31
SEQ ID No.267 Nucleotide sequence encoding homo sapiens calreticulin mutant type 31
SEQ ID No.268 Amino acid sequence of homo sapiens calreticulin mutant type 31

SEQ ID No.269 Nucleotide sequence encoding homo sapiens calreticulin mutant type 32
SEQ ID No.270 Nucleotide sequence encoding homo sapiens calreticulin mutant type 32
SEQ ID No.271 Nucleotide sequence encoding homo sapiens calreticulin mutant type 32
SEQ ID No.272 Amino acid sequence of homo sapiens calreticulin mutant type 32

SEQ ID No.273 Nucleotide sequence encoding homo sapiens calreticulin mutant type 33

SEQ ID No.274 Nucleotide sequence encoding homo sapiens calreticulin mutant type 33
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SEQ ID No.275 Nucleotide sequence encoding homo sapiens calreticulin mutant type 33

SEQ ID No.276 Amino acid sequence of homo sapiens calreticulin mutant type 33

SEQ ID No.277 Nucleotide sequence encoding homo sapiens calreticulin mutant type 34

SEQ ID No.278 Nucleotide sequence encoding homo sapiens calreticulin mutant type 34

SEQ ID No.279 Nucleotide sequence encoding homo sapiens calreticulin mutant type 34

SEQ ID No.280 Amino acid sequence of homo sapiens calreticulin mutant type 34

SEQ ID No.281 Nucleotide sequence encoding homo sapiens calreticulin mutant type 35

SEQ ID No.282 Nucleotide sequence encoding homo sapiens calreticulin mutant type 35

SEQ ID No.283 Nucleotide sequence encoding homo sapiens calreticulin mutant type 35

SEQ ID No.284 Amino acid sequence of homo sapiens calreticulin mutant type 35

SEQ ID No.285 Nucleotide sequence encoding homo sapiens calreticulin mutant type 36

SEQ ID No.286 Nucleotide sequence encoding homo sapiens calreticulin mutant type 36

SEQ ID No.287 Nucleotide sequence encoding homo sapiens calreticulin mutant type 36

SEQ ID No.288 Amino acid sequence of homo sapiens calreticulin mutant type 36

SEQ ID No.289 Nucleotide sequence encoding homo sapiens calreticulin wild type

SEQ ID No.290 Amino acid sequence of homo sapiens calreticulin wild type

SEQ ID No.291 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 1
SEQ ID No.292 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 1
SEQ ID No.293 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 1
SEQ ID No.294 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 1

SEQ ID No.295 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 2
SEQ ID No.296 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 2
SEQ ID No.297 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 2
SEQ ID No.298 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 2

SEQ ID No.299 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 3
SEQ ID No.300 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 3
SEQ ID No.301 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 3
SEQ ID No.302 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 3

SEQ ID No.303 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 4
SEQ ID No.304 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 4
SEQ ID No.305 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 4
SEQ ID No.306 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 4

SEQ ID No.307 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 5
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SEQ ID No.308 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 5
SEQ ID No.309 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 5
SEQ ID No.310 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 5

SEQ ID No.311 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 6
SEQ ID No.312 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 6
SEQ ID No.313 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 6
SEQ ID No.314 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 6

SEQ ID No.315 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 7
SEQ ID No.316 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 7
SEQ ID No.317 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 7
SEQ ID No.318 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 7

SEQ ID No.319 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 8
SEQ ID No.320 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 8
SEQ ID No.321 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 8
SEQ ID No.322 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 8

SEQ ID No.323 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 9
SEQ ID No.324 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 9
SEQ ID No.325 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 9
SEQ ID No.326 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 9

SEQ ID No.327 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 10
SEQ ID No.328 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 10
SEQ ID No.329 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 10
SEQ ID No.330 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 10

SEQ ID No.331 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 11
SEQ ID No.332 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 11
SEQ ID No.333 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 11
SEQ ID No.334 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 11

SEQ ID No.335 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 12
SEQ ID No.336 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 12
SEQ ID No.337 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 12
SEQ ID No.338 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 12

SEQ ID No.339 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 13
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SEQ ID No.340 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 13
SEQ ID No.341 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 13
SEQ ID No.342 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 13

SEQ ID No.343 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 14
SEQ ID No.344 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 14
SEQ ID No.345 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 14
SEQ ID No.346 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 14

SEQ ID No.347 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 15
SEQ ID No.348 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 15
SEQ ID No.349 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 15
SEQ ID No.350 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 15

SEQ ID No.351 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 16
SEQ ID No.352 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 16
SEQ ID No.353 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 16
SEQ ID No.354 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 16

SEQ ID No.355 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 17
SEQ ID No.356 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 17
SEQ ID No.357 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 17
SEQ ID No.358 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 17

SEQ ID No.359 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 18
SEQ ID No.360 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 18
SEQ ID No.361 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 18
SEQ ID No.362 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 18

SEQ ID No.363 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 19
SEQ ID No.364 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 19
SEQ ID No.365 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 19
SEQ ID No.366 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 19

SEQ ID No.367 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 20
SEQ ID No.368 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 20
SEQ ID No.369 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 20
SEQ ID No.370 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 20

SEQ ID No.371 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 21
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SEQ ID No.372 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 21
SEQ ID No.373 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 21
SEQ ID No.374 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 21

SEQ ID No.375 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 22
SEQ ID No.376 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 22
SEQ ID No.377 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 22
SEQ ID No.378 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 22

SEQ ID No.379 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 23
SEQ ID No.380 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 23
SEQ ID No.381 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 23
SEQ ID No.382 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 23

SEQ ID No.383 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 24
SEQ ID No.384 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 24
SEQ ID No.385 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 24
SEQ ID No.386 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 24

SEQ ID No.387 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 25
SEQ ID No.388 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 25
SEQ ID No.389 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 25
SEQ ID No.390 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 25

SEQ ID No.391 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 26
SEQ ID No.392 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 26
SEQ ID No.393 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 26
SEQ ID No.394 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 26

SEQ ID No.395 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 27
SEQ ID No.396 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 27
SEQ ID No.397 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 27
SEQ ID No.398 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 27

SEQ ID No.399 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 28
SEQ ID No.400 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 28
SEQ ID No.401 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 28
SEQ ID No.402 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 28

SEQ ID No.403 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 29

SEQ ID No.404 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 29
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SEQ ID No.405 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 29
SEQ ID No.406 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 29

SEQ ID No.407 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 30
SEQ ID No.408 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 30
SEQ ID No.409 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 30
SEQ ID No.410 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 30

SEQ ID No.411 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 31
SEQ ID No.412 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 31
SEQ ID No.413 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 31
SEQ ID No.414 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 31

SEQ ID No.415 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 32
SEQ ID No.416 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 32
SEQ ID No.417 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 32
SEQ ID No.418 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 32

SEQ ID No.419 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 33
SEQ ID No.420 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 33
SEQ ID No.421 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 33
SEQ ID No.422 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 33

SEQ ID No.423 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 34
SEQ ID No.424 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 34
SEQ ID No.425 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 34
SEQ ID No.426 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 34

SEQ ID No.427 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 35
SEQ ID No.428 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 35
SEQ ID No.429 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 35
SEQ ID No.430 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 35

SEQ ID No.431 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 36
SEQ ID No.432 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 36
SEQ ID No.433 Nucleotide sequence encoding homo sapiens calreticulin exon 9 mutant type 36
SEQ ID No.434 Amino acid sequence of homo sapiens calreticulin exon 9 mutant type 36

SEQ ID No.435 Nucleotide sequence encoding homo sapiens calreticulin exon 9 wild type

SEQ ID No.436 Amino acid sequence of homo sapiens calreticulin exon 9 wild type
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[0359] The following table provides an overview of herein provided and used SEQ ID NOs.

SEQID NO

genomic copy(c)DNA {mRNA {protein

DNA
C-terminus (minimum sequence) of mutant 1 2 3 4
calreticulin
C-termini of mutant calreticulin
type 1 5 6 7 8
type 2 9 10 11 12
type 3 13 14 15 16
type 4 17 18 19 20
type 5 21 22 23 24
type 6 25 26 27 28
type 7 29 30 31 32
type 8 33 34 35 36
type 9 37 38 39 40
type 10 41 42 43 44
type 11 45 46 47 48
type 12 49 50 51 52
type 13 53 54 55 56
type 14 57 58 59 60
type 15 61 62 63 64
type 16 65 66 67 68
type 17 69 70 71 72
type 18 1 2 3 4
type 19 73 74 75 76
type 20 77 78 79 80
type 21 81 82 83 84
type 22 85 86 87 88
type 23 89 90 91 92
type 24 93 94 95 96
type 25 97 98 99 100
type 26 101 102 103 104
type 27 105 106 107 108
type 28 109 110 111 112
type 29 113 114 115 116
type 30 117 118 119 120
type 31 121 122 123 124
type 32 125 126 127 128
type 33 129 130 131 132
type 34 133 134 135 136
type 35 137 138 139 140
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SEQID NO

genomic copy(c)DNA {mRNA jprotein

DNA
C-terminus (minimum sequence) of mutant 1 2 3 4
calreticulin
type 36 141 142 143 144
full length mutant calreticulin
type 1 145 146 147 148
type 2 149 150 151 152
type 3 153 154 155 156
type 4 157 158 159 160
type 5 161 162 163 164
type 6 165 166 167 168
type 7 169 170 171 172
type 8 173 174 175 176
type 9 177 178 179 180
type 10 181 182 183 184
type 11 185 186 187 188
type 12 189 190 191 192
type 13 193 194 195 196
type 14 197 198 199 200
type 15 201 202 203 204
type 16 205 206 207 208
type 17 209 210 211 212
type 18 213 214 215 216
type 19 217 218 219 220
type 20 221 222 223 224
type 21 225 226 227 228
type 22 229 230 231 232
type 23 233 234 235 236
type 24 237 238 239 240
type 25 241 242 243 244
type 26 245 246 247 248
type 27 249 250 251 252
type 28 253 254 255 256
type 29 257 258 259 260
type 30 261 262 263 264
type 31 265 266 267 268
type 32 269 270 271 272
type 33 273 274 275 276
type 34 277 278 279 280
type 35 281 282 283 284
type 36 285 286 287 288
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SEQID NO

genomic copy(c)DNA {mRNA jprotein

DNA
C-terminus (minimum sequence) of mutant 1 2 3 4
calreticulin
full length wild-type calreticulin 289 290
Exon 9 of mutant calreticulin
type 1 291 292 293 294
type 2 295 296 297 298
type 3 299 300 301 302
type 4 303 304 305 306
type 5 307 308 309 310
type 6 311 312 313 314
type 7 315 316 317 318
type 8 319 320 321 322
type 9 323 324 325 326
type 10 327 328 329 330
type 11 331 332 333 334
type 12 335 336 337 338
type 13 339 340 341 342
type 14 343 344 345 346
type 15 347 348 349 350
type 16 351 352 353 354
type 17 355 356 357 358
type 18 359 360 361 362
type 19 363 364 365 366
type 20 367 368 369 370
type 21 371 372 373 374
type 22 375 376 377 378
type 23 379 380 381 382
type 24 383 384 385 386
type 25 387 388 389 390
type 26 391 392 393 394
type 27 395 396 397 398
type 28 399 400 401 402
type 29 403 404 405 406
type 30 407 408 409 410
type 31 411 412 413 414
type 32 415 416 417 418
type 33 419 420 421 422
type 34 423 424 425 426
type 35 427 428 429 430




DK/EP 3020727 T3

SEQID NO
genomic copy(c)DNA {mRNA jprotein
DNA
C-terminus (minimum sequence) of mutant 1 2 3 4
calreticulin
type 36 431 432 433 434
Exon 9 of wild-type calreticulin 435 436
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Patentkrav

1. Fremgangsmade til vurdering af, om en patient lider af en myeloid malignitet
eller er tilbgjelig til at lide af en myeloid malignitet, hvilken fremgangsmade
omfatter

- at bestemme tilstedeveerelsen af et genprodukt af et eller flere mutante alleler
af calreticulin-genet i en prgve fra patienten; og

- at vurdere, at patienten lider af en myeloid malignitet eller er tilbgjelig til at
lide af en myeloid malignitet, nar genproduktet er til stede,

hvor det ene eller de flere mutante alleler omfatter nukleinsyre, der koder for
et mutant calreticulin-protein, hvor det mutante calreticulin-protein er udvalgt
fra gruppen bestaende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 1, 2 eller 3;

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 4,

(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (c), og hvor proteinet er en mutant
af calreticulin-genet;

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af
(a) til (d); og

(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d),

hvor genproduktet er protein, og

hvor tilstedeveerelsen eller maengden af proteinet bestemmes ved immunhisto-
kemi (IHC), by immunoassay, gel- eller blotbaserede fremgangsmader, mas-
sespektrometri, flowcytometri eller FACS.

2. Fremgangsmade ifglge krav 1, hvor det mutante calreticulin-protein er ud-
valgt fra gruppen bestaende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 5,6, 7,9, 10, 11, 13, 14, 15, 17, 18, 19, 21,
22,23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46, 47, 49,
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50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67,69, 70, 71, 73,74,75, 77,
78,79, 81,82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101, 102, 103,
105, 106, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121, 122, 123,
125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141, 142, 143,
145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161, 162, 163,
165, 166, 167, 169, 170, 171, 173, 174, 175, 177, 178, 179, 181, 182, 183,
185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199, 201, 202, 203,
205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221, 222, 223,
225, 226, 227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241, 242, 243,
245, 246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259, 261, 262, 263,
265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281, 282, 283,
285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303, 304, 305,
307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323, 324, 325,
327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343, 344, 345,
347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363, 364, 365,
367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383, 384, 385,
387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401, 403, 404, 405,
407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423, 424, 425,
427,428, 429, 431, 432 eller 433; og

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 8, 12,
16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96,
100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156,
160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216,
220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276,
280, 284, 288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338,
342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430 eller 434.

3. Fremgangsmade ifglge krav 1 eller 2, hvor det mutante allel omfatter en
nukleinsyre udvalgt fra gruppen bestaende af

(a) en nukleinsyre, der koder for et polypeptid omfattende en aminosyrese-
kvens som gengivet i SEQ ID NO: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48,
52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180,
184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240,
244, 248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 294, 298, 302,
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306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354, 358, 362,
366, 370, 374, 378, 382, 386, 390, 394, 398, 402, 406, 410, 414, 418, 422,
426, 430 eller 434; og

(b) en nukleinsyre omfattende en nukleotidsekvens som gengivet i SEQ ID
NO: 1, 5,9, 13, 17, 21, 25, 29, 33, 37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77,
81, 85, 89, 93, 97, 101, 105, 109, 113, 117,121, 125, 129, 133, 137, 141, 145,
149, 153, 157, 161, 165, 169, 173, 177, 181, 185, 189, 193, 197, 201, 205,
209, 213, 217, 221, 225, 229, 233, 237, 241, 245, 249, 253, 257, 261, 265,
269, 273, 277, 281, 285, 291, 295, 299, 303, 307, 311, 315, 319, 323, 327,
331, 335, 339, 343, 347, 351, 355, 359, 363, 367, 371, 375, 379, 383, 387,
391, 395, 399, 403, 407, 411, 415, 419, 423, 427 eller 431.

4. Fremgangsmade ifglge et hvilket som helst af kravene 1 to 3, hvor genpro-
duktet omfatter et polypeptid udvalgt fra gruppen bestaende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 1, 2 eller 3;

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 4;

(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret;

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (c), og hvor proteinet er en mutant
af calreticulin-genet;

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af
(a) til (d); og

(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d).

5. Fremgangsmade ifglge et hvilket som helst af kravene 1 to 4, hvor genpro-
duktet omfatter et polypeptid udvalgt fra gruppen bestaende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 1, 2, 3, 5,6,7, 9,10, 11, 13, 14, 15, 17, 18,
19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46,
47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70, 71,73, 74,
75,77,78,79, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101,
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102, 103, 105, 106, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121,
122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141,
142, 143, 145, 146, 147, 149, 150, 151, 153, 154, 155, 157, 158, 159, 161,
162, 163, 165, 166, 167, 169, 170, 171, 173, 174, 175, 177, 178, 179, 181,
182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195, 197, 198, 199, 201,
202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215, 217, 218, 219, 221,
222, 223, 225, 226, 227, 229, 230, 231, 233, 234, 235, 237, 238, 239, 241,
242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255, 257, 258, 259, 261,
262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275, 277, 278, 279, 281,
282, 283, 285, 286, 287, 291, 292, 293, 295, 296, 297, 299, 300, 301, 303,
304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321, 323,
324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341, 343,
344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361, 363,
364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381, 383,
384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401, 403,
404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421, 423,
424,425, 427,428, 429, 431, 432 eller 433;

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 4, 8,12,
16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96,
100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156,
160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216,
220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 272, 276,
280, 284, 288, 294, 298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338,
342, 346, 350, 354, 358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398,
402, 406, 410, 414, 418, 422, 426, 430 eller 434;

(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret;

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (c), og hvor proteinet er en mutant
af calreticulin-genet

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af
(a) til (d); og

(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d).
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6. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor prgven
er en knoglemarvsprgve eller en blodprave.

7. Fremgangsmade ifglge krav 6, hvor knoglemarvsprgven opnas ved hjeelp
af biopsi.

8. Protein, der er udvalgt fra gruppen bestédende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 1, 2 eller 3;

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 4;

(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret;

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (c), og hvor proteinet er en mutant
af calreticulin-genet;

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af
(a) til (d); og

(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d).

9. Protein ifglge krav 8, hvor proteinet er udvalgt fra gruppen bestaende af
(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 1, 2, 3, 5,6,7, 9,10, 11, 13, 14, 15, 17, 18,
19, 21, 22, 23, 25, 26, 27, 29, 30, 31, 33, 34, 35, 37, 38, 39, 41, 42, 43, 45, 46,
47, 49, 50, 51, 53, 54, 55, 57, 58, 59, 61, 62, 63, 65, 66, 67, 69, 70, 71,73, 74,
75,77,78,79, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93, 94, 95, 97, 98, 99, 101,
102, 103, 105, 106, 107, 109, 110, 111, 113, 114, 115, 117, 118, 119, 121,
122, 123, 125, 126, 127, 129, 130, 131, 133, 134, 135, 137, 138, 139, 141,
142 eller 143;

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 4, 8,12,
16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96,
100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140 eller 144;
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(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret;

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (¢), og hvor proteinet kodes af et
eller flere mutante alleler af calreticulin-genet;

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af
(a) til (d); og

(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d).

10. Protein ifglge krav 8 eller 9, hvor proteinet er udvalgt fra gruppen besta-
ende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 291, 292, 293, 295, 296, 297, 299, 300, 301,
303, 304, 305, 307, 308, 309, 311, 312, 313, 315, 316, 317, 319, 320, 321,
323, 324, 325, 327, 328, 329, 331, 332, 333, 335, 336, 337, 339, 340, 341,
343, 344, 345, 347, 348, 349, 351, 352, 353, 355, 356, 357, 359, 360, 361,
363, 364, 365, 367, 368, 369, 371, 372, 373, 375, 376, 377, 379, 380, 381,
383, 384, 385, 387, 388, 389, 391, 392, 393, 395, 396, 397, 399, 400, 401,
403, 404, 405, 407, 408, 409, 411, 412, 413, 415, 416, 417, 419, 420, 421,
423,424, 425,427, 428, 429, 431, 432 eller 433;

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 294,
298, 302, 306, 310, 314, 318, 322, 326, 330, 334, 338, 342, 346, 350, 354,
358, 362, 366, 370, 374, 378, 382, 386, 390, 394, 398, 402, 406, 410, 414,
418, 422, 426, 430 eller 434;

(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret;

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (c), og hvor proteinet er en mutant
af calreticulin-genet;

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af

(a) til (d); og
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(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d).

11. Protein ifglge et hvilket som helst af kravene 8 til 10, hvor proteinet er ud-
valgt fra gruppen bestaende af

(a) et protein, der er kodet af et nukleinsyremolekyle med nukleinsyresekven-
sen som gengivet i SEQ ID NO: 145, 146, 147, 149, 150, 151, 153, 154, 155,
157, 158, 159, 161, 162, 163, 165, 166, 167, 169, 170, 171, 173, 174, 175,
177,178, 179, 181, 182, 183, 185, 186, 187, 189, 190, 191, 193, 194, 195,
197, 198, 199, 201, 202, 203, 205, 206, 207, 209, 210, 211, 213, 214, 215,
217, 218, 219, 221, 222, 223, 225, 226, 227, 229, 230, 231, 233, 234, 235,
237, 238, 239, 241, 242, 243, 245, 246, 247, 249, 250, 251, 253, 254, 255,
257, 258, 259, 261, 262, 263, 265, 266, 267, 269, 270, 271, 273, 274, 275,
277, 278, 279, 281, 282, 283, 285, 286 eller 287,

(b) et protein omfattende aminosyresekvensen som vist i SEQ ID NO: 148,
152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208,
212, 216, 220, 224, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268,
272, 276, 280, 284 eller 288;

(c) et protein som defineret i (a) eller (b), hvor en til 10 aminosyrer er deleteret,
insereret, tilsat eller substitueret;

(d) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
der hybridiserer under stringente forhold til den komplementaere streng af nu-
kleinsyremolekyler som defineret i (a) eller (c), og hvor proteinet er en mutant
af calreticulin-genet;

(e) et protein med mindst 70 % identitet med proteinet i et hvilket som helst af
(a) til (d); og

(f) et protein omfattende en aminosyresekvens, der kodes af en nukleinsyre,
som er degenereret som som fglge af den genetiske kode til nukleotidsekven-
sen af en nukleinsyre som defineret i (a) eller (d).

12. Vaccine omfattende proteinet ifalge krav 8 eller 9.

13. Protein ifglge krav 8 eller 9, sasom et protein omfattende 15 til 25 sam-
menhangende aminosyrer af proteinet som vist i SEQ ID NO: 4, til anvendelse
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som vaccine.

14. Immunogent middel, hvor det immunogene middel er et mutant calreticulin-
protein ifglge et hvilket som helst af kravene 8 til 11.

15. Konjugat omfattende det immunogene middel ifalge krav 14, bundet til et
baereprotein.

16. Antistof, der binder specifikt til den C-terminale ende af mutant(e) calreti-
culin-protein(er) som vist i SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40,
44,48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140 eller 144.

17. Immunogent middel ifglge krav 14 eller antistof ifglge krav 16 til anven-
delse ved behandling af en myeloid malignitet.

18. Anvendelse af et antistof, der binder specifikt til proteinet ifglge et hvilket
som helst af kravene 8 til 11 til vurdering af, om en patient lider af en myeloid
malignitet eller er tilbgjelig til at lide af en myeloid malignitet.

19. Antistof, der binder specifikt til den C-terminale ende af mutant(e) calreti-
culin-protein(er) som vist i SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40,
44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140 eller 144 til fremstilling af et diagnosekit til an-
vendelse i fremgangsmaden ifglge et hvilket som helst af kravene 1 til 7.

20. Anvendelse ifalge krav 18, hvor antistoffet binder specifikt til den C-termi-
nale ende af mutant(e) calreticulin-protein(er) som vist i SEQ ID NOs: 4, 8, 12,
16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, 80, 84, 88, 92, 96,
100, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140 eller 144.

21. Antistof ifglge krav 16, eller antistof til anvendelse ifglge krav 17, eller an-
vendelse ifglge krav 18 eller 20, hvor antistoffet er et polyklonalt antistof, et
monoklonalt antistof, et komplet antistof (immunoglobulin), et F(ab)-fragment,
et F(ab)z-fragment, et enkeltkaedet antistof, et kimaert antistof, et CDR-podet
antistof, et bivalent antistof-konstrukt, et bispecifikt enkeltkeedet antistof, et
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syntetisk antistof eller et krydsklonet antistof.

22. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 7, anvendelse
ifalge et hvilket som helst af kravene 18, 20 og 21 eller antistof til anvendelse
ifalge krav 17 eller 21 eller immunogent middel til anvendelse ifglge krav 17,
hvor den myeloide malignitet er en myeloproliferativ neoplasme, eller hvor den
myeloide malignitet er et myelodysplastisk syndrom.

23. Fremgangsmade ifglge krav 22, eller anvendelse ifglge krav 22, eller anti-
stof til anvendelse ifglge krav 22 eller immunogent middel til anvendelse ifglge
krav 22, hvor den myeloproliferative neoplasme er primaer myelofibrose
(PMF), eller hvor den myeloproliferative neoplasme er essentiel trombocytaemi
(ET).

24. Fremgangsmade ifglge krav 22 eller anvendelse ifglge krav 22 eller anti-
stof til anvendelse ifglge krav 22 eller immunogent middel til anvendelse ifglge
krav 22, hvor det myelodysplastiske syndrom er refraktaer anaemi med ring-
sideroblaster og trombocyteemi (RARS-T).

25. Protein ifelge krav 8 eller 9 eller antistof ifglge krav 16 eller 21 til anven-
delse som et medikament.

26. Proces til fremstilling af polypeptidet ifalge et hvilket som helst af kravene
8 til 11, hvilken proces omfatter

at dyrke veertsceller omfattende en nukleinsyre udvalgt fra gruppen bestaende
af

(a) en nukleinsyre, der koder for et polypeptid omfattende en aminosyrese-
kvens som gengivet i SEQ ID NO: 4;

(b) en nukleinsyre omfattende en nukleotidsekvens som gengivet i SEQ ID
NO: 2;

(c) en nukleinsyre, der hybridiserer under stringente forhold til den komple-
menteere streng af nukleinsyren som defineret i (a) eller (b), og hvor nuklein-
syren omfatter en frameshift-mutation i exon 9 sammenlignet med vildtype-
calreticulin-genet;
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(d) en nukleinsyre omfattende en nukleotidsekvens med mindst 70 % identitet
med nukleotidsekvensen af nukleinsyrerne ifglge et hvilket som helst af (a) til
(c); og

(e) en nukleinsyre omfattende en nukleotidsekvens, som er degenereret som
som fglge af den genetiske kode til nukleotidsekvensen af en nukleinsyre
ifalge et hvilket som helst af (a) til (d); eller

at dyrke veertsceller omfattende en vektor omfattende nukleinsyren under be-
tingelser, der muligger ekspression af polypeptidet, og udvinde det fremstillede
polypeptid fra kulturen.

27. Transgen celle eller transgent ikke-menneskeligt dyr, der omfatter og/eller
eksprimerer en nukleinsyre eller en vektor omfattende nukleinsyren, hvor nu-
kleinsyren omfatter mindst et eller flere mutante alleler af calreticulin-genet
som defineret i et hvilket som helst af kravene 1 til 3.



DK/EP 3020727 T3

DRAWINGS

Figure 1.
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Figure 2A

Mutation Distribution
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Figure 2B
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Figure 2C
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Figure 3D
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Figure 3E
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Figure 4B
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Figure 5C
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Figure 6A
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Figure 6C
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Figure 6D
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Figure 8
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Figure 10
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