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Clasificacion de la OMS - 2008

| eucemia mieloide cronica A

Policitemia Vera )
rombocitemia Esencial - Ph neg
Mielofibrosis Primaria

> Clasicas

| eucemia neutrofilica cronica
| eucemia eosinofilica cronica
Mastocitosis

Neoplasias mieloproliferativas no
clasificables
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-JAK?2
—~MPL
—Epigenética y splicing

—CALR




Marcadores moleculares en NMPs

Citogenética JAK2V617F

Clonalidad PICX JAK2 exon 12

Cultivos PRV-1 MPL(W515: S505)
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Mutacion V617F JAK2

Activating mutation in the tyrosine Kinase JAKZ2 in polycythemia

ARTICLE

vera, essential thrombocythemia, and myeloid metaplasia

with myelofibrosis
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JH2 psendo-kinase domain of the Janus kinase 2 (JAKZ) gene in
maost (=80%) polycythaemia vera patents. The mutaton, a
valine-to-phenylalanine substtution at amine acid position
617, leads to constitutive tyrosine phosphorylation activity that
promotes cytokine hypersensitivity and induces eryvthrocytosis
in a mouse model. As this mutation is also found in other
myeloproliferative disorders, this wnique mutation will permit
a new molecular cassification of these disorders and novel
therapentical approaches.

I polycythaemia vera, the mechanisms leading to erythropaietin
hypersensitivity and in vitro production of erythroid colonies in the
absence of cytokines (referred to hereafter as EEC, for endogenous
erythroid colomies ) are still unknown. We previously reported that
inhibitors of JAK2 (AGA%0), phosphatidylinasitol3-0H kinase
(PI[3 K} and Sre pathways hampered spontanecus erythroid termi-
nal differentiation in polycythacmia vera®. We then focused on
JAKZ, an wpstream molecule directly linked to erythmopaietin
receptor (EpaR) signalling’. In a first set of experiments, we used
4 short interfering RNA [5IRNA] to knockdown JAK2 expression.
This siLMA, in contrast toa controlsiRNA, decreased JAK2 protein
levels to less than 1% in UTT cells (Fig. la). It also impaired
spontaneois erythroid differentiation in cells from polycythaemia
vera patients, markedly inhibited EEC formation (Fig. 1band ¢, left
panel} and inhibited by 50% erythropoietin-dependent erythroid
colony formationin polyoythaemia vera celk [Fig. Lo, middle panel)
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Familia de proteinas JAK

Formada por 4 miembros:

— JAK1
— JAK2
— JAK3
— Tyk2 (tyrosine kinase 2)

Tirosinacinasas

Interacciona con el dominio intracitoplasmatico de

receptores de membrana




Receptor de citocinas tipo |
EPOR
TPOR
G-CSF

CITOPLASMA
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Receptor de citocinas tipo |
EPOR
TPOR
G-CSF

CITOPLASMA

NUCLEO » Transcripcion de genes




Receptor de citocinas tipo |
EPOR
TPOR
G-CSF

G>T
GTC > TTC
Val (V) > Phe (F)

GGLGTALT GT TCTGTGGAG
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JAK2 Mutations Implicated in MPNs®

Exon 14

Exon 12 'l

l 617
611,616 620,627
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Frecuencia de la mutacion JAK2V617F
en NMs Ph-negativas

PV 95%
TE 60 %
MFP 60 %




Deteccidn de la mutacion JAK2V617F

Sangre perlferlca Aspirado MO

\Granuloutos /
/ JAKZ2 V617F \

Biopsia medular Colonias hematopoyéticas




Deteccion de la mutacion V617F JAK?2

Técnicas de deteccion VA Ak i
— Secuenciacion directa sl gty L HHVYALLL
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Deteccion de la mutacion V617F JAK?2

Técnicas de deteccidn
— Secuenciacion directa SR

. sy = ‘l'l" _l“."lr\_'\., }I'I..\IL N ""t"'-/. \v"‘_“‘_‘.._ JI|‘
- Terminadores marcados y analisis en i
secuenciador ABI 3100

— PCR alelo-especifica (Baxter et al, 2005) .;1-.},.:\ (,S-.,‘ \ A ;,.-.
« ADN de granulocitos -
» Analisis en gel de agarosa

— PCR alelo-especifica en tiempo real

Mrgtts sem ih

-« Mutados

/ “"No mutados

= [




Técnicas de deteccion de mutaciones

« Secuenciacion directa (Sanger) 10-20% Conocidas + Nuevas
« Pirosecuenciacion 5% Conocidas + Nuevas
*  High Resolution Melting ,0-0%0 onocidas + Nuevas

« PCR alelo-especifica

— ARMS 3% Conocidas
— TagMan 0,1% Conocidas
— FRET 0,1% Conocidas

« Teécnicas de enriguecimiento de alelo mutado

— PNA-LNA clamp 1% Conocidas

— Digestion con enzimas de restriccion  0,2% Conocidas

— COLD-PCR 1-10% Conocidas + Nuevas
« CAST-PCR 0,01% Conocidas
« d-HPLC 0,1-1%  Conocidas + Nuevas

-----

e PCR-RFLP 5-10% Conocidas H




Carga alélica de JAK2V617F en PV
Experiencia del Hospital del Mar
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Carga alélicade JAK2V617F en TE
Experiencia del Hospital del Mar
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Thrombosis (?)
Myelofibrosis
Leukemia (?)

Disease-
complications
and evolution

Allele burden of ©
JAK2 (V617F) s

Clinical
phenotype

WBC Hb PLT  WBC Hb PLT WBC  Hb PLT

@ Cells heterozygous for JAK2 (V617F)

@ Cells homozygous for JAK2 (V617F)

Normal range Above normal range Below normal range

Passamonti & Rumi. Haematologica, 94,7, 2009




Mutaciones diferentes/adicionales a ¢.1849 G>T
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

JAK2 Exon 12 Mutations in Polycythemia
Vera and Idiopathic Erythrocytosis

Linda M. Scott, Ph.D., Wei Tong, Ph.D,, Ross L. Levine, M.D.,
Mike A. Scott, Ph.D., Philip A. Beer, M.R.C.P., M.R.C.Path.,
Michael R. Stratton, M.D., Ph.D., P. Andrew Futreal, Ph.D.,

Wendy N. Erber, M.D., Mary Frances McMullin, F.R.C.P., F.R.C.Path.,
Claire N. Harrison, M.R.C.P., M.R.C.Path., Alan ). Warren, F.R.C.Path., F.Med.Sci.,
D. Gary Gilliland, M.D., Ph.D., Harvey F. Lodish, Ph.D.,
and Anthony R. Green, F.R.C.Path., F.Med.Sci.

Exon 12 V617F

\ |
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pseudocinasa cinasa

N Engl J Med 356:459,2007




SUBSTITUTIONS
wildtype
F533IK539L
F537IK539L
H538QK539L
H538DK539L1540S
K539L
K539LL545V
1540T

D544G

L5458

F547L

F547v

DELETIONS
wildtype
F537-K539delinsK
F537-K539del
F537-K539delinsL
H538del
H538-K539del
H538-K539delinsF
H538-K539delins|
H538-K539delinsL
1540-N542delinsS
1540-N542delinsK
1540-E543delinsKK
1540-E543delinsMK
1540-D544delinsMK

1540S,R541-E543delinsK

R541-E543delinsK
R541-D544del
N542-E543del
N542-D544delinsN
E543-D544del
D544-L545del

DUPLICATIONS
wildtype
V536-1546dup11
V536-F547dup12

V536F, F37-1546dup10

F537-F547dup11

F537-1546dup10,F547L
F547L, 1540-F547dup8

Scott, Am J Hematol 86, 668,2011

(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMIQMVFHLIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVIHLIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFQLIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFDLSRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHLIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHLIRNEDVIF
(D)KSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVFHKTRNEDLIF
(D)RSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHKIRNEGLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIRNEDSIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVEFHXKIRNEDLIL
(DYKSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVFHKIRNEDLIV

(D)KSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVFHKIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVKIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVLIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNQMVFKIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOQMVEIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVEEIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFIIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFLIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHKSEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKKEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHKKKDLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHEMKDLIF
(DYKSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVFHEMKLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNQMVFHKSKDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIKDLIF
(D)KSNLLVFRTNGVSDVPTSPTLQRPTHMNCMVFHKILIF
(D)KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHKIRDLIF
(D}KSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVFHKIRNLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIRNLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIRNEIF

(D)KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHKIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIRNEDLIVFHKIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNOMVFHKIRNEDLIFVFHKIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLORPTHMNOMEFFHKIRNEDLIFHKIRNEDLIF
(D)KSNLLVFRTNGVSDVPTSPTLQRPTHMNOMVFHKIRNEDLIFFHKIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLOQRPTHMNOMVFHKIRNEDLILFHKIRNEDLIF
(D) KSNLLVFRTNGVSDVPTSPTLQRPTHMNQMVFHKIRNEDLIFLIRNEDLIF

=
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Mutaciones descritas en el gen MPL

c-Mpl

MPL K39N Baltimore

A
MPL S505N

TE: 1-3%
8-15% JAK2V617F neg

\MPL W515K ; W515L
W515A

JAK2

MFP: 5-9%

Bennett et al. J Transl Med 4:41,2006 ke




Criterios diagnosticos de las NMs OMS 2008

CRITERIA FOR POLYCYTHEMIA VERA (PV)

DIAgnosis requires e presence ol Doth major crieria and one minor crierion or

the presence of the first major criterion together with two minor criteria:
Major criteria

1. Hemoglobin ~ 18.5 g/dL in men, 16.5 g/dL. in women or other evidence of
increased red cell volume*

2. Presence of JAK2 V61 7F or other functionally similar mutation such as J4K2

exon 12 mutation

Minor criteria

I. Bone marrow biopsy showing hypercellulanty for age with trilhineage growth
(panmyelosis) with prominent ervthroid, granulocyvtic, and megakaryocytic
prohferation

2. Serum ervthropotetin level below the reference range for normal
3. Endogenous erythroid colony formation in vino
CRITERIA FOR ESSENTIAL THROMBOCYTHEMIA (ET)
Diagnosis requires meeting all four criteria:
. Sustamed platelet count > 450 x 10"

2. Bone marrow biopsy specimen showing proliferation mamly of the
megakarvocytic ineage with increased numbers of enlarged. mature
megakarvocytes. No significant increase or lefi-shift of neutrophil granulopotesis
or erythropoiesis

3. Not meeting WHO critenia for polycythemia vera®. primary myelofibrosis’. BCR-
ABLI positive CML* or myelodysplastic syndrome* or other myeloid neoplasm

4. Demonstration of JAK2? V617F or other clonal marker, or in the absence of JAK2
V617F. no evidence of reactive thrombocytosis’

CRITERIA FOR PRIMARY MYELOFIBROSIS (PMF)
Diagnosis requires meeting all three major criteria and two miner criteria:

Major criteria

1. Presence of megakaryocyte proliferation and atypia.” usually accompanied by
either reticulin and ‘or collagen fibrosss,
or.
i the absence of significant reficalm fibrosis. the megakaryocyte changes must be
accompamed by an increased bone mamrow cellulanty charactenzed by
granulocytic proliferation and often decreased erythroposess (1.2., pre-fibrotic
cellular-phase disease) )

2. Not meeting WHO criteria for polycythemia vera.” BCR-4BLI~ chronic
myelogenous lenkemiz. " myelodysplastic syndrome.” or other mysloid disorders

3. Demonstration of JAK? V617F or other clonal marker (e.g. MPLWS15K'L),

or
in the absence of the above clonal markers. no evidence that bone marrow fibrosis
1s secondary to mfection. autommnmwne disorder or other chronic mflammatory
coadition. hawry cell lenkemia or other lymphoid neoplasm. metastatic
malignancy. or toxic {chronic) myelopathies®

Minor criteria
1. Lenkoeryrhroblastosis”
2. Increase m serum lactate dehydrogenase fevel
3. Ancmia”
4. Palpable q;lcnom—:gal}‘f

= :;.';.u‘
MAR_..




Marcadores moleculares en NMPs

Citogenética
Clonalidad PICX

Cultivos

TET2
ASXL1
c-CBL
IDH1, IDH2
IKZF1
JAK2V617F LNK
EZH2
SF3B1
PRV-1 JAK?Z2 exon 12 SRSE?
MPL(W515;S505) U2AF1
NFE2

B

1970-1990

2000

2005

2008-2011 2013




Otros genes implicados en NM

LNK Metilacion ADN SF3B1
CBL TET?2 SRSF2
IDH1/2 U2AF1

DNMT3A

Remodelacion
de la cromatina
ASXL1
EZH2




Receptor de citocinas tipo |
EPOR
TPOR
G-CSF

Mutaciones LNK :
PV Infrecuente
TE 3-6%
MFP 3 - 6%

CITOPLASMA

Internalizacion
y degradacion

MutacionesCBL :
PV Infrecuente

TE Infrecuente ®
e

MFP 5-10%

NUCLEO m » Transcripcion de genes
E ———— —




Otros genes implicados en NM
Metilacion AD

TET?2
IDH1/2
DNMT3A

Remodelacion
de la cromatina
ASXL1
EZH2




Mutaciones Epigenéticas en NM

AOALIL]

a-KG /
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Isocitrato




Otros genes implicados en NM

SF3B1
SRSF2
U2AF1




Splicing complex

ZRSR2.

Retained exon

Ebert & Bernard. N Engl J Med 365:2534, 2011

/-_\\
RNA
polymerase Il

O
B Skipped exon
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Retained intron
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Gen

JAK2V617F
JAK2 exonl2
MPL

CALR
LNK/SH2B3
CBL

TET2
IDH1/IDH2
DNMT3A
IKZF1
ASXL1
EZH2
SF3B1
SRSF2

PV
95-97
1-2
0
Infrecuente
1
Infrecuente
10-20
Infrecuente
5-10
Infrecuente
2-5
1-3
Infrecuente
Infrecuente

TE

60
0
3-5
30
3-6
Infrecuente
5
Infrecuente
1-5
Infrecuente
2-5
1
3
Infrecuente

MF

60
0
5-10
23-35
3-6
5-10
10-20
6
5-10
Infrecuente
13-20
5-10
4-7
17




MF Post-PV MF Post-ET MFP

#

MPL

CALR

sr381 || | |

srse2 ||

TETZ2

ASXL1

]
ae/1 || UL I 1

- Homocigoto
|:| Heterocigoto
|:| No haplotipo JAK2 46/1




Mutaciones asociadas con supervivencia global
inferior en MFP- analisis multivariado

'~
.

1

EZH2 ASXL1
-g 0.8 -g 0.8-
E E
& 2
g 0.4+ § 0.4 WT
3 WT 3
g 0.2 w.t g 0.2 M t
P= 0.0008 P< 0.0001 Ut &=
(8] 100 M::Oths 300 400 0o 100 szoﬂ‘s 300 400
e ---
-
b
3
§ oe- EZH2 1.91 (1.08-3.36) 0.025
'_é WT ASXL1  2.21(1.57-3.11) <0.0001
g Mut SRSF2 2.60 (1.63-41.6) <0.0001
P< 0.0001
o] 100 M::Oths 300 400

.....
e Salst

Vannucchi et al, Leukemia 2013



Valor pronadstico del numero de genes mutados en MFP
(ASXL1, SRSF2, EZH?2 e IDH)

a1
Zero
N=145

0.8 1 Median 6.6 years
= 061 P<0.0001
2 One
< N=92
8 Median 3 years

04 - HR 1.8 (95% Cl, 1.3-2.5)

0.2 -

Two or more
N=23 / L i |
Median 2.4 years
0 4 HR 3.4 (95% ClI, 2.1-5.6)
o 25 5 715 10 125 15 175 20 225
Years

Guglielmelli et al, 2014




Marcadores moleculares en NMPs

TET?2
ASXL1
c-CBL
IDH1, IDH2
| - IKZF1
Citogenetica JAK2V617F LNK CALR
EZH?2
Clonalidad PICX SF3B1
| PRV-1 JAK2 exon 12 SRSE?2

Cultivos - MPL (W515;S505) U2AF]

B

1970-1990 2000 2005 2008-2011 2013




ORIGINAL ARTICLE ’

Somatic Mutations of Calreticulin
in Myeloproliferative Neoplasms

Thorsten Klampfl, Ph.D., Heinz Gisslinger, M.D., Ashot S. Harutyunyan, M.D., Ph.D.,
Harini Nivarthi, Ph.D., Elisa Rumi, M.D., Jelena D. Milosevic, M.Sc.,
Nicole C.C. Them, M.Sc,, Tiina Berg, B.Sc., Bettina Gisslinger, M.Sc.,

aniela Pietra, Ph.D., Doris Chen, Ph.D., Gregory |. Vladimer, Ph.D.,
Klaudia Bagienski, M.Sc., Chiara Milanesi, M.Sc., llaria Carola Casetti, M.D.,
Emanuela Sant’Antonio, M.D., Virginia Ferretti, Ph.D., Chiara Elena, M.D.,
Fiorella Schischlik, M.Sc., Ciara Cleary, M.Sc., Melanie Six, B.Sc.,
Martin Schalling, M.Sc., Andreas Schénegger, M.Sc., Christoph Bock, Ph.D.,,
Luca Malcovati, M.D., Cristiana Pascutto, Ph.D., Giulio Superti-Furga, Ph.D.,
Mario Cazzola, M.D., and Robert Kralovics, Ph.D.

ORIGINAL ARTICLE

Somatic CALR Mutations in Myeloproliferative
Neoplasms with Nonmutated JAK2

J. Nangalia, C.E. Massie, E.J. Baxter, F.L. Nice, G. Gundem, D.C. Wedge, E. Avezov,
J. Li, K. Kollmann, D.G. Kent, A. Aziz, A.L. Godfrey, J. Hinton, |. Martincorena,
P.Van Loo, A.V. Jones, P. Guglielmelli, P. Tarpey, H.P. Harding, J.D. Fitzpatrick,

C.T. Goudie, C.A. Ortmann, S.J. Loughran, K. Raine, D.R. Jones, A.P. Butler,
J.W. Teague, S. O'Meara, S. MclLaren, M. Bianchi, Y. Silber, D. Dimitropoulou,
D. Bloxham, L. Mudie, M. Maddison, B. Robinson, C. Keohane, C. Maclean,
K. Hill, K. Orchard, S. Tauro, M.-Q. Du, M. Greaves, D. Bowen, B.J.P. Huntly,
C.N. Harrison, N.C.P. Cross, D. Ron, A.M. Vannucchi, E. Papaemmanuil,
P.J. Campbell, and A.R. Green

Secuenciacion de exoma

6 MFP

Secuenciacion de exoma

151 NMPs:
48 PV

62 TE

39 MF

2 UMPN

Klampfl et al; NEJM 2013;369:2379 ; Nangalia et al; NEJM 2013;369:2391
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Calreticulina

Chaperona codificada por gen
CALR

Localizacién en reticulo U T SN oo
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glicoproteinas

— Homeostasis Ca?*
Fuera del RE:

— Regulacion de
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Mutaciones en CALR

Genomic Location of CALR Deletions

CALR ——a—uia HE
Exon 9
[ p.L367fs*46 | ] @38 @023 W5 el 20 bp @ ET
p.L367fs*48 [ ] ® 2
p.L367fs*44 | I 1 O ME
p.R366fs*53 [ 1 @1 MDS
: | I—
p.L367fs*52 (C |} @ 2CML
p.K368fs*43 [ ] @1
CALR| p.K368fs*51 e 1e2
Deletions |  p.E370fs*37 [ | @1
p.E370fs*48 L ] @1
p.E371fs*47 [ ] @1
p.E370fs*42 C 1@ 1
p-E371fs*49 (—— R
p.D373fs*48 [/ et
| p.K374fs*53 = ¢!
Genomic Location of CALR Insertions
CALR
Exon 9 i, ——
— E 20 bp
Nonmutant GAAACGCAAAG Nonmutant AGGCAGAGGACAAGGAGGA @ T
p.R376fs*55 GAAACTTTGC- - -AAG @ 1  p.K385fs*47 AGGCAGAGGACAATTGTCGGA @47 @9 W4 01 | @ wr
CALR p.E381fs*48 A----------.. TCCTTGTCGGA @ 1 % MDS
Insertions p.K385fs*47 AGGCAGAGGAC--TCTTGTCGGA @ 1 ;
CMML

p.K385fs*48 AGGCAGAGGACAAGTGTCGGA @ 1

N "JQLJ’ Mnn_l
Nangalia et al; NEJM 2013;369:2391 :



Las mutaciones en CALR originan un
nuevo extremo C terminal

Signal N domain P domain C domain
L | | KDEL'}
aa(n)

Human BB SuEeEEE0l » e arpke B Bk’ -ERee EEoKeE0E EovEcoa’ B 417

Common Deleted Peptide Sequence

) Common Novel Peptide Sequence

Deletions - >
L367fs*46 QDEE QRTRRMMRTKMRMRRMRRTRRKMRRKMSP ARPRTSCREACLOGWTEA 411
E370fs*43 QDEEQRLKE VMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA 411
E370fs*48 QDEEQRLKE QRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEAR 416
Insertions NC

A
K385fs*47 QDEEQRLKEE EEDKKRKEEE EAEDRRMMRT KMRMRRMRRTRRKMRRKMSP ARPRTSCREACLOGWTEA 430

LC
K385fs*47 QDEEQRLKEE EEDKKRKEEE EAEDVRRMMRTKWWWW 430

Nangalia et al; NEJM 2013;369:2391



Wildtype reference sequence

AAEKQMKDKQDEEQRLKEEEEDKKRKEEEEAEDKEDDEDKDEDEEDEEDKEEDEEEDVPGOAKDEL-

CALR Change

mutation Nucleotide Aminoacid*

Type 1 €.1092_1143del AAEKQMKDKQDEEQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 2 €.1154 1155insTTGTC AAEKQMKDKQDEEQRLKEEEEDKKRKEEEEAEDNCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOQGWTEA-
Type 3 €.1095_1140del AAEKQMKDKQDEEQRQRTREMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQOGWTEA-

Type 4 €.1102_1135del AAEKQMKDKQDEEQRLRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 5 €.1091_1142del AAEKQMKDKQDEGQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA-

Type 6 €.1094 1139del AAEKQMKDKQDEERRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 8 c.1104_1137del AAEKQMKDKQDEEQRLKRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOQGWTEA-

Type 9 c.1140del AAEKQMKDKQDEEQRLKEEEEDKKRKEEERQRTRRMMRTKMREMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 10  ¢.1154delinsTGTGTC AAEKQMKDKQDEEQRLKEEEEDKKRKEEEEAEDMCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA-
Type 13 ¢.1100_1134delinsA AAEKQMKDKQDEEQRQRRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA-

Type 16  ¢.1102_1137delinsCA AAEKQMKDKQDEEQRLQRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 18  ¢.1104_1155del AAEKQMKDKQDEEQRLKRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 20 ¢.1118 1136del AAEKQMKDKQDEEQRLKEEEEGRRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 21  c.1118 1145delinsCGTITA AAEKQMKDKQDEEQRLKEEEEALRGQGG-

Type 22  ¢.1120_1123del AAEKQMKDKQDEEQRLKEEEEDNAKRRRRQRTRRMMRTKMREMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type 28  ¢.1131_1152del AAEKQMKDKQDEEQRLKEEEEDKKRKRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQOGWTEA-

Type 32  ¢.1153_1154delinsTGTC AAEKQMKDKQDEEQRLKEEEEDKKRKEEEEAEDCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA-
Type 34  c.1154_delinsCTTGTC AAEKQMKDKQDEEQRLKEEEEDKKRKEEEEAEDTCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-
Type36  c.1155 1156insTGTCG AAEKQMKDKQDEEQRILKEEEEDKKRKEEEEAEDKCRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA-
Type 37°  .1091-1124del AAEKQMKDKQDEDAKRRRRQRTREMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOQGWTEA-

Type 38°  ¢.1101-1152del AAEKQMKDKQDEEQRLRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 39°  (.1109-1145del AAEKQMKDKQDEEQRLKEERTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLQGWTEA-

Type 40° c.1113A>C;1122-1139del  AAEKQMKDKQDEEQRLKEEDEDKRQRTRRMMRTKMRMRRMRRTRRKMRRKMSPARPRTSCREACLOGWTEA-

Rumi et al, Blood 2014:;123:1544
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Luminescence (RLU)

Las mutaciones en CALR originan una
Independencia de factores de crecimiento

- 7
500,000 & GEP 1.5x10 & GEP
400.0004 ™ CALR nonmutant with GFP S 7 CALR nonmutant with GFP
- CALR del 52 bp with GFP < 10x107 -9~ CALR del 52 bp with GFP
— 3 x —
300,000- v
Q
=
200,000 ke
g 0.5x107-
100,000- O
O— TTTI T T Im T T 1 ) 0 | T T T T T T T
-5 -4 -3 -2 -1 0 1 2 0 2 . 6
Interleukin-3 Concentration (log  ng/ml) Days

Klampfl et al; NEJM 2013;369:2379



Las mutaciones en CALR activan la via
JAK-STAT
GFP  Nonmutant del 52 bp . CALRMUT NORMAL

pSTATS

STATS

pSTATS

STATS

pSTATS

STATS

CALR Nonmutant

del 52 bp

CALR Mutation Diagnosis

M Fositive WEer

Negative W MF
NORMAL

Hrv

GAPDH

Klampfl et al, NEJM 2013;369:2379 ; Rampal et al, Blood April 16 2014
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Distribucidon de mutaciones en CALR
en NM Ph negativas

CALR Mutations According to Diagnosis

CALR nonmutated

50
B CALR mutated
40
o
-
E 304
(1]
v
-
3
g 204
2
10-
0
PV ET MF ET MF ET MF
JAK2 MPL JAK2 and MPL
Mutated Mutated Nonmutated




Distribucion de mutaciones en JAK2, MPL
CALR en las NM Ph-negativas

Polycythemia Vera Essential Thrombocythemia Primary Myelofibrosis
(N=382) (N=311) (N=203)
Nonmutated Nonmutated Nonmutated
JAK2, MPL, JAK2, MPL, JAK2, MPL,
and CALR—l and CALR—| and CALR—l

CALR

CALR
JAK2 mutation

| JAK2
mutation mutation

mutation

JAK2
mutation

MPL mutationJ MPL mutations

Klampfl et al; NEJM 2013;369:2379

Pueden existir otras mutaciones que coexisten con JAK2V617F, MPL y CALR:
TET2, ASXL1, DNMT3A, SF3B1, LNK, EZH2 , CBL, IDH1/IDH2

H Z

y

‘‘‘‘‘




Mutaciones en CALR en pacientes con TE - Hospital del Mar

Cohorte 74 pacientes con TE , negativos para JAK2V617F y MPL

p.L367fs - (tipo 1; delecién 52 bp) 14
p.K385fs - (tipo 2; insercion 5 bp) 12
p.E369fs (del 34) 1
p.E373fs (del 31) 1

p.K377fs (del 22)
pP.K375fs (del 7 + ins 9)
P.K368fs (del 47 +ins T)
p.E383fs (del 6 + ins 5bp)

e T e e

p.E370fs (del 1)

Total de pacientes con mutaciones en CALR 33




Marcadores moleculares en TE al diagnostico
Experiencia del Hospital del Mar

JAK2, MPL y CARL WT n=218
n=43
19,7%
JAK2VB17F
n= 138
63,3%

13,8%




Mutaciones en CALR en pacientes con TE - Hospital del Mar
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Las mutaciones en CALR se asocian a
mejor prondstico

C Thrombosis in Essential Thrombocythemia

100 = CALR exon 9 mutation
90 JAK2-V617F mutation
o 80— === MPL exon 10 mutation
[z -
g X 70+
o
g g 60—
=9 CALR vs. JAK2 (P=0.003)
() 504
£t
e
% _E 40
E o 304
= O
J 20-

10—
0-~ |
0 30
Years

No. at Risk
CALR mutation 186 115 63 27 9 3 0
JAK2 mutation 575 267 116 62 25 5 0
MPL mutation 35 ) § 13 8 4 2 0

o Bawa
MAR_

Klampfl et al, N Engl J Med 2013;369:2379




Las mutaciones en CALR se asocian a
mejor prondstico

1.0-

0.8 g \
\N“ WT CALR*

0.6

0.2

Thrombosis Free-Survival

0.0

—
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Rotunno et al, Blood 2014;123:1552 ;
Rumi et al, Blood 2014:123:1544
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Las mutaciones en ASXL1 se asocian con mal
prondstico en MFP CALR negativa

1 -
CALR*ASXL1"
& N=126
C‘j Median 9.6 years
0.8 1 &
0.6 9
S P<0.0001
>
b
=
7))
0.4 4
&
PP i CALR ASXL1"
0.2 4 - + N=126 4 §
CALR ASXL1 A Median 5.6 yoars ’%_Lr CALR :ISXL1
N=55 L N=20
Median 2.3 years 1 A—l Median 7 years
: i

0 25 50 75 100 125 150 175 200 225
Months

Tefferi et al, 2014




Homatopoictic MPN initiation MPN diagnosis. Chronic MPN
stem cells

unkrawn drivar No observed mutations:
"""""""""""" SRR RS R X R TN —_— 20/197 (10%)
...................... —y — CALR only
22/187 (11%)
JAK2.VE1 JAK2 only
---------------------- 1 —> —_> 84/197 (43%)
CAL R f CALR with acditional
...................... R — mulations
71197 (4%)
Mutaticna in other
genese.g. TET2, DNMTIA
“ 1 JAK2/CALR tive
nega
---..--J!.“‘.‘.’E"."’.‘.‘!*.‘.‘.‘-------' — with olher mutatons
13197 (T%)
JAKZ2 with
— —_— additional mutatons
371197 (19%)
€.9. ASXL1, EZHZ,
CBLOITPS3 ec
High risk MPN
Several non-driver
mutations
141197 (7%)
\ 0.9. TPS3LOH
Yo or adtional hits
\\‘
\‘ / : Transformation
< ;
JAK2VE1TF @ JAK2-VB17F-pastive
negative AML NGNATTE AML with late hite
U

postive AML
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Propuesta de revision de criterios diagnosticos de las NMs

Table 4. 2014 proposed revision for World Health Organization (WHO) diagnostic criteria for BCR-ABL1-negative myeloproliferative neoplasms

Polycythemia vera (PV)? Essential thrombocythemia (ET)P Primary myelofibrosis (PMF)"
Major criteria
1 Hemoglobin >16.5g/dl (men) >16g/ Platelet count =450 x 10%/I Megakaryocyte proliferation and atypia®
dl (women) or hematocrit >49% (men) accompanied by either reticulin and/or
> 48% (women) collagen fibrosis or®

2 BM trilineage myeloprollferatlon with Megakaryocyte proliferation with large and Not meetin WHO criteria for CML, PV, ET, MDS

mature morphology eloid neoplasm
Not meetjg i ML, PV, PMF, Presence of JAKZ2, CALR or MPL mutation
or other myeloid neoplasm

Presence of JAK2, CALR or MPL mutation

Presence of JAK2 mutatlon

4

Minor criteria

1 Subnormal serum erythropoietin level Presence of a clonal marker (e.g. abnormal Presence of a clonal marker (e.g. abnormal
karyotype) or absence of evidence for karyotype) or absence of evidence for reactive
reactive thrombocytosis bone marrow fibrosis

2 Presence of anemia or palpable s Plenomegaly

3 Presence of leukoerythroblastosis” or increased

lactate dehydrogenase®

Abbreviations: BM, bone marrow; CML, chronic myelogenous leukemia; MDS, myelodysplastic syndrome. *PV diagnosis requires meeting either all three major
criteria or the first two major criteria and one minor criterion. PET diagnosis requires meeting all four major criteria or first three major criteria and one minor
criterion. “PMF diagnosis requires meeting all three major criteria or the first two major criteria and all three minor criteria. “Small-to-large megakaryocytes
with aberrant nuclear/cytoplasmic ratio and hyperchromatic and irregularly folded nuclei and dense clustering. “In the absence of reticulin fibrosis, the
megakaryocyte changes must be accompanied by increased marrow cellularity, granulocytic proliferation and often decreased erythropoiesis (that is,
prefibrotic PMF). fDegree of abnormality can be borderline or marked and institutional reference range should be used for lactate dehydrogenase level.

Tefferi et al, Leukemia 2014 E S




¢, Qué mutaciones génicas se deben determinar en
los pacientes con NMs en el diagndstico de rutina?

« JAK2V617F

- Todos los casos con sospecha de NM

- Es necesario un ensayo gue detecte la mutacion con
una sensibilidad del 1-3%

- Un resultado positivo confirma el diagnostico de NM,
pero no informa del subtipo

- Un resultado negativo no _excluye el diagnostico de
una NM

Modificado de Cross, ELN Munich meeting 2012 H\-'zy,,.-J .




¢, Qué mutaciones génicas se deben determinar en
los pacientes con NMs en la rutina diagnostica?

JAK2 - mutaciones exén 12

— SO0lo en los casos JAK2V617F negativos con evidencia
clinica de PV

CALR mutaciones exon 9

— Sospecha de MFP o TE en pacientes negativos para
JAK2V617F

MPL mutaciones exdon 10

— Sospecha de MFP o TE en pacientes negativos para
JAK2V617F y CALR

TET2, ASXL1, EZH2, SRSF2, SF3B1,etc
— Su papel diagndstico/pronostico esta por determinar

Modificado de Cross, ELN Munich meeting 2012
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¢, Qué mutaciones génicas se deben determinar en
los pacientes con NMs en la rutina diagnostica?

PV Suspicion ET Suspicion PMF Suspicion
| | ™ SR - |
JAK2V617F JAK2V617F g JAK2V617F
I I |
} } ! ' ! }
Positive  Negative Positive  Negative Positive  Negative
| } }
JAKZI exon 12 CAll' R CAlL .
— 1 1
v _ Positive Negative Positive Negative
Positive  Negative®
MPL MPL
1 1
| ' ' }
Positive Negative* Positive  Negative
v v A\ v l v v l
Polycythemia Essential Primary
Vera Thrombocythemia Myelofibrosis
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