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Preambule




Les syndromes d’Hyperéosinophilies
idiopathiques (HES) et la leucémie chronique
a éosinophile (CEL)

des pathologies rares dont la prévalence est
indéterminee...



Classification OMS des LLeucoses
myeloides, rationnel ?

The World Health Organization (WHO) classification of the myeloid neoplasms

Jamas W Yardnon Noney Log Hans, end Richard 0. Brurning

Vardiman et al, BLOOD, 1 OCTOBER 2002 VOLUME 100, NUMBER 7



Mode¢le multi-étapes de la leucémogenese myéloide

Translocations chromosomiques Mutations RTKs
Mutants dominants négatifs Activation voies de signalisation

Nature Reviews | Cancer

Blogquent la différentiation D

Stimulent prolifération



Classification OMS des LMA

Acute myeloid leukemia with recurrent genetic abnormalities

Acute myeloid leukemia with t(8;21)(g22;922), (AML1/ETO)

Acute myeloid leukemia with abnormal bone marrow eosinophils and
inv(16)(p13g22) or t(16;16)(p13;922), (CBF/MYH11)

Acute promyelocytic leukemia with t(15;17)(q22;q12), (PML/RAR) and variants
Acute myeloid leukemia with 11923 (MLL) abnormalities

Acute myeloid leukemia with multilineage dysplasia

Following MDS or MDS/MPD

Without antecedent MDS or MDS/MPD, but with dysplasia in at least 50% of
cells in 2 or more myeloid lineages

Acute myeloid leukemia and myelodysplastic syndromes, therapy related
Alkylating agent/radiation—related type

Topoisomerase II inhibitor-related type (some may be lymphoid)

Others

Acute myeloid leukemia, not otherwise categorized

Classify as:

Acute myeloid leukemia, minimally differentiated

Acute myeloid leukemia without maturation

Acute myeloid leukemia with maturation

Acute myelomonocytic leukemia

Acute monoblastic/acute monocytic leukemia

Acute erythroid leukemia (erythroid/myeloid and pure erythroleukemia)
Acute megakaryoblastic leukemia

Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

Myeloid Sarcoma VARDIMAN et al, BLOOD, | OCTOBER 2002 VOLUME 100, NUMBER 7



Des perspectives de therapeutiques

nouvelles
Mutations de classe 1 Mutations de classe 11

Proliferation/Survival Mutations That
Mutations Impair Differentiation

BCR-ABL, AML1-ETO,

TEL-PDGFER, PML-RARa,
FLT3-ITD, NUP98-HOXA9,

Oncogenic RAS AML1-/-

Rx: ATRA,
HDAC inhibitors

Myelodysplasia

Myeloproliferative
Disease




Classification OMS des SMPs

Chronic myelogenous leukemia [Ph chromosome, t(9;22)(g34;q11),
BCR/ABLpositive]

Chronic neutrophilic leukemia

Chronic eosinophilic leukemia (and the hypereosinophilic syndrome)

Polycythemia vera
Chronic idiopathic myelofibrosis (with extramedullary hematopoiesis)

Essential thrombocythemia

The WHO classification of the myeloid neoplasms, Blood, 1 Oct 2002, Vol 100



Vers une théerapie moleculaire ciblée des cancers:
I'exemple du STI-571 (Imatinib — Glivec)

Glivec development timeline May 2001 —
Approved by the
FDA for CML.

I

June 1998 — June 2000 — November 2001 -
1990 — Lead compound 1996 — In vivo activity shown First patient with | [ Phase lll trials | | Approved in
identified in a screen for in BCR-ABL-transformed CML treated. initiated. Europe and Japan
inhibitors of PKC. cells in syngeneic mice. for CML.

|

Discovery » : o Clinical development

1992 — First batch June 1999 - February 2001 — | | February 2002 —
of Glivec synthesized. Phase |l trials NDA submitted Approved by the
initiated. to FDA for CML. | | FDA for GIST.

Typical development timeline

Clinical
Discovery development
Typically ~8 years  \ Ty_pically ~7 years

R
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HES/CEL

L'eosinophile et I'eéosinopoiese normale,
L'hypereosinophilie, un symptome
commun,

Causes secondaires d'hypereosinophilie,

Hypereosinophilies primaires,
Actualites,
PErSPECLVES:.






PN eosinophile

Eosinophil cationic protein
Eosinophil peroxidase
Eosinophil-derived neurotoxin
Cytotoxic effects
Cell activation Lipid mediators
Platelet-activating factor
Leukotriene C,

Major basic
protein

Chemokine receptor Cytokines
Chemoattraction Hematopoiesis
Cell activation Chemoattraction
Proinflammatory effects
Tissue remodeling

s Paul Erlich 1879:

Lignée granulocytaire, noyau bilobé, granules
« eosinophiles ».

M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22



Granules I et I1

Récepteurs membranaires:
IL-5, IL-3, GM-CSF, Ig, cplt

Granules primaires
(Charcot Leyden crystal (CLC))

Granules secondaires - spécifiques
(Major Basic Protein, ECP, EPO)

Gleich et al. Annual Review of Medicine, 1993



Valeurs normales

3-5% cell. medullaires (40% mature),
Production: 0,2 10°/kg/j; reserve medullaire: 0,1
10°/kg

Ratio m/sg: 5-7/1, tps transit m/sg: 3,5],

1-31 % leucocytes peripheriques,

Compte Absolu d’Eosinephiles < 0,5 109/,
Demi-vie sanguine: ~18h, tps transit sg/t: 26h

Ackerman S, Butterfield H



Fonctions

Localisation peau, mugueuses digestives et respiratoires,
Acteur de la réponse immune innee,
Protection invasion par parasites (helminthes),

Leucotrienes, radicaux libres et mediateurs pro-
inflammatoires,

Cytotoxicite cellulaire Ac dep. et complement dep.,
liberation enzymes intracytoplasmiques (MBP),

Roles pro-inflammatoire et cytotoxique.






ll‘

L'eéosinopoiese normale

GM-CSF

Bone Marrow 2‘2 Peripheral Blood

Bone marrow Growth and Differentiation

~,

':’ | F
Progenitorcell— |~ % | == Interleukin-5 s % — Eosinophil

GEMM-CFU

Tissues

M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22



IL-5 est “la” cytokine eosinotrope

Souris IL-5 transgéniques Souris IL-5 «K.O »

Niveau basal d’€osinophiles
médullaires N

MAIS

« anergie » aux stress
éosinophilotropes

Dent L et al, J. Exp. Med, 1990



Migration tissulaire

Rolling Adhesion @
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M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22




Activation tissulaire

Mast Antigen-
ceII

Interleukin-1

—— _Interleukin-1

r 1 Tumor
necrosis / at e necrosis

factor « Epithelial . factor a
cell . —
Chemokines

GM CSF
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M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22



Hnvoardasisiganilie, U
SYIPLOIIEICOITINIT



L'eosinopoiese pathologique

Primaires Secondaires Réactionnelles

M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22



Classification operationnelles des
hypereosinophilies
Gradation (wardlaw et al.):

= Legere: 1.0 1.5 10/
= Moderee; 1.5— 5.0 109/
= Severe: > 5.0 10%/I

Cut-off hypereosinophilies HEAD* vs atopies/
asthme Bronchique (kobayasti et al.)
s > 2052 x 107/,

= Chusid et al. et NIH, + drug atopy; angioedema episodigue; angeite granulomateuse allergigue



L'hypereosinophilie, un symptome commun

TABLE 1. DISEASES ASSOCIATED WITH EOSINOPHILIA.

EosinopHILIA ExampLEs OF CAUSES

PERITHERAL

Tyre oF DISEASE

Infectious
Respiratory

Gastrointestinal

Allergic
Systemic

latrogenic

Malignant

ELOOD

Present

Present or
absent

Present or
absent

Present or
absent

Present

Present

Present or
absent

TISSUE

Present or
absent
Present

Present

Present

Present

Present or
absent

Present or
absent

M. ROTHENBERG NEJM, 1998, Volume 338 Number 22

Infections with especially
invasive helminths

Eosinophilic pneumonitis,
asthma

Inflammatory bowel dis-
case, cosinophilic gastro-
enteritis, allergic colitis

Allergic rhinoconjunctivitis,
asthma, eczema

Idiopathic hypercosinophil-
ic syndrome, vasculitis

Drug reaction, cytokine in-
fusions (c.g. granulo-
cyte —macrophage colo-
ny-stimulating factor)

Lymphoma, colonic carci-
noma




« End-organ damage »: morbidite

Table 2. Organ Involvement in Hypereosinophilic Syndrome

Organ System

Cumulative Frequency
from 3 studies (%) * %20

Examples of Organ-Specific Manifestations

Hematologic

100

Leukocytosis with eosmophilia: neutrophilia. basophilia. miyeloid immaturity. immature and/or
dysplastic eosinophils: anenua. thrombocytopenia or thrombocytosis. mcreased narrow blasts,

myelofibrosis. 1921

Cardiovascular )

P ——

Cardiomyopathy. 222 constrictive pericarditis. 03! endomyocarditis, 3233 muwal thrombi 2734
valvular dysfunction 273538 endomyocardial fibrosis. 3732 nyocardial infarction®®

Dermatologic

Angioedam,"o wrticaria *° papul&s"mdules,"o plaques,"l aguagenic 1.11'uﬁ1i5_.'32 exj,‘thro::ienna,43
mncosal ulcers ¥ vesico-bullous lesions.** microthrombi. *5-47 vasculitis *¥ Well's syndrome™

Neurologic

Thromboembolism. peripheral newopathy,mﬁ ence;ilalopaﬂay;so'sz dementia 335*
epilepsy. S cerebellar dizease.*® eosinophilic meningitis®

Pulmonary )

Pulmonary infiltrates, %% effusions #9 fibrosis.* emboli 50 nodules/focal ground glass
attentuation 5! acute respiratory distress syndrome (ARDS)52

Splenic

Hypersplenism. infarct®™

Liver/Gallbladder

I-Iepaton:negaly__"54 focal or diffuse hepatic lesions on imaging,“ chronic active hepatitis,ss
hepatic necrosis,*® Budd-Chiari syndrome 7 sclerosing cholangitis. 58 cholecystitis. 5
cholestasis™®

Ocular

Microthrombi. 7173 choroidal infarcts.”2 retinal arteritis.”> episcleritis,
keratoconjunctivitis sicca,’* Adie’s syndrome (pupillotoria)’>

Gastrointestinal

Ascites. S diarrhea,”” gastritis. 7€ colitis, %72 pancreatitis7’

Musculoskeletal

N/A

Arthritis, 720 effusions 3° bursitis ®! synovitis, 2
Raynaud's phenomena 23 digital necrosis ¥ polymyositis/myopathy 3556

Renal

N/A

Acute renal failure with Charcot-Leyden crystalhuria 27 nephrotic syndrome 52
immmmotactoid glomerulopathy. 39 crescentic glomerulonephritis®®

Modified from Weller PF and Bubley GJI. Blood. 1994; 83: 2760, and Bnto-Babapulle F. Biood Reviews. 1997: 11: 139. N/A: not available




Cibles therapeutiques

Eosinophil —
¥ Endothelial

Antiadhesion —| ,* ”

Tissue LTB
Leukotriene inhibitors ———| LTC4 — Eosinophil
4

Se

Chemokine-receptor inhibitors oo
Glucocorticoids — C':mekl:":S /

veg
:. L .~ .
..00

/ Interleukin-3 and interleukin-5

Glucocorticoids ———— GM-CSF —‘7 GM-CSF I k
/ Phosphodiesterase IV inhibitor —‘7 Y "

Cromolyn
Tissue cells Interferon alfa Glucocorticoids
Antihistamines Cyclophilins
Leukotriene inhibitors

M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22




Mise au point des hypereosinophilies:
Demarche diagnostique

Exclure les causes secondaires/
reactionnelles

Preciser le AA:
m Primaires
= [diopathigues « vraies »



Hyperéosinophilies
« réactionnelles »

Secondaires et / ou reactionnelles:

= Reponse physiologique production cytokines
eosinotropes, chemoattractants

USA/EU: reactions allergiques, (hypersensibilite
type 1), asthme,

PVD: parasiteses,
Pysimmunitaires et CONNECLIVILES,
Neoplasies: I ou II.



Syndromes d” Hypereosinophilies
« Idiopathiques » (HES)

Primaires:

= Desordres hematologigues perturbant
'Eéosinopoiese,
Variant myeloide
Variant lymphoide
= Production ectopique d'IL-5 par clone lymphocytaire Th2



Syndromes d” Hypereosinophilies
« Idiopathigues » (HES)

Idiopathiques:
Physiopathologie mal / inconnue...
= Formes idiopathigues vraies



Causes secondaires
& communes >

d'hypereosinophilie

-



Hypereosinophilies réeactionnelles
« secondaires »

Table 1. Reactive Causes of Eosinophilia

Allergic/hypersensi
wo allergic bronchopulmonary aspergillosis, allergic gastroenteritis
Infections
Parasitic
Strongyloidiasis,Trichineiia spiralis, viscegaldasva-mugrans. filariasis, Schistosomiasis,
Ancyilostoma duodenale. Fasciola hepatica, Echinococct her parasitic diseases

Bacterial/Mycobacterial
Fungal (coccidioidomycosis. cryptococcus)
Viral (HIV, HSV. HTLV-II)
Ruckettsial

Connective tissue di
Churg-Strauss syndrome. \Vegener s granulomato . theumatoid arthritis. polyarteritis nodosa. systemic lupus
erythema : - iC fascutis / myositis

Pulmonary diseases
Bronchiectasis. cystic fibrosis. Loeffler’s syndrome, eosmophilic granuloma of the lung

Cardiac diseases
Tropical endocardial fibrosis, eosinophilic endomyocardial fibrosis or myocarditis

Skin diseases

Atopic dermatitis)urticaria, eczema. bullous pemphigoid, dermatitis herpetiformis. episodic angioedema with

eosmophilia (Gleich syndrome)

Gastrointestinal dis
Eosmophilic gastroenteritisceliac disease

Malignancies
C@n s and Non—H@, lymphoma. acute lymphoblastic leukemia, Langerhans cell ' reextasis. angiolymphoid
hyperplasia with eosinophilia (Kimura’s disease), angioimmunoblastic lymphadenopathy , e.g. renal, lung, breast.
vascular neoplasms. female tract cancers)

Immune system diseases / abnormalities
Wiskott-Aldrich syndrom@gﬁ (Job’s) syn@yper-lg.\zi syndrome. IgA deficiency
Metabolic abnormalities
Adrenal insufficiency

Other
11-2 therapy, L-tryptophan mgestion. toxic oil syndrome. renal graft rejection




Mise au point d'une HE (1)

Anamnese (histoire familiale, voyages, atopies...)
Examen clinique (organomegalies, signes
cutanes...)

EHL, vit B12, tryptase serigue, IgE

Serologies connectivites

Serologies « infectieuses » virales, recherches de
parasites ( a repeter si negatives)

Examen des selles / parasites ou oeufs ( a
repeter si negatives)

Aspiration duodenale (Strongyleides)

iraitement antiparasitaire d'essais; 2



Mise au point d'une HE (1)

ECG, Rx thorax

Bilan imagerie (tumeur profonde, atteinte
parenchymateuse...)

Cytologie (%age eosinophiles, dysplasie, eosinophiles,
blastose)

histologie medullaire (fibrose ?, IHC tryptase,
mastocytes ?)

Typage lymphocytaire / Th2
Cytogenetigue (translocation balancee acquise, deletion)
FISH| (A PDGFRA, PDGFRB, 8pii...)

Genetique moleculaire (AA, mutation activatrice de
Kinase, sulvi traitement)



Difficultés diagnostigues:

Difficultés diagn. / parasitoses torpides,

Etats nosologiques intrigues (asthme +
cause I ou II),

Atteintes d'organe isole vs maladie
systeme avec atteinte organe (poumon,

tube digestif; ...)
I'vs IT pas Gjs clair

‘ Répétitions des tests avant diagnostic « HE I »



Hypereosinophilies « primaires »:
DD ldlopathlques VS varlants




Classification OMS des « CMPDs » :
2 entités associees avec HE

Chronic eosinophilic leukemia (and the hypereosinophilic
syndrome)

James W. Vardiman, Nancy Lee Harris, and Richard D. Brunning
BLOOD, 1 OCTOBER 2002 VOLUME 100, NUMBER 7



Syndrome d’hypereosinophilie
idiopathique (IHES)

Eosinophilie > 1,5 10%/1 (1,5 103/pl),
Installation depuis > 6 mois,
Dommages tissulaires (ceeur, SNC, pulmonaire),

Exclusion des causes connues d'eosinophilies
Ssecondaires.

A.S. Faucy, Annals of Internal Medicine, 1982



Criteres OMS AA: IHES vs CEL

Clonalite ) <« CEL»

myelemie,
blastose 5-20%,
anomalie caryotypique

« Pas » de clonalite. ~ ==sp  « IHES >

Anomalies typage lymphocytaire (L-HES),
Pas d’anoemalies reconnues



Diagnostic differentiel, (I)HES

Preciser le DD (I)HES :

= Variants myeloide:

Hypereosinophilie, tryptase serique 7
(SMP),

s \Variants lymphoide:

Hypereosinophilie secondaire; / secretion
pathologique de cytokines (i.e IL-5, clone
Th2)

‘ Numeération et morphologie sanguine, examen médullaire,
Typage lymphocytaire, cytogeénéetique et biologie moléculaire



Variants lymphoide
clinigue

Atteintes cutanees, IgE,

alN lymphocytaires « clonale »,

Clone « Th2 » (cp3-cp4+Cps-; CD4-CD3+; CD3+CDA-CDS-)
Phenotype « active », CD25+, DR+
Mauvais pronostic: evolution vers LNH-T

Cfr Cogan et al, Simon et al. NEJM



HES, variants lymphoide
Diagnostic

Examen clinigue (peau),

Dosage IL-5 et CD25s,
Phenotypage,

Biologie moleculaire, TCRy et B (pas

iIndispensable)

Profil cytokines



En resume « I » HES

Variants myéloide Variant lymphoide

\ \
| | l |
Caryotype aN Caryotype N Typage N Typage aN

| — |

< CEL » IHES & h2 >

SMCDEo | ?




Des anomalies cytogenetiques

rares permettent d'affirmer la

clonalite des SMPs atypiques
avee HE



[. Anomalies du PDGFRB

5rndrome' .  Cytogeneticabnormalty  Molecular genetic bnormality

‘wrtheosrnophrlra T )(q33 @) HD osro PDGFBRfusron 5

'CMMLwrtheosmophrlra/T Irneagelymphoblastrc - 6,8)(q27 ol FOP-FGFerusron | ,, |
89)p110323)  FAMFGRRIfusion
81
81

{

rlymphoma rarerBIrneagelymphoblastrc .

reukaemrallymphomaandfrequentevolutronto t13)pihel) 2N 198-FGFRT fusron .
Gt FGRR rearranged [26]

acutemyelordleukaemra .

Bain B, Bone Marrow Pathology, 3rd Ed, Blackwell Science



t(5:12)(q32:033)/ETV6-PDGFRB

Normal

22

231

232

233

3

M2 .
3 1(5;12)
32

331

335

34

35.1

3

Normal 5 Normal 12



PDGFRB, un membre de la classe III des
recepteurs a activité « tyrosine kinase »

Extracellular TM Kinase

Cys Cys

T ———
Cys 5

g EGF EGF EGF lg) FnFnFn
Cys  Kringle

Discoidin

trends in Genelics

FGFR
KLG/C

4
B

PDGFR-a VEGFR1 FGFR-1 CCK4*

NGFR EPHR MR
CK HGFR E MUSK ?

TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LTK ROR1 MUSK | RTK106
TRKE RON EPHA2 MER TEK DOR2 ALK ROR2
TRKC EPHA3 TYRO3
EPHA4
EPHAS
EPHAG
EPHA7
EPHAS
EPHB1

EPHBS
FPHBR

PDGFRa, PDGFRf, c-KIT, FLT3



Induction of myeloproliferative disease m mice by tyrosine kinase fusion
oncogenes does not require granulocyte-macrophage colony-stimulating

factor or interleukin-3

Michael H. Tomasson, Ifor R. Williams, Shaoguang Li, Jeffrey Kutok, Danielle Cain, Silke Gillessen, Glenn Dranoff,
Richard A. Van Etten, and D. Gary Gilliland

NH2 ETV6 PDGFRB COOH

BLOOD, 1 MARCH 2001 z VOLUME 97, NUMBER 5



D’autres mutations du PDGFRB

ETV6
Myomegalin
Rabaptin 5

HIP1
H4/D10S170

0. =il

[[isromeey; [ imamntace (0o

Pardanini et al, BLOOD, 1 OCTOBER 2004 VOLUME 104, NUMBER 7



Illustration des essais clinigues dans les
SMPs Ph-

IMATINIB MESYLATE IN CHRONIC MYELOPROLIFERATIVE DISEASES

RESPONSE TO IMATINIB MESYLATE IN PATIENTS WITH CHRONIC
MYELOPROLIFERATIVE DISEASES WITH REARRANGEMENTS
OF THE PLATELET-DERIVED GROWTH FACTOR RECEPTOR BETA

JANE F. APPERLEY, M.D., MARTINE GARDEMBAS, M.D., JUNIA V. MELO, M.D., RoBIN RUSSELL-JONES, M.D.,
BARBARA J. BAIN, M.D., E. JOANNA BAXTER, PH.D., ANDREW CHASE, PH.D., JUDITH M. CHESSELLS, M.D.,
MARIE COLOMBAT, PH.D., CLAIRE E. DEARDEN, M.D., Sasa DIMITRIJEVIC, PH.D., FRANGOIS-X. MaHON, M.D.,
DavID MARIN, M.D., ZARIANA NiKoLovA, M.D., EDUARDO OLAVARRIA, M.D., SANDRA SILBERMAN, M.D.,
BEATE SCHULTHEIS, M.D., NicHOLAS C.P. CRoss, PH.D., AND JOHN M. GOLDMAN, D.M.

Apperley J, N Engl J Med, Vol. 347, No. 7 August 15, 2002



Evaluation in vitro de la sensibilité a I’ Imatinib.

—ag— Patient 2
—4— Patient 4
—— Patients with CML

—4— Healthy persons

=2
K
]
O
o
c
z
2
=]
w

10 15 20
Days in Imatinib Culture

Apperley J, N Engl J Med, Vol. 347, No. 7 August 15, 2002



ETV6-PDGERB est inhibee par |'imatinib

TABLE 1. CLINICAL AND HEMATOLOGIC CHARACTERISTICS OF FOUR PATIENTS
wITH PDGFER B-PosITIVE LEUKEMIAS. *

CHARACTERISTIC

PATIENT 2 PaATIENT 3 PamEenT 4

Sex Male Male Male
Age at diagnosis (yr) 32 50 68 6
At beginning of imatinib treatment

Age (yr)
Splenomegaly

Hematologic characteristics
Hemoglobin (g/dl)
White-cell count (per mm3)
Eosinophil count (per mm3)
Platelet count (per mm?3)
Bone marrow cytogenetics

36
Yes

10.1
80,000
7,820
74,000
100% 46,XY
t(5;12)(q33;p13)

51
Yes

12.3
52,000
4,800
190,000
100% 46,XY
t(5;12)(q33;p13)

69
No

12.5
41,000
1,640
192,000
100% 46 XY
t5;12)(q33;p13)

20
No

97
9.300
4.100
506,000
100% 46 XY
t(5;12)(q33:913)

Results on RT-PCR
Single-step + NA
Heminested + + NA
Most recent studies
Duration of imatinib therapy (mo) 9 12 12
Current dose of imatinib {mg/day) 400 400 800
Hematologic characteristics
Hemoglobin (g/dl) 14.5 13.7 14.3
White-cell count (per mm3) 5,600 5,000 8,500
Eosinophil count (per mm?3) 100 200 700
Platelet count (per mm?3) 176,000 251,000 249 000
Bone marrow cyrogenetics 100% 46 XY 100% 46 XY 100% 46 XY
Fluorescence in situ hybridization NP NP =95% 2 fused signals
Results on RT-PCR
Single-step - - NA
Heminested + + NA

*RT-PCR denotes reverse-transcriptase polymerase chain reaction, NA not applicable, and NP not performed. A plus
sign indicates a positive result, and a minus sign a negative result.

Apperley J, N Engl J Med, Vol. 347, No. 7 August 15, 2002




Apperley J, N Engl J Med

Figure 1. Patient 4 at the Beginning of Imatinib Therapy (Panel A) and after Eight Months of Therapy (Panel B).




I1. Le syndrome 8p11

Cytogenetic
Abnormality
t(9:22)(q34:ql1)
t(3:22)(pll:qll)
t(4:22)(ql2;:ql1)
t(8:13)(pll;ql2)
t{6:8)(q27;pl1)
(2.9 (pl2:q33)

t(5:12)(q33;p13)
t(5:7)(q33:q11)

t(5:17)(q33;p13)
t(5:10)(q33:q21)

t{(9:12)(q34;p13)
t(9;12)(p24;pl13)
t(9:22)(p24:ql1l)
del{4)(ql2)

Tyrosine Kinase
Fusion Protein

BCR-ABL
BCR-FGFR1
BCR-PDGFRA
ZNF198-FGFR1
FOP-FGFR1
CEP110-FGFR1
HERV-K-FGFRE1
TEL-PDGFREB

HIP1-PDGFRB
EABES-PDGFRE
H4-PDGFRE

TEL-AEBL
TEL-JAK2
BCR-JAKZ

Chronic Myeloproliferative Disorder
CML or acute lymphoblastic leukemia
BCR-ABlL-negative CML
Atypical CML
&p Myeloproliferative syndrome

8p Myeloproliferative syndrome

&p Myeloproliferative syndrome

Ep Myeloproliferative syndrome

Chronic myelomonocytic leukemia
or atypical CML

Chronic myelomonocytic leukemia
or atypical CML

Chronic myelomonocytic leukemia
or atypical CML

Chronic myelomonocoytic leukemia
or atypical CML

Atypical CML or BCR-ABL—negative CML
Atypical CML or BCR-ABL—negative CML
Atypical CML or BCR-ABL—negative CML

FIP1IL1I-PDGFRA Hypereosinophilic syndrome

N Engl J Med 2003;349:1451-64.



Syndomes 8p11-12

Maladie rare (60 cas décrits)

Histoire naturelle Tri-phasique

Phase chronigue SMP avec HE f
Acceleration, cell. Myeloides immatures,

A;:cutisation ss forme de LLNH lymphoblastigue
B/

Atteinte lignees myeloides et lymphoides
Anomalie clonale cell. souche multipetente
TOG8) (X pll), 9 partenaires decrits, proteines
de fusions X-FGER

Pas sensible au glivee



Une thematiqgue commune :
mutation de gene encodant des
proteines a activite Tyrosine
Kinase

PDGFRE, PDGFR, ABL, FGFR1



Imatinib therapy. for Phi heg CMPDs

Review article

Imatinib targets other than hcr/abl and their clinical relevance in myeloid disorders

Animesh Pardanani and Ayalew Tefferi

BLOOD, 1 OCTOBER 2004 VOLUME 104, NUMBER 7



Schematic representation of the mechanism of
action of STI571

ber-abl
tyrosine - tyrosine
kinase | kinase

Altered cellular adhesion Altered cellular adhesion
Abnormal proliferation | Abnormal proliferation
Inhibition of apoptosis : Inhibition of apoptosis

= CML

39 Oritologist




Imatinib Is Highly Selective for Multiple

Kinases

Kinases Inhibited Kinases Not Inhibited
v-Abl 0.1-0.3 Flt-3 >10
p210Bcr-Abl 0.25 c-Fms, v-Fms >10
p185Bcr-Abl 0.25 EGF receptor >100
TEL-ADbI 0.35 c-erbB2 > 0] o)
PDGEF-R 0.1 Insulin receptor >100
TEL-PDGF-R 0.15 IGF-1 receptor >100
c-Kit 0.1 ') e >10

JAK-2 >100

PDGF-R = platelet-derived growth factor receptor; EGF = epidermal growth factor; IGF-I = insulin-like
growth factor I.
Druker BJ et al. Nat Med. 1996;2:561-566.



Tyrosine kinase constitutivement activee
dans les SMP sensibles au Glivec®

Table 1. Partial list of constitutively active tyrosine kinases in bcr/abl-negative chronic myeloid disorders that are predicted
or documented to be imatinib sensitive

Fusion Translocation  Deletion Mutation Disease association  Imatinib response* Study

PDGFRB
ETV6/PDGFRB 1(5;12)(q33;p13) CMML Yes Golub et al'?
CEV14/PDGFRB t(5;14)(g33,932) AML — Abe et aP€
HIP1/PDGFRB t(5;7)(q33;911) CMML — Ross et al®
H4 (D10S170)/PDGFR3  1(5;10)(q33;q21) uCMPD Kulkarni et ai®, Schwaller et al*
RABS/PDGFRB t(5;17)(q33;p13) CMML Magnusson et ai?
PDE4DIP/PDGFRB t(1;5)(923,933) uCMPD Wilkinson et al'®
PDGFRA
BCR/PDGFRA t{4;22)(q12;q11) uCMPD Trempat et al 37, Baxter et aP*®
F1P1L1/PDGFRA SM-eos/CEL Cools et al'!, Pardanani etal'#
c-kit
DB16VIFIY§ MCD Ma et a®
V560G — Furitsu et al*!
E839K — Longley et al?2
D820G — Pignon et al®
Abl
ETV6/ABL Complext Yes Van Limbergen et al*, Andreasson et al*!
ETE/ARG t(1;12)(q25;p13) AML Yes Nighimura et al®2

aCML indicates atypical chronic myeloid leukemia; uCMPD, unclassified chronic myeloproliferative disorder (some of these patients are described as having atypical
CML); SM-eos, eosinophilia-associated systemic mastocytosis; MCD, mast cell disease; ETV6, ets variant gene 6 (TEL oncogene); CEV14, clonal evolution-related gene on
chromosome 14; HIP1, Huntington interacting protein 1; RABS, rabaptin 5; BCR, breakpoint cluster region; D10S170, DNA segment on chromoseme 10 (unique) 170;
PDE4DIP, phosphodiesterase 4D interacting protein (myomegalin); FIP1L1, FIP1-like 1; and —, not applicable.

*Clinical response to imatinib therapy documented (where tested).

TAll patients have complex chromosomal rearrangements that require at least 3 chromosomal breaks.

1Deletion is submicroscopic.

§Imatinib resistant.




Imatinib et SMPa (1)

Table 3. Summary of representative studies that describe use of imatinib in the treatment of CMML o atypical CMPD*

Clinical No. Imatinib dose,
Study diagnosis patients Cytogenetic findings Molecular findings Response mg/d

CMML 1 t5:17)(q33p13) Rab5/PDGFRB
Piini et al*t CMML 1 1(5:12)(q33;p13) ETV6PDGFRB
Cortes et &l CMML 3 2nomal 1 trisomy 21 NA
Wilkinson et al'é* aCMPD 1 {(1:5)(023,933) PDE4DIPIPDGFRB
Trempat et a™™ aCMPD 1 14:22)(q12:q1) BCRIPDGFRA
Garcia et alf™ aCMPD 1 1(5:10)(q33,022) H4(D108170)/PDGFRB
Demetr ef alf*} aCMPD 1 Complex abnormalities ETV&/ABL

7

Cortes 7 aCMPD NA NA 1 MHR

S 8585888

CHR indicates complete hematologic response (normalization of blood counts); MHR, major hematologic response (increase in hemoglobin concentration from 95 to 137
glL[9.5t0 13.7/dL]); D105170, DNA segment on chromosome 10 (unique) 170. Remaining abbreviations are explained in Tables 1 and 2.

*Data supported the presence of imatinib-responsive molecular target before the start of therapy.

tSome patients were described as having atypical CML based on a CML phenotype without Philadeiphia chromosome or ber/abl fusion and association with dysplasia.
Does not include patients with prominent peripheral eosinophilia.

{Patient was treated in chronic phase of atypical CML after receiving induction therapy for blast crisis.




Imatinib et HES/SMCDEo (2)

Table 2. Summary of representative studies (series consisting of 4 patients or more) that describe use of imatinib in the treatment
of primary eosinophilic disorders

Molecularor  Imatinib
Clinical No. Clinical cytogenetic dose,
Study diagnosis ___patients Cytogenetic findings c-kit or PDGFR mutations response response mg/d

Gleich et al™ HES 5  3normal Negative for c-kit D816V (n = 4) 4CR NA 100
2ND 1NR
Pardanani HES/ICMPD-g0s 6 normal Negative for c-kit and PDGFRB mutations 3CR | Patientwith +8did 100-400
etal 1 trisomy 8 (n=6) 1PR not respond 100400
INR
Cortes et al™ All normal ND 4CR NA 100-400
1PR
4NR
Apperleyetal’® CMPD-eos 1(5;12)(q33;p13) in all 4 patients ETVE/PDGFRB (n = 3) 4CR 400
Cools et al'! HES, AML 9 normal FIP1L1/PDGFRA in 5 of 10 tested, including 9CR 100-400
11(1;4)0d4.q12) the 2 patients with abnormal cytogenetics 2NR
1 trisomy 8 and 19
Klion et ai** All normal FIP1L1/PDGFRA in all 6 patients 6CR 400
Pardanani All normal FIP1L1/PDGFRA (n = 3) c-kit D816V (n =2)| 3CR 100-400
etal

2NR
Klion et al'? All normal FIP1L1/PDGFRA in all 7 patients 7CR 5CR(n=6) 300400

\andenberghe All normal FIP1L1/PDGFRA in all 4 patients 4CR 2CR 100
et alé
Salem et al™ 5 normal Negative for ETV6/PDGFRB 6CR NA 100
1 trisomy 8

CR indicates complete response; NR, no response; PR, pariial respongse; MHES, myeloproliferative variant of HES; eos-CMPD, eosinophilia associated chronic
myeloproliferative disorder; D816V, aspartate 816 to valine mutation; ND, not done or not reported; NA, not applicable. Remaining abbreviations are explained in Table 1.




Anomalies rares et rencontrées dans une minorite
de cas de SMP. atypiques avec hypereosinophilie

Molecular pathogenesis of atypical MPDs: summary

TK fusions
non-TK fusions/gene disruption

_\z/wuuﬂmﬁmu(?)







Activation constitutive de protéines a activité « TK »
dans les CMPDs, un mecanisme general

d’activation ?

me NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MARCH 27,2003 VOL.348 NO.13

A Tyrosine Kinase Created by Fusion of the PDGFRA and FIP1L1
Genes as a Therapeutic Target of Imatinib in Idiopathic
Hypereosinophilic Syndrome

Jan Cools, Ph.D., Daniel . DeAngelo, M.D., Ph.D., Jason Gotlib, M.D., Elizabeth H. Stover, M.Phil.,

Robert D. Legare, M.D., Jorges Cortes, M.D., Jeffrey Kutok, M.D., Ph.D., Jennifer Clark, M.D., llene Galinsky, R.N.,
James D. Griffin, M.D., Nicholas C.P. Cross, Ph.D., Ayalew Tefferi, M.D., James Malone, M.D., Rafeul Alam, M.D., Ph.D.,
Stanley L. Schrier, M.D., Janet Schmid, M.D., Michal Rose, M.D., Peter Vandenberghe, M.D., Ph.D.,

Gregor Verhoef, M.D., Ph.D., Marc Boogaerts, M.D., Ph.D., Iwona Wlodarska, Ph.D., Hagop Kantarjian, M.D.,
Peter Marynen, Ph.D., Steven E. Coutre, M.D., Richard Stone, M.D., and D. Gary Gilliland, M.D., Ph.D.




Etude Cools and Co, NEJM March 2003

Cas rapportes de reponses aux STI-571 chez patients
avec SMPs atypiques, LMMC et IHES,

Hypothese cause sous jacente = activation
constitutionnelle kinase type ABL, PDGERA/B ou Kit,

Selection cohorte de patients IHES traites par imatinib (n
= 11 de 16) et identification base moleculaire de la
EPONSE.



Descriptif:

Atteintes organiques: fibrose endomyocardique,
cardiomyopathie restrictive, atteinte GI, pulmonaire, SNC

et paraspinal, cutanee, hepatosplenoméegalie et
thrombose,

Eosinophilie moyenne: 14500 / mm?

Caryoetype: O N, 1 t(1;4)(g44;g12), 1 trs 8 -19 —add2d-
del6g (LMA),

BCR-ABL negatifs (K et EISH),
Imatinik: 100'—400/mg p:o



Résultats

Réemission cytologique complete
(normalisation eosinophilie):

= 10 /11 (mediane 4 semaines) dont
= 9 durant plus de trois mois et 1 transitoire,

PDuree mediane de reponse: 7. mois [3-15]



Identification des bases moléeculaires de la reponse
au traitement

Oncogenic fusion
gene

ql2
/"\

q44 ql2
t(1:;4) (q44;q12) deletion

The Chromosomal Aberration in the Hypereosinophilic Syndrome.

The t(1;4)(q44;q12) translocation (Panel A) found in one patient with the dis-
ease provided the clue to the oncogenic lesion. This translocation was not
found in any other patient with the hypereosinophilic syndrome, whereas the
molecular lesion shown in Panel B was present in 9 of 16 patients. In this le-
sion, deletion of a region in the long arm of chromosome 4 (ql2) was repaired

by the joining of pieces of two genes, POGFRA and FIPIL1. The product of the
fusion gene is a constitutively active tyrosine kinase.

Robert S. Schwartz, N Engl J Med 348;13



FISH del 4g12:
delétion CHIC2

-
.

der(1)

A 4ql2 Region

Deleted region (800 kb)

Probe 200DS




Clonage du transcrit chimérique FIP1L1-PDGFRA

FIP1L1-PDGFRA

PDGFRA-FIP1L1

Identification du transcrit de fusion chez des patients avec caryotype N !



Clonage des points de cassure dans I'exon 12 du
gene PDGFRA

B PDGFRA Exon 12 Break Points

Patient 1

Patient 4

Patient 6

Patient 9

Patient 12

Patient 14

Patient 17

12 1 17 9 4

GAAATTOGCTGGAGGGTCATTGAAT CAATCAGCCCAGATGGACATGAATATATTTATGTGGACCCGATGCAGCTGCCTTATGACTCAAGATGGGAGTTT CCAAGA

Intron 8a I

agcaaatgctqtgttttaatcttaatgcabEECCCGGA?GGAQATGAATATATTTATGTGGACCCGATGCAGCTGCCTTATGACTCAAGATGGGAGTTTCCAAGA
agcaaatgctttgttttaatcttaatgeoacattaaagacatttgttgttaatgatgteoe

Intron 10
tcaaaaaattatatcttgcgaagagattgattaatatttcagtcotggtettottetgtatacoggtttoct tttaggagactgotacAGATGGGAGTTICCAAGA
tcaaaaaattatatcttgcgaagagattgattaatatttocagtctggtettottetgtataccoggtttocttttaggagactgotactgggtgoctggtatttat
Intron 9
ataagttatttaatttgttataatgatttgttaatttaEgatCATGAATATATTTATGTGehéCCGATGC&QCTGCCTTATGACTCAAGATGGGAGTTTCCAAGA
ataagttatt aatttgttataatgatttgttaattta&gataatcttttttcctttggcaaécctgagtaa

Intron 10

aatttaaatgtattttaatgttgoctttttaacattagacttctaatgtttttaaaagtaaagtccATGCAGCTGCCTTATGACTCAAGATGGGAGTTTCCAAGA
aatttaaatgfattttaatgttgcctttttaacattaghcttctaatgtttttaaaagtaaaﬁtccaaaatatgatgagataagtatagtaatgat

Intron 8 :
aaaatttaa acGAGGGTCATTGAATCAATCAGCCCGGAE‘GGACATGAATATAT'r'rxrG'rGGAJCCGA'DGCAGCNCCTTA'I\GACTCAAGATGGGAGTHCCAAGA

aaaatttaaacttacaaagaat tgcaaaaaaaagtaca'aat

Intron 9
cttgttaaatgatctttatgaagtacttttttcot tgtgL.'l'GGACA'I‘GAATATATTTA’.I‘GTGGchCGA’DGCA_GCIGCCTTAIGACTCAAGATGGGAGTITCCAAGA
cttgttaaatgatctttatgaagtacttttttocttgtgtggagtgtttgtattaattactttttatta

Intron 10

taagcgagattgtgcagtaattgtoctttctgbtgoctggeocttatttcacttagracagtgtcctCCGATGCAGCTGCCTTATGACTCAAGATGGGAGTTTCCAAGA
taagcgagattgtgcagtaattgtctttcoctgtgoctggecttatttcacttagocacagtgtectoccaggttcatgecatgttgtcacaaatgaca




Points de cassure genomigue FIP1L1 et PDGFRA

12 34 567

14,56,912,13,14,17

11 14 18 21
2 3 45 67 8 91012 1315 16 17 18 20 22 23

Split kinase domain

Exon 12 2 % v
tcatttatagAAACCGAGGTATGAAATTCGCTGGAGGGTCATTGAATCAATCAGCCCAGAT

6 17 9 4

A Yyvy \ A
GGACATGAATATATTTATGTGGACCCGATGCAGCTGCCTTATGACTCAAGATGGGAGTTTC

CARGAGATGGACTAGTGCTTGgtaagttceca




Creation d'une proteine chiméerique

FIPIL]

PDGFR«x
Extracellular TM

domain

Split kinase

JM  domain

FIP1L1.PDGFRa N+, — QT T} ook
FIP1L1-PDGFRa T674I N Hz—d-:-:]—coon




FIP1L1-PDGFRa est dote d'un pouvoir
transformant Jin vitro (lignee IL- 3 dep.)

MSCV-IRES-EGFP

EGFP e LTR |

MSCV-F/P-IRES-EGFP

[
FIPIL] PDGFRA

MSCV-F/P(del30-233)-IRES-EGFP [ 71 | MW IRES T EGFP  Jeeed TR |

MSCV-F/P(del6-233)-IRES-EGFP 171 [ HTRES | EGFP =] TR |

MSCV-F/P(T6741)-IRES-EGFP ~al [ WTRES [ EGrP TR

N
w

a GFP-interdeukin-3 F/P Confére I’lndépendance é IIIL'3

a GFP+interdeukin-3
afF /P-interleukin-3
mF /P+interleukin-3 , o
—£/P(del30-233) FIP1L1 ne semble pas necessaire
—interleukin-3
oF/ P::dc 16-23 I3 )
—interleukin-3

No. of Cells {x10-5/ml)
Ll lIII:ID'llII:;’;lllI'::-;IIIII

w

o




Limatinib inhibe /n vitro le pouvoir transformant

MSCV-IRES-EGFP

MSCV-F/P-IRES-EGFP TR WTRES [ EGFP ] LR |
FIPIL] PDG

MSCV-F/P(del30-233)-IRES-EGFP [T WTRES | EGFP e (TR |

MSCV-F/P(del6-233)-IRES-EGFP T HRES [ EGFP e TR |

MSCV-F/P(T6741)-IRES-EGFP [T Hres | _ecrp TR

©

AFIPILLI-PDGFRa

T&74l
=E|PILLI-PDGFRa
o BECR-ABL

L'imatinib inhibe l'effet transformant

La mutation T674I confere la
Résistance au Glivec

10 100 1000 10000

Imatinib (nM)




Activation constitutive de la voie de
signalisation des « STATs »

FIPTICI-PDGFRor —STATSa —P-STATSa



FIP1L1-PDGFRa présente une activitée « TK »
constitutive, phosphoryle STAT5S et est inhibee par
I'imatinib

e Phosphorylation IL-3 indép. STAT5 e Phosphorylation tyrosine IL-3 indép.
e — / Imatinib 5 nM e — / Imatinib 5 nM

eT6741 confere résistance




Conclusions:

Identification d'un gene de fusion FIP1L1-PDGFRA suite
deletion interstitielle 4g12,

Encode une proteine a activité Tyrosine kinase
constitutionnelle dotee de proprietes transformantes des
cellules souches hematopoietique,

FIP1L1-PDGFRA est inhibe par le STI-571, I.C 50 = 3,2
n,

Detection retrospective du transcrit chez 9/16 patients
avec IHES,

Parmi 9 repondeurs au Gleevec, 5 sont + pour le
transcrit EIP1L1/PDGERT,

Rechute chez un patient associee a l‘apparition d’'tine
mutation 116741 du gene PDGERA




Confirmations:
des resultats de I'Imatinib / 6 les HES

Table 3. Published Reports of Imatinib in HES, CEL, and SM with Eosinophilia

Author No. Patients Treated Disease Responses’ Comments
(Year) [Reference] with Imatinib

Schaller and Burkland*® < ' Initial report; rapid hematologic
(2001) [169] remission on imatinib 100 mg/d

Gleich et al * 3 S 4 C IL-5 levels normal in
(2002) [170] responders

Aulteral ® < ‘ Resolution of 70% eosinophilia
(2002) [167] in 18 days on imatinib 100 mg/d

Pardanani er al. * HES, . IL-5 levels elevated in
(2003) [171] Eos-CMD responders

Cortes ef al. ™ 0 HES 3 responses at imatinib 100 mg
(2003) [172] mg/d: 1 response at 400 mg/d

Cools ef al. HES/CEL FIPILI-PDGFRA fusion
(2003) [3] present in 5/9 responders

Klion et al. HES-MPD ; Molecular remission in 5 of 6
(2003) [175] patients tested for FIP/LI-PDGFRA
after 1-12 months of imatinib

Pardanani ef al. 6 SM with 3CR Responders had F/PILI-PDGFRA
(2003) [176] n=47 eosinophilia fusion and no D816V KJ/T mutation

C.R=32
TRefer to individual studies for response criteria
*FIPIL1-PDGFRA fusion not assessed
SM= systemic mastocytosis: Eos-CMD= eosinophilia-associated chronic myeloproliferative disorder:
HES-MPD= myeloproliferative variant of HES: CR= complete hematologic remission; PR= partial hematologic remission




Classification operationnelle des SMP
Phi-

Ber/abl-Negative Chronic Myeloproliferative Disorders (CMPD)

Essontial thrombocythemia

rorcrnonia s [PV

Myslofibresis with myeleid
metaplasia

Melecularly dofined Clinicopathologically defined

*FIP1L1-PDGFRA positive * Hypereosinophilic syndrome
eosinophilic disorder * Chronic eosinophilic leukemia
*POGFRB-rearranged CMPD * Systemic mastocytosis
* C-it mutation-positive * Chronic myelomonocytic leukemia
systemic mastocytosis i
* Juvenile myglomonocytic kkukemia
* Chronic neutrophilic leukemia
* Unclassifiad myeloproliferative syndrome

Figure 1. Operational classification of ber/abl-negative chronic myeloprolifera-
tive disorders.




Strateégie diagnostique

el
Organomegalie
Vit B12

Negative Trypta se Sé r|q ue

Histologie SMP

Cloaal ¢jytogenctic

wbnormality, cloml Noclonalty demonstrated,
(\‘nkﬂllu. of Increased Abnormal T-cell no increased nmarrow b hsts,
marrow blasts (S 1o 199%) population no abacemal T-cell ltia

T<ell associated Hypercosinophilic
HES Syndrome (HES)

Conventional therapy
or tnal of imatinib for
symptomatic patients

Hematologic

Response tg imatinib?
I Yes

T-cell associated .Provisional (Tllegories
HES - IR Search for cryptic molecular
abnormalities involving ABL,
KIT. PDGFRA B, or other
targets of imatinib not yet
identified




Questions en cours (1)

Biologiques :
= Origine de la cell. mutee ?
= CEL vs SMCDEo, une ou deux pathologies ?

= Mecanisme responsable activation constitutive
du PDGERA ?

= Autres genes encodant des proteines « TK »
mutes ?

= Lien mutations PDGERA et eosinophilie ?

= Voies de signalisation activees ?



Questions en cours (2)

Thérapeutiques:

s Dosage imatinib optimum ?
= Guerison possible ?

= Place de la greffe ?

Diagnoestiques:

= [ests D pour HES/CEL E/P - ?

= liests predictifs reponse a | imatinib; 2
= DD SMCDE® Vs CEL ?



Origine de la cellule souche
leucemique ?

8p11 syndr. m—)>

CEF F/P+ ? —

Early yel oid
progenitor

\ CFU-B

. ©CFU -GM

CEF F/P+ ? —) q:.

MK

|

PreT

©

-

Derek L. Stirewalt and Jerald P. Radich, Nature Review Cancer SEPTEMBER 2003, volume 3



Origine de la cell. souche
leucemique ?

Table 1. Detection of either c-kit D816V or FIP1L1-
PDGFRA mutation in 3 informative patients with sys-
temic mast cell disease associated with eosinophilia.

pt Mutation Eosinophil  Neutrophil CD34* CD3* CD19°

T CHIC2- 22.5% 6% 27% 8.5%  3.5%

2 D816V - - - - -~
3 CHIC2- 79% 16% 8% 1% 3%

Percentages represent the proportion of purified cell populations with deletion of
the CHIC2 locus, a surrogate for FIPT1L1-PDGFRA. CD34, myeloid progenitor
cells; CD3, T lymphocyte; CD19, B lymphocyte. The median abnormal signal per-

centage in 25 controls was 0% (range 0-2%).

A. Tefferi, haematologica 2004; 89(7):July 2004



PDGFRA+ CMPDs

How many d

FIP1LI-PDGFRA+

FIP1L1

?

ISEASES :

-PDGFRA-

FIP1LI

ined

sta

(H&E)-

Pardanani et al, Blood, 2005



Mastocytose systemique (MS),
criteres diagnostics OMS

Critere majeur:

= Infiltrats denses multifocaux medullaires ou d'un autre organe
atteint, par des cellules mastocytaires (>15 cell agregees)

Criteres mineurs:

s a. >25% du total des cell. mastocytaires sont atypigues sur
frottis médullaire ou sont en « fuseau » dans les infiltrats
Visceraux

= b.mutation ponctuelle du codon 816 du gene c-kit

= C. cell. mastocytaires medullaires, peripheriques ou autre organe
extra cutane expriment le €D2 et/ou e CD25

= Concentration basale en tryptase serigue > 20 ng/ml (nen
valable en presence d'ine autre atteinte myeloide)

Uni critere majelrs et un mineur ou trois mineurs remplis pouA



Interrelations Eosinophiles et
Mastocytes

Mastocyte PNN Eosinophile

IL-5 II-3 GM-CSF

SCF

-t t _ -
: I%%?S\ Fibroblastes GMCSE; G
@ Cell. endothéliales

—

LS




Expression aberrante du gene de la
Tryptase (o+[5)
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Expression aberrante du gene de la Tryptase

(af5)
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Expression aberrante du gene de la
Tryptase (o+[5)







Des connaissances nouvelles

Physiopathologies des SMPs avec
eosinophilie (8piil, CEL, LMMC, CEL)

Mecanismes generaux de leucemogenese
le role des mutations de genes encodant
des proteines a activité « Tk »



De nouvelles approches therapeutiques

Imatinib mesylate,

Autres inhibiteurs de
< Tk »,

Strategies anti IL-5.




De nouveaux inhibiteurs de « Tk » ?

Table 2 | Cancer therapies targeted to receptor tyrosine kinases

Names Targets Status Description Company

Trastuzumab, Herceptin HER2 Approved for metastatic Humanized anti-HER2 IgG1x Genentech
breast cancer

Imatinib, Glivec, STIS71 BCR-ABL, KIT, Approved for CMLand GIST ~ 2-Phenylaminopyrimidine Novartis
PDGFR

Gefitinib, Iressa, ZD1839 EGFR Approved for NSCLC Quinazoline AstraZeneca
Cetuximab, Erbitux EGFR Approved for colorectal cancer Chimeric anti-EGFR IgG1 ImClone/Merck
Bevacizumab, Avastin VEGF Approved for colorectal cancer Humanized anti-VEGF (rhu mAb-VEGF) Genentech

OSI-774, Tarceva EGFR Clinical development Quinazoline Genentech/
Roche/OS|

Cl-10383 EGFR, HER2 Clinical development 4-Anilinoquinazoline, irreversible inhibitor ~ Pfizer

EKB-560 EGFR, HER2 Clinical development 4-Anilinoguinoline-3-carbonitrile, irreversible Wyeth
inhibitor

CDP860 PDGFR Clinical development Anti-PDGFB-receptor antibody fragment Celitech

Pertuzumab, Omnitarg, 2C4 HER2 Clinical development Humanized anti-HER2 (hetercdimerization ~Genentech
inhibitor)

SU6E668 VEGFR2, PDGFR, Clinical development Indoline-2-one Sugen/Pfizer
FGFR

SuU11248 VEGFR2, KIT, Clinical development Indoline-2-one Sugen/Pfizer
PDGFR, FLT3

ZDB474 VEGFR2 Clinical development Quinazoline AstraZeneca
PTK-787/2K222584 VEGFR1/2, PDGFR Clinical development Anilinophthalazine Novartie/Schering
AGO13736 VEGFR2, PDGFR  Clinical development - Pfizer

CP549, 832 VEGFR2, FGFR1, Clinical development - Pfizer
TIE2

PKC-412, midostaurin PKC, VEGFR2, Clinical development N-Benzoylstaurosporine Novartis
PDGFR, FLT3, KIT

CEP-701 FLT3, TRK kinases  Clinical development Indolocarbazole alkaloid Cephalon
MLN-518, CT53518 PDGFR, KIT, FLT3  Clinical development Quinazoline Millennium

CML, chronic myelogenous leukaemia; EGFR, epidermal growth factor receptor; FGFR, fibroblast growth factor receptor; FLT, FMS-related tyrosine kinase; GIST,
gastrointestinal stromal tumour; HER, human EGFR-related; lg, immuncglobulin; NSCLC, non-small-cell lung carcinoma; PDGFR, platelet-derived growth factor
receptor; PKC, protein kinase C; VEGF, vascular endothelial growth factor; VEGFR, VEGF receptor.




De nouveaux inhibiteurs de « Tk » ?

Table 2 | Tyrosine-kinase inhibitors in early clinical trials

Compound Company R(l)‘ui;'e Receptor Side ettects Responses Clinical development
inhibition
CEP-7T01 Cephalon  Oral FLT3 (wld-type Mausea, fatigue 1 of 8 patients: Phase Il tral in acult
and mutant? and neutropaenia <5% blastsin AML"; accrual in progress
bone marrow

SU5416 Sugen FLT3 (wild-type Headaches, dyspnoea, 3 of 55 patients: Phase Il tnal in adult AML
and mutant{ infusion reactionand  partial remission and high-grade MDS
KIT, FMS and thrombosis with 6-25% bone-
PDGFR marow blasts

SU11248 Sugen FLT3 (wld-type Fatigue 32 patients, 13 of Phase | trialin adult AML:
and mutant{ 16 evaluable patients: accrualin progress
KIT, FMS and >50% reductionin
PDGFR pernpheral blasts

MLN518 Millenium FLT3 (wld-type Not reported yet 8 patients, 2 of 3 Phase | trialin adult AML
and mutant{ evaluable patients: and high-grade MDS;
KIT and PDGFR 50% reduction in accrual in progress
marmow blasts

PKC412 Novartis FLT3 (wld-type Mausea; two deaths of 1 of 8 patients: Phase Il tral in adult AML
and mutant{ uncertain aetiology;: =507 reductionin

PKC, VEGFRand  pulmaonary toxicity; marrow blasts
PDGFR thargy

L-000021649 Merck Oral FLT3 (wild-type Not reported yet Not reported yet Phase | trialin paediatric

and mutant) AML and ALL: starting
and VEGFR accrual

* Patiants with AML had to have either an FLT2 intemal tandem duplication or a mutation in the tyrosine-kinase domain. ALL, acute lymphocytic biekaemia; ANL, acute
myebid kukaemia; FLT3, FMS-like tyrosine kinase 3; 1V intravenous; MDS, miyelodysplasia: PDGFR, platelet-derived arowth factor receptor; PKC, protein kinase C: VEGFR,
vascular endothelal growth factor receptor.

Derek L. Stirewalt and Jerald P. Radich, Nature Review Cancer SEPTEMBER 2003, volume 3
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SCH55700
Nouvelle approche anti IL-5

Patient ge | Clinical Baseline F/P Serum IL-5 level Bone marrow Granulocytic

Manifestations eosmophil | mutation** (ng/ml) biopsy cellulanity | precursors in bone
count (%) Marrow aspirate

(eos/mm3)*** (%)

Post Pre | Post | Post | Pre | Post | Post

(3d) (1m) | (last (Im) | (last

dose) dose)

Mucosal ulcerations, <1.95 i 50 | 30 68 76
dermatitis,
splenomegaly
Angioedema,
dermatitis,
myoedema,
arthralgias, myalgias
Mucosal ulcerations,
dermatitis, anemia,
thrombocytopenia,
splenomegaly
Pericardits, pleuritis,
urticaria,
cerebrovascular
accident, digital
ulcerations

KLION et al., Blood 2004




Une base moleculaire communes aux SMPs ?

Activating mutation in the tyrosine kinase JAK2 in polycythemia
vera, essential thrombocythemia, and myeloid metaplasia
with myelofibrosis

Ross L. Levine,'21T Martha Wadleigh,?'" Jan Cools,® Benjamin L. Ebert,2® Gerlinde Wernig,'

Brian J.P. Huntly,! Titus J. Boggon,* Iwona Wlodarska,® Jennifer J. Clark,! Sandra Moore,!

Jennifer Adelsperger,! Sumin Koo,' Jeffrey C. Lee,® Stacey Gabriel,® Thomas Mercher,! Alan D'Andreq,?
Stefan Frohling,! Konstanze Déhner,” Peter Marynen,® Peter Vandenberghe,® Ruben A. Mesa,”

Ayalew Tefferi,” James D. Griffin,? Michael J. Eck,* William R. Sellers,%>® Matthew Meyerson,%#

Todd R. Golub,5810 Stephanie J. Lee,2* and D. Gary Gillland?-210.*

JAK2 - Wildtype JAK2 - Mutant
DNA  tat gga gta tgt gtc tgt gga gac tat gga gta tgt ttc tgt gga gac
Protein Y G VvV CV C G D Y GV CFCGD

T T
617 617

Table 2. Mutational status by disease

Mutation Total (n = 345%) PV (n = 1642) ET (n=1159%) MMM (n = 46)

None 151 (44) 43 (26) 78 (68) 30 (65)
Heterozygous 126 (36) 80 (49) 34 (29) 12 (26)
Homozygous 48 (14) 41 (25) 3(3) 4(9)
Unknown 20 (6)

Number and (percent) are indicated.
1Two subjects have MPD, not otherwise specified.
27 additional patients were not evaluable for JAK2V617F mutations.

211 additional patients were not evaluable for JAK2V617F mutations. CANCER CELL . APRIL 2005 389




Une base moléculaire communes aux
SMPs ?

letters to nature

A unique clonal JAKZ2 mutation
leading to constitutive signalling

causes polycythaemia vera

Chloe James'*, Valerie Ugo'~"*, Jean-Pierre Le Couedic'*,

Judith Staerk’, Francois Delhommeau', Catherine Lacout’,

Loic Garcon', Hana Raslova', Roland Berger”,

Annelise Bennaceur-Griscelli’®, Jean Luc Villeval',

Stefan N. Constantinescu’, Nicole Casadevall'* & William Vainchenker' 7




Une base moleculaire communes aux SMPs ?

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Gain-of-Function Mutation of JAK2
in Myeloproliferative Disorders
Robert Kralovics, Ph.D., Francesco Passamonti, M.D., Andreas S. Buser, M.D.,

Soon-Siong Teo, B.S., Ralph Tiedt, Ph.D., Jakob R. Passweg, M.D.,
Andre Tichelli, M.D., Mario Cazzola, M.D., and Radek C. Skoda, M.D.




Conclusions

_es SMP avec hypereosinophilies sont des
pathologies rares,

_'etude de leur physiopathologie a permis de
mieux comprendre les mecanismes sous-jacents,

Cette approche s'etend actuellement a
I'ensembles des SMP,

Une base moleculaire a la classification OMS des
SMP voit le jour,

De nouvelles options therapeutigues
apparalissent.
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Présentations cliniques:

Table 1: Patient characteristics.

Cases patient # 1 patient # 2
Age (year) / sex 39 / Male 73 / Male
Dominant signs Thoracic and back pain Lab discovery
Splenomegaly No No
Cardiac involvement Mitral disease No
Other organ involvement Pulmonary No
RBC, X 10"?/L 3,58 2,75
WBC, X 10°/L 15,08 15,3
Platelet, X 10°/L 197 293
Absolute Eosinophil Count 8900 6000
Relative Eosinophil Count (%) 59 39
Serum Vit B12 (pg/mL) > 2000 841
Serum IgE (Ul/ml) 14,1 47,9
Serum tryptase (ug/L) 10,2 (=) 9,5 (=)
Serum IL-5 (pg/mL) Not Done Not Done
Central blastosis (%) <5 2
Bone Marrow eosinophils (%) 40 19
Bone Marrow mast cell (%) Not Done Not Done
Karyotype 46, XY [23] 46, XY [21]
Therapy before imatinib mesylate Corticosteroids No
BCR-ABL fusion gene transcript (RT-PCR) - -
TCR gene rearrangement (PCR) Oligoclonal Oligoclonal
FIP1L1-PDGFRA fusion gene (RT-PCR) Present Present
CHIC2 deletion / FISH (% abnormal nuclei) 70 24

(=) iIndicates normal value



Cytologie




Histologie medullaire, cas #1







IHC, tryptase
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Deleted region (800 kb) 4q12 region
FIP1L1 CHIC2 PDGFRA KIT
cen tel
Probe 89816 1 be 98G22 Probe 345F18

CHIC2 deletlon

CHIC2 deletion
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Transcrit de fusion FIP1L1-PDGFRA

Patient # 1 Patient # 2

First round RFPCR

Second Round RTPCR
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Case #1
FIP1L1 exon 13
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FIP1L1 intron 13 PDGFRA exon 12

5Y-AGCACTGCTCCACCTCTGATTCCACCACCG

GGCTGGAGTACAGTGGCACTATC [TTATGACTCAAGATGGGAGTTTCCAAGA-3’

s T A P P L I P P

PG w s T v A L S Yy D S R W E F P R

Case #2
FIP1L1 exon 11

PDGFRA exon 12

5'Y-TATGGGAGGGCCGAATCACCTGATCTAA

GCCCGGATGGACATGAATATATTTATGTGGACCCGATGCAGCTGCCTTAT -3

Y G R A E S P D L

S p D G H E Y I Y v D P M Q L P Y
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Relative Eosinophil count (%)
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Cosnstriietion c'tr) sysierie da HI=-PCH

-

U UEUVE

Forward ASO \ / Reverse
| | < ]

GCCCGGATGGACATGAATATAATTTATGTGGACCES'

PDGFRA exon 12 (ENST00000257290)

FIP1L1exon 11 / 13 (ENST00000337488)

The strategy we applied allow us to usea common probe and reverse prlmer Forward ASO confer specificity.
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Feoorise cyiologicue, #1 et 2

Table 2. Imatinib mesylate treatment response evaluated on blood and bone marrow

Cases Patient # 1 Patient # 2
Imatinib mesylate starting date (dd/mm/yyyy) 10/03/2004 07/06/2004
Imatinib mesylate induction / maintenance dose (mg/d) 400/ 100 100/ 100
Response status CR® CR®
Time to achieve C.R on PB (< 0.5 109/L)(days) 6 days 4 days
Follow-up (months) 6,5 4
Therapy status on blood Diagnosis After therapy* Diagnosis After therapy*
Hgb, g/dL 11,50 13,50 10,40 11,40
Ht, (%) 35,20 41,20 31,60 34,00
WBC, X 10°/L 15,80 6,10 12,70 5,80
ANC, X 10°/L 1,81 3,03 7,58 3,20
ALC, X 10%L 3,80 2,50 2,22 1,90
AMC, X 10°/L 0,45 0,26 0,41 0,44
AEC, X 10°/L 8,90 0,15 2,37 0,23
ABC, X 10°/L 0,00 0,03 0,51 0,03
Platelet, X 10%/L 194 216 314 259
FIP1L1-PDGFRA fusion gene (RT-PCR, +/-) i - + -
FIP1L1-PDGFRA fusion gene (RQ RT-PCR, % ) 100 <LOD 100 <LOD
Therapy status on bone marrow Diagnosis After therapy* Diagnosis After therapy*
BM eosinophils (%) 40 <2 19 <3
FIP1L1-PDGFRA fusion gene, RT-PCR (+/-) + - + -
FIP1L1-PDGFRA fusion gene, RQ RT-PCR (% ) 100 <LOD 100 <LOD
CHIC2 deletion, FISH (% abnormal nuclei) 70 < cut-off” 24 < cut-off*

WBC indicates white blood cell count; ANC, absolute neutrophil count; ALC absolute lymphocute count; AMC, absolute monocyte count;
AEC, absolute eosinophil count; ABC, absolute basophile count; Ht, hematocrit; PB, peripheral blood; CR, complete hematological
remission; CCR, complete cytogenetic remission; LOD, limit of detection; LOQ, limit of quantification.

# cut-off value was evaluated from normal bone marrow, secondary hypereosinophilia and CCR patients arround 5%.
J CR, complete haematological remission is defined as an absolute peripheral eosinophils count < 0.5 10°%L,

* Data at the time of first bone marrow evaluation, 24/08/04 for case #1 and 25/09/04 for case #2.
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Modéle multi-étapes de la leucémogeneése

my¢loide

Class | Mutations Class || Mutations

PML/RAR
AML1/ETO
CBFB/SMMHC
MLL fusions

Confer proliferative and/or Serve primarily to impair
survival advantage, but do not hematopoietic differentiation
affect differentiation and subsequent apoptosis

FLT3-ITD
FLT3 D835Y
N- or K-RAS mutations

Adapted from D. Gary Gilliland and James D. Griffin, BLOOD, 1 SEPTEMBER 2002 VOLUME 100, N 5




Hypereosinophilies



Classification alternative:

Clonalite:

= Variant myeloide, CEL

Pas de clonalite:

s Clone Th2: « variant lymphoide >,
= Forme idiopathigue vraie: « HES >



Le syndrome « 8p11-12 » ou
« Pluripotent Stem Cell Syndrome >,
anomalies de FGFR1

Syndrome . ~ Ctogeneticabnomaly Mol'chIargeneticvabnorma.lvity~

CM’MLwrtheosrnophrlra IE Imeage Iymphoblastrc - t68gp)  FOP FGFRI fusron
rarelyBIrneage ymphoblastic ~~~ (8:9)(p11;032 34) AN FGFerusron

Iym_phomaandfrequentevolutronto B3  ] _ ,.‘ZNF198 FGFerusron .|

acuemyeordleukaemra . t(817)(p11q25)* rearranged {26]

Bain B, Bone Marrow Pathology, 3rd Ed, Blackwell Science



Mechanism of Action of Imatinib

STI571 ‘3 BCR-ABL

Tyrosine

Substrate

Tyrosine

Goldman JM, Melo JV. N Engl J Med. 2001;344:1084-1086.



Classification operationnelle des
hypereosinophilies

Persistent eosinophilia (21.5 X 10°/L) for 26 months associated with evidence of end-
organ disease

Non-idiopathic

Clonal eosinophilia: Reactive eosinophilia:
|) identification of a cytogenetic or parasites, atopy, drug reaction, connective

molecular abnormality*, or tissue disease, non-myeloid malignancy
(eg. Hodgkin's lymphoma) etc.

2) bone marrow morphologic evidence
of a myeloid disorder**

Hypereosinophilic syndrome




Points de cassure genomique PDGFRA

1,4,56,51213,1417

21
19 20 22 23

-
..Q‘_

1 14
Exon 12 4 v L J
tcatttatagAAACCGAGGTATGAAATTCGCTGGAGGGTCATTGAATCAATCAGCCCAGAT

6 17 9 4

hd
GGACATGAATATATTTATGTGGACCCGATGCAGCTGCCTTATGACTCAAGATGGGAGTTTC

CAAGAGATGGACTAGTGCTTGgtaagttcca




PCR genomiques FIP1L1-PDGFRA
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Sites d’epissage alternatifs

14
- 1¥6 17 4 )
PDGERA PDGFRA exon 11 vyv¥ ¥y PDGFRA exon 12

Normal Splicing

TATAGARACCGAG

———

PDGFRA exon 12

Patient 1
aatgcaCAGCCCGGA

PDGFRA exon 12
Patient 4

ttttaggagactgctacAGATGCG

—_—

PDGFRA exon 12
Patient 6

atacaggtttta

- =
- o e
e e ——————

e e ————

FIP1L1 exon 9 PDGFRA exon 12
Patient 14

atacaggtttta

Patient 17




L'eéosinopoiese normale

M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22



L'eéosinopoiese normale

M. ROTHENBERG, NEJM, 1998, Volume 338 Number 22



Activité constitutive TK de FIP1L1-PDGFRA

Inter-

D FIP1L1-PDGFRa« E FIP1L1-PDGFRa«
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Antiphospho-
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Imatinib (nM) Imatinib {nM)




Leukemia (2004), 1-5
© 2004 Nature Publishing Group All rights reserved 0887-6924,/04 $25.00
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Clinical and molecular features of FIPTLT-PDFGRA (+) chronic eosinophilic leukemias

P Vandenbgrghe’, 1 Wlodarska’, L Michauxz, P Zachée®, M Boogaerts", D Vanstraelens, M-C Herregods", A Va;‘l Hoof7,

D Selleslag”, F Roufosse”, M Maerevoet”, G Verhoef”, ] Cools”?, DG Gilliland”, A Hagemeijer’ and P Marynen'®

'The Center for Human Genetics, University Hospital Leuven, Leuven, Belgium; “Cliniques Universitaires St-Luc, UCL, Brussels,
Belgium; *Algemeen Ziekenhuis Stuivenberg, Antwerp, Belgium; *The Division of Hematology, University Hospital Leuven,
Leuven, Belgium; "Virga Jesse Ziekenhuis sselt, Belgium; °The Division of Cardiology, University Hospital Leuven, Leuven,
Belgium; “AZ St-jan, Brugge, Belgium; BHopiraI Frasme, ULB, Brussels, Belgium; ? Division of Hematology, Harvard Medical
School, Boston, USA; and '°Flanders Interuniversity Institute for Biotechnology, Leuven, Belgium

N= 17,
Criteres WHO' / IHES ou CEL,
RT-PCR et FISH,
FIP1L1-PDGERA+ (8), FIP1L1-PDGERA- (3), IHES (6),
Sex ratio: 13 H /4 F, age moyen: 47.7 ans,
Clinigue:
= Splenomeégalie (5),
= Vit B12 serique augm. (8 EIP1L1-PDGERA+ )i/ N IHES,
= Moelle: image de SMP.



Clinical and molecular features of FIP1L1-
PDGER1(+) chronic hypereosinophilic
leukemia

FIP1L1-PDGFRA+, mauvaise reponse corticosteroides,
Hydroxyuree, IENa

Prob. elevee endomyocardite (4), DRD (4),
C.R / imatinib 4/4 FIP1L1-PDGFRA+,
C.M.R 2/3

Ccls:
= FIPIL1-PDGERA(H) CEL = entite clinico-biologigue,
= Reponse moleculaire sous Imatinib



Evolution hematologique

OVERALL SURVIVAL

SPECIFIC SURVIVAL

0 1000 2000 3000 4000 5000
DAYS

«4¢+IHES (n=86) == FIPTLT1-PDGFRA (+) CEL (n=8)
=O= FIPIL1-PDGFRA (-) CEL (n=3)

Vandenberghe P, Leukemia, 2004



Table 1. Frequency of the JAK2 V617F Mutation.

Total
No. of
Subjects JAK2 Genotype in Granulocytes

G/G G/T T/T
(wild type) (heterozygous) (homozygous)
number of subjects (percent)

Patients with myeloproliferative disorders 127 (52) 74 (30) 43 (18)
With 9pLOH 0 8 (16) 43 (34)
Without 9pLOH 127 (66) 66 (34) 0

Patients with polycythemia vera 45 (35) 48 (38) 35 (27)
With 9pLOH 0 8 (19) 35 (81)
Without 9pLOH 45 (53) 40 (47) 0

Patients with essential thrombocythemia 72 (77) 18 (19) 3(3)
With 9pLOH 0 0 3 (100)
Without 9pLOH 72 (80) 18 (20) 0

Patients with idiopathic myelofibrosis 10 (43) 8 (35) 5(22)
With 9pLOH 0 0 5 (100)
Without 9pLOH 10 (56) 8 (44) 0

Patients with CML* 9 (100) 0

0
Patients with secondary erythrocytosis 11 (100) 0 0
Healthy controls 71 (100) 0 0

Kralovics et al. n engl j med, 352;17 april, 28, 2005






Variants de « splicing » avec respect du
cadre de lecture.

FIPIL1 PDGFRA

Exon 8a " Exon 12
Patient 1 atatgggagggccgaatcacctgatctaagCCCGCCGATGSCACATCAATATATTTATCTCGA
Y [ R B E S = D L s D D [l H E e I Y v D

Exon 10 Intron 10 Exon 12
Patient 4 cctctgattccaccaccgggagactgctacAGCATCCGCAGCTTTCCAAGAGCGATGCGGCGACTAGCTG
=) L I = P P (& D e Ly R w E ¥ P R D S L v

Exon 8 Exon 12
Patient 5 tttgttcaagactgggcttccaccgagcagAGATCCACATGAATATATTTATGCGTGCGACCC
L F K T G L P P = R D G H B Y I Y v D P

Exon 9 Exon 12
Patient 6 cgacgggcaaatgagaacagcaacatacagCTGCGCCTTATGCGACTCAAGCGATCCGCGAGTTTCCA
R R B N ey N = N i Q L P Y D s R w E E P

Exon 9 Exon 12
Patient 13 cgacgggcaaatgagaacagcaacatacagCTGCCTTATGCGACTCAAGCGATCGCGAGTTTCCA
R R B N ey N = N I Q L P = D s R w E F P

Exon 9 Exon 12
Patient 14 cgacgggcaaatgagaacagcaacatacaglCTGCCCTTATCACTCAAGCATCGCGAGTTTCCA
R R A N n N s N I Q L P P D S R w E =)

Exon 10 Intron 10 Exon 12
Patient 17 cctctgattccaccaccggecacagtgtcecctCCGATCCAGCTGCGCCTTATGCGACTCAAGATGCG
P L I P = P A Q e D P ™M Q L P Y D s R W




