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Important Hematologic Mutations

A Objectives

I Review the FAB Classification of the Myeloproliferative
Neoplasms

I List WHO Classification of the Myeloproliferative
Neoplasms

I Discuss the mutation, the corresponding molecular defect,
pathophysiologic result, and treatment resulting from the
mutation for each of the following hematologic conditions:

A 1.CML

A2 PV

A3 ET

A 4.PM (MMM or CIMF)



Myeloproliferative Neoplasms

A Definition
A Four Classic FAB Myeloproliferative Neoplasms
A Polycythemia vera
A Chronic Myelocytic Leukemia

A Essential Thrombocythemia
A Primary Myelofibrosis

A Atypical Myeloproliferative neoplasms under WHO
A Chronic Neutrophilic Leukemia (absent bcr -abl)
A Chronic Eosinophilic Leukemia, not otherwise specified
A Mastocytosis
A Myeloproliferative Neoplasms, unclassified



Myeloproliferative Neoplasms

Lab Tests PV CML ET PMF
RBC, Hgb , Hct h hh N-i N-i i
WBC N-h h hh N-h hto h h
Platelets h hori h hh hori or N
Immature None h hh Rare h h
Neut
LAP N-h i N-h hori or N
Phl Absent Present Absent Absent
Spleen Size h h N-h h
BM Fibrosis Absentto h | Absentto Absent to h hh
h h
JAK2 >05% 0% 40 -50% 50%




Chronic Myelocytic Leukemia

A Chronic Myelocytic Leukemia (CML)

A Incidence

A 1 new case/150,000 people = 3500 -5000 new
cases/year in US

A 15-20% of adult leukemias

A Middle ages (median = 53yo) men (3:2)
A Pathogenesis

A lonizing radiation

A Alkylating agents

A Toxins

A Acquired mutation

A Philadelphia Chromosome



Clinical Course of CML

® Triphasic Clinical Course

I Chronic Phase
E 4 yr smoldering course
E Asymptomatic to mildly asymptomatic
E High WBC, left shift, thrombocytosis and moderate
anemia
I Accelerated Phase
B 6to 18 mo course

E Symptomatic ( Fatigue, anorexia, abdominal discomfort, weight
loss)

E Increasing WBC with blasts & decreasing RBC & platelet
i Blast Crisis

B < 8 mo course

E Conversion to acute leukemia



Chronic Phase of CML

P Lab Values

I WBC = 200,000 1 500,000/uL, left shift, hbasos and
eos

I RBC = Mod normo/normo anemia, Hgb = 9 -13g/dL
I Plt = Normal 50% and h50%

I BM = Hypercellular, M:E=10 -50:1, <30% blasts, left
shift

i 1 LAP
F Symptoms
I Minimal with hepatosplenomegaly
I Weakness, fatigue, night sweats, bleeding



Chronic Phase of CML
Peripheral Blood Smear




Accelerated Phase of CML

E Lab Tests
I hWBC, blasts and basophils
I 1 Platelet and H&H

I BM=h fibrosis and blasts (<30% FAB, <20%
WHO)

I h blasts choke hematopoiesis
E Other
I Splenomegaly, fever, night sweats, weight loss
I New chromosomal abnormalities
E Prognosis
I 30% die and 70% enter blast crisis



Accelerated Phase - CML
Peripheral Blood Smear




Blast Crisis Phase of CML

F Lab tests

I WBC = h with blasts

I RBC = Moderate anemia

I Plt = Thrombocytopenia

i BM =>30% blasts (30% ALL & 70% AML)
E Symptoms

I Weak, fever, night sweats, weight loss, bone pain,
bleeding, gout

E Prognosis

I Death in <8 mo (infection, bleeding, BM aplasia,
fibrosis)



AML Blast Crisis in CML
Perlpheral Blood Smear




ALL Blast Crisis iIn CML
Peripheral Blood Smear

S

4
I Sy .
&
"
. .""




Chronic Myelocytic Leukemia

A Mutation

I Chromosomal translocation t(9:22)
A Philadelphia chromosome
A Discovered in 1960 by Nowell & Hungerford
A Characterized in 1973 by Janet Rowley

T Molecular Defect

A Fusion gene (BCR/ABL)
I Required for diagnosis by WHO
A Fusion Protein (BCR/ABL)
A Increased tyrosine kinase activity
A Treated with Gleevec, a tyrosine kinase inhibitor

I Mutation is diagnostic, prognostic, and indicates treatment



Figure 1. Philadelphia Chromosome t(9;22) Translocation
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Breakpoint Cluster Region (BCR) Gene

4 BCR Genes (BCR1, BCRZ2, BCR3, BCR4)
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Molecular Biology of t(9;22)

A BCR/ABL Fusion Gene

A Four possible transcripts with three protein
products
A ela2 =P185/p190 (Minor)
ABCRexonl+ablexons2 -11

A Found in 50% of adults and 80% of children with Ph1 + ALL
A Rare CML with increased monocytes
A el3a2 or el4a2 = p210 (Major)
A BCRexons 1 -13/14 + ablexons 2 -11
A Found in nearly all chronic phase CML by WHO criteria
A Sometimes found in Ph1 positive ALL
A el9a2 = p230 (Micro)
A BCRexons 1l -19 + ablexons 2 -11
A Found in a smoldering subgroup of CML patients



Figure 2. BCRE-ABL Fusion Gene Combinations
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Leukemogenic Mechanisms in CML

A Aberrant signal transduction

A Constitutive tyrosine kinase activity

A Activation of RAS
A Independent of cytokine control
A Protect against apoptosis
A Decreased integrins (adhesion) (FAK pathway)

A Reduced contact inhibition I Decreased cytokine
contact

A Increased release into circulation
A Activation of other signal transduction pathways
A JAK-STAT pathway
A PI-3 kinase pathway
A Increased proliferation



Leukemogenic Mechanisms of BCE-ABL
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Tyrosine Kinase Inhibitors

A Glivec R or Gleevec ™ (STI -571/Imatinib)

A Selectively inhibits autophosphorylation of ABL
A Binds ATP binding site in SH1 domain of ABL moiety

A Given as a 300+ mg (400mg) oral daily dose
A Half -life of 12 -14 hrs (13 -16 hrs)

A Phase | Studies commenced in June 1998
A FDA approved drug in May 2001

A Therapeutic Markers
A CHR = Normal CBC, diff, no extra medullary hematopoiesis
A PCR =1 -35% Ph1 metaphases
A MCR = <30% Ph1 metaphases
A CCR = 0 Phl metaphases
A MMR = 3 -4 log reduction in BCR/ABL transcripts
A CMR = >4 log reduction in BCR/ABL transcripts



Mechanism of Imatinib Mesylate
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Imatinib i Phase Il Clinical Trial

First Line  Imatinib T [IRIS Study
DATA CHR MCR CCR PFS

Months 24 42 54 |24 42 54 |24 42 54 |24 42

follow -up

Estimated |-- 98 97 |88 91 88 |78 84 82 |96 94

Rate (%) 90%/3m




Second Generation Tyrosirt€naselnhibitors

A Dasatinib (BMS-354825)

Recently FDA approved
A all phases of CML & Ph1 ALL

Thiazolcarboxamide (different
than imatinib)

Binds kinase domain in active &
inactive conformation

325 fold more potent than
imatinib
Effective on nearly all imatinib
resistant mutants
A Except T315
Inhibits 5 Oncogenic enzymes
A BCR/ABL
A SRC family kinases
A C-Kit
A PDGFR
A Ephrin A receptor kinase

A Nilotinib (AMN107)

Aminopyrimidine
Structural derivative of imatinib

Binds ABL kinase domain in inactive
conformation

30-50 fold increased potency over
Imatinib for CML

Does not inhibit SRC family kinases
Phase Il Clinical Trial

A Bosutlnlb (SKI-606)

In Phase | Clinical Trials

Inhibits bcr-abl & induces apoptosis
in cell lines

10x more potent than imatinib

Effective against most bcr-abl
mutations except T315I

Dual activity against abl and src
kinases

Phase Il trials are underway at a dose
of 400mg daily



Other Tyrosine Kinase Inhibitors

ONO12380 (binds A -loop) A AT9283
A Inhibits bcr/ -abl & Lyn A KwW2449

Kinases (10x greater A INNO -406 (NS -187)

potency) A AP23464 AP23884)
ONO1910 (Phase | Trials) i PP1
A Similar to ON012380 4 PD166326 (Multikinase)
A Also inhibits PIKI kinase + PD180970

A Acell cyc{lgeokmase A Not effective against T315I

MK 0457 (VX 680) A PD173955

A Inhibits aurora kinases

- _ A 100x more potent
A Inhibits other kinases

A BIRB-796 (Inhibits T315I)

- S Kinase A Bcr-abl, p38, MAP Kinases
A Effective against T315I o RS,
mutation A Adaphostin

CGP 76030



Essential Thrombocythemia

A Description

I Clonal disorder of megakaryocytic lineage
A Incidence

i 0.6-2.5/100,000/yr

I Most often between 50-60 with second peak at 30
A Clinical presentation

I Thrombosis (Microvascularure, spleen, liver)
I Hemorrhage (Gl and respiratory)



Essential Thrombocythemia
A Diagnosis
I Sustained platelet count >450 x 10°9/L
I hinlarge, mature megakaryocytes in BM

A BM features that suggest other diagnoses

" Dysplastic megakaryocytes (PMF)

" h erythro or granulopoiesis or left shift (PMF or PV)
" Blasts or tear drop RBCs (PMF)

" BCR/ABL (CML)

"~ Abnormal karyotype like del 5q, inv 3, t(3;3) (MDS)
" Fibrosis (PMF)



Essential Thrombocythemia

A Prognosis
I 10-15 years (probably better with WHO criteria)
I <5% progress to MDS or acute leukemia

A Genetics
I 40-50% have JAK2 V617F (or similar mutation)
I 1% show MPL mutation (W515K/L)

I 5-10% have abnormal karyotype
A+8, 99, del(20q), del(5q)



Primary Myelofibrosis

A Description

I Clonal neoplasm with 2 proliferating cell lines
AMegakaryocytes and Granulocytes
ATwo phases: Pre-fibrotic and fibrotic

I Terminates in 2 key processes

ABM fibrosis and extramedullary hematopoiesis (EMH)
I ENH in spleen, liver, LN, kidney adrenal, dura mater, Gl, lung

A Incidence
I 0.5-1.5/100,000 people
i Usually occurs in the 61-7t decade of life



Primary Myelofibrosis

A Symptoms
I Splenomegaly, fatigue, dyspnea, weight loss, night
sweats, fever, bleeding, gouty arthritis

A Lab values

I Peripheral Blood
AAnemia
AFew erythro and myeloblasts
A Anisopoikioloctosis with tear drop RBCs predominating



Primary Myelofibrosis

A Bone marrow

I Hypercellular >> Hypocellular
I Mild left shift >> Myeloblasts

i RBC precursors >> Erythroblasts
|

I Large dysplastic megakaryocyte in clusters with
Ittle to no fibrosis >> significant fibrosis with little
nematopoiesis >> neoangiogenesis >> hbone

Accelerated phase when blasts reach 10-19%
50% have JAK2 V617F

5% have MPL (Thrombopoietin Receptor)




Primary Myelofibrosis

A Prognosis
I 10-15 years in pre-fibrotic stage
I 3-7 years in fibrotic stage
I Morbidity and mortality causes

ABM failure, Thrombosis, Portal hypertension, Cardiac
failure, Acute leukemia (5-30%)

A Treatment
I Supportive (transfusions)
I Growth factors are usually not effective
I BM transplant for younger patients



Polycythemia Vera

A Clonal disorder >> panmyelosis

A Pre-PA Phase > PV Phase > Terminal
I Pre-PA Phase = Panmyelosis, JAK2+, 1 EPO
I PV Phase = h RBC Mass, splenomegally
I Terminal = Myelofibrosis, Pancytopenia

A20% > Myelodysplasia
A10% > Acute leumekia (AML)



Polycythemia Vera

A Incidence
I 0.7-2.6/100,000 people
I Median age Is 60yo
I Slight male predominance

A Clinical Features
I 20% have thrombosis (DVT, Ml, Stroke)
I Headache, visual impairment, dizziness
I Hepatosplenomegaly



Polycythemia Vera

A Diagnosis
I Major Criteria
AHb =>18.5g/dL in men/>16.5g/dL in women
A>95% JAK2 V617F or similar mutation like JAK2 exon 12
I Minor criteria
AHypercellular panmyelosis bone marrow

A'i serum EPO
AEndogenous erythroid colony formation



Polycythemia vera (PV)

Janus Kinase (JAK) Family of Proteins

JAK Cytokines Functions
Protein
JAK1 IF- a, b, gand Defective lymphoid & neural
IL-2, 4, 7,9, 13, 15 development & response to INF
JAK2 b-chain GMCSF, IL-3, Defective erythropoiesis , b-chain

IL-5, EPO, TPOINFg cytokines & TPOJNFg

JAK3 gchainIL-2, 4, 7,9, 13, |SCID
15, 21

TYK2 INF-a & INF-b Defective INF-a, LPS resistance




Polycythemia vera (PV

Normal JAK2 Gene
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Normal JAK2 Function
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Polycythemia vera (PV)

A JAKZ2 Mutation (JAK2V617F)

A Somatic mutation in hematopoietic stem cell

A Replacement of valine for phenylalanine at  codon
617

A Increased tyrosine  kinase activity

A Hypersensitivity to EPO bound EPOR
A Observed in 85 -97% of PV

A Only one other rare JAK2 mutation found
4 JAK2T875N



Polycythemia vera (PV)

Abnormal JAK?2 Gene
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Polycythemia vera (PV)

Unhound Consttutively
Inactve Active JAKD

STAT3 T
Inhibited Increazed | f SIATS
Apoptosis Proliferation
K )G - ()
Protein

[ [
STAT?
.

mRNA[11]
T‘ [L0](sTaT?)
Gene

Promoter

Nucleus



Other Hematological Disorders

A JAK2 Mutation

I Seen in 50-60% of MMM and ET

A Can also stimulate GCSFR and MPL (TpoR-PIt)
i MMM and ET

I Occasionally in CMML, myelodysplasia, and AML



Phenotype Specificity of JAK2

A Pre-JAK2 Mutation (Class I)

I BCR/ABL and MPL mutations (MPLW515)
A Creates hyperproliferative clone

A JAK2 Dosage Effect
I MPL (TpoR) is high on megas so little JAK2
I EpoR is low on RBC progenitors so much JAK2
I MPL oversignaling stimulates fibroblasts

A Hypothesized pathogenesis

I Mutation > abnormal clone > 1 JAK2 and/or MPLW515 >
MPL stimulation > ET > 2 JAK2 > EpoR stimulation > PV >
continued MPL > Fibroblast stimulation > MMM



Treatment for JAK2+ MPD

A ICNB018424

I Phase I trials iIn MMM patients
AlInhibits JAK1 and JAK2, not JAK3 or TYK2
AReductions in splenomegaly and others
ANo reduction in JAK2 burden

ADeveloped thrombocytopenia
I Reversed with drug discontinuation
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