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Solid and “liguid” tumors
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Blood production - hematopoiesis
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Clinical presentations of hematological cancers

Stem cell

Myeloid
precursor

Lymphoid
precursor

T NK
Disease type Number of subtypes Disease type
Acute myeloid leukemia (AML) 16 B lymphoblastic leukemia
Myelodysplastic syndromes (MDS) 7 T vmbhoblastic leukemia
Myeloproliferative neoplasms (MPN) 8 ymp
Mixed MPN/MDS neoplasms 5 Mature B-cell neoplasms

Mature T-cell and NK-cell neoplasms
Hodgkin lymphoma
Histiocytic and dendritic cell neoplasms

Post-transplant lymphoproliferative disorders




Myeloid malignancies
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Hematopoiesis
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Shifted monoclonal hematopoiesis
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Monoclonal hematopolesis
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Monoclonal hematopolesis

Progenitor
cells @
Dominant Healthy s
stem cell C+ stem cells

clone

Bone marrow

Throbocythemia
Blood ' |

o




Monoclonal hematopolesis

Progenitor

cells @

Dominant
stem cell (+
clone

Healthy s
stem cells

4

Acute myeloid

leukemia
L _ 4 ~ "800
Bone marrow B 09080 acla”

L ] 'I.-F'_-I-'\I e
Blood “@n. O 08




Disease progression in MPN
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Cytogenetic lesions in MPN disease
progression

P <0.001 ‘
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Klampfl et al., Blood, 2011



Mutations during disease evolution in MPN
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Technologies used in mutation discovery

SNP array genotyping Deep sequencing

Whole genome, exome — somatic variants
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Somatic mutations in MPN

PV ET PMF

n =382 n=311 n =203

B JAK2 mutant B MPL mutant W CALR mutant JAK2, MPL, CALR wild type
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Prevalence of somatic mutations according to age

Siddhartha Jaiswal et al.

0.5+
805 candidate somatic variants in

04473 genes from 746 persons

034 The rates greatly exceed the
incidence of hematologic cancer!

Frequency

0.2+

0.1+

0.0+
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. . . Age (yr
Implicated in hematologic cancers§e 0"
No. with Mutation 0 1 50 138 282 219 37 14 5
Total 240 855 2894 5441 5002 2300 317 8 17

Figure 1. Prevalence of Somatic Mutations, According to Age.

Colored bands, in increasingly lighter shades, represent the 50th, 75th,
and 95th percentiles.




Mutated genes, mutation types

A
Gene Mutation
All genes — % 6

of mutations
Specific genes — no.
of mutations

DNMT3A 33
TETZ 20
ASXL1 15
PPM1D 10

Disruptive Missense Synonymous

Mutation Mutation P Value
64 31
47 1 4.4%x10°26
2 2 8.8x10°1%
4 0 6.0x1013
0 0 7.0x10°

DNMT3A
ASXLI
TET2
JAK2
PPM1D
SF3B1
SRSF2
TP53
CBL
MYD88
U2AF1
STAT3
IDH2
ATM

20 40

No. of Mutations

T
180

1
200

B One mutation

DNMT3A
ASXL1
TET2
JAK2
PPM1D
SF3B1
SRSF2
TP53
CBL
U2AF1
IDHZ

M Two mutations

Participants with Multiple Candidate Drivers



Presenter
Presentation Notes
Median number of recurrently mutated genes in de novo AML is five! (The Cancer Genome Atlas Project, NEJM)


Risk of developing hematologic cancers

Proportion without Hematologic

Cancer

1.00+

0.99-

0.98

0.97

0.96-

0.95+

0.94 -

0.00+

No clonal
hematopoiesis
(N=8783)

Clonal
hematopoiesis
(N=439)

Hazard ratio, 12.9 (95% Cl, 5.8-28.7)
P=0.001

No. of
Category Patients Hazard Ratio for Hematologic Cancer (95% Cl)
No mutations 8783 n 1.00 (1.00-1.00)
One mutation 1122 - 0.47 (0.06-3.586)
Two mutations 237 : - 1.99 (0.26-15.27)
CH-UD 170 , —— 11.34 (3.44-37.41)
CH-CD 269 L —a— 13.73 (5.74-32.83)
CH 439 . —— 12.89 (5.78-28.72)
| I I 1
0.05 0.50 5.00 50.00

20 40 60 &0
Months

Persons in Whom Hematologic
Cancer Was Later Diagnosed

No CH
13

Age-Matched Persons
without Cancer

CH-UD
CH-CD

No CH




Genetic changes in MPN

therapy

phenotype @

Acute leukemia

Myelodysplastic \ & \ \
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Germline factors  Clonal drivers Disease
DNMT3A causing
TET2 mutations JAK?2
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dell3q CALR



Familial MPN caused by gain-of-function mutations of RBBP6
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Harutyunyan et al., in preparation
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H202 500 uM 12h
Doxorubicin 3uM 12h
Doxycycline 1ug/ml 24h
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Genetic changes in MPN

therapy

phenotype

Acute leukemia
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Germline factors  Clonal drivers Disease Progression  Adaptation to
JAK2-GGCC del20q causing  associated  therapy
TERT dell3q JAK2 TP53/MDM4
RBBP6 TET2 mutations MPL PRC2
CALR DNMT3A
ASXL1
CuUXx1

IKZF1



.

How we do it?
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Presenter
Presentation Notes
We have performed exome sequencing of sequential samples from MPN patients who transformed to sAML. The smaples were obtained from our collaborator Cazzola. At the chronic phase the tumor and control tissue were collected. In some cases we also had the accelerated phase sample and the leukemic sample. Using this setup we are able to see which mutations contribute to the chronic phase phenotype, and which cause disease progression and leukemic transformation. We also will suplemmetn this data with fusion genes which we will detect by RNA-seq. 
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Presenter
Presentation Notes
Besides exome and RNA-seq we also perfrmoed array analysis and after analyzing the data we had to validate all potential somatic hits by sanger sequencing. Afterwards we would proceede to analyse clonal evolution as well as test a larger patient cohort for recurrence. The most prominent genes we will take for functionla validation.


Prognostic markers for leukemic transformation in MPN ?

Chronic phase Accelerated phase | Acute leukemia

TP33
CBL

IDH1/2* —

RUNX1
del7q
DNMT3A

1

*Pardanani et al., Leukemia 2010; Tefferi et al., Leukemia 2010; Zhang et al., Blood 2012



Patient survival in leukemic phase of MPN

TP53 mutation Complex karyotype
1.0 1.0 _+Complex karyotype (N=31)
P53 mutated (N=14) . . 1 -year OS rate 21.6 £ 8.3%
“"-year OS rate = 14.3 + 9.4% _+Non-complex karyotype (N=43)
+TP53 wild-type (N=59) h ' -year OS rate 36.6 + 8.3%
0.8 “-year OS rate = 35.4 + 7.2% 0.8
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 no survival difference for del5q, del7p(IKZF1), del7q(CUX1), RUNX1 mutation

Milosevic et al., Am J Hematol, 2012



Genomic adaptation to therapy

Exome sequencing

- Amino acid
Gene Chr change | Validated

henOt e Ci150rf42  chrl5 D1170G  SOMATIC
p yp DNMT3A  chr2 P511L SOMATIC

MPL chrl W515A  SOMATIC
OR4K17 chri4 P261L SOMATIC

PDE4DIP  chrl D84G SOMATIC
RAD50 chr5 R352H SOMATIC

Normal
\ \\ SIRT2 chrl9 R137X SOMATIC

Myeloproliferative U2AF1 chr21 Q157P SOMATIC
WDR81  chrl7 S558R SOMATIC

ﬁ ﬁ PLA2G4F chrl5  M3691  SOMATIC
Cl7orf56 chrl7 ~ A266V ~ SOMATIC
BMT

CDYL  chr6 G332V  SOMATIC
Post-ET MF Relapse CRHR1 chrli7  C102F SOMATIC

HCAR2  chrl2 R142W  SOMATIC

RAEB2 (15%b|aStS) KIF20A chr5 G115C  SOMATIC
MYO18B chr22 S898A  SOMATIC
PSMD2 chr3 A368S SOMATIC
TP53 chrl7 R156G  SOMATIC
ZNF592  chrl5 SOMATIC

Myelodysplastic \




Genetic changes in MPN
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Germline factors  Clonal drivers Disease Progression  Adaptation to
JAK2-GGCC del20q causing  associated  therapy
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Mechanisms and pathways targeted by mutations in MPN
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Sources of genetic variability

* In average two individuals differ at 106 genomic positions

104 variants in protein coding sequences

« 500-1000 “private” germline variants in protein coding
sequences
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