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Activation of Proto-oncogenes by Translocation

Subversion of:
• cell proliferation
• differentiation
• survival
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The Impact of an Artificial Translocation/Recombinat ion System
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�Dissect molecular mechanism of translocation
�Functional assay for single components:

Genetic factors?
External stimuli?

�Diagnostic test for cancerogenic agents

Extra-chromosomal
recombination
substrate assay

post festum in vivo

functional in vitro
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2-step Model of Oncogene Activation in T-ALL2-step Model of Oncogene Activation in T-ALL

Marculescu R. et al. Nature Genetics 2003;33:342-344
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Genetics in Leukemia/Lymphoma:
Host, tumor and microenvironment

interactions

Host

Tumor
Micro-

Environment

Familial disposition
SNPs….

Cell-cell interaction
Soluble mediators
Immune cells….

Chromosomal aberrations
Somatic mutations….
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The The professionalprofessional stress of a stress of a BB--cellcell ................

AntigenicAntigenic StimulationStimulation
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The role of antigenic stimulation in lymphomagenesis

•• Autoimmune Autoimmune diseasediseaseand and BB--cellcell lymphomalymphoma

•• MALT and MALT and HelicobacterHelicobacter pyloripylori

•• OcularOcular adnexaladnexal lymphomalymphoma and and ChlamydiaChlamydia psittacipsittaci

•• Hepatitis C / B and Hepatitis C / B and BB--cellcell lymphomalymphoma (t(14;18))(t(14;18))

•• EBV and EBV and BB--cellcell lymphomalymphoma

•• HHV8 and HHV8 and BB--cellcell lymphomalymphoma

•• HTLVHTLV --1 and 1 and TT--cellcell leukemialeukemia & & lymphomalymphoma

•• Hodgkin Lymphoma Hodgkin Lymphoma -- InfectiousInfectious agentagentsuspectedsuspectedbutbut notnot defineddefined: : 
infectiousinfectious mononucleosismononucleosis, EBV, EBV

•• RestrictedRestricted useuseof of IgVHIgVH familiesfamilies / genes/ genes

•• SomaticSomaticmutationsmutations
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*Herpes/Varicella-Zoster/Cytomegalovirus

Autoimmune diseases (AI) N
Autoimmune/Hashimoto´s thyroiditis 5
Psoriasis 5
Vasculitis 4
Polyneuropathy (PNP, CIDP) 3
Allergic asthma 2
Celiac disease 1
Rheumatoid arthritis 1
Sarcoidosis 1

Chronic infections (CI) N
Helicobacter pylori gastritis 5
Chronic sinusitis/laryngitis 4
Chronic respiratory tract infections 3
Recurring herpes virus infections* 2
Chronic colitis 1
Hepatitis C 1
Recurring pneumonia 1

Autoimmune diseases: 11,8 %                      Chronic infections: 9,1 %

Chronic stimulation in CLL

N=186

Vanura K et al. Haematologica 2008; Annals of Hematology 2011
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In vitro model
Based on the role of lymphoid microenvironment

B-CLL cells

Bone marrow

Stromal fibroblasts
Shehata et al, JCI 2004
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Bone marrow stromal cells provide CLL 
cells with pro-survival signals in vitro

(short term culture: 4 days ) 
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Activation of genes related to the PI3-Kinase pathway
and resistance od CLL to FC or FCR

FKHR
Fas L

Inhibition of apoptosis and tumor progression

Bcl-2/
Bcl-xl/
Bad

Caspase-9  
inactive

IkBK
NF-kB
(c-IAP1,2)

eNOS
NO

PTEN
Tumor 
supp

mTOR/
GSK3
Growth, CC

BRCA1 
Tumor 
supp

PTEN

FAK, ILK

RhoA/Rock

CD5
BCR CD19 CD20

RTK

IFN-a
IL-6IL-4

TGF-ß
IL-3

FN HA

fynSyk,BtkLck

PDK1

PI3-K

Akt

PIP2 PIP3
Intracellular

Extracellular

CD23

YRituximab
Resistance & 
PI3-Kinase pathway:

CENDT1

ITPKB

Shehata M et al. Leukemia 2010
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VCAM-1

Fibronectin

CD44

VLA-4
VLA-5

Stromal cells

VCAM-1

CD23

CXCR4

PI3/K/Akt/PTEN

FAK/RhoA/ROCK

Lumiliximab

Y

Anti-CD49d
antibodies

Rituximab

Alemtuzumab

Y

Y

Y
Y Y Anti-CD44 antibodies

Hyaluronan

CD52

CD20

CXCR4 antagonists

Potential Novel Therapeutic Targets in Resistant CLL 

Lenalidomide

FAK/ROCK inhibitors

PI3K inhibitors

Shehata M et al., ASH 2008
May SE et al., ASH 2008
Eisterer W et al., Br J Haematol 93:661-9, 1996
Gattei V et al.,Blood 111:865-873, 2008
Shanafelt TD et al., Br J Haematol 140:537-546, 2008
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Shehata M et al. Leukemia 2010
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Genetics in Leukemia/Lymphoma:
Host, tumor and microenvironment

interactions

Host

Tumor
Micro-

Environment

Familial disposition
SNPs….

Cell-cell interaction
Soluble mediators
Immune cells….

Chromosomal aberrations
Somatic mutations….
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ALK+Anaplastic large cell lymphoma

� Anaplastisches, überwiegend großzelliges T-Zellen Lymphom

� Expression von anaplastischer Lymphomkinase (ALK) durch 
ALK-Translokation

� Expression von CD 30
� Erstbeschreibung 1985: H. Stein
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ALK+ALCL

<1%ZytoplasmaALO7t(2;17)(p23;q25)

<1%ZytoplasmaMYH9t(2;22)(p23;q11)

<1%ZytoplasmaTPM4t(2;19)(p23;p13)

<1%MembranMSNt(2;X)(p23;q11)

<1%Gran. ZytoplCLTCt(2;17)(p23;q23)

<1%ZytoplasmaTFGt(2;3)(p23;q21)

1%ZytoplasmaATICInv (2)(p23q35)

13%ZytoplasmaTPM3t(1;2)(q25;p23)

84%Kern, Zytopl.NPMt(2,5)(p23;35)

% VorkommenALK FärbungALK partnerChrom. An
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Case report

� 27-jähriger Medizinstudent
� seit 3 Wochen vergrößerte, schmerzhafte 

Lymphknoten links axillär
� Fieber und Nachtschweiß
� Sonographie: entzündlich reaktiv, QDM von 2,1 

cm
� Lymphknotenprogredienz unter antibiotischer

Therapie
� Lymphknotenbiopsie
� Histologie: Lymphknoteninfiltration  mit 

anaplastischen großzelligen ALK+ Lymphom, 
gewöhnlicher Typ (WHO-Klassifikation)
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ALCL resistant to standard therapy

Experimental therapy?

Jäger OKP2011

Zielgerichteter Ansatz??
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Ergebnisse aus der Forschung

� Forschungsgruppe der MUW (klinisches Institut 
für Pathologie) untersucht der Rolle der AP-1 
Transkriptionsfaktoren cJun und JunB in 
Lymphomgenese in NPM-ALK T-Zellen 
Lymphomen in Mäusen

� Transgenes Mausmodell  
� NPM-ALK
� NPM-ALK∆∆JunB
� NPM-ALK ∆∆cJun

Jäger OKP2011

ALK induces expression of platelet derived growth 
factor receptor ß (PDGFRß) through the
transcription factor Jun

Laimer, Kenner et al. 2011
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Spezifität von STI571 (Imatinib, Glivec)

• v-ABL

• BCR/ABL (p 210)

• BCR/ABL (p 190)

• KIT Rezeptor

• PDGFR

CH3SO3H

O

Jäger OKP2011 Laimer, Kenner et al., 2011
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ALCL Patient Lymphoma & Stromal cells
express PDGFRß

Immunfluorescence co-staining of CD30 (red) and PDGFRß (green) revealed only some
PDGFRß positive tumor cells (yellow colour-indicated by white stars), whereas the stroma
was strongly PDGFRß positive (black arrowhead); white arrowhead: CD30 positive tumor
cells; Nuclei were stained with DAPI (blue).
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PDGFRß Blockade by Imatinib in 
ALCL resistant to standard therapy

Jäger OKP2011

Serologic response
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PET-CT negative Complete Remission in an 
ALCL patient treated with Imatinib

Laimer, Kenner, et al.

Day 13

Jäger OKP2011

Postulated Mechanism of action: Inhibition of Stromal
cell to tumor interaction
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Genetics in CLL:
Host, tumor and microenvironment

interactions

Host

Tumor
Micro-

Environment

Familial disposition
SNPs….

Cell-cell interaction
Soluble mediators
Immune cells….

Chromosomal aberrations
Somatic mutations….
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A genome-wide association study identifies six
susceptibility loci for CLL

DiBernardo MC et al.Nat Genet. 2008 Oct;40(10):1204-10

• genome-wide association study of 299,983 tagging SNPs CLL 

• 1,529 cases and 3,115 controls

• identified six previously unreported CLL risk loci at 

– 2q13 (rs17483466; P = 2.36 x 10(-10))

– 2q37.1 (rs13397985, SP140; P = 5.40 x 10(-10))

– 6p25.3 (rs872071, IRF4; P = 1.91 x 10(-20))

– 11q24.1 (rs735665; P = 3.78 x 10(-12))

– 15q23 (rs7176508; P = 4.54 x 10(-12))

– 19q13.32 (rs11083846, PRKD2; P = 3.96 x 10(-9)

First evidence for the existence of common, low-penetrance susceptibility
to a hematological malignancy and new insights into disease causation in CLL.
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Whole-genome sequencing identifies recurrent mutations i n 
CLL

Xose S et al. Nature 475,101–105 (07 July 2011)
doi:10.1038/nature10113

Genes recurrently mutated in chronic lymphocytic leukaemia

4.501.83/160F49L/L65PL90FL58P/T64A/
Q81P

Kelch-like 6KLHL6

04.62.43/1651/165E571KE571GExportin 1XPO1

5.60.82.99/310L265PMyeloid differentiation primary
response gene 88

MYD88

720.412.229/2551/2551/25
5

P2515Rfs*4Q2503*F2482Ffs
*2

Notch 1NOTCH1

Frequency in 
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