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1. INTRODUCTION

1.1 Proto-oncogene c-jun and JNK signaling pathway

The nuclear proto-oncogene c-jun encodes a mgor componet of the AP-1
(activator protein-1) transoription factor family comprisng the Jun (c-Jun, JunB, JunD),
Fos (c-Fos Fral, Fra2, FosB) and CREB/ATF (ATR2, ATF3) proteins? AP-1
transcription factors beong to the bZIP supefamily of protens which dimerize and bind
DNA via the basc domanleudne zpper region, respectivdy.®® Dimerization is a
prerequisite for binding to the DNA consensus Ste in target gene promoters and thus for
transcriptiondl activity.>®

c-Jun homodimerizes or heterodimerizes with other AP-1 family membes and
dependent on the heterodimerizing partner, c-Jdun recognizes either TPA or cCAMP response
dements in promoters”® TPA response dements are phorbol ester and growth factor
inducble and preferentidly bind cJdun homodimers or c-Jdun/c-Fos heterodimers. cCAMP
reqponse dements (CRE) preferentidly bind ATF/CREB family members or ATF2/c-dun
heterodimers.*°

Interegtingly, the promoter region of the c-jun gene itsdf contans two variant
AP-1/CRE binding dtes a proximd and a digd dte, which ae important for besd
promoter adtivity.’* The more proxima AP-1 ste differs from the AP-1 ste in the
collagenase promoter by a nudectide insation (underlined) and has the sequence
5-TGACATCA-3. The digd AP-1 dte differs from the AP-1 dte in the SV40 enhancer
by an addiiond bese par (undelined): 5-TTACCTCA-3.1! c-dun preferentidly
heteradimerizes with ATF-2 a these two AP-1/CRE stes*?* The more proximd
AP-1/CRE (pAP-1) dte is the man dte a which e¢Jun simulates its own transcription in a

positive autoregulatory loop. >
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For transcriptiond and  autoregulatory  activity, c¢-dun requires phosphorylaion by
the Jun NHp-temind kinase (INK).1"*® INK belongs together with p38 and ERK to the
mitogen activated protein (MAP) kinase family. MAP kinasss (MAPK) are phosphorylaed
on threonine and tyrodne resdues by dud-specificity MAPK  kineses, which ae
themsdves activated by MAPK kinese kinases®® INK interacts with c-dun via a smdl
region (ddta doman) within the NHxtermind adivaion doman!®?! and phosphorylates
Saine 63 (Sa63) and Seine 73 (Sa73) in c-Jun, which increases the transactivation
potentid of c-dun.*"'® After phosphorylation, inactive INK remains bound to c-dun and
mediates degradation of c-Jun by ubiquitination.??

c-Jun is an environmentd sensor and the INK sgnding pathway connects ¢Jun to a
vaigy of extracedlular factors, such as UV irradiaion'®® growth factors® and
cytokines®®?’  Thus c-dun and INK regulae crucid physiologicdl processss  like
proliferation, gpoptoss or differentiation. Functiond propeties of c-Jun and INK vary
dependent on the cdl type and cdl dage the incoming dgnds and dso the dimer
composition.?8:2°

c-Jun is however, ds0 located a the end of ggnding cascades that include
important oncogenes active in human tumors*32° Oncogenes like Haras®! cot®? and met®
require phogphorylaion of Se63 and Sa73 in c-dun by INK for therr trandformation
capacities. cdun aone is, in contragt to its vird counterpart wJun, a rdativey wesk inducer
to tranformation.3* It has been described that N-termind  phosphorylaion of Ser63 and
Sa73, located in the transactivetion doman of c-Jdun, augments c-Jun mediated
transformation.*>3® This is further indicated in transgenic mice, which express a dominant
negaive form of c-dun lacking the transactivation domain including the Sar63 and Sa73
phosphorylation sites. These mice are protected against skin tumor promotion.”
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Furthermore, overexpresson of c¢Jdun has been associated with transformation and
tumor promotion. Overexpresson of c-Jdun can result from sustained JNK  phosphorylation,
which preverts degradation of c-lun by ubiquitination®®3° Overexpresson of c-n and
conditutive ectivation of JNK have therefore been associated with a vaiety of solid
cancers*®*  Generdly, reverson of highly tumorigenic cdl lines to a nonHumorigenic
phenotype is associated with ¢-Jdun downexpression, *3

In addition, overexpresson of c-Jun and sustained JNK activation has been shown
to pay an important role in leukemic cdls with trandocations Chronic myeoid leukemia
(CML) cdis with the trandocations t(9;22) or 1(3;21) show devated AP-1 attivity, which
has been associated with the leukemic transformation process®4’ Studies on 1(9;22) have
further reveded that the resulting BCR-ABL fuson gene conditutively activates the INK
sgnaling pathway and incresses ¢-Jun expression in BCR-ABL positive patient cdls*®

There are indications tha enhanced AP-1 adtivity might dso play a roe in
trandocations asociaed with acute myedoid leukemia (AML). Overexpresson of the
AMLI-ETO fudon gene, resulting from the trandocation t(8;21), in fibroblagt cdls, results
in trandformation and has been asxociated with increesed levels of phosphorylaied Ser63 in
cdun and enhanced AP-1 adtivity.*® The pathophysiologicd importance of these findings,
however, has not been confirmed in primary leukemia paient samples on the bads of

increased levels of ¢-Jun expresson.
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1.2 Acute myeloid leukemia and translocation t(8;21)

Acute mydoid leukemia (AML) accounts for about 1-1.5% of dl cancers in
Western countries®® AML is a dond disorder resulting from an acquired soméaic mutation
in hemaopoietic progenitor cdls and is chaeracterized by an accumulaion of immaure
myeloid cels in the bone marow, which are aresed in maturaion. Frequently in AML,
the acquired mutation is the oconsequence of a bdanced reciprocd chromosomd
trandocation, which disupts genes redding in the breskpoint regions of the trandocation
by generating fuson genes®>? The genes located a these breskpoints often encode
transcription  factors which are master  regulators of  hematopoietic cdl  differentiation,
gpoptosis or proliferation.>3

Degpite the heterogenaeity of AML, the identification of recurring chromosomd
rearrangements and the resulting molecular abnormdities have identified didinct subgroups
of paients with predictable dinicad festures and thergpeutic responses™ The mogt frequent
cytogendtic abnormdities in AML, accounting for goproximady 40% of dl AMLs ae the
trandocations  1(8;21), t(1517), inv(16) o 1(9;11), encoding for the AMLI-ETO,
PML-RARa, CBFR-SMMHC or MLL-AF9 fusion proteins, respectively. >

AMLI-ETO is asociaed with agpproximatdy 40% of AML cases with the M2
subtype according to the FrenchhAmericanBritish (FAB) cdlassfication and represents one
of the most frequent chromosomd trandocation in AML (18-20%).>* (8;21) is a baanced
trandocation between chromosomes 8 and 21 reaulting a the molecular level in the fuson
of the AML1 gene normdly locaed on chromosome 21g22 with the ETO
(Eight-Twenty-One) gene on chromosome 8g22.%°>°

The wildtype AML1 gene encodes for the CBFa2 protein, which is a physologicd
component of the core binding factor (CBF) family.”” AML1 appears to function as a
transcriptiond  organizer necessary for the devdopment of definitive hemaopoigtic dtem
cdls®® In fat, CBF null mice die in utero in the absence of termind hematopoietic
differentiation.>%-6!
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Transcriptiond  function of AML1 is mediated through the core enhancer DNA
sequence present in promoters and enhancers of a large number of hematopoietic specific
genes®® AML1 binds this sequence through the runt homology domain and its DNA
binding afinity is increased by heterodimerization with CBFb.°® Findly, AML1 has been
shown to co-operate with other badc transcription factors in activaing a st of
hematopoietic specific genes.®*

ETO was unknown prior to its identificstion as the fuson patner of AML1 in
t(8;21).>>%°% ETO is expressed as a nudear phosphoprotein in brain and in CD34+
hematopoietic  cdls®’®® It contains four evolutionarily conserved regions, the socalled
nervy homology regions (NHR) 1-4, which have been shown to make severd contacts with
co-repressors and histone deacetylases.®® Although ETO is a nudear zincfinger containing
protein and thus might function as a transcriptiond regulator, there is no experimentd
evidence to suggedt that it can directly bind to DNA.

In the trandocation t(8,21), the DNA binding doman (runt doman) of AMLL1 is
fused to nearly the complete ETO gene yidding a protein of 752 amino acids®®*"° Severd
important regions of AML1 ae log, like the C-termind transactivetion domain, interaction
gtes for TLE and sSn3 corepressors, the nudear targeting dgnd and a MAPK
phosphorylation ste’* AMLI-ETO sequesters the co-activator CBFb from wildtype AML1
by binding CBFb through the retained runt doman more efficently.”” Thus AML1-ETO
can bind to AML1 taget genes instead of wildtype AML1°? and dominently represses
transcription of AML1 target genes by permanently tethering a repressor complex to AML1
responsive promoters through ETO./®*7® The importance of disruption of wildlype AML1
by AMLLETO is shown by a dmilar phenotype in AML1 knockout and AMLI-ETO
knock-in studies.”" "



1. Introduction 6

AMLI1-ETO blocks the transactivetion of wildtype AML1 target genes important for
mydoid differentiation, like the TCRb reporter, the GM-CSF promoter, c-fos’® Art-1% or
the TGFb sgnding pahway.®® Furthemore, AMLI-ETO disupts the protein-protein
interactions of AML1 with important myeloid transcription factors like C/EBPa®¥%® o
MEF-28* and dso represses transactivation through those transcription factors. Therefore,
AMLI-ETO might be responsble for the differentiation arest in t(8,21). Along with that,
svead cdlua ard murine modd sysems have documented the ability of AML1-ETO to
inhibit myeloid differentiation, 48588

It has recently been shown that AML1-ETO might dso be respongble for the gan
of function propeties characterizing leukemogeness. Expresson of AMLI1-ETO in
primary human CD34+ dem cdls the target cdl dafected in AML, results in a proliferative
and survivd advantage of leukemic cdls, which promotes their expansion.®® Introduction of
the AMLI-ETO cDNA into the AML1 locus by homologous recombingion leeds to
embryonic lethdity in heterozygous animas’”"® Culturing the yolk sac cdls of these mice,
however, yidds dysplasic monocytic colonies’’ In a smila AMLI-ETO knock-in mouse
study, aberrant myelomonocytic colonies are derived from fetd liver’® Therefore, despite
the fact tha AML-ETO adone has not been shown to cause leukemia®®! these studies
indicate that AMLI1-ETO encourages uncontrolled cdl growth and might predigpose to

leukemia

Along with that, severd pogtively regulated target genes of AML1-ETO have bean
described. AML1-ETO has been reported to ectivate the macrophage-colony simulaing
factor (M-CSF) receptor promoter in co-opeaion with wildype AML1 via the core
enhancer consensus dte. It is proposed tha AMLI-ETO enhances the transactivaion
potential of wildtype AML1 by sequestering AML 1 bound corepressors®?

Furthermore, AML1-ETO has been shown to transactivate the BCL-2 promoter via
the AML1 consnsus ste in AMLI-ETO expresing Kasumi-1 cdis® The physoogicd
rdevance of these findings is however, doubtful, snce in primary t(821) postive patient

cdls, BCL-2 expression is lower than in other forms of leukemia®*%°
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It has recently been shown that expresson levels of the granulocyte-colony dimulaing
factor (G-CSF) receptor are increased in AMLI-ETO contaning cdl lines and in fresh
t(821) podtive leukemic odls® The daa indicaes tha AML1-ETO induces the
expresson of the GCSF receptor promoter in an indirect manner by increesing the
expression of C/EBPe, which transactivates the G-CSF receptor promoter.®®

Interestingly, a differentid digplay andyss using AMLI-ETO expressing cdls has
reveded a surprisng number of genes tha are increesed in ther expresson levels but are
not target genes of AML1.%’

Only few of these postivey regulaed target genes of AMLI1-ETO have been
confirmed in primary t(821) podtive cdls Furthermore, the molecular mechanisms behind
the gain of function properties of AML1-ETO remain largely unknown.
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2. AIM OF THE STUDY

Based on the role of ¢Jun and the INK sgnding pathway in the transformation process
of chromosomd trandocations associated with CML, we hypothezised that ¢Jdun might
adso play ardein reciprocd chromosomd trandocationsin AML.

Wha are the expresson leves of c-jun in primay AML paient cdls with the most
common AML-associated  cytogendtic  abnormdities  1(821), t(15;17), inv(16) or
t(11g23/MLL)?

It has previoudy been described that overexpresson of AMLI-ETO in fibroblast cdls
results in an increese in phosphorylaed Ser63 in ¢-Jdun, which has been implicated in
the trangf ormation process.*® Phosphorylated c-Jun can autoregulate its expression.*>16

Are the expresson levels of c-jun enhanced in primary t(8;21) postive pdaient cdls
and mydoid cdll lines?

Is ¢jun a direct target of AMLI-ETO and what is the role of the INK sgnding
pathway, which can phosphorylate Ser63 in ¢-Jdun, in myedoid cdls?

Is the INK ggnding pahway of importance for the functiond and biologicd
properties of 1(8;21) postve AML?

AMLI-ETO has no known kinase activity. It is currently unknown how AMLI-ETO
enhances the phogphorylation of aprotein.

What might be the undelying molecular mechenism of AML1-ETO influencdng a
sgnding pathway?
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3. MATERIALS

3.1 Cell lines

U937
Human higtiocytic lymphoma. Source: ACC5, DSMZ, Braunschweig, Germany

U937 WITH ZINC-INDUCIBLE EXPRESSION OF AML1-ETO (U937Z/A-E)
Source: Fier Giusgppe Pdicd, Indituto Europeo di Oncologia, Milano

U937 WITH TET-REGULATED EXPRESSION OF AML1-ETO (U937T/A-E)
Source: Dong-Er Zhang, The Scripps Research Indtitute, La Jol1a®®

U937 TET (U937T)
Control cdl line contaning the tetracydinerespongve transcriptiond  repressor
tTA. Source: Dong-Er Zhang, The Scripps Research Indtitute, La Jolla®®

KASUMI-1
Human acute mydoid leukemia Source ACC220, DSMIZ, Braunschweg,
Germany

293T
Humean embryond kidney. Source: ACC305, DSMZ, Braunschweig, Germany

3.2 Patient material

Paient samples were refered to the Laboratory for Leukemia Diagnodtics,
Depatment of Medicine 11, Klinkkum Grofthadern, Munich, for routine cytogenetic and
cytomorphologic andyses. All samples were from the time of diagnoss AML patient
samples andyzed by microaray andyss had only a dngle trandocetion, the group of
t(11923/MLL) pogtive patient samples contaned one sample with a t(11;19), one sample
with at(6;11), one with at(11;22) and seven sampleswith at(9;11).
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In the t(821) podtive paient samples andyzed by red-time PCR, thirteen patients
had an AML FAB subtype M2 and in three cases the AML FAB subtype had not been
andyzed (patient numbers 8, 10 and 15, Figure 2). Three patients had a t(8;21) as sole
cytogenetic abnormdlity (patient numbers 7, 11 and 16, Fgure 2), thirteen had loss of a sex
chromosome, two had trisomy 8 (patient numbers 2 and 10, Fgure 2) and one a t(15;20)
(petient number 10, Hgure 2). The AML1-ETO transcript was obsarved in dl cases (patient
numbers 1 to 16, Figure 2).

3.3 Plasmids, reporter constructs, primers,

oligonucleotides

PLASMIDS

pcDNA3.1
Eukaryotic expresson vector. Source: Invitrogen, Groningen, The Netherlands

pCMV5
Eukaryatic expresson vector, 4.7Kb, with ampicillin ressance gene and strong
CMV promoter. Source: Amersham Pharmacia, Frelburg, Germany

pRL-null
Control reporter vector for the Dud-luciferase reporter assay system containing
the cDNA encoding Renilla luciferase without eukaryotic promoter and/or
enhancer elements. Source: Promega, Madison, W1, USA

pGdBBX
Full-length G6PD cDNA in the expression vector pUC12.
Source  Andress Hochhaus, ll.  Mediziniche  Universtésklinik, Mannhem,
Germany®

Human pCMV5AML1-ETO
Source: Scott Hiebert, &. Jude Children’s Hospitd, Memphis, USA
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Human pCMV5 ETO
(S. Hiebert)

Human pCMV5 CBF3
(S. Hiebert)

Human pCMV5AML1
(S. Hiebert)

Murine pSV-SPORT1 ¢-jun
Source: Trang Hoang, Clinicd Research Inditute of Montred, QC, Canada

Human pCMV5 JIP-1
Source: Roger Davis, Howard Hughes Medicd Indtitute, Massachusetts, USA

Murine pSP65 ¢jun
c-jun for in vitro trandaion usng SP6 polymerae Source Elissbetta Mudler
and Bruce Spiegelman, Dana Farber Cancer Intitute, Boston, MA %°

REPORTER CONSTRUCTS

Human ¢-jun promoter [bp -1780to bp +731] in pGL3
Source: Wayne Vedeckis, State University Medical Center, New Orleans, USA

Human c¢-jun promoter [bp -952 to bp +731] in pGL 3 (W. Vedeckis)
Human ¢-jun promoter [bp -719 to bp +731] in pGL 3 (W. Vedeckis)
Human ¢-jun promoter [bp -345to bp +731] in pGL3 (W. Vedeckis)
Human ¢-jun promoter [bp -180 to bp +731] in pGL 3 (W. Vedeckis)

Human ¢-jun promoter [bp -63to bp +731] in pGL 3 (W. Vedeckis)
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Human c¢-jun promoter [bp -79to bp +170] in pGL 2
Source XiaoFan Wang, Duke Univarsty Medicd Center, Durham, North
Caroling, USA

Human c-jun promoter [bp -79 to bp +170] in pGL2 with the proximal AP-1 site:
5-tg acatca-3 mutated to 5'-at ccacca3 (X.-F. Wang)

Minimal cfos promoter element containing 3x NF-?B binding sitesin pGL 2
Source Marius Ueffing, Indtitute of Human Genetics, GSF, Munich, Germany

Minimal cfos promoter element containing 3x mutated NF-?B binding sites in
pGL2 (Marius Ueffing)

Human M-CSF receptor promoter [bp -416 to bp +71] in pXP2
Source: D.E. Zhang, Scripps Research Ingtitute, La Jolla, CA, USA®?

pGL2, pGL3
Luciferase reporter gene vectors. Source: Promega, Mannheim, Germany

pXP2
Luciferase reporter gene vector. Source: Stephen Nordeen, Department of
Pathology, Universty of Colorado, Denver, USA

PRIMERS

cjun Sense 5 -gcatga gga acc geateg ctg cct ccaagt-3 1°
cjun Antisense 5 -geg acc aag tec tte ccacte gtg cac act-3 1%
G6PD Sense: 5 -ccg gat cgaccactacct ggg caag-3 *

G6PD Antisense 5 -gtt ccc cac gta ctg gec cag gac ca-3 %
AML1-ETO Sense: 5 -atg acc tca ggt ttg teg gic g-3
AML1-ETO Antisense: 5-tga act ggt tct tgg agce ctc ct-3

G-CSF receptor Sense: 5-cct gga get gag aac tac cg-3 1%t

G-CSF receptor Antisense: 5 -tcc cgg ctg agt tat agg-3 **
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G-CSF Sense: 5'-gct tga gcc aec tee atage-3

G-CSF Antisense: 5 -aaatgc agg gaagga cec ag3
pgun-63/+170 Sense : 5-tgg gt att ttt agg gt tgactg g-3
pgun -63/+170 Antisense 5 -agc cac agg cgc teg ctc tgg g3

OLIGONUCLEOTIDES FOR EMSA
Human c¢-jun promoter [bp -88to bp -28]

5'-tgg gaa gge ctt ggg gtg acatcatgg get at tit agg ggt tga ctg gta gca gat aeg-3
Human c-jun promoter [bp -88to bp -28] with mutated proximal AP-1site

5'-tgg gaa ggc cit ggg gat cca ccatgg gt att ttt agg got tga ctg gta gca gat aag-3

AML 1 consensus site®?
5 -adt tog agt att gig gt &t acg 3

3.4 Antibodies, peptides

ANTIBODIES

anti c-Jun/AP-1(N)
Polydond rabbit antibody agang the amino temind doman of c-Jun. Dilution for
Wedern blot: 1:1,000. Used dso in EMSA (200ug/0.1ml). Source Santa Cruz
Biotechnology, Santa Cruz, CA

anti ETO (C-20)
Polydond goat antibody agang the caboxy teminus of ETO. Dilution for
Western blot: 1:1,000. Used dso in EMSA (200ug/0.1ml). Source: Santa Cruz

anti b-tubulin (H-235)
Polydond rabbit antibody agang amino adds 210-444 & the carboxy terminus of
b-tubulin. Dilution: 1:500. Source: Santa Cruz

13
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anti INK1 (C-17)
Polyclond rabbit antibody agangt the carboxy terminus of JNKZ1. Dilution: 1:1,000.
Source: Santa Cruz

anti AML1 (N-20)
Polydond goa atibody agang the amino terminus of AML1 Used in EMSA
(200pg/0.2ml). Source: Santa Cruz

anti cfos (4)
Polydond rabbit antibody agang the amino teminus of c-fos No cross-reactivity
to FosB, Fra1lor Fra-2. Used in EMSA (200ug/0.1ml). Source: Santa Cruz

anti ATF-2 (F2BR-1)
Mouse monoclond antibody agang amino acids 350-505 within the DNA binding
and dimeization doman of ATF2 Usad in EMSA  (200ug/0.1ml).
Source: Santa Cruz

anti GST (Z-5)
Rabbit polydond anttibody agang GST fudon protens Dilution:  1:1,000.
Source: Santa Cruz

normal 1gG rabbit
| sotype control for rabbit antibodies. Source: Santa Cruz

normal 1gG goat
Isotype control for goat antibodies. Source: Santa Cruz

anti phosphorylated Thr183/Tyr 185 in SAPK/INK
Polyclond  rabbit antibody. Detects SAPK/INK only when activated by
phogphorylaion a  Thr183/Tyrl85. Dilution: 1:1,000. Source New England
Biolabs, Schwalbach, Germany
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anti phosphorylated Thr71in ATF-2
Polydond rabbit antibody. Recognizes ATR2 only when phosphorylaied a Thr71.
Dilution: 1:1,000. Source: New England Biolabs

anti phosphorylated Ser63 in c-Jun
Polydond rabbit antibody, detects phosphorylated Ser63 in c-Jdun, but does not
coss-react  with the corresponding  phosphorylated forms of JunD or  JunB.
Dilution: 1:1,000. Source: New England Bioldbs

anti phosphorylated Ser73 in c-Jun
Polycdond rabbit antibody, detects phosphorylaed Ser73 in ¢-dun and Serd00 in
JunD, but does not crossreact with up to O5ug of nonphosphorylaied c-Jun or
JunD. Dilution: 1:1,000. Source: New England Biolabs

donkey anti rabbit 1gG (NA934)
HRP-conjugated secondary antibody. Dilution: 1:2,000. Source: Amersham
Pharmacia, Freiburg, Germany

rabbit anti goat (P0449)
HRP-conjugated secondary antibody. Dilution: 1:2,000. Source DAKO, Denmark

PEPTIDES

JNK inhibitor I (L)-form
A codl pemesdle biodogicdly attive peptide tha diminishes INK  ggnding
pathway by blocking the activetion of transcription factor c-Jun. 20 amino adids of
the ide-bran-1 protein, an isofoom of JP-1, inhibiing JNK induced
phosphorylaion of c-dun by interacting in the INK binding doman (ddta domain)
of c-dun, ae fused to 10 amino adds of a HIV-TAT carier, which rapidly
trandocates into the cdls. Source: Calbiochem, Darmstadt, Germany™%2
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HIV-TAT 48-57, Negative control
A highly codl-permegble 10-amino acid carier peptide derived from HIV-TAT
48-57 sequence tha is modified with two proline resdues. Source: Cdbiochem,
Darmstadt, Germany™®

3.5 Laboratory materials

CHEMICALS

Acrylamide/Bisacrylamide 40% (Serva, Heiddberg, Germany)

Agarose (Serva, Heiddberg, Germany)

Ammonium peroxidisulfate (APS) (Bio-rad, Munich, Germany)

[¢>2PJATP (3000Ci/mmol a 10mCi/ml) (Amersham Pharmacia, Freiburg, Germany)
Bio-rad Protein estimation kit (Bio-rad, Munich, Germany)

Detection system ECL® (Amersham Pharmacia, Freiburg, Germany)

DNA molecular weight markers (Roche Diagnostics, Mannhem, Germany)
dNTPs (Promega, Mannhem, Germany)

Dud-luciferase reporter assay system (Promega, Mannheim, Germany)
Dulbeccos modified Eagle medium (DMEM) (PAN, Aidenbach, Germany)
Effectene® transfection kit (Qiagen, Hilden, Germany)

Ethidium bromide (Life Technologies, Karlsuhe, Germany)

Fast Sat DNA SYBR Green | kit (Roche Diagnogtics, Mannheim, Germany)
Genzyme TACS™ AnnexinV kit (R&D systems, Wiesbaden, Germany)
Granocyte® 34: Human recombinant GCSF (Chuga, Frankfurt, Germany)
L-Glutamine (Life Technologies, Karlsuhe, Germany)

Liquid nitrogen (Linde, Munich, Germary)

Maxiprep® DNA isolation kit (Qiagen, Hilden, Germany)

Onmiscript® RT cDNA synthesis kit (Qiagen, Hilden, Germany)
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PBS (PAN, Aidenbach, Germany)

PCR primers, oligo dT (Metabion, Matingied, Garmany)
Penidllin-Streptomycin (Life Technologies, Karlsruhe, Germany)
paly(dl-dC) (Amersham Pharmacia, Freiburg, Germany)

Protein markers (Amersham Pharmecia, Frelburg, Germany)

Redtriction enzymes (New England Biolabs, Schwalbach, Germany)
RNasin® RNase inhibitor (Promega, Mannheim, Germany)

RNeasy® RNA isolation kit (Qiagen, Hilden, Germany)

RPMI 1640 medium (PAN, Aidenbach, Germany)

SAPK/INK assay kit (Cdl sgnding technology, Beverly, USA)

DS (Bio-rad, Munich, Germany)

T4 polynudeatide kinase (New England Biolabs, Schwalbach, Germany)
Taq polymerase (Qiagen, Hilden, Germany)

TnT® reticulocyte lysate system (Promega, Mannheim, Germany)
TOPO TA PCR2.1 (Invitrogen, Groningen, The Netherlands)

Tran *S-labed™ (>1000Ci/mmol a 10mCi/ml) (ICN Biomedcals, Eschwege, Germany)
Tris (Bio-rad, Munich, Germany)

Trypan blue 0.5% (Serva, Heiddberg, Germany)

Trypsin (PAN, Aidenbach, Germany)

All the other chemicas were obtained from Sigma (S Louis, USA).

LABORATORY EQUIPMENT, CONSUMABLES

Incubator for bacteria (Heraus, Hanau, Germany)

Shaker for bacteria (New Brunswick Scientific, Ndrtingen, Germany)
Blotting paper (Schleicher& Schilll, Dassd, Germarny)

ECL® films (Amersham Pharmacia, Freiburg, Germany)

Eppendorf® tabletop centrifuge 5415D (Eppendorf, Hamburg, Germany)
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Developing machine (Agfa-gevaert, Leverkusen, Germany)

Ge dectrophoresis sysems (Bio-rad, Munich, Germany; OWL, Portsmouth, USA)
Heating block (Techne, Cambridge, UK)

Immobilon” “-P transfer membranes (Millipore, Bedford, Massachusetts, USA)
Parafilm M® (American Nationd Can, Greenwich, USA)

Therma cyder (Perkin Elmer, Norwalk, USA)

Light Cyder™™ redl-time PCR machine (Roche Diagnostics, Mannheim, Germany)
Luminometer Turner Designs TD-20/20 (Promega, Madison, WI, USA)
pH-meter (WTW, Welheim, Garmany)

Photometer (Amersham Pharmacia, Freiburg, Germany)

Fipettes (Gilson, Langenfdd, Germany)

Ripette tips (Star Labs, K&K Laborbedarf, Munich, Germany)

QuickSain® columns (Roche Diagnostics, Mannheim, Germany)

Freezing vids (Nunc, Roskilde, Danmark)

Liquid nitrogen tank (Cryason, Schdllkrippen, Germany)

Cdl culture incubator (WTB, Tuttlingen, Germany)

Microscope (Zeiss, Oberkochen, Germany)

Pipettes, Tisue culture flasks, Centrifuge vids (Sargtedt, NUmbrecht, Germany)
Sterile benches (BDK, Sonnenbiinl, Garmany)

Sterilefilters (Gdman Sciences, Ann Arbor USA)

Neubauer® counting chamber (Brand, Wertheim, Germany)
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3.6 Buffer, media, solutions

ELECTROPHORESIS BUFFER (SDS-PAGE)
25mM Tris pH 8.3
250mM Glydne
0.1% (w/iv) SDS

SDS/ACRYLAMIDE GEL FOR WESTERN BLOT

Running ge (10%) Stacking gd (10%)
40% (viv) Acrylamide 40% (viv) Acrylamide

1.5M Tris, pH 8.8 0.5M Tris pH 6.8
10% (whv) SDS 10% (wiv) SDS

10% (wiv) APS 10% (wiv) APS
0.0005% (v/v) TEMED 0.0009% (v/v) TEMED

TAE (TRIS/ACETATE/EDTA) ELECTROPHORESIS BUFFER

40mM Tris acetate
2mM NaEDTA-2H,0O

TBE (TRIS/BORATE/EDTA) ELECTROPHORESIS BUFFER
890mM Tris

890mM Boric aad
10mM EDTA, pH 8.0

SDS-PAGE GEL LOADING DYE (2X)
125mM Tris:Cl, pH 6.8
4% (wiv) SDS
10% (viv) b-Mercapto-ethanal
30% (v/v) Glycerol
0.004% (w/v) Bromophenal biue
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WESTERN BLOT STRIPPING SOLUTION

0.1IM b-Mercapto-ethanol
2% (wiv) SDS
1M Tris, pH 6.8

TE BUFFER

10mM Tris:Cl, pH 8.0
1mM EDTA

ELECTROPHORESIS TANK BUFFER (WESTERN BLOT)
125mM Tris
960mM Glydne
0.5% (wh) SDS

TRANSFER BUFFER, pH 8.5

25mM Tris
0.2M Glydne
20% (v/v) Methanal

TRIS-BUFFERED SALINE (TBS)

100mM TrisCl, pH 7.5
150mM NaCl

TBST (TBS PLUS TWEENZ20)

100mM TrisCl, pH 7.5
150mM NaCl
0.05% (viv) Tween20

BLOCKING BUFFER
TBS
0.1% (v/v) Tween20
5% (wi) nonfat dry milk
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PRIMARY ANTIBODY DILUTION BUFFER

TBS
0.05% (viv) Tween20
2.5% (W) nonfat dry milk

PRIMARY ANTIBODY DILUTION BUFFER
(FOR PHOSPHORYLATED PROTEINS)
TBS
0.05% (viv) Tween20
5% (w/v) BSA

WHOLE CELL LYSIS BUFFER (RIPA LYSIS BUFFER)
1% (v/iv) NP40
0.5% (w/v) Sodium deoxycholate
0.1% (w/v) SDS
0.15M NaCl
5mM EDTA
50mM Tris pH 80
10mM Sodium pyrophosphate
50mM Sodium fluoride
0.2mM Sodium orthovanedate
1ImM PMS-

10mg/ml Pepdtatin A, Leupeptin, Aprotinin, Antipain, Chymodatin
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NUCLEAR EXTRACT BUFFERS
Buffer A:

20mM HEPES, pH 7.9
25% (viv) Glycerol
420mM NaCl

1.5mM MgCl

0.2mM EDTA

05mM DTT

0.2mM PMSF

EMSA BINDING BUFFER

4mM HEPES, pH 7.9
40mM Kdl

10mM MgCh

1mM Diathiathreitol (DTT)

Buffer C:

10mM HEPES, pH 7.9
15mM MgCl,

10mM KCl

05mM DTT

02mM PMSF

0.2mM Phenylmethylsuifonyl fluoride (PMSF)

4% (viv) Glycerol

10X ANNEALING BUFFER FOR EMSA

20mM Tris pH 7.5
10mM MgCl,
50mM NaCl

ImM DTT

TRIS-GLYCINE ELECTROPHORESIS BUFFER FOR EMSA, pH 8.3

0.25M Tris
1.9M Glydne
10mM EDTA
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5.2% POLYACRYLAMIDE GEL FOR EMSA
40% (v/v) Bisacrylamide 1:19
890mM Tris
890mM Baoric add
10mM EDTA, pH 8.0
10% (wiv) APS
0.0005% TEMED

5X BINDING BUFFER FOR EMSA
4mM HEPES, pH 7.9
40mM KCl
10mM MgCl;
1ImM DTT
0.2mM PMSF
4% (viv) Glycerol

GROWTH MEDIUM FOR BACTERIA
LB (luria bertani) medium with respective antibiotics

MAMMALIAN CELL CULTURE MEDIA
293T cdl line

DMEM

10% (viv) FBS

1% (v/v) L-Glutamine

1% (v/v) Penicillin-Sreptomyain

U937, U937/Zn**-inducible AML 1-ETO and Kasumi-1 cell lines
RPMI
10% (viv) FBS
1% (v/v) L-Glutamine
1% (v/v) Penicillin-Sreptomyain
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U937/TET cdl line

RPMI

10% (viv) FBS

1% (v/v) L-Glutamine
lug/ml Tetracydine
0.5ug/ml Puromyain

U937/TET/AML1-ETO cdl line
RPMI
10% (viv) FBS
1% (v/v) L-Glutamine
lug/ml Tetracydine
0.5ug/m Puromyain
Img/ml G418

Other buffers were provided by kits.
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4. METHODS

4.1 Cell culture methods

INDUCIBLE CELL LINES

U937/Zn**-inducibleAML 1-ETO (U937Z/A-E)

AMLI-ETO cDNA is under the control of the human metdlothionen promoter in the
expresson vector pPC18. Adding 100uM Zr?* to the cdl culture medium induced the
expression of AML1-ETO.

U937/TET-regulated AML1-ETO (U937T/A-E)

AMLI-ETO cDNA is under the control of the tetracycline-responsve transcriptiond
repressor tTA. For the induction of tetracydine-controlled AML1-ETO, cdls were washed
three times in 50ml of PBS and seeded a 1x10° odlgml in the maintenance medium in the
absence of tetracycline.

PRIMING WITH G-CSF

U937T/A-E cdls were grown for 48 hours with or without tetracydine and subsequently
trested with 10uM or 100uM of human recombinant GCSF for 15 or 30 minutes. RIPA
lysstes were prepared and andyzed by Western blot for the amount of phosphorylated
Thrl83/Tyrl85in INK.

JNK INHIBITOR PEPTIDE

U937T/A-E and U937T cdls were grown for 72 hours in the presence or absence of
tetracycline. 1uM of INK gpedfic inhibitor peptide or HIV-TAT 4857 negaive peptide
control was added to the cdlls a the time of induction.
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SUPERNATANT EXPERIMENTS

Supernatants of 1x10' U937T/A-E and U937T cels were harvested 48 hours after remova
of tetracydine. 1x10” wildtype U937 cdls were centrifuged, the supernaant removed and
the cdl pdlet resuspended with the supernatants of U937T/A-E or U937T cdls. Wildtype
U937 cdls were incubated for 15 or 30 minutes with the supernatants and immediately kept
on ice. Whole cdls were lysed usng RIPA buffer (see buffers) and the lysates were kept at
-80°C. Lystes were andyzed by Wedern blot for expresson of phosphorylated Ser63 in
¢-Jun and phosphorylated Thr183/Tyr185 in INK.

4.2 Transient transfections using Effectene® reagent

Transent tranfection using the Effectene® trandfection kit dlows trandfection in the
presence of FBS, which was prefered in this sudy because of the serum induced

fluctuations in c-Jun expression.

FOR ADHERENT CELLS

293T cdls were plaed 24 hours prior to trandfection a about 5x10° cdlgml in 75cn?
flasks to achieve a 50-60% confluence on the day of trandfection. In a 1.5ml Eppendorf
tube 2ug of DNA was diluted in 300l of EC buffer (DNA condensgtion buffer,
Effectene® transfection kit) and 16pl of Enhancer (Effectene® transfection kit). The
Enhancer forms complexes with the trandfected DNA. Complexes were vortexed for 1
scond and incubated for 2 to 5 minutes a room temperature 20ul of Effectene®
transfection reagent (Effectene® transfection kit) was added to the DNA enhancer
mixture. The complex was vortexed for 10 seconds and incubated a room temperature
for 5 to 10 minutes to dlow trandfection complex formation. During this period, the
growth medium was gently aspiraed from the cdls and 12ml of fresh DMEM with FBS
and antibiotics was added. The trandfection complexes were pipetted drop-wise onto the
cdlswith 1ml of DMEM containing FBS.

The dish was gently swirled to ensure uniform didribution of the trandfection complexes
and cdls were incubated for 48 hours at 37°C at 5% CO,.
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FOR SUSPENSION CELLS

24 hours prior to transfection, U937 cdls were split to 3x10° celgml. On the day of
tranfection, 1x10° cells were plaed in 1.6ml of medium with FBS and antibiotics into
6 wdl plaes lpg of DNA was diluted in 100 of EC buffer (Effectene®™ transfection
kit). 6 Enhancer and 20U of Effectene® transfection reagent (Effectene® transfection
kit) were added, the solution was goplied to the cdl suspenson with 600U of RPMI
medium with FBS and antibiotics and incubated for 30 hours

U937T or U937T/A-E cdls were kept in the mantenance medium with or without
tetracycline for 12 hours prior to transfection and harvesed 24 hours after transfection.

4.3 PCR cloning

For generdtion of a human cjun promoter condruct ranging from bp -63 to bp +170 in
pGL2, the fragment was amplified by PCR usng pgun -63+170 Sense and Antisense
primers (see primers). The c-jun promoter congruct ranging from bp -79 to bp +170 sarved
& a template 1yl of the PCR product was immediatedly cloned into the plasmid vector
pCR2.1 according to TOPO TA cdoning drategy. Subsequently, the fragment was released
by Kpn/Xhol digest and subdoned into the Kpn/Xhol site of pGL2 luciferase vector.
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4.4 Reverse transcriptase PCR

ISOLATION OF TOTAL RNA ACCORDING TO THE RNEASY® METHOD

310° suspenson cdls (cdl lines or peripherd blood monocytes of patient samples)
were washed twice with PBS and trandered with 1ml of PBS into 1.5ml Eppendorf
tubes To digupt and lyse the cdls cdls were soun a 300g for 5 minutes and
resugpended in 350ul of RLT buffer (RNessy® RNA isolation kit). For homogenization,
the lysate was transferred to a QIAshredder® column (RNeasy® RNA isolaion kit) and
centrifuged for 2 minutes & maximum speed in an Eppendorf tabletop centrifuge. 350ul
of 70% ethanol were added to adjust the binding conditions and the sample was added to
an RNeas® mini spin column (RNess/® RNA isolation kit), in which the RNA could
absorb to the membrane. Contaminants were removed by wash spins a 10,000 rpm for
15 seconds with 700ul of buffer RW1 (RNeasy® RNA isolation kit) and with 500ul of
RPE buffer (RNeasy® RNA isolaion kif). To wash out dl of the ehanol, 500u RPE
buffer was added and another 2 minute-pin a maximum speed was peformed. For
RNA dution, the column was placed in a 1.5ml collection tube and 40ul of RNase-free
water was directly pipetted onto the column and centrifuged for 1 minute a 10,000 rpm.
Tota RNA was stored at -80°C.

FIRST-STRAND cDNA SYNTHESIS

Reverse transcriptases (RT) with RNA  dependent DNA  polymerase activity synthesize
complementary DNA (cDNA) from an RNA template for subsequent PCR or cloning
expeiments. 1ug of RNA was transcribed in 20pl of reverse transcriptase reection
containing 2yl of 5mM dNTPs 2ul of 10x RT buffer (Omniscript® RT ki), 2ul of
10uM 17mer oligo dT primer, 1ul of 10U/l RNasn® RNase inhibitor, 1ul of 4U/ul
Omniscript® reverse transcriptase (Omniscrip® RT kit) and RNasefree water up to
20ul. The cDNA synthess mix was incubated for 90 minutes a 37°C and the cDNA was
Stored at -20°C.
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SEMI-QUANTITATIVE RT-PCR

We peformed semi-quartitetive hot-gat PCR usng a themd cyder in order to
optimize PCR conditions prior to peforming quattitaive redtime PCR. PCR was
paformed in 20ul contaning 2u cDNA templae 200uM of each dNTP, 1.5mM
MgCl,, 0.7uM of sense and antisense primer and 25U Tag polymerase. PCR products
were dectrophoresed through a 1% agarose gd and visudized by ethidium bromide
daning.

QUANTITATIVE REAL-TIME PCR

Quantitative reaHtime PCR usng the LightCyder™ (LC) red-time PCR system enables
rea-time monitoring of PCR product formation. PCR cydes in which the PCR product
increases  logarithmicdly, can be identified and the initid concentration of the target
DNA determined. We used the Fast Stat DNA SYBR Green | kit. SYBR Green | dye is
a fluorescence dye, which binds to double-stranded DNA. A fluorescence sgnd is beng

recorded a the end of each dongation phase and the increesing amounts of PCR product
can be monitored from cycleto cycle.

We quantified the expresson of the transcription factors c-jun and AML1-ETO in U937
cdl lines with Zr**-inducible expresson of AMLI-ETO and in t(821) postive patient
sanples rdaive to the expresson of the housekeeping gene G6PD. We performed
relative quantification of the target genes by forming ratios between the target genes and
the housskesping gene G6PD (target gene/G6PD). The initid concentrations of the
target genes and the housekeeping gene G6PD were cdculated usng a standard curve.
For this purpose, we sxidly diluted a GEPD plasmid: pGdBBX to 10,000fg, 1,000fg or
100fg. Upregulation of c-jun upon AMLI-ETO induction or the upregulation of
AML1-ETO upon addition of Zn** were shown as fold upregulation compared to time
point zero, which was set to 1. For the patient samples, vaues of taget gene/G6PD
ratios were directly compared to each other.
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PCR was peaformed using 2nh of 10x mesermix solution (provided, contans Fest-Start
Tag DNA polymerase, reaction buffer, dNTP mix, SYBR Green | dye and 10mM
MgCl), 2mh cDNA (from cdl lines or paient samples), 4mM MgCh, 7.5"M of each
prime and RNasefree wae to a find volume of 20nh After 10 minutes initid
denaturation a 95°C to activate the polymerase, amplification occurred in a three-step
cycde procedure with denaturation a 95°C for O seconds amneding a 64°C for
10 seconds and extenson a 72°C for 25 seconds. This threestep cycle was repeated 35
times. Huorescence of SYBR Green | was measured after each extenson step at 530nm.
The find PCR cyde was fdlowed by a mdting curve andyss to confirm PCR product
identity and differentiaste it from nonspecific products (for example primer-dimer
products). For the mdting curve andyss, the products were denatured a 95°C, anneded
a 65°C and then dowly hested up to 95°C with fluorescence measurement a 0.2C
increments.  Amplification  products from the LightCycder were checked by
eectrophoress on 1% ethidium bromide daned agarose gds. The edimated sze of the
amplified fragments matched the cdculated sze for cjun: 409%p, GEPD: 343bp, G-CS-
receptor: 276bp, GCS: 591bp and AML1-ETO: 250bp.

4.5 Reporter assay for Firefly and Renilla luciferase

We dudied the effects of leukemic fuson genes or transcription factors on gene
expresson by trangently trandecting cdls with plaamids contaning the reevant
promoters 5 of a Firefly luciferase reporter gene. All samples were transfected with a
Renilla lucferase  “control”  reporter  plasmid. Normdizing the activity of the
expaimentd  reporter to the activity of the internd control reporter  minimized
experimentd vaiability caused by differences in cdl viability or trandfection efficiency.
The adtivities of Firefly luciferase of the experimenta reporter and Renilla luciferase of
the pRL-null control plasmid were measured sequentialy from a single sample using the
Dud-ludferase reporter assay system.
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Trandfected cdls were washed twice with PBS and lysed in 100ul of Passve lyss buffer
(Dud-luciferase reporter assay system) by agitation for 30 minutes. Passve Lyss buffer
was provided as a 5x concentrate, diluted in ddH,O and sored & 4°C up to one month.

The Luciferase assay reagent |l (LARII) (Dud-luciferase reporter assay system) was
resugpended in 10ml of Luciferase assay buffer and was sorable for 1 month a -20°C or
for 1 year & -70°C. The 50X Stop&Glo dock solution (Dua-luciferase reporter assay
gysem), used to quench Firefly luciferase luminescence, was prepared by trandferring
200U of Sop&Glo subdrae solvent (Dud-uciferase reporter assay system) to the
lyophilized Siop&Glo subdrate (Dud-luciferase reporter assay system). This solution
has to be kept on ice and was dorable a -70°C for 1 month. Immediady before use, 1x
Sop&Glo working solution was prepaed  with Sop&Glo  buffer  (Dud-luciferase
reporter assay system) and kept onice.

20u of odl lysste was diluted in 100u of LARII and the Firefly luciferase
luminecence of the trandected reporter plasmid measured usng the TD20/20
luminometer. After addition of 100u Stop&Glo working solution, which quenched the
Firefly ludferase, the remaning Renilla lucferase of the internd control plasmid
pRL-null was measured. A ratio between Firefly and Renilla luciferase was cdculated
automaticaly.

4.6 Cell lysates, in vitro translation

RIPA LYSATES

Adherent cdlls were soraped in 10ml of PBS. Subsequently, approximatdy 1x107 cdls
were washed twice in PBS by centrifuging the cdls a 1,000 rpm for 10 minutes.
Suspension cels were washed directly. Washed cdlls were resuspended in Iml of PBS
trandferred to 1.5ml Eppendorf tubes and spun for 10 seconds & maximum speed. The
pelet was resugpended in 50ul of RIPA lyss buffer with proteinase and phosphatase
inhibitors (see buffers) and incubated on ice for 30 minutes.
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During incubaion time, cdl lysaes were vortexed every 10 minutes. After incubation,
lystes were spun a 4°C for 30 minutes a maximum Speed. The supernatant was
collected and gored immediately &t -80°C.

NUCLEAR EXTRACTS

Adherent cdls were scraped in 10ml of ice-cold PBS and approximatdy 1x107 cdls
were washed twice in PBS a 1,000 rpm for 10 minutes. Sugpension cells were washed
directly. Cdl pdlets were resuspended in Iml of PBS, trandered to 1.5ml Eppendorf
tubes and spun a 6,600 rpm for 20 seconds. Pdlets were resuspended in 400ul cold
Buffer A (see buffers), were swollen on ice for 15 minutes and vortexed for 10 seconds.
The nude were pdleted in a tabletop centrifuge for 10 seconds a maximum Speed.
Subsequently, the nuclel pdlets were resuspended in 404l of Buffer C (see buffers) by
pipetting up and down. This was folowed by a 20-minute incubation period on ice
during which the tubes were flicked occasondly. The cdl debris was peleted a
maximum speed for 3 minutes a 4°C and the supernatants were saved and dored a
-80°C.

IN VITRO TRANSLATION

AMLLETO ad cjun were in vitro transcribed and trandaed usng the TnT®
reticulocyte lysste sysem with SP6 polymease and were ldbded & amino acid
methionine with Tran *°Slabd™ (>1000Ci/mmd a& 10mCi/ml). For a 50ul reection we
used:

TnT® rabhit reticulocyte lysate (provided) 250
TnT® reaction buffer (provided) 2ul
SP6 polymerase ul

amino acid mixture minus methionine (provided) u
Tran **S-label™ (>1000Ci/mmol a 10mCi/ml) 41
RNasin® RNase inhibitor (40U/ul) 1l
DNA template (1ug) varigle

RNase-free water up to 50ul
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Reagents were mixed and incubated at 30°C for 90 minutes.

4.7 Western blot analysis

PROTEIN MEASUREMENT

For measuring totd protein concentration, we performed a colorimetric assay based on
the Bradford-dye binding procedure’® according to the protocol of the Bio-rad protein
edimation kit. The assay is based on the color change of Coomasse blue in response to
vaious concentrations of protein. We mixed 20ul of 1:20 diluted protein lysate with 1ml
of 15 diluted resgent dye, incubaed the mixture for 15 minutes and determined the
color change a 595nm using a spectrophotometer. We incdluded BSA protein dandards
of known concentrations for generding a standard curve with which we could cdculate
the protein concentration in ug/pl.

SDS-PAGE AND WESTERN BLOT

Lysaes containing 100ug of proteins were diluted in 2x SDSPAGE gd loading dye
(see buffers) and boiled a& 95°C for 5 minutes. Proteins were dectrophoreticaly
separated according to ther molecular weight through a 10% SDS/Acrylamide gd (see
buffers) a 125 volts. 10ul of molecular weight sandard was induded in each gd. The
separated proteins were wet-transferred to Immobilon™-P transfer membranes which
had been pre-soeked in methandl, rinsed with ddH,0 and kept in trandfer buffer (see
buffers) for 15 minutes. The trandfer cassette was prepared in the following sequence:
goonge > blotting paper > gd > trander membrane > blotting paper > sponge. The
transfer chamber was filled with transfer buffer and the proteins were trandferred a 100
valts for 90 minutes a 4°C. After the trander, the membrane was blocked for 2 hours in
a blocking buffer (see buffers) to prevent ungpecific binding of the antibodies to the
membrane. The blocked membrane was washed three times with TBST (see buffers) to
get rid of excess blocking solution and the primary antibody was added a a dilution of
1:1,000 and incubeted overnight at 4°C.



4. Methods

Antibodies recognizing phosphorylated protens were diluted in TBST with 1% (W)
BSA, antibodies againg unphosphorylated proteins in TBST with 25% (w/v) nonfat dry
milk. After three 5-minute washes with TBST, the appropricte peroxidase-linked
secondary antibody diluted 1:2,000 in TBST with 25% (w/) nonfat dry milk wes added
and incubated for 1 hour a room temperature.

After a find washing sep, four 5-minute washes with TBST, the proteins were detected
usng chemiluminescence. For that, the two ECL® solutions of the ECL® detection
sydem were mixed in equd quantities (2 + 2ml for an 8 x 10cm membrane) and added
to the mois membrane for 1 minute. The blot was immediately exposed to a film for
goproximately 60 seconds and developed. This method dlows ,gripping” the membrane
up to three times and peforming different immunodetections on the same blot. In this
sudy, each blot was dripped and re-blotted with an anti b-tubulin antibody in order to
control for even proten loading. For dripping, the membrane was rotaed in the
waterbath a 55°C for 30 minutes in gripping solution (see buffers), rinsed 1x with
TBST, blocked for 2 hours and incubated with the primary artibody as described above.

SAPK/JINK ASSAY KIT

We employed a nonradioactive method using the SAPK/INK assay kit to measure cJun
phosphorylating activity a resdues Se63 and Sa73 in c¢-Jun, which is generdly INK
goedific. 250ug protein of whole odl lysates was incubated overnight with N-termind
c-Jdun (amino acids 1-89) fuson proten bound to glutathione sepharose (GST) beads to
pull down INK. Amino adids 1-89 in c-Jun contan a high-afinity binding ste for INK
jug N-termind to the Sar63 and Ser73 phosphorylation Stes. The beads were washed
twice with a provided cdl lyss buffer (SAPK/INK assay kit), followed by two washes
with a provided kinase buffer (SAPK/INK assay kit). The kinase reection was carried
out during a 30-minute incubation peiod a 30°C in the presence of non-radioactive
ATP. The reaction was terminaied with 25ul of 2x SDS-PAGE gd loading dye (see
buffers) and c-dun phosphorylation was messured by Western blot usng an antibody
agang phosphorylated Ser63 in c-Jun, which is usually INK specific.
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Using this method, the posshility cannot be ruled out that kineses other than INK
phosphorylate Ser63 in c¢dun. The seringthreonine kinase c-Raf-1/cmil, for example,
has been shown to phosphorylae Sar63 in c-dun in a INK independent manner. For
veification, we confirmed the results obtained by the SAPK/INK assay kit by directly
measuring phosphorylated Thr183/Tyr185 in INK by Western blot.

To rule out direct binding of INK to GST, lysates were incubated with GST beads adone.
Blots were dripped and reblotted with a GST antibody to control for variability in gd
loading.

4.8 Electrophoretic mobility shift assay (EMSA)

PREPARATION OF DOUBLE-STRANDED OLIGONUCLEOTIDES

20ug of two complementary oligonudeotides were diluted in a totd volume of 100ul of
Ix amneding buffer (see buffers). The oligonucleotide mix was heasted to 95°C for
5 minutes and dowly cooed down in order to aned the complementary
oigonudectides (for example by switching off the wae bath and dlowing to cool
overnight). Double-stranded oligonucl ectides were stored at -20°C.

LABELING OF THE PROBE

10u of double-dranded oligonudeotides were diluted in 70ul of 1x anneding buffer to
meke a 50ngul digonudeotide dock. In 20ul labding resction, 1yl of the S0ng/ul
digonudentide stock was mixed with 2ul of 10x polynudeotide kinese buffer, Sul of
10mCiim [g*?PATP  (3000Ci/mmol), 2ul of polynudedtide kinase (10,000U/mi) and
ddH,0. The reaction was incubated for 1 hour a 37°C. To remove unrincorporated
oligonudeotides, the labded oligonudeotides were purified using QuickSpin® columns
For that, the coumns were pre-centrifuged a& 1,000 rpm for 2 minutes to remove the
buffer and then 20ul of labded oligonudeotides were added to the column and spun for
5 minutes a 2,800 rpm. The labeled oligonucdleotides were stored in alead box a -20°C.
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GELSHIFT ASSAY

A 52% polyacrylamide gd (see buffers) was prepared and polymerised for 20 to 30
minutes. The wedls were rinsed with a 1ml pipette and the gd was prerun for
30 minutes & 140 volts Meanwhile the 20ul binding reection was prepared in the
folowing ssquence 4l of 5x hinding buffer (see buffers) > 2ul of poly(di-dC) as a
non-goecific competitor DNA > ddH,O > Protein > 200 fold molar excess (100ng) of
unlabded competitor oligonucleotides > 1yl of labded probe As a protein source, we
used ether 5ug of nudear extracts or 3ul of in vitro trandated protein or unprogrammed
reticulocyte lysate. The reaction was incubated for 30 minutes a& room temperature. For
upershift experiments, 3nh of 200ng 1gG/0.1ml antibody was added and incubated for
another 30 minutes a& room temperaiure. Reections were eectrophoresed a 130 volts at
4°C, dried and placed on x-ray film a -80°C with an intensfying screen.

4.9 AnnexinV apoptosis assay

In the ealy gpoptotic process phospholipid asymmelry is disupted leading to the
exposure of phosphatidylserine on the outer ledflet of the cytoplasmic membrane.
AnnexinV is an aticoagulant proten that preferentidly binds negatively charged
phosphdlipids We used AnnexinV-FITC conjugates for rgpid detection of gpoptotic
cdls by flow cytometry. Cels were washed twice with PBS containing 2% of FBS a
1600 rpm for 5 minutes and <oftly vortexed in between. Then, 2ul of SO0ng/ml

AnnexinV-FITC and 2nm of S50ng/ml propidium iodide were added in a totd volume of
100ul of AnnexinV binding buffer and incubated for 20 minutes in the dark.
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ANALYSIS BY FLOW CYTOMETRY

10,000 cdls were andyzed by flow cytometry. The X-axis of the dot blot reflected the
logaithmic  AnnexinV-FITC  fluorescence and the Y-axis the propidium iodide
fluorescence. Thus, unlabeled viable cdls gopeared in the lower left quadrant, early
gooptotic cdls that have bound AnnexinV in the lower right quadrant and late gpoptatic
or necrotic cdls that have taken up the propidium iodide appeared in the upper right
quadrant of the dot blot. We compared the percentage of AnnexinV-FITC positive cells.

4.10 Statistical analysis

To compare the median of two groups we performed the Mann-Whitney Wilcoxon ted.
In this dudy, we compared the absolute sgnd intendties for cHun expression andyzed
by microaray andyss (Affymetrix chips). The dgnd intendty for cjun expresson in
each of the most frequent AML-asociated trandoceations was compared to  c-jun
expresson in norma bone marow cdls and the differences andyzed for their datistica
gonificance. A p-vdue =005 indicated datidicaly ggnificant differences between two
groups

In order to andyze whether there is a postive corrdaion between two factors within the
same group, in our case between the MRNA expresson of c-jun and the mRNA
expresson of AMLI-ETO in t(8;21) podtive patient samples, we cdculaed a Pearson
corrdation coefficient (r). r represents the deviaion of two factors from a regresson line.
r=1 reflects the optimum, in the case of two factors lying directly on the regresson line.
The respective p-vaue for r was cdculated for datistica dgnificance. A p-vaue =0.05
indicated gatistica Sgnificance.
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5. RESULTS

5.1. High c-jun mRNA expression levels in leukemia patient
cells with t(8;21), t(15;17) or inv(16), and correlative mRNA
expression levels for AML1-ETO and c-jun within t(8;21)

positive leukemia patient cells

CML leukemia cdls with the trandocation t(9;22) have previoudy been associated
with increesed cjun expression. Thus we examined whether mRNA expresson leves for
cjun ae dx devaed in AML leukemia cdls with the most common cytogenetic
abnormdities. Microaray andyss was peformed of AML patient cdls with trandocation
1(8,21), t(15,17), inv(16), trandocations involving the mixed linesge leukemia (MLL) gene
on chromosome 11023 t(11923MLL), or of normd bone marrow cedls in a co-operation
with the Leukemia Diagnostic Department, Klinikum Grolthedern, Munich.

In the present dudy this data was datidicdly andyzed for the expresson of human
cjun. We found that in normd bone marow cdls, cjun mMRNA expresson levels were
conggent with a dandard deviation of 187 (Figure 1). Therefore, c-jun MRNA expresson
levels in normad bone marrow cels served as a reference point to which we compared the
mean and standard deviaions of cjun MRNA expresson leves in leukemia paient cdls.
We found increesed expresson of c-jun mRNA in t(821), t(1517) or inv(16) podtive
primary leukemia patient cdls This increase was datidicdly sgnificant when compared to
expresson levds of c-jun mMRNA in normd bone marow cdls (Figure 1). There was,
however, no datidicdly dggnificant change between c-jun mRNA expresson leves in
t(11023/MLL) podtive leukemia patient odls ard normd bone marow cdls indicaing
that t(11923/MLL) postive patient cels had basa levels of c-jun mMRNA expresson. CML
patient cdls with 1(9;22) were included as postive controls These hed dgnificantly higher
cjun mRNA expresson levels (Figure 1).
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Sandard deviations of c-jun MRNA expresson leves in (821), t(1517) or inv(16)
positive leukemia patient cdls were aout 4 times higher compared to norma bone marrow
cdls (Figure 1). In the case of (8;21), for which the standard deviation was highest, we
therefore invedigated whether the high variaion in c-jun mRNA expresson levels was a
consequence of fluctuating mMRNA expression levels of AML1-ETO.

We peformed regtime PCR for AML1-ETO (Figure 2A) and cjun (Fgure 2B) of
16 t(8;21) pogtive patient samples and found a 13 fold varidion between the mMRNA
expresson levels of AML1I-ETO and c-jun. In order to determine whether these variaions
were correlated, the average ratios of c-jun (Fgure 2B) and AML1-ETO (Fgure 2C)
MRNA expresson levds were compared by corrddion andyss We found datidicdly
ggnificant corrdaion between c-jun and AMLLIETO mRNA expresson leves within
1(8;21) patient sampleswith ap-vaue =0.01 (Fgure 2C).

This daa indicates that t(8;21), t(1517) or inv(16) postive leukemic AML pdient
cdls contan dgnificantly higher mRNA  expresson leveds of c-jun than normd bone
marow cdls  Futhemore, within  t(8;21) podtive AML pdient cdls the mRNA
expresson levelsof AML1-ETO and ¢jun are correlated.
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Figure 1: High cjun mRNA expresson in leukemia patient cdls with t(8;21),
t(15;17), inv(16) or t(9;22) compared to normal bone marrow cells.

Compaison of aolute dgnd intengties for cjun MRNA expresson from microarray
andyss (Affymetrix) of leukemia paient cdls with t(8;21), t(15;17), inv(16), t(9;22), or
t(11923/MLL) to normd bone marow (BM) cdls Number of patients andyzed (n) and the
dandard devidion (SD.) is given for each group. The median c-jun expression of these
leukemic trandocetions was datidicdly compared to c-jun expresson in normd bone
marow cdls udng the ManWhitney Wilcoxon test. A pvdue £0.05 indicates datitica
ggnificance.
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Figure 2: Highly significant correlation between c§un and AML1-ETO mRNA
expression levelswithin t(8;21) positive AML cells.

(A) Red-time PCR for AMLL-ETO (A-E) and G6PD of 16 t(821) postive AML patient
samples. Ratios for A-E/G6PD were compared to each other. Daa is shown as mean
+ dandard devidion (SD.) of 2 different experiments. Paient numbers 3, 5, 6, 8, 10, 12
and 15 have only been andyzed once for the expression of A-E/G6PD.

(B) Red-time PCR for cjun of the same patient samples as described in (A). Retios of
Cjun/G6PD are given. Dataiis shown as mean = SD. of 2 different experiments.

(C) Corrddion andyss Average ratios for c-jun/G6PD and A-E/GEPD expresson of
16 1(8;21) postive AML patient samples ae plotted as an xy scatter plot. Correation
coefficient (r) and p-vaue are shown. A p-vaue £0.05 indicates gatistica sgnificance.
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5.2 AML1-ETO induction increases c-jun mRNA and c-Jun

protein expression

To demondrate that AML1-ETO itsdf is responsble for the increesed cjun mRNA
expresson leves in t(8;21) podtive paients samples, we used a myedoblagic U937 cdl
line with AML1-ETO under the control of a zncindudble metdlothionen promoter
(U937Z/A-E) and peformed quantitaive red-time PCR for AMLL-ETO and c-jun &
different time points of AMLI-ETO induction. In this inducible sygsem, AML1-ETO was
maximaly expressed (6 fold) after 2 hours of Zrf*-inducion and dowly decreased
thereefter (Figure 3A, upper pand). As shown in Fgure 3A, midde pand, AMLI-ETO
expresson induced an gpproximately 5 fold increese in cjun expresson after 4 and 6 hours
of Zr**-inducion and c-jun levels remained eevated a 16 hours of induction. The addition
of Zrt* did not afect cjun expresson in control parentd U937 cdls (Figure 3A, lower

pand).

To invedigate whether c-dun protein levels ae adso affected upon AMLI-ETO
induction, Wesern blot experiments were peformed usng a tetracydine-regulaed
AMLLETO expressng U937 cdl line (U937T/A-E). This cdl line expresses high and
tightly controlled levds of AMLI1-ETO protein upon tetrecycine withdrawd that can be
eadly quantified by Western blot andyss (Figure 3B, upper pand)® c-dun protein
expresson increesed between 24 and 48 hours of AML1-ETO induction in the U937T/A-E
cdl line (Fgure 3B, middle pand), wheress c-Jun expresson remaned unchanged in the
U937T contral cdl line (Figure 3B, lower pand).

Thus expresson andyss by red-time PCR or Wedern blot usng two different
inducble sygems for AMLI1-ETO, dealy showed upregulaion of cjun mRNA or c-dun
protein expression, repectively, upon AML1-ETO induction in mydoid U937 cdls
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Figure 3A

Figure 3A: Upregulation of c-jun mRNA expression upon AML1-ETO induction.
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Red-time PCR andysis for AML1-ETO (A-E) and c-jun. US37Z/A-E and U937 cdls were
washed twice in phosphate-buffered sdine (PBS) and simulated with 100nM  Zn?*

for 1, 2, 4, 6, 8, 12 or 16 hours (h Zr**). cDNA was prepared and tested for expression of

cjun, AML1-ETO (A-E) and housekesping gene G6PD using red-time PCR technology.
Ratios of c-ju/GEPD (midde pand) and A-E/GEPD (upper pand) ae shown as fold
upregulation compared to time point zero (no addition of Zrf*), which was st to 1 fold.

Wildtype U937 cells were andyzed for c-jun expresson to control for Zrf'effects (lower

pand). Datais shown as mean + SD. of 3 different experiments.
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Figure 3B
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Figure 3B: Upregulation of c-Jun protein expresson upon AML 1-ETO induction.

Wegten blot andyss usng whole cdl lysates of U937T/A-E and U937T cdl lines Cdls
were washed three times with PBS and grown for 24, 48, 72 or 90 hours in the maintenance
medium with tetracydine (+tet: no AMLI1-ETO expresson), or without tetracycline
(tet: AML1-ETO expression). Wegsern blot andyss for AML1-ETO usng an ati ETO
attibody (a ETO) of U937T/A-E cdl lysates is shown in the upper pand. Kasumi-1 cdl
lysates containing AML1-ETO were induded as podtive controls The middle pand shows
the same U937T/A-E cdl lysates examined for expresson of c-Jun. In the lower pand, the
empty vector U937T cdl lysates were blotted for c-Jun to control for tet-off effects on
c-Jdun proten expresson. In vitro trandated (ivt) AML1-ETO (A-E) and c-dun protens
were incduded as controls in order to verify proten szes Reticulocyte lysate (ret. lys)
represents a negative control for in vitro trandaion containing only reticulocyte lysae.
Every blot was gtripped and reblotted for 3-tubulin as aloading contral.
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5.3 AML1-ETO enhances the positive autoregulatory activity of
c-Jun by transactivating the human c-jun promoter through

the proximal AP-1 site

Next, we sudied whether the increased leve of c-Jdun protein upon AMLI-ETO
expresson resulted from direct dimulation of the human cjun promoter. Furthermore, it
was of interest to compare the transactivaing cgpacity of AMLI-ETO to wildtype AML1
and ETO protein. Thus we trandently transfected U937 cdls with the full-length humen
cjun promoter controlling the luciferase reporter gene and co-transfected AMLI1-ETO,
AML1 or ETO. AML1 done has been down to be a wesk transactivator, therefore, we
dso cotrandected AML1 and its co-activaior CBFb together, which have been shown to
co-operatively upregulate the M-CSF receptor promoter'®* (Figure 4B, lower pand, right).

AMLI1-ETO transactivated the full-length humen c-jun promoter around 3 fold,
wheress nether wildtype AML1, with or without CBFb, nor wildtype ETO showed
transactivation capecity (Figure 4B, upper pand). A minimd promoter for NF7B fusad to
the luciferase gene, which was not transactivated upon AMLI1-ETO, served as a negative
control (Figure 4B, lower pand, left). Snce ETO has not been described to be capable of
DNA binding, there was no pogtive control available.

Thus, we concduded tha AMLI1-ETO transactivation capacity on the c-jun promoter
isan acquired function of the fuson protein.

We next went on magpping the dte in the c-jun promoter being transactivated by
AMLLETO by trandently transfecting various 5 c-jun promoter delefion mutants™ into
U937 cdls The dte in the cjun promoter being transactivated by AMLI-ETO could be
narrowed down to a region between bp -180 to bp +731 (aound 35 fold upregulaion of
cjun promoter activity) and bp -63 to bp +731 (upregulation of c-jun promoter activity was
logt) (Figure 4C).
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Interedtingly, in the longer c-jun promoter condructs ranging from bp -1780 to
bp -345+731, transctivation cgpacity of AML1-ETO decreased up to 1.5 fold, which
implies loss of podtive reponse dements (Figure 4C). The increase in c-jun adtivaion by
AMLI-ETO upon removd of the sequence from bp -345 to bp -180 suggests the presence
of a repressve dement (posshly the upsream AP-1 sSte). The bp -180 to bp +731 c-jun
promoter congruct gill contains the proximal AP-1 Ste (see Figure 4A).

Importance of the AP-1 dte foo AMLI1-ETO transactivation has previoudy been
shown for a minimad AP-1 promoter derived from the collagenase gene in fibroblast cdls®
Therefore, for fine mapping, we trangently trandfected U937 cdls with a c-jun promoter
condruct ranging from bp -79 to bp +170 or the same condruct with the proxima AP-1 ste
mutated. Co-trandfection of AMLI-ETO transctivated the bp -79 to bp +170 c-jun
promoter condruct up to 4.5 fold. Transactivation cgpacity was reduced to 1.5 fold when
the proximd AP-1 dte was mutated and lot when we trandfected a bp -63 to bp +170
condruct which was induded to rule out importance of the 3 promoter region between
bp +170 and bp +731 (Figure 4D).

These reaults indicate that in U937 cdls, AML1-ETO increased AP-1 activity of the
C-jun promoter viathe proximd AP-1 site.

Strikingly, the proxima AP-1 dte is ds0 the dte to which c-dun can feed back to
autoregulate its expresson. Thus we hypothesized tha AMLI-ETO might enhance the
autoregulatory capecity of c-Jun by increesng the amount of c-Jun protein. Therefore, we
trangently transfected the bp -79 to bp +170 c-jun promoter congruct and cotransfected
cjun, AML1-ETO or cjun and AMLI-ETO together into U937 cdls, which contan only
litte endogenous c-dun. AML1-ETO done transactivated the c-jun promoter condruct
aound 4 fod, c-jun transctivated its own promoter aound 30 fold and upon
co-trandfection of AML1-ETO around 90 fold (Figure 4E).

These reaults suggest that c-jun and AMLI1-ETO co-operativey transactivate the
C-jun promoter and that AML1-ETO enhanced the autoregulatory nature of cjun.
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Figure 4A
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Figure 4A: Schematic representation of the proximal human cjun promoter

with important transcription factor binding stesin myedoid cells.

The poximd cjun promoter contans 2 AP-1 dStes a proximd (pAP-1) and a digd
(dAP-1) one, a CAAT binding dte for CCAAT/enhancer binding proteins (C/EBPs) and
binding sites for the transcription factors NFun, SP-1 and GATA-L
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Figure 4B: AML1-ETO but not wildtype AML1 or ETO transactivates the

full-length human c-jun promoter.

Upper pand: Effect of AML1-ETO, AML1, CBF3 or ETO on the transactivation cgpecity
of the full-length human c-jun promoter (pgun -1780/+731). U937 cdls were trangently
transfected with 0.6ng of the full-length humen cjun promoter or the promoterless vector
pGL3. 0051y of the intenad control plasmid pRL-null was added in dl trandections
0.2y of expresson plasmids for AML1-ETO (A-E), AML1, CBH3 or ETO in pCMV5, or
empty vector alone were cotransfected and luciferase activities determined 30 hours after
trandection. The normdized Iuciferase activity of each c-jun promoter congdruct was
abitraily defined as 1 fold promoter activity. The promoter activity in presence of
AMLI-ETO was presented in redion to it (fold promoter activity). Thus, effects of
AMLI-ETO on the empty vector plasmid (pGL3) could be more vishle Trandfection data
is shown as mean + dandard deviation (S.D.) of 3 separate experiments.

Lower pand, left: Negative control for the transactivation capacity of AML1-ETO (A-E).
U937 cdls were trandently transfected with 0.6ng of a minimd NF7B promoter and the
same congruct with mutated NF-7B site. 0.2ng of A-E was co-trandfected and the promoter
activity determined. Promoter activity upon co-trandfection of AML1-ETO was presented
in rdation to the promoter activity of the NF7B promoter condruct, which was arbitrarily
st to 1 fold. Transfection detais shown as mean = SD. of 3 separate experiments.

Lower pand, right: Pogtive control for the transactivation capacities of AML1 and CBFR3
The macrophage-colony simulating factor receptor promoter (PMCSHR) was  trangiently
trandfected into U937 cdls and 0.2g9 of AML1 and CBFR was cotransfected. Data was
presented as described above.
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Figure 4C
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Figure 4C: Mapping of the AML1-ETO responsive site in the human c-jun

promoter.

0.6my of 5 truncation mutants of the human cjun promoter (pgun -1780, -952, -719, -345,
-180, -63/ +731) were trandently transfected into U937 cdls and co-transfected with 0.2ng
of pCMV5 AMLI-ETO expresson plasmid. The normdized luciferase activity of each
cjun promoter condruct was abitraily defined as 1 fold. The promoter activity in
preence of AMLIETO was presented in reaion to it (fold promoter activity).
Trandection data is shown as mean = SD. of 3 separate experiments.
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Figure 4D
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Figure 4D: Fine mapping of the AML1-ETO responsive site in the proximal cjun

promoter.

Trandent trandfection of U937 cdls with 06ng of a proxima c-jun promoter condruct
(pgun  -79+170) or the same condruct with the proximd AP-1 dte mutated
(pgun  -79+170 mMAP-1), with a bp -63 to bp +170 cjun promoter condruct
(pgun -63+170) or the empty vector pGL2. 0.1ng of the expresson plaamid pCMV5
AMLLETO (A-E) was cotrandected and promoter activity andyzed. The normdized
luciferase activity of each c-jun promoter condruct was abitrarily defined as 1 fold. The
promoter activity in presence of AML1-ETO was presented in reaion to it (fold promoter
activity). Transfection datais shown as mean + SD. of 3 separate experiments.
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Figure 4E
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Figure 4E: Co-operative transactivation of the cjun promoter by
AML1-ETO and cjun.

U937 cdls were trandently transfected with 0.6ug of a proxima c-jun promoter congruct
(pgun -79/+170) or the empty vector pGL2 and co-trandfected with 0.1ug of AMLI-ETO
(A-E), c-jun, or AE and cjun together. Trandfection was peformed and the data andyzed
as described above.
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5.4 AML1-ETO cannot directly bind to the c-jun promoter

To invedigate whether AML1-ETO enhanced AP-1 activity of the c-jun promoter
by drectly binding to DNA, we peformed dectrophoretic mobility shift assays (EMSA).
As desribed in Fgure 5A, nuclear extracts of AML1-ETO trandfected 293T cels could not
goecificdly bind to a c-jun promoter digonudectide ranging from bp -88 to bp -28. pgun
(-88/-28) odligo, but postivdy bound to a contro AML1 consensus gte oligonudeotide
(AML1 binding gte oligo) (FHgure 5B). Along with these results DNA hbinding of
AMLLETO has only been shown through the wildlype AML1 consensus dte
TG(T/C)GGT,*? which is absent in the human c-jun promoter.

Thus, we concdluded tha AML1-ETO might transactivate the human c-jun promoter
in an indirect manner.
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A B

pcjun (-88/-28) oligo AML1 binding site oligo
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Figure 5: No physical binding of AML1-ETO to the proximal cjun promoter.

(A) Electrophoretic mobility hift asssy (EMSA) with a proxima c-jun promoter
oigonudedtide pgun (-88/-28) oligo. Oligonudeotide probes were incubated with 5ng of
nucler extracts of AMLI-ETO trandfected 293T cdls (293T/A-E), or were mock
trandfected with the empty vector pCMV5 (293T/EV). 200 fold molar excess of unlabded
competitor sdf-probe (+comp) was added to the eectrophoretic mobility shift assay. No
goecific supershifting of the band-shift complexes (non-specific bands were marked with
an adterisk *) were produced with anti ETO @ ETO) or anti AML1 & AML1) antibodies
Anti 1gG (@ IgG) antibody was added as an isotype control. In vitro trandated c-Jdun
(ivt c-dun) was used as a postive binding contral to the c-jun promoter odligonudectide and
produced a specific shift (s) which could be competed away with 200x of competitor, was
supershifted (ss) with ¢-Jdun antibody and was absent in reticulocyte lysate (ret. lys).

(B) EMSA &s desribed above usng an dligonudectide containing an AML1 binding gte
(AML1 binding gte dligo) as podtive binding control for nudear extracts of AMLI-ETO
transfected 293T cells (293T/A-E).
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5.5 AML1-ETO induces the JNK signaling pathway

The cjun promoter integrates severd MAPK  dgnding pathways'® At the
proximd  AP-1 site, pre-bound c-dun is mainly targeted by the JNK signding pathway,®
which increases transcriptiond  activity of c-dun by phosphorylaing Se63 and Sa73 in
cdunl’® Thedore the INK dgnding pathway might be involved in the indirect
gimulation of the c-jun promoter by AML1-ETO.

We assayed the activity of IJNK induced phosphorylaion of Se63 in c-dun in
U937T/A-E cdls after 48 hours of AMLI-ETO induction (U937T/A-E 48h -tef). U937T
cdls were induded as a negdaive control (USB7T 48h -tet). As shown in Figure 6A,
phosohorylaion of Sa63 in c-dJun was increesed upon AML1-ETO induction in the
AMLI-ETO expressng cdl lysaes (lanes 3 and 4), whereess no effect on c-dun
phosphorylation was seen upon tetracydine withdrava in the U937T control lysates
(Figure 6A, lanes 1 and 2).

In order to rule out the posshility that kinases other than JNK phosphorylate Ser63
in c-un®” we directly messured the phosphorylation of JNK upon AMLI-ETO induction.
AMLI-ETO induction for 48 hours increesed phosphorylation of the 46 and the 54 kDa
isofams of INK1 and INK2,'%8 and was maximally increased @ 72 hours. There was no
upregulaion of JINK phogphorylation in the U937T control cdl lysates (Figure 6B). To
investigate whether AMLI1-ETO induction influenced the expresson of JNK, we andyzed
the same blot for INK1 expresson, which was not enhanced upon AML1-ETO induction
(Figure 6B).

We further andyzed the phosphorylation of the endogenous JNK targets c-Jun and
ATF2 upon AMLI-ETO expresson. AML1-ETO induction for 48 and 72 hours incressed
INK' spedific phosphorylation of Ser63 and S73 in ¢c-dun and Thr7l in ATF-2 by Western
blot andyss (Fgure 6C). Thee was a non-specfic tetracycline-off effect on
phosphorylation of c-dun and ATF2 a 24 hours in the U937T control cel line, which was,
however, only trandent and not visble a 48 and 72 hours of tetracycline withdrawd.
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These results suggest tha AMLI-ETO ectivated the INK pathway by inducing the
phosphorylation of INK and itstargets cJun and ATF-2
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Figure 6A
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Figure 6A: AML1-ETO induces JNK specific activation of c-Jun.

In vitro kinase assay for INK. Cdl lysates of U937T and U937T/A-E cdls grown for
48 hours in the presence (+et) or absence (48h -tet) of tetracycling, were incubated with
GST N-temind c-Jun (amino acids 1-89) fuson beads (lanes 1-4) or GST beads done
(lanes 5 and 6). Kinase reaction was triggered and indirectly andyzed by peforming
Western blot for JNK dependent phosphorylation of Ser63 in c-dn: c-dun® (Ser63). As a
control for even proten loading, the same blot was gripped and reblotted with a GST

antibodly.
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Figure 6B
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Figure 6B: AML1-ETO induces phosphorylation of JNK.

Wegen blot usng an antibody agang phosphorylated Thrl83 and Tyrl85 in INK, which
recognizes INK isoforms of 46 and 54 kDa (INK® p46, INK” p54). Cdl lysates of U937T
and U937T/A-E cdls were grown with tetracycling, or for 24, 48, or 72 hours withou
tetracycline. Blots were gripped and reblotted with an anti INK1 antibody (a JNK1) to
determine INK1 expresson, dripped again and reblotted for (3-tubulin as loading control.
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Figure 6C

U937T U937T/A-E
hrs —TET O 24 48 72 0 24 48 72 kbDa

~JunP - 50
S L

Blot: a c-JunP (Ser63)

c-Junf ™ YR W T W T = —50
>

Blot: a c-Jun® (Ser73)

. —75
_2oP
ATF-2P -.....___,______-J"'i

(Thr71)
Blot: a ATF2P (Thr71)
b-tubulinp " —— S R W — 50

Blot: a b-tubulin

Figure 6C: AML1-ETO induces phosphorylation of the JNK targets c-Jun and
ATF-2.

Western blot for phosphorylated Ser63 in c-dun: c-dur” (Ser63), phosphorylated Ser73 in
cjun: gun” (Ser73) and for phosphorylated Thr7l in ATR2 ATRZ (Thr7l) usng cell
lysates of U937T and U937T/A-E cdls grown for 24, 48 or 72 hours in the pesence or in
the absence of tetracycline. Each blot was re-blotted for R-tubulin to control for proten
loading.
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5.6 Increased DNA binding of c-JJun and ATF-2 to the proximal
AP-1 site of the c-jun promoter upon AML1-ETO induction

The proximd AP-1 ste is preferentidly occupied by the AP-1 transcription factors
and INK tagets c-Jun and ATF-2, which were both phosphorylaed upon AMLI-ETO
induction. Therefore, we invedigated by EMSA whether ¢-Jun and ATF-2 dso bind to the
proximd AP-1 dte of the c-jun promoter in U937 cdls and whether AML1-ETO induction
has any effect on AP-1 compostion or DNA binding capecity.

Nuclear extracts of U937T/A-E or U937T cdls grown for 48 hours under
tetracycline removd, served as a protein source. EMSA reveded that in U937 cdls, e¢dun
and ATF2 could bind to the proximd AP-1 dte of the c-jun promoter, but not c-fos.
Binding to the proximd AP-1 gte was confirmed by peforming EMSA usng a c-jun
promoter oligonudeotide with mutated AP-1 dte. AMLI-ETO induction for 48 hours in the
U937T/A-E cdls (U937T/A-E) did not change the compodtion of AP-1 factors binding to
the proximd AP-1 Ste compared to nuclear extracts of U937T control cels (Figure 7A).
However, EMSA with increedng concentrations of specific competitor DNA reveded that
upon AML1-ETO expression, the DNA binding of c-Jun and ATF-2 to the c-jun promoter
was increased (Figure 7B).

These results indicate that in U937 cdls c-dun and ATF2 can bind to the proximd
AP-1 dte of the cjun promoter. Thus, via phosphorylaing c-Jun and ATF2, the INK
ggnding pahway might connect AML1-ETO to the proximd AP-1 dte of the c-jun
promoter. Furthermore, via simulating the INK pathway, AML1-ETO enhanced the DNA
binding cgpacity of c-Jun and ATF2 to the proximd AP-1 dte which might result in
enhanced cjun promoter activity.
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Figure 7A
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Figure 7A: c-Jun and ATF-2 bind to the proximal AP-1 sitein U937 cells.

EMSA udng a bp -88 to bp -28 c4jun promoter dligonucdleotide: pgun ¢88/-28) (Ieft pand)
o a bp -8 to bp -28 cjun promoter digonudectide with mutated AP-1 dSte pgun
(-88/-28) mAP-1 (right panel). Nuclear extracts of U937T cdls (U937T) and U937T/A-E
cdls (U937T/A-E), both grown under tetracycline withdrawva for 48 hours, were compared.
Equa quantities of nuclear extracts were added to the binding reection and produced a
doubled-banded shift, of which the dower migrating band was supershifted with c-Jun or
ATF2 atibodies but not with atibodies agang c-fos. The faster-migrating band was
supershifted nather with c-dun nor with ATF2 or c-fos atibodies Spedficty of the
band-shifts was edablished by adding 200 fold excess of nonradioactive pgun (-88/-28)
sdf-probe (+comp). a IgG rabbit was used as isotype control. EMSA using pgun (-83/-28)
mMAP-1 as aprobe faled to bind ¢-Jun or ATF-2. Aderisks (*) indicate unspecific shifts.
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Figure 7B: Increased DNA binding of cJun and ATF-2 upon AMLI-ETO

induction.

EMSA uwing a bp -8 to bp -28 cjun promoter oligonudeotide pgun (-88/-28), as
described in Figure 7A. Increesing concentrdions of nonrradioactive pgun  (-88/-28)
sdf-probe (25ng to 100ng) were added in order to dowly compete away the dower

migrating shift composad of ¢-Jdun and ATF2. Aderisks (*) indicate ungpecific shifts.
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5.7 Interference with the JNK signaling pathway disrupts the
functional properties of AML1-ETO

In order to eucidae the functiond importance of the JNK dgnding pathway fa
AMLI-ETO induced transactivation of the c-jun promoter, we invedigaed whether
diguption of the INK dgnding pathway can interfere with the transactivation cgpecity of
AML1-ETO on the c-jun promoter (Figure 8A).

For that, we trangently trandected a proximd cjun promoter congtruct
(bp -79 to bp +170) into US37T/A-E and U937T cdls, each grown with or without
tetracycdine and overexpressed JP-1. JP-1 is a scaffold protein which aggregates
components of the INK pathway to a functiond sgnding module!® In overexpresson
sudies, however, JP-1 sequesters INK from its nuclear targets™™® like c-dun and ATF-2,

and thus functions as an inhibitor of JNK regulated gene expression.™*

Overexpresson of
JP-1 in U937T/A-E cdls after 36 hours of AML1-ETO induction, reduced transactivation
cgpacity of AML1-ETO approximady 5 fold, from around 260 to 40 fold, which suggests

that INK might play ardle in the dimulation of the c-jun promoter by AML1-ETO.

Furthermore, we assessed whether the inhibition of JNK could revert the biologicd
function of AML1-ETO. AMLI-ETO induction for 3 days in U937 cdls has been shown to
induce proliferation arest and agpoptosis®® We tried to block AML1-ETO induced
gooptoss with cdll-permesble INK  spedific inhibitor peptides (INK inh).2%2 As reveded in
AnnexinV  assgy, addition of these peptides to U937T/A-E cdls dfter 72 hours of
AMLI-ETO induction reduced AMLI-ETO induced gooptoss by aound 30%, while
addition of the HIV-TAT 48-57 negative control peptide (neg.co.) had no effect. No effect
was seen for U937T/A-E cdls grown in the presence of tetracydine or for the U937T
control cdl line (Figure 8B).

These results underline the biological importance of the INK sgnding pathway for
AMLI-ETO induced gpoptossin U937 cdls
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Figure 8A
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Figure 8A: Disruption of the JNK signaling pathway reduces the transactivation
capacity of AML1-ETO on the c-jun promoter.

After 12 hours of growth with tetracycline (+tet) or without tetracydine (-tet), U937T and
U937T/A-E cdls were trandently transfected with a cjun promoter condruct ranging from
bp -79 to bp +170 (pgun -79+170) or the empty vector pGL2 and cotransfected with
02ug of JP-1. Cdls were andyzed 24 hours pogt trandedion. The normdized luciferase
activity of each condruct was arbitrarily defined as 1 fold promoter activity. The promoter
activity in presence of AML1-ETO was presented in rdaion to it (fold promoter activity).
Thus, effects of AML1-ETO on the empty vector plasmid (pGL2) could be more vishble
Trandfection datais shown as mean + SD. of 3 separate experiments.
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Figure 8B
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Figure 8B: Interfering with the JNK signaling pathway reduces AML1-ETO
induced apoptoss.

How cytomelry andyss of AnnexinV-HTC pogtive U937T/A-E and U937T cdls grown
for 72 hours in the presence or abisence of tetracycline (+tet/-tet). 1uM of INK spedific
inhibitor peptide (INK inh.) or negdtive peptide control (neg. co.) was added to the cdls a
the time of induction. The upper pand shows overlays of counts of AnnexinV-HTC
podtive cdls Cdls only ae regesented in blug cdls + INK inhibitor in red and
cdls + negative control in green. In the lower pand, the average percentages of
AnnexinV-HTC pogtive cdls were blotted againgt each other. Daa is shown as mean *
SD. of three independent experiments usng U937T/A-E cdls and two independent
experiments usng U937T cdls.



5. Results 68

5.8 Indirect stimulation of the JNK signaling pathway by
AMLI1-ETO: possible role for G-CSF and its receptor

The quetion remans how AMLI-ETO, which has no known kinase ativity,
induced the INK ggnding pathway. To invedigate if AMLL-ETO indirectly dimulaed
NK ggnding by inducing auttocrine dimuli, supernatants of U937T/A-E or U937T cdls
were added onto wildtype U937 cdls and whole cdl lysates were andyzed by Western blot
for phosphorylated INK or c-Jun. Supernatants of U937T/A-E (Figure 9A, lanes 3 and 4)
but not U937T cdls (Figure 9A, lanes 1 and 2) increesed phosphorylation of c-Jun and
NK in wildtype U937 cdls, dmila to what was obsaved for the cdlular fraction of
AMLI-ETO expressing cells (Figure 6B).

AMLI1-ETO haes recently been shown to upregulae the expresson of the
granulocytecolony  simulating  factor  (G-CSF) receptor”® which can mediate Ras
dependent activation of the INK signding pathway.'? Furthermore, in an ovarian cancer
odl line, induction with G-CSF increases INK signdling and ¢-Jun expression.**

Therefore, we examined the expresson of G-CSF and its receptor in U937T/A-E
cdls by red-time PCR and found tha AMLI1-ETO induction increesed the mRNA
expresson of GCSF (Fgure 9B, upper pand) and the G-CSF receptor (Figure 9B, lower
pand) in the U937T/A-E cdls ater 24 hours of AMLI-ETO induction. Furthermore, we
found tha priming of US37T/A-E cdls dater 48 hours of AMLI-ETO induction with
GCSF further increesed AMLI1-ETO induced phosphorylation of Thrl83 and Tyrl85 in
INK. This indicates that exogenous G-CSF enhanced the effect of AML1-ETO on INK
ggnding (Fgure 9C). G-CSF dso dightly incressed the phosphorylation of INK in the
U937T/A-E cdls grown in the presence of tetracydine (U937T/A-E +et) (Figure 9C),
which might be due to the endogenous expression of the G-CSF receptor in U937 cdlls™*3

These results indicate thaa AML1-ETO might dimulae INK sgnding by indudng
autoregulatory loops in U937 cdls, which might involve G-CSF and its receptor.
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Figure 9A
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Figure 9A: Indirect activation of the INK signaling pathway by AML1-ETO.

Wesern blot andyss for phophorylaed Se63 in c-dn cdun”  (Se63) and
phosphorylated Thr183 and Tyr185 in INK: JNK” (Thrl83/Tyr185). Supernaants of 1x10/
U937T/A-E cdls (SN U9I37T/A-E) (lanes 3 and 4) and U937T cdls (SN U937T) (lanes 1
and 2) were harvested 48 hours after growth in the absence of tetracycline and added to
1x10" wildtype U937 cdls for 15 or 30 minutes. Whole cdl lysates were prepared and
andyzed. Both blots were re-blotted for (-tubulin.
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Figure 9B
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Figure 9B: Upregulation of G-CSF and G-CSF receptor mRNA expression upon
AML1-ETO (A-E) induction.

Red-time PCR for GCSF (upper pand) and G-CSF receptor (GCSFR) (lower pand) of
U937T/A-E and U937T cdls after different hours of tetracycline withdrawvd (hrs -tet).
Ratios for G-CSF/G6PD (upper pand) and G-CS-R/GEPD (lower pand) are shown as
fold upregulation compared to time point zero (+et), which was set to 1 fold. Daa is
shown asmean + SD. of 3 different experiments.
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Figure 9C: G-CSF increases AML 1-ETO induced phosphorylation of JNK.

Westen blot for phosphorylaed Thrl83 and Tyrl85 in INK: INKP (Thrl83/Tyr18s),
Oetecting p46 and p4 isoforms of INK. U937T/A-E cdls were grown for 48 hours in the
absence of tetracycline (48 hrs -tet) or in the presence of tetracycline (48 hrs +et) and
dimulated with 10uM or 100uM G-CSF for 15 or 30 minutes Blots were dripped and
reblotted for (3-tubulin as loading contral.
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Figure 10: Modd for regulation of c-Jun expression by AML1-ETO.

AMLZLETO induces c-Jun expresson in an indirect manne. AML1-ETO induces the
expresson of a humord factor, for example GCSF, which in turn leads to GCS- receptor
(GCF-R) mediged simulation of the JNK sgnding pathway. JNK sgnding  connects
AMLI-ETO to the proximd AP-1 site of the cjun promoter, & which pre-bound c-Jun ad
ATF-2 ae phogphorylaed by INK. Phosphorylaed c-dun and ATF-2 dimulate c-jun
promoter activity and ¢-Jun expresson.
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6. DISCUSSION

Approximately 40% of AML is asociated with the trandocaions t(8;21), t(15;17),
inv(16) or t(911), encoding for the AMLI1-ETO, PML-RARa CBFR-SMIMHC, or
MLL-AF9 fuson proteins respectivdy.? Despite the diversty of the involved fusion
patners, these AML-associated chimeric proteins deregulate their target genes through
common mechanisms™'* We suggest that these AML fusion proteins might dso affect
common targets and demondrate in the present dudy that proto-oncogene cjun was a
frequently upregulated target gene (Figure 1).

In the case of 1(821), we identified thaa AML1-ETO, by employing an indirect
mechanism induding the INK dgnding pathway, upregulated c-Jun expresson through the
proximd AP-1 dte Furthemore, dimulaion of cjun expresson was an acquired function
of the AML1-ETO chimeraindependent of wildtype AML1 (Figure 4B).

AMLL-ETO can directly intefere with wildtype AML1 dependent transactivation
in a dominant negaive manner by dther binding to AML1 consensus Stes via the retained
DNA binding domain®***® or by physcaly interacting with transcription factors insteed of
AML1 on ther target gene promoters®?8* Differentid display andyss hes, however,
reveded that the mgority of AMLI-ETO target genes are independent of wildtype
AML1°" which suggests that they might be regulated in an indirect manner. The c-jun
promoter does not contain AML1 consensus gStes and in addition, we found that wildtype
AML1 had no efect on c-jun promoter activity (Figure 4B). Furthermore, AMLI-ETO
coud not bind to the proxima AP-1 dte (Figure 5), which was mapped to be the
AMLI-ETO respongve ste (Figures 4C+D).

Physcd interaction between c-dJun and AML1 has been reported via the runt
domain of AMLL® which is retained in AMLI-ETO. This suggests that prebound c-Jun
might aso interact with AML1-ETO and tether AML1-ETO to the promoter.
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However, we ocould not find such interaction between prebound c-Jun and
AMLI-ETO a the levedl of the c-jun promoter (data not shown). These findings imply thet
regulaion of the ¢jun promoter by AML1-ETO isindirect.

Previous dudies have indicaed that specific Sgnding events might be important for
the functiond propeties of AML1-ETO. Trandformation cgpecities of AMLI1-ETO in
NIH3T3 cdls have been associated with elevated levels of phosphorylated Ser63 in c-Jun.®
Al wildlype ETO requires H-Ras for transformation of 3T3 fibroblast cells™?’ Therefore,
pahways like the INK pahway, which are both ras and c-Jun dependent, are candidate
mechanisms for AML1-ETO dependent sgnding.

Unlike the leukemic fuson proten BCR-ABL, AML1-ETO has no known intringc
kinase activity on its own, thus it gppears more likdy that it interferes with such sgnding
pathways in a rather indirect manner. ETO can interact with the regulaory subunit of type
I cydic AMP-dependent protein kinese via the NHR3 doman which is reaned in
AMLILETOM® Thus one possble mode of action might be that AMLI-ETO upregulates
the activity of a kinese, or downregulates the activity of a kinase phosphatase by physcd
binding. An dtenaive posshility, which we have found to be more likdy, is tha
AMLL-ETO upregulates the expresson of a cytoplasmic factor, which activates receptor
mediated INK dgnding. A candidate factor for this is the hematopoietic growth factor
GCSF (Fgure9).

It has previoudy been shown that primary AML blast cdls can produce and respond
to their own growth factors, like G-CSF, GM-CSF or 1L1b,'**2% which dlow them to grow
autonromoudy.™® One group found that exogenous G-CSF results in differentigtion of
t(8;21) postive odlIst?! and odl lines!?? and they associate G-CSF induced differentiation
with activation of the STAT signaling pathway.'?® Simulaion of the JNK sgnding
pahway'®® and c-lun expresson'’® upon GCSF administration is, however, associated
with GCSF induced growth simulation.***'*® There is dso evidence that AMLI-ETO
might play a roe in prdiferaion upon GCSF. AMLI-ETO blocks G-CSF induced
differentiation of |L-3 dependent cdl lines and leads to G-CSF dependent proliferation.®”
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Furthermore, AML1-ETO promotes the expanson and sdf-renewd capacities of
humen hemopoietic stem cells® The mechanism is currently unknown, but an involvement
of AML1-ETO in Gl-to Sphase progresson is discussed, as wildtype AML1 has shown to
inhibit cdl cyde progresson!®® Also c-dn has been implicaed in Gl-to Sphase
progresson and cdl proliferation by negeively regulaing tumor suppressors and cdl cyde

regulators.'?’

We suggest that AMLI-ETO and c-Jun might share additiond functiond properties,
as c-dun attivation was ds0 involved in the pro-gpoptatic function of AML1-ETO in U937
cdls (Fgure 8B). As desribed in this sudy, however, inhibition of the INK sgnding
pathway in U937 cdls reduced gpoptoss only by about 30%, suggesting additiond factors
within AML1-ETO induced gpoptos's (Figure 8B).

This notion is further supported by our findings thaa AML1-ETO and cjun mRNA
expresson leves corrdated in primary 1(8;21) pogtive cdls and the fluctuagting mRNA
expresson levds of AML1-ETO were responsble for the variability in c-jun expresson
(Figure 2). The biologicd rdevance of the low leves of cjun and AML1-ETO expresson
in some of the 1(8;21) pogtive samples is unknown. A follow-up sudy on the expresson
levds of AMLI-ETO and c-jun might give important indghts whether patients with low
leves of AML1-ETO and cjun reach complete remission more rgpidly.

By assuming that upregulaed c-Jdun expresson is important for proliferation or
trandformation properties of leukemic blast cdls as reported in leukemic trandocations in
CML, 447 diguption of the c-Jun regulating JNK pathway might have thergpeutic benefit.
Inhibition of JNK has thergpeutic potentid in  inflanmatory diseeses like rheumatoid
athritis'?® or disbetes!®? 1(8;21) expressing Kasumi-1 and SKNO cdl lines are unique
among a pand of mydoid cdl lines tha undergo gpoptoss in response to dexamethasone
trestment.’®® Dexamethasone, a glucocorticoid with  anti-inflanmatory  actions,  reduces
cjun mRNA levds via the glucocorticoid receptor by inhibiting transactivation via the
proximd and digd AP-1 sites of the cjun promoter.r! This indicates that downregulation
of ¢c-Jun expresson might be advantageous.
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Alternativey, proliferdtion cgpecity in leukemic codls might be beneficid during
dandard chemotherapy of AML, as it increases sengtivity to S-phase spedific cytotoxic
agents such as cytodne aabinodde (AraC). One group invedigated the proliferative
activity in blas cdls of various prognogdic subgroups and found that blast cels from
patiients in the favorable subgroup induding t(8;21), t(1517) or inv(16), showed higher
proliferative activity compared to the intermediate or unfavorade group.t3C Intriguingly, we
found high levds of c-jun expresson in AML paient cdls with trandocations asociated
with good response to AraC, in t(8;21), t(15,17) or inv(16), whereas c-jun expresson was
low in t(11g23/MLL) postive paient samples which are asociated with bad prognosis®®
The good prognods subgroups ae dso more likdy to produce endogenous GCSF
GM-CSF or IL3.1*° In accordance with this data we found that AMLI-ETO upregulated the
expresson of G-CSF (Figure 9B, upper pand).

Besdes we found that dso t(15;17) postive acute promyeocytic leukemia (APL)
paient samples have high levels of c-jun MRNA in compaison to normd bone marow
cdls Interestingly, t(15;17) pogtive patient cdls contan high levds of G-CSF receptor and
proliferate upon G-CS- priming, which increeses their vulnerability to codl-cycde specific
drugs®? Incressed endogenous G-CSF during differentiation therapy with ATRA results in
proliferation,’*®* and ATRA trestment leads to incressed AP-1 activity.’** These findings
uggest that G-CSF, AP-1 attivity and increesed cdl proliferation might dso be important
featuresin APL.

In summary, our results indicate that high expresson levels of proto-oncogene c-jun
ae a common feature amongs “good prognoss’ AML-associaied trandocetions. In the
cax of the trandocation 1(8;21), AMLI-ETO upregulated c-Jun expresson and activity in
paiet cdls and cdl lines by podtivdy autoregulaing c-Jun expresson through the
proximd AP-1 dte of the cjun promoter. c-Jun reguldion was indirect via the IJNK
sgnding pahway tha in tun might be indiretly simulaed by pogtive autoregulaory
loops which might involve GCSF (Figure 10).
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We propose that the identification of common targets and mechanisms amongst
“good prognoss’ AML-associated trandocations might provide vauable knowledge for
improving the therapeutic outcome of other AMLs

77
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7. SUMMARY

Overexpresson of proto-oncogene c-jun and conditutive activaion of the Jun NH:-
temind kinese (INK) ggnding pahway have been implicated in the leukemic
trandformation process. However, c-jun expresson has not been invedtigated in acute
mydoid leukemia (AML) cdls contaning the most common chromosomd  trandocaions.
t(821) is one of the mos common AML-associated trandocation and results in the
AMLLETO fudon protein. Overexpresson of AMLI-ETO in NIH3T3 cdls leads to
increesed  phosphorylation of Ser63 in c-Jun, which is generdly INK dependent. The role
of the INK dgnding pathway for the functiond propeties of AML1-ETO is however,

unknown.

In the presant study we found high expresson leves of c-jun mRNA in 1(8;21),
t(1517) or inv(16) pogtive paient cdls by micoaray andyss Within 1(8;21) pogtive
patient sarples, there was a corrdation between AML1-ETO and c-jun mRNA expresson
levds In mydoid U937 cdls, c-jun mRNA and c-Jun protein expresson levels increased
upon induction of AML1-ETO. AMLI-ETO transctivated the human c-jun promoter
through the proxima AP-1 gSte via activaing the INK sggnding pathway. INK  targets
cdun and ATF2, which ds0 bind to the proximd AP-1 ste in U937 cdls were dso
phosphorylated upon AML1-ETO induction. Furthermore, AMLI-ETO induction incressed
the DNA binding cepacity of c-Jun and ATF-2 to the proxima AP-1 dte of the c-jun
promoter, which might result in their enhanced transactivation capacities.

Interference with INK and c-dun adtivaion by usng JP-1 or a JNK inhibitor
reduced the transactivation capacity of AML1-ETO on the c-jun promoter and the pro
gooptatic function of AML1-ETO in U937 cdls AML1-ETO seems to activate the JNK
sgnding pahway by inducing the expresson of a cytoplasmic factor, possbly GCSF,
because supernatant of AMLI-ETO expressng cdls was sufficent to  induce
phosphorylation of INK and ¢-Jun in wildtype U937 cdls
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This data demondrates a nove mechanism of how AMLI-ETO might exet podtive
effects on target gene expresson and identifies the proto-oncogene c-jun as a common
target genein AML patient cdlls.
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8. ZUSAMMENFASSUNG

Uberexpresson des Proto-Onkogens c-un  und kondtitutive Aktivieung  des
Jun  NHxterminden Kinase (INK)-Sgndtransduktionsveges snd  wichtig  fir  die
leukédmische Trandormation in der Chronischen Mydoischen Leukamie. Die Expresson
von cjun be Akuter Mydoischer Leukdmie (AML) mit den haufigden reziproken
Trandokationen is jedoch unbekannt. Bei ener der haufigten AML Trandokation t(8;21)
wurde in Fbroblasenzdlen gezeigt, da? das AMLI1-ETO-Fusonggen die Phosphorylierung
des Sgin 63 in c-dun ehoht. Die Rolle des INK-Sgndweges, der c-dun an Sain 63
phogphorylieren  kann, fir die Funktion von AMLI-ETO wurde bisher jedoch nicht
untersucht. Walterhin  kann  aktiviertes c¢-Jun durch eine postive Rickkoppeungsschieife
Uber den c-jun Promotor zur Erhéhung der ¢-Jun Expression fuhren.

In der vorliegenden Arbet konnten wir zeigen, da3 AML Pdientenzdlen mit den
héufigen Trandokationen: 1(8;21), t(1517) oder inv(16) mehr cjun MRNA bestzen im
Vergleich zu Knochenmarkszdlen gesunder Probanden. Weterhin fanden wir eine hohe
Korrdaion 2zwischen der AML1-ETO und der cjun mRNA be (821 pogtiven
Patientenzdlen. Induktion von AMLI1-ETO in der mydoischen U937 Zdlinie erhdhte
sowohl c-jun MRNA ds auch c-dun Protenexpresson. Damit konnten wir zeigen, dal3
AMLLETO de FErhdhung der c-jun Expresson bewirkt. Wir untersuchten den
molekularen Mechanismus in U937 Zdlen mittds trandenter Trandfektionen und fanden,
da? AML1I-ETO den c-jun Promotar durch die proximde AP-1 Sate transaktiviert. Diese
Transaktivierung  efolgte  indirekt  Uber Aktivierung des  INK-Sgndtransduktionsveges
duch AMLI-ETO. AMLI-ETOHnduktion fihrte auch zur Phosphorylierung  der
INK-Zidprotene c-dJun und ATF2 Diee konnten im Gdreadieungsssssy an  die
proximde AP-1 Sdte des cjun Promotors binden und wurden durch AMLI-ETO-
Induktion in ihrer BindungSdhigket verdéakt. Deshdb nehmen wir an, dad die
Transaktivierungskepazitdt des c-jun Promotors durch AML1-ETO Uber die Aktivierung
des INK -Signaweges |auft.
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Interferenz mit der Aktivierung von INK und c¢-Jun mittds JP-1 oder eines JNK
Inhibitors konnte die Transaktivierung des cjun Promotors durch AMLI1-ETO und auch
die pro-gpoptotische Funktion von AMLI-ETO in U937 Zdlen reduzieren. Da AMLI-ETO
keine Kinesefunktion bestzt, ddlt dch jedoch die Fage wie AMLIETO den
INK-Signadweg besinflussen  kann.  Wir  konnten zeigen, da3 Uberstinde AMLI1-ETO
exprimierender U937 Zdlen augechend dnd fir de Phogphorylieung von INK  und
cdun. Dies fihte zu der Annéhme dadd AMLI-ETO die Expresson enes
cytoplasmatischen Faktors erhoht, der wiederum den JINK-Signdweg beanfluld. Dieser
Fektor konnte GCSF sain, da wir zeigen konnten, dal3 die Induktion von AMLI-ETO in
U937 Zdlen die Expresson von GCSF und des G-CSFRezeptors erhdht und exogene
Simulaion AML1-ETO exprimierender U937 Zdlen mit G-CS- die Phosphorylierung von
INK erhoht.

Die Induzierung pogtiver autoregulierender Loops durch AML1-ETO gélt enen
neuen molekularen Mechanismus dar, wie AMLI1-ETO die transkriptiondle Aktivitét
sne Ziegene podtiv beanflussen konnte. Weiter zeigen wir, da3 das Proto-Onkogen
C-junin AML Patientenzellen mit reziproken Trand okationen haufig Uberexprimiert it
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