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WELCOME

Welcome to Oslo, to Holmenkollen and to the 3rd Norwegian Cancer Symposium. 
The subject of this year’s symposium is one that has stimulated, irritated and engaged 
me for decades. Ever since I read the first papers claiming that the mere size of a cell 
determines cell-cycle progression, the question of what are the signals of growth has 
been tumbling in the back of my head. It is surprising that so little is known about the 
connection between general cell metabolism and cell proliferation. It is trivial that a 
cell will grow and divide when given sufficient supplies of nutrients. But what are the 
molecular determinants of proliferation? How are the signals transmitted and how can 
we interfere with them?

A revelation of these mechanisms will have obvious applications in the treatment of 
cancer. In many ways, cancer cells have an altered basic metabolism and we are 
about to map all the abnormalities, as will be evident at this meeting. It remains to be 
seen how these abnormalities can be exploited in cancer therapy. However, we must 
realize that we so far have only scratched the surface of the problem and still we most 
certainly have much to learn about the regulation of proliferation of normal cells. 
I hope this symposium will bring us a little bit along the way and that you will enjoy the 
meeting and our city.

Erik Boye 
Head of the organizing committee
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	 	 SPONSORS

NORSK HYDRO’S FUND FOR CANCER RESEARCH 

The Fund has the purpose to support cancer research at the Montebello location of the
Institute for Cancer Research at the Radium Hospital. The Fund has been operative for
more than 30 years and was started by a grant from the Norwegian commercial company
Norsk Hydro, who still contribute to the functioning of the Fund. Currently, support from
the Fund to the Institute is given in two forms:

1. Travel fellowships for scientists employed at the Institute, for international conferences
and courses.

2. Generous support of the “Norwegian Cancer Symposia”, an international, high quality
series of symposia.

Norwegian Cancer Symposia are organised every other year by one (or more) research
groups active at the Institute. The subject is selected after application to the Fund’s Board
of Governors.

The Fund’s Board of Governors consists of scientists from the Institute and externally as
well as representatives from Norsk Hydro. The Fund’s assets are invested conservatively
in stocks, bonds and bank accounts.

Current members of the Board:

Erik Boye (chair)
Runar Gulhaugen
Per Arne Myklebost
Steinar Funderud
Hanne Guri Belgau (deputy)
Kirsten Skarstad (deputy)
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Monday September 5

Session 1. Keynote speakers
Chair: Erik Boye

1700 Opening, Welcome      

1715 Bruce Alberts, Keynote Lecture    

A Much Deeper Understanding of Cells will be Crucial for BioMedicine

1800 Tim Hunt, Dentist Aase Lecture

Switches and Latches in the Control of Cell Division

1900 Poster Mounting

1930 Buffet dinner in “Dragebygget” (the Dragon Building)
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Tuesday September 6

Breakfast

Session 2. Basic mechanisms of cell-cycle transitions
Chair:  Kirsten Skarstad

0830 John Diffley

Early Events in Eukaryotic DNA Replication

0910 Jan M. Skotheim

Dynamics of cell-cycle control

0950 Harald Stenmark      

Studies of a lipid kinase reveal the roles of membrane dynamics in  

tumour suppression

1030  Coffee break   

Session 3. Tumor hypoxia and glucose metabolism
Chair: Geoffrey Shapiro

1100 Peter J. Ratcliffe  

Hypoxia signalling pathways: insights from and into cancer

1140 Constantinos Koumanis 

Activation of the Integrated Stress Response (ISR) is required for adaptation of 

tumor cells to hypoxic and nutrient stress and contributes to tumor growth and me-

tastasis
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1220 Ming Tan 

Overcoming Cancer Therapeutic Resistance by Targeting Dysregulated Glucose  

Metabolism

1300 Lunch 

1400 Poster session   

1700 Departure for Fjord Excursion and Dinner

Wednesday September 7

Breakfast

Session 4. Checkpoints
Chair: Randi Syljuåsen

0830 Jonathon Pines

The control of mitosis through the Spindle Assembly Checkpoint and the APC/C

0910 Helen Piwnica-Worms

Targeting Chk1 in p53-deficient triple negative Breast Cancer using human in Mouse 

Tumor Models

0950 Trond Stokke

Checkpoints in the G2 phase of the cell cycle after acute induction of double-strand 

breaks by ionizing radiation
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1010  Grete Hasvold  

Targeting hypoxic cancer cells by inhibition of CHK1

1030  Coffee Break and posters

Session 5. Protein kinases in cell-cycle control 
Chair: Jonathon Pines

1100 Geoffrey Shapiro 

Cyclin-Dependent Kinases as Targets for Cancer Treatment

1140 Arvin Dar 

New Insights into Kinase Signaling Pathways Using Chemical Genetics

1220  Beata Grallert 

Coupling of growth and the cell cycle in fission yeast

1240 Jorrit Enserink

A chemical-genetic screen to unravel the genetic network of CDC28/CDK1 reveals a  

role for the Rad6-Bre1 pathway in cell cycle progression

1300  Lunch
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Session 6. Exploiting metabolic pathways for cancer treatment
Chair: David Shore

1430 Steven McKnight

Targeted Killing of a Cell Based Upon its Unique Metabolic Addiction

1510 Eyal Gottlieb 

Metabolic network approaches for cancer therapy

1550 Rolf Bjerkvig 

Antivascular therapy new insights.

1630 Posters and coffee 

1930 Banquet in Saga Hall

Thursday September 8

Breakfast

Session 7. Basic mechanisms of tumor metabolism
Chair: Stephen McKnight

0830 Nahum Sonenberg 

Translational control of cancer

0910 David Shore, The EMBO Lecture

Transcriptional regulation in the ribosome biogenesis network and its connections with 

telomere biology in the budding yeast S. cerevisiae
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0950 Ian G. Mills

The androgen receptor fuels prostate cancer by regulating central metabolism and 

biosynthesis

1010 Stephanos Pavlides

The Autophagic Tumor Stroma of Cancer Metabolism - A new model for cancer

1030 Coffee break and posters

Session 8. Cell-cycle regulation
Chair: Trond Stokke

1100 Ross D. Hannan

Inhibition of RNA Polymerase I as a Therapeutic Strategy for Cancer-Specific Activa-

tion of p53

1120 Lorenzo Montanaro

JHDM1B down-regulation stimulates ribosome biogenesis and activates a p53 and 

SMAD-dependent growth arrest response

1140 Helen J. Whalley

The Role and Regulation of Tiam1-Rac signaling in mitosis

1200 Alberto Gandarillas

Cyclin E switches keratinocyte growth into differentiation

1220 End of meeting 

1300  Lunch and departure
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Bruce Alberts,  
   
A Much Deeper Understanding of Cells will be  
Crucial for BioMedicine

University of California, San Fransisco, USA

Anyone	who	writes	a	cell	biology	textbook,	as	I	have	been	doing	since	1978,	is	painfully	aware	of	the	
enormous	gaps	that	remain	in	our	understanding	of	even	the	simplest	cells.	The	dramatic	advances	
of	the	past	few	decades	will	soon	allow	us	to	compile	a	nearly	complete	“parts	list”	for	any	cell.	We	
will	also	be	able	to	draw	cartoons,	similar	to	those	in	textbooks,	with	arrows	that	connect	the	various	
components.	But	we	now	know	that	the	chemistry	of	cells	is	so	enormously	sophisticated	and	complex,	
often	with	tens	of	thousands	of	different	interacting	components,	that	these	representations	are	far	from	
sufficient	to	enable	us	to	truly	understand	the	complicated	networks	of	interactions	that	enable	a	cell	to	
survive,	grow	and	divide.		
	
Far	too	often	those	who	make	national	science	policies	fail	to	appreciate	the	enormous	amount	that	we	
need	to	learn	before	we	can	create	a	powerful	form	of	“translational	research.”	What	the	world	needs	is	
a	stronger	focus	on	supporting	the	most	outstanding	young	scientists	who	are	attempting	to	probe	the	
frontiers	of	our	knowledge	about	biological	mechanisms.	Much	of	this	work	will	be	best	carried	out	
with	cells	and	organisms	that	are	much	less	complex	than	their	human	equivalents.	It	is	imperative	that	
government	funding	mechanisms	for	research	find	the	proper	balance	between	supporting	long-term	
fundamental	research	and	meeting	the	demands	of	patient	groups	and	others	that	scientists	develop	new	
therapies	now.	A	uniform	push	to	“apply	what	we	know	now”	to	cure	human	health	problems	like	can-
cer	would	clearly	be	counterproductive.	

Keynote Lecture 
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Tim Hunt,  

Switches and Latches in the Control of Cell Division

Cancer Research UK, London

Dentist Aase Lecture
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John Diffley

Early Events in Eukaryotic DNA Replication

Cancer Research UK London Research Institute, Clare Hall Laboratories,  
South Mimms EN6 3LD UK

The eukaryotic cell cycle coordinates the accurate duplication and segregation of the 
genome during proliferation.  The large genomes of eukaryotic cells are replicated 
from multiple replication origins during S phase.  These origins are not activated 
synchronously at the beginning of S phase, but instead fire throughout S phase according to a pre-
determined, cell type specific program.   Only after the entire genome is completely replicated do cells 
proceed into mitosis. 

Ensuring that each origin is efficiently activated once and only once during each S phase is crucial for 
maintaining the integrity of the genome.  This is achieved by a two-step mechanism.  The first step, 
known as licensing, involves the loading of the Mcm2-7 proteins into pre-replicative complexes (pre-
RCs) at origins. We have recently reconstituted this reaction with purified proteins (Remus et al. Cell 
2009 139: 719-30).  In this reaction, Mcm2-7 are loaded as a head-to-head double hexamer around 
double stranded DNA.  Mcm2-7 loading requires the Origin Recognition Complex (ORC) as well as 
Cdc6 and Cdt1.  I will describe recent experiments showing that individual Mcm subunits play distinct 
roles during pre-RC assembly by interacting with different assembly factors.  

Cyclin dependent kinases (CDK) play crucial roles in promoting DNA replication and preventing 
re-replication in eukaryotic cells.  In budding yeast, CDKs promote DNA replication by phosphorylat-
ing two proteins, Sld2 and Sld3, which generates binding sites for pairs of BRCT repeats in the Dpb11 
protein.  The Sld3-Dpb11-Sld2 complex generated by CDK phosphorylation is required for the as-
sembly and activation of the Cdc45-Mcm2-7-GINS (CMG) replicative helicase.  In response to DNA 
replication stress, the interaction between Sld3 and Dpb11 is blocked by the checkpoint kinase Rad53, 
which prevents late origin firing. I will describe recent experiments showing that the two key CDK sites 
in Sld3 are conserved in the human Sld3-related protein, Treslin/ticrr, and are essential for DNA repli-
cation.  Moreover, phosphorylation of these two sites mediates interaction with the orthologous pair of 
BRCT repeats in the human Dpb11 orthologue, TopBP1. Finally, DNA replication stress prevents the 
interaction between Treslin/ticrr and TopBP1 via the Chk1 checkpoint kinase.  Our results indicate that 
Treslin/ticrr is a genuine orthologue of Sld3 and that the Sld3 - Dpb11 interaction has remained a criti-
cal nexus of S phase regulation through eukaryotic evolution.
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Jan M. Skotheim

Dynamics of cell cycle control

Andreas Doncic, Umut Eser & Jan M. Skotheim

Department of Biology
Stanford University
Stanford, CA 94305
USA

The G1 cell cycle checkpoint regulates commitment to cell division in response to multiple internal and 
external signals. Many molecular features of this checkpoint, known as Start in yeast and the restriction 
point in man, are conserved across eukaryotes.  Here, we apply concepts from dynamical systems to in-
vestigate Start. We show that commitment to cell division corresponds precisely to activation of a posi-
tive feedback loop of G1 cyclins. Despite a seemingly complex regulatory network, we find that distinct 
interactions are responsible for initiating and maintaining commitment to division. Furthermore, we 
demonstrate how differential chemical kinetics are responsible for ensuring that commitment to cell 
division precedes genome-wide changes in transcription. Rewiring the regulatory network in yeast to 
delay positive feedback, and thereby reverse the temporal order present in WT cells, results in frequent 
cell death. Finally, through an analysis of cell cycle regulated transcription in human cells, we show 
that ‘feedback-first’ regulation is a conserved feature of G1/S control across eukaryotes. Taken together, 
our work demonstrates the potency of integrating concepts from dynamical systems with genetic and 
biochemical analysis to understand checkpoint control. We are currently applying our methodology and 
insights, developed through yeast studies, to investigate the restriction point governing cell cycle com-
mitment in human cells. Since the commitment process is necessarily misregulated during oncogenesis, 
we hope that our insights can be applied to the betterment of human health. 
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Harald Stenmark 

Studies of a lipid kinase reveal the roles of membrane dynamics  
in tumour suppression

Department of Biochemistry, Institute for Cancer Research, the Norwegian 
Radium Hospital, Oslo University Hospital, Montebello, 0310 Oslo, Norway

Centre for Cancer Biomedicine, Faculty of Medicine, University of Oslo, Montebello, N-0310 
Oslo, Norway

Many critical biochemical reactions associated with membrane trafficking, cell signalling, po-
larization and migration take place at membrane-cytosol interfaces, and controlled recruitment 
of protein complexes to membranes is crucial for cell homeostasis. Consequently, dysregulation 
of such recruitment is associated with carcinogenesis. Phosphorylated derivatives of the mem-
brane lipid phosphatidylinositol (PtdIns), known as phosphoinositides (PIs), regulate membrane-
proximal cellular processes by recruiting specific protein effectors involved in cell signalling, 
membrane trafficking and cytoskeletal dynamics. Two phosphoinositides that are generated 
through the activities of distinct PI 3-kinases (PI3Ks) are of special interest in cancer research. 
PtdIns(3,4,5)P3, generated by class I PI3Ks, functions as tumour promotor by recruiting effec-
tors involved in cell survival, proliferation, growth and motility. Conversely, there is evidence 
that PtdIns3P, generated by class III PI3K, functions in tumour suppression. Three subunits of 
the class III PI3K complex (Beclin 1, UVRAG and BIF-1) have been independently identified 
as tumour suppressors in mice, and inactivation of Beclin 1 and UVRAG is frequently found 
in human tumours. The mechanism of PI3K-III in the context of tumour suppression has been 
proposed to entail activation of autophagy, a catabolic pathway that is thought to mediate tu-
mour suppression by scavenging damaged organelles that would otherwise cause DNA instabil-
ity through production of reactive oxygen species. Recent studies have revealed two additional 
functions of PtdIns3P that might contribute to its tumour suppressor activity. The first involves 
endosomal sorting and lysosomal downregulation of mitogenic receptors. The second involves 
regulation of cytokinesis, the final stage of cell division. Further elucidation of the mechanisms 
of tumour suppression mediated by class III PI3K and PtdIns3P will identify novel Achilles’ 
heels of the cell’s defence against tumourigenesis and will be useful on the search for prognostic 
and diagnostic biomarkers in cancer.
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Peter J. Ratcliffe 

Hypoxia signalling pathways: insights from and into cancer. 

Peter J. Ratcliffe
Hypoxia Biology Group, Henry Wellcome Building for Molecular  
Physiology, Roosevelt Drive, Oxford OX3 7BN, UK.
 pjr@well.ox.ac.uk

Hypoxia signalling pathways regulate an extensive range of genes via the post-translational 
hydroxylation of a transcription factor termed hypoxia inducible factor (HIF).  HIF is an 
α/b heterodimeric complex that binds hypoxia response elements at target genes involved 
in angiogenesis, energy metabolism, matrix metabolism, pH regulation, cell survival and 
proliferation decisions. HIF prolyl hydroxylation governs proteolytic regulation of HIF whereas 
HIF asparaginyl hydroxylation modulates interaction with transcriptional co-activators. These 
hydroxylations are catalysed by a set of non-haem Fe(II) 2-oxoglutarate (2OG) dependent 
dioxygenases. During catalysis, the splitting of dioxygen is coupled to the hydroxylation of 
HIF and the oxidative decarboxylation of 2-oxoglutarate. Hydroxylation at two prolyl residues 
within the central ‘degradation domain’ of HIF-α determines binding to the von Hippel-Lindau 
(pVHL) E3 ligase complex, thus directing HIF-α polypeptides for proteolytic destruction by the 
ubiquitin/proteasome pathway. Since the HIF hydroxylases have an absolute requirement for 
dioxygen this process is suppressed in hypoxia allowing the HIF-α to escape destruction and 
activate transcription. Recent studies also suggest that  the availability of other co-substrates and 
co-factors including Fe (II), ascorbate, and 2-oxoglutarate, modulate the rate of hydroxylation 
allowing the reaction to integrate, hypoxic, redox, and metabolic signals. 
Many tumour suppressor and oncogenic pathways are intrinsically connected to hypoxia 
signalling. The implications for dysregulation of the hypoxia response on the cancer phenotype 
and potential therapeutic opportunities arising from manipulation of hydroxylase activity by 
small molecules will be discussed.
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Constantinos Koumenis

Activation of the Integrated Stress Response (ISR) is required for 
adaptation of tumor cells to hypoxic and nutrient stress and 
contributes to tumor growth and metastasis.  

Stacey	Lehman,	Lori	Hart,	Jiangbin	Ye,	Carly	Sayers	and	Constantinos	Koumenis.
Department	of	Radiation	Oncology,	University	of	Pennsylvania	
School	of	Medicine,	Philadelphia,	PA,	USA.

Low	oxygen	(hypoxia)	and	nutrient	deprivation	conditions	are	dynamic	features	of	the	tumor	microen-
vironment	that	contribute	to	cancer	progression	and	resistance	to	treatment.		We	have	previously	shown	
that	hypoxic	stress	activates	the	endoplasmic	reticulum	(ER)	kinase	PERK	thereby	inducing	phosphory-
lation	of	the	translation	initiation	factor	eIF2α	on	ser51.		We	also	demonstrated	that	the	nutrient-sensing	
kinase	GCN2,	similarly	activates	eIF2a	phosphorylation	in	solid	tumors	in	response	to	amino	acid	and	
glucose	deprivation.		Phosphorylation	of	eIF2a	not	only	reduces	energy	expensive	processes	such	as	
global	translation,	but	also	creates	an	environment	that	promotes	the	more	efficient	translation	of	stress-
responsive	genes,	such	as	ATF4,	a	transcription	factor	that	upregulates	genes	involved	in	adaptation	to	
ER	stress.		The	phosphorylation	of	eIF2α	and	the	upregulation	of	ATF4	represent	a	common	mecha-
nism	activated	by	different	cellular	stresses,	thereby	being	termed	the	Integrated	Stress	Response	(ISR).		
Disruption	of	the	ISR	in	tumor	cells	dramatically	affects	their	proliferation	and	survival	under	stress	
and	their	ability	to	grow	tumors	in	vivo.		To	further	investigate	the	role	of	the	ISR	in	tumor	growth,	we	
have	initiated	genetic	crosses	of	conditional	PERK	knockout	and	GCN2	knockout	mice	with	established	
tumor	models	of	lymphoma	and	fibrosarcoma,	respectively.		Moreover,	we	have	found	that	inhibition	of	
ATF4	in	the	highly	metastatic	fibrosarcoma	cells	HT1080	mitigates	their	motility	in	vitro	and	severely	
compromises	their	ability	to	metastasize	to	the	lungs	of	nude	mice.		Altogether,	our	data	support	a	
model	in	which	transformed	cells	activate	the	ISR	in	vivo	as	an	adaptive	response	to	oxygen	and	nutri-
ent	deprivation	stress	and	that	disruption	of	this	pathway	at	several	steps	compromises	cellular	survival	
under	stress	and	tumor	growth.		These	findings,	as	well	as	those	of	other	groups,		thereby	establish	the	
ISR	as	an	attractive	target	for	anti-tumor	modalities.
Supported	by	NIH	grants	R01	CA94214-08	and	R01	CA139362-03.
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Ming Tan

Overcoming Cancer Therapeutic Resistance by Targeting  
Dysregulated Glucose Metabolism

Mitchell Cancer Institute, University of South Alabama, Mobile, Alabama, USA 

  
Heat shock transcription factor 1 (HSF1) is the master regulator of the heat shock 
responses in eukaryotes. Upon exposure to a variety of stresses, HSF1 forms trimers, translocates into 
cell nucleus and activates its target genes, subsequently activating the heat shock responses. Although not 
well understood, the functions of HSF1 are far beyond the classical induction of heat shock responses. 
Recent reports have shown that HSF1 plays an important role in cancer development. We investigated 
the role and mechanism of HSF1 in regulating oncogene ErbB2-mediated glycolysis and breast cancer 
cell growth. We found that ErbB2-overexpressing cancer cells possessed significantly higher level of 
glycolysis when compared to ErbB2-low expressing cells, and the downregulation of ErbB2 markedly 
decreased glycolysis. Overexpression of ErbB2 increased the expression of HSF1 and two critical gly-
colysis-regulating molecules, lactate dehydrogenase A (LDH-A) and Hexokinase (HK). ErbB2 activated 
HSF1, indicated by the increased HSF1 trimer formation and DNA binding activity, and promoted the 
rate of HSF1 protein translation. HSF1 bound to the promoter of LDH-A and transcriptionally activated 
LDH-A. Meanwhile, the downregulation of HSF1 reduced the expression of LDH-A and subsequently 
decreased cancer cell glycolysis and growth. Moreover, the glycolysis inhibitors, 2-deoxyglucose and 
oxamate, selectively inhibited the growth of ErbB2-overexpressing cells. Taken together, these results 
demonstrate that in human breast cancer cells, ErbB2 promotes glycolysis and cell growth through HSF1-
mediated upregulation of LDH-A. 

Trastuzumab (Herceptin) shows remarkable efficacy in treatment of ErbB2-positive breast cancers 
when used alone or in combination with other chemotherapeutics. However, acquired resistance devel-
ops in most treated patients, necessitating alternate treatment strategies. Increased aerobic glycolysis is a 
hallmark of cancer and inhibition of glycolysis may offer a promising strategy to preferentially kill cancer 
cells. We investigated the antitumor effects of trastuzumab in combination with glycolysis inhibitors in 
ErbB2-positive breast cancer. We found that trastuzumab inhibits glycolysis via downregulation of HSF1 
and LDH-A in ErbB2-positive cancer cells, resulting in tumor growth inhibition. Moreover, increased 
glycolysis via HSF1 and LDH-A contributes to trastuzumab resistance. Importantly, we found that com-
bining trastuzumab with glycolysis inhibition synergistically inhibited trastuzumab-sensitive and -resis-
tant breast cancers in vitro and in vivo, due to more efficient inhibition of glycolysis. These results show 
how glycolysis inhibition can dramatically enhance the therapeutic efficacy of trastuzumab in ErbB2-
positive breast cancers, potentially useful as a strategy to overcome trastuzumab resistance.

This work was supported by The Vincent F. Kilborn, Jr. Cancer Research Foundation and NIH Grant 
RO1CA149646.
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Jonathan Pines

The control of mitosis through the Spindle Assembly Checkpoint 
and the APC/C 

Jörg	Mansfeld,	Philippe	Collin,	Daisuke	Izawa,	Oxana	Naschekina	and		
Jonathon	Pines
The	Gurdon	Institute,	Tennis	Court	Road,	Cambridge,	UK

We	are	trying	to	understand	how	cells	divide	to	ensure	that	their	two	daughter	cells	receive	an	
identical	copy	of	the	genome.	The	key	to	the	control	of	chromosome	segregation	is	the	regula-
tion	of	the	Anaphase	Promoting	Complex/Cyclosome	(APC/C)	by	the	spindle	assembly	check-
point.	We	have	developed	a	live	cell	assay	to	monitor	APC/C	activity	and	its	inhibition	by	the	
spindle	checkpoint.	This	has	revealed	that	the	checkpoint	is	intrinsic	to	the	timing	of	mitosis,	
and	that	to	maintain	checkpoint-arrested	cells	in	mitosis	the	APC/C	targets	its	own	regulator,	
Cdc20,	for	destruction.	We	are	particularly	interested	in	how	the	spindle	checkpoint	potently	
inhibits	the	APC/C	and	yet	is	highly	responsive	to	the	signaling	from	the	kinetochores.	Our	
recent	results	have	begun	to	yield	insights	into	both	aspects	of	this	puzzle.
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Helen Piwnica-Worms

Targeting Chk1 in p53-Deficient Triple Negative Breast Cancer  
Using Human in Mouse Tumor Models. 

Cynthia	X.	Ma1,	Shirong	Cai2,4,	Shunqiang	Li,	Christine	E.	Ryan2,4,	Zhanfang	
Guo1,	Jeremy	Hoog1,	Reece	J.	Goiffon4,5,	Aleix	Prat6,	Rebecca	L.	Aft3,,	Mat-
thew	J.	Ellis1,	and	Helen	Piwnica-Worms1,2,4

1Departments	of	Medicine,	2Cell	Biology	and	Physiology	and	3Surgery,	4BRIGHT	Institute	and	
5Mallinckrodt	Institute	of	Radiology,	Washington	University	School	of	Medicine,	St.	Louis,	
MO,	6Lineberger	Comprehensive	Cancer	Center,	University	of	North	Carolina	at	Chapel	Hill,	
Chapel	Hill,	NC.	USA
There	is	a	significant	need	for	targeted	therapies	to	treat	triple	negative	breast	cancer	(TNBC:	
negative	for	estrogen-	and	progesterone-receptor	expression	and	HER2	amplification).	TNBC	
frequently	harbors	mutations	in	TP53, leading	to	a	defective	G1-checkpoint	and	dependence	
on	the	S-	and	G2-checkpoints.		We	tested	whether	inhibition	of	Checkpoint	Kinase	1	(Chk1),	
which	controls	the	S-	and	G2-	checkpoints,	selectively	kills	TP53 mutant	TNBC	in	the	pres-
ence	of	DNA	damage.	Tumor	specimens	from	patients	with	TNBC	were	engrafted	into	human-
ized	mammary	fat	pads	of	immune	deficient	mice	to	create	HIM	(Human	In	Mouse)	tumor	
models.	Three	independent	HIM	TNBC	lines,	one	wild	type	(WU-BC3)	and	two	mutant	(WU-
BC4	and	WU-BC5)	for	TP53,	were	tested	for	their	response	to	a	topoisomerase	I	inhibitor	
(irinotecan)	and	a	Chk1	inhibitor	(UCN-01	or	AZD7762)	either	as	single	agents	or	in	combina-
tion.	The	combination	therapy	induced	checkpoint	bypass	and	apoptosis	in	WU-BC4	and	WU-
BC5	but	not	WU-BC3	tumors	and	inhibited	tumor	growth	and	prolonged	the	survival	of	mice	
bearing	WU-BC4	but	not	WU-BC3.		Knockdown	of	p53	sensitized	WU-BC3	tumors	to	the	
combination	therapy.	These	results	demonstrate	that	p53	is	a	major	determinant	of	how	TNBC	
responds	to	therapies	that	combine	DNA	damage	with	Chk1	inhibition.	Correlative	studies	
from	our	Phase	I	clinical	trial	testing	the	combination	of	irinotecan	and	UCN-01	in	resistant	
solid	tumor	malignancies	support	the	conclusion	that	Chk1	inhibition	works	synergistically	
with	DNA-damaging	agents	in	TP53-mutant	tumors	and	suggests	that	trials	combining	DNA	
damage	with	selective	Chk1	inhibition	in	patients	with	TP53 mutant	TNBC	are	warranted.
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Trond Stokke

Checkpoints in the G2 phase of the cell cycle after acute induction of double-strand 
breaks by ionizing radiation.

Trond Stokke, Kirsti Solberg Landsverk, Sebastian Patzke. Dept. of Radiation Biology, Insti-Dept. of Radiation Biology, Insti-
tute for Cancer Research, The Norwegian Radium Hospital, OUS, Oslo, Norway.

Ionizing radiation (IR) is known to induce double-strand breaks (DSBs), which again lead to 
cell cycle arrest and possibly repair of the damaged DNA, or cell death. Cell cycle progression 
in the presence of DNA damage may cause accumulation of oncogenic aberrations, and cell 
cycle arrest is therefore the first defense against malignant transformation and progression. We 
have studied the kinetics and the molecular pathways involved in the G2 arrest in exponentially 
growing human transformed B-lymphocytes after different doses of X-rays. Cells that were in 
G2 at the time of irradiation with an acute dose of 4Gy experienced an immediate (early) arrest 
caused by activation of ATM, with CHEK2 as a possible downstream mediator. In contrast, the 
(late) arrest of cells that enter G2 from earlier stages of the cell cycle (>6h) is not dependent 
on ATM, but CHEK1 is required. Although PLK1 transcripts were transiently decreased after 
irradiation, the levels of PLK1 protein in the G2 phase did not decrease, showing that down 
regulation of PLK1 is not necessary for the late arrest. TP53 was neither required for the late 
arrest. Suppression of both ATM- and CHEK1-activities led to a complete abrogation of the G2 
arrest in TP53-deficient cells and in cells which had been depleted for TP53. However, TP53 
proficient cells experienced an intermediate arrest at 2-10h after IR even in the absence of 
ATM- and CHEK1-activities, even though TP53 was not phosphorylated on serines 15/20 and 
TP53 levels were low. The role of CDKN1A, RB1, WEE1 and other molecules in the 3 distinct 
G2 arrest pathways described here is under current investigation. In conclusion, the IR-induced 
arrest in G2 is mediated by ATM immediately after irradiation, with TP53 for independent and 
transient back-up, while CHEK1 is necessary for the late arrest.



	 	 SPEAKER ABSTRACTS 	 	 SPEAKER ABSTRACTS

23

Grethe Hasvold

Targeting hypoxic cancer cells by inhibition of CHK1

Grete Hasvold, Kinga Tkacz-Stachowska, Randi G. Syljuåsen

Department of Radiation Biology, Institute for Cancer Research, The Norwegian Radium Hos-
pital, Oslo University Hospital, Oslo, Norway

The checkpoint kinase CHK1 is considered a promising target for cancer treatment due to 
its fundamental role in the regulation of the G2/M checkpoint and the repair of DNA double 
strand breaks through homologous recombination (HR). In the present study we have explored 
whether inhibition of CHK1 could be used to selectively target hypoxic cancer cells, both in 
combination with ionizing radiation and on its own. Acute hypoxic cells are resistant to radia-
tion, but these cells have also been shown to depend more on HR for survival than normoxic 
cells, making CHK1 a potential target for selective radiosensitization of hypoxic cells. In the 
absence of radiation, extreme levels of hypoxia (<0.1% O2) have been shown to activate ATR/
CHK1 signaling, which could likely make them sensitive to CHK1inhibitors.

In order to determine the potential of CHK1 inhibition for selective targeting of hypoxic cells, 
we tested the cancer cell lines U2OS and HCT116 for clonogenic survival, cell cycle distribu-
tion and activation of DNA damage signaling pathways at different oxygen concentrations 
(21%, 0.2% and 0.0% O2) in combination with the CHK1 inhibitors UCN-01and AZD7762, 
CHK1shRNA and ionizing radiation. We found that hypoxia alone did not alter the sensitivity 
to CHK1 inhibitors, but inhibition of CHK1 during reoxygenation following periods of ex-
treme hypoxia (0.0% O2) did result in decreased clonogenic survival and an increased fraction 
of γ-H2AX positive cells. Hypoxic cells were also found to be radiosensitized to at least the 
same extent as normoxic cells by CHK1 inhibition, making CHK1 a promising target for kill-
ing of hypoxic cancer cells. 
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Geoffrey Shapiro

Cyclin-Dependent Kinases as Targets for Cancer Treatment

Geoffrey Shapiro, M.D., Ph.D. 
Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA 
and Department of Medicine, Brigham and Women’s Hospital and Harvard 
Medical School, Boston, MA

Cyclin-dependent kinases (CDKs) comprise a family of enzymes divided into 
two classes that are core components of the cell cycle and transcriptional machinery, respectively.   Drugs 
targeting CDKs that are currently in development selectively target CDK4/6 or are more promiscuous, 
frequently targeting CDK1, CDK2 and CDK9 to varying degrees.  

The universal disruption of the D-Cyclin/CDK4/6/Rb/INK4 axis in human cancer has led to the develop-
ment of selective CDK4/6 inhibitors, including PD0332991, which has completed Phase 1 evaluation 
and is currently being tested in a broad Phase 2 program, as well as in combination studies.  We recently 
completed a pilot evaluation of PD0332991 in Mantle Cell Lymphoma (MCL), a lymphoma subtype that 
carries an unfavorable prognosis and requires new treatment strategies.  The associated t(11:14) trans-
location results in enhanced cyclin D1 expression and cyclin D1-dependent kinase activity to promote 
cell cycle progression.  A pharmacodynamic study of the selective CDK4/6 inhibitor PD0332991 was 
conducted in 17 patients with relapsed disease, utilizing 2-deoxy-2-[18F]fluoro-D-glucose (FDG) and 
3-deoxy-3[18F]fluorothymidine (FLT) positron emission tomography (PET) to study tumor metabolism 
and proliferation, respectively, in concert with pre- and on-treatment lymph node biopsies to assess reti-
noblastoma protein phosphorylation and markers of proliferation and apoptosis.   Substantial reductions 
in FLT-PET uptake, retinoblastoma phosphorylation and Ki-67 expression occurred after 3 weeks of 
treatment in most patients.  Five patients achieved progression-free survival greater than 1 year (14.9-
30.1+ months), with one complete and two partial responses documented by anatomic imaging criteria.  
The results have confirmed CDK4/6 inhibition by PD0332991 at a well-tolerated dose and schedule and 
suggest clinical benefit in a subset of MCL patients.  Nonetheless, pharmacodynamic changes early after 
PD0332991 exposure did not always predict long-term clinical benefit, which has prompted assessment 
of mechanisms by which lymphoma cells can develop resistance to selective CDK4/6 inhibition.

CDK2 has also been considered an attractive target, based on its involvement in multiple cell cycle phas-
es, but in many cases, selective CDK2 inhibition is inadequate because of compensation by CDK1.  More 
recently, drugs targeting CDK2 and CDK1 equipotently have demonstrated antitumor activity.  Con-
comitant inhibition of CDK9 also augments apoptosis, resulting from depletion of short half-life mRNAs, 
including those encoding antiapoptotic proteins such as Mcl-1. 

CDKs have also been implicated in the DNA damage response, providing a mechanism for the rational 
combination of CDK inhibitors with DNA damaging agents.  We have shown that that CDK1 phos-
phorylates BRCA1, an event essential for efficient BRCA1 focus formation in response to DNA damage.  
Depletion or inhibition of CDK1 disrupts BRCA1 function in S phase checkpoint control as well as in 
homologous recombination (HR) repair.  The disruption of HR by CDK1 inhibition can be used to ren-
der BRCA proficient cells ‘BRCA-less’ and sensitive to PARP inhibition.  Combined CDK1 and PARP 
inhibition in BRCA wild-type cancer cells results in reduced colony formation, delayed human tumor 
xenograft growth and tumor regression with prolonged survival in an mouse lung adenocarcinoma model 
dependent on activated KRAS and mutant p53.  CDK1 inhibition did not sensitize non-transformed cells 
or tissues to PARP inhibition.  Consequently, CDK1 inhibition represents a plausible strategy for expand-
ing the utility of PARP inhibitors to the BRCA-proficient cancer population.  Clinical trials combining 
CDK1 inhibitors and PARP inhibitors are currently under development.  
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Arvin C. Dar 

New Insights into Kinase Signaling Pathways Using Chemical Genetics

Arvin C. Dar and Kevan M. Shokat
University of California, San Francisco

Phosphorylation serves a crucial role for relaying information within and among cells.  In hu-
mans, 2% of all gene products are kinases and as many as 10,000 phospho-substrates exist.  
Using chemical genetics we aim to define all physiological connections between kinases and 
substrates.  In the forward chemical genetic approach we start from a kinase to assign its func-
tion utilizing selective small molecule tools.  I will describe such approaches to understand the 
biochemical role of an enigmatic pseudokinase termed Kinase Suppressor of Ras (KSR).  KSR 
was identified more than 15 years ago in three complementary genetic screens searching for 
regulators of Ras signaling. The original studies, conducted in C.Elegans and Drosophila, sug-
gested KSR is required for the transformative properties of oncogenic Ras but the basis for this 
activity remained unknown.  Using structural, biochemical and small molecule approaches we 
have identified KSR as a bifunctional switch in the Ras pathway. In one state, KSR behaves as an 
inhibitor of the Ras effector MEK. In another state, KSR is a facilitator of MEK activation by the 
kinase immediately downstream of Ras termed Raf. These studies place KSR at a unique point 
within the Ras pathway and further suggest KSR as a druggable regulator of oncogenic Ras.  In 
the reverse chemical genetic approach, we move backwards starting from a small molecule 
induced phenotype to identify all functionally relevant targets.  This method allows the identifi-
cation of a class or group of protein kinases that together may regulate a complex phenotype.  I 
will present data on this approach to uncover multiple contributing pathways in an in vivo model 
of human cancer.
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Beata Grallert

Coupling of growth and the cell cycle in fission yeast

Cathrine	A.	Bøe,	Marit	Krohn,	Gro	Elise	Rødland,	Erik	Boye,	Beáta	Grallert	

Department	of	Cell	Biology,	Oslo	University	Hospital,	The	Norwegian	Radium	Hospital,	Montebello,	
0310	Oslo,	Norway

Cell-cycle	progression	is	governed	by	checkpoint	mechanisms	to	ensure	that	previous	cell-cycle	phases	
have	been	correctly	completed	and	that	there	is	no	DNA	damage.
Fission	yeast	cells	irradiated	by	ultraviolet	light	(UVC)	in	G1	phase	are	transiently	arrested	before	pro-
gressing	into	S	phase.	The	delay	is	fully	dependent	on	the	Gcn2	kinase	(Tvegard	et	al.,	2007),	implying	
a	connection	between	 the	growth-regulating	kinase	Gcn2	and	 the	cell	cycle.	We	have	shown	that	 this	
checkpoint	is	not	induced	by	DNA	damage	in	general	(Krohn	et	al.,	2008).	This	suggests	that	the	activat-This	suggests	that	the	activat-
ing	signal	might	derive	from	some	specific	form	of	DNA	damage	or,	alternatively,	from	damage	to	other	
cell	constituents.

We	have	investigated	the	molecular	nature	of	the	signal	initiating	the	checkpoint	response.	If	a	form	of	
DNA	damage	induces	the	checkpoint	the	prediction	is	that	DNA	repair	mutants	should	display	a	longer	
delay.	The	cell-cycle	delay	is	indeed	prolonged	in	mutants	that	are	deficient	in	both	forms	of	excision	
repair.	However,	in	a	mutant	that	is	deficient	in	damage	recognition	the	cell-cycle	delay	is	reduced,	sug-
gesting	that	the	presence	of	UVC-induced	DNA	damage	is	not	sufficient	to	induce	the	checkpoint,	but	a	
downstream	repair	intermediate	will	do	so.	Surprisingly,	activation	of	Gcn2	can	be	uncoupled	from	the	
cell-cycle	delay	in	repair	mutants,	suggesting	that	although	Gcn2	activation	is	necessary	for	the	cell-cycle	
delay	it	is	not	sufficient.
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Jorrit M. Enserink

A chemical-genetic screen to unravel the genetic network of CDC28/CDK1 reveals a rol 
for the Rad6-Bre1 pathway in cell cycle progression

Christine Zimmermann1, Pierre Chymkowitch1, Vegard Eldholm1, Christopher D. Putnam2, Jessica M. 
Lindvall3, Manja Omerzu1, Magnar Bjørås1, Richard D. Kolodner2, and Jorrit M. Enserink1,4

1 Department of Molecular Biology, Institute of Medical Microbiology and Centre of Molecular Biol-
ogy and Neuroscience, Oslo University Hospital, Sognsvannsveien 20, N-0027 Oslo, Norway

2 Ludwig Institute for Cancer Research, Departments of Medicine and Cellular and Molecular Medi-
cine, and Cancer Center, Institute for Genomic Medicine, University of California, San Diego School of 
Medicine, 9500 Gilman Drive, La Jolla, CA 92093-0669, USA
3 BioinformaticService, Stockholm, Sweden

Cyclin dependent kinases (CDKs) control the eukaryotic cell cycle, and a single CDK, Cdc28 (also 
known as Cdk1), is necessary and sufficient for cell cycle regulation in the budding yeast Saccharomy-
ces cerevisiae.  Cdc28 regulates cell cycle-dependent processes such as transcription, DNA replication 
and repair, and chromosome segregation.  To gain further insight in the functions of Cdc28 we per-
formed a high-throughput chemical-genetic (CGA) screen aimed at unraveling the genetic network of 
CDC28.  We identified 107 genes that strongly genetically interact with CDC28.  Although these genes 
serve multiple cellular functions, genes involved in cell cycle regulation, transcription and chromosome 
metabolism are overrepresented.  We found that DOA1, which is involved in maintaining free ubiquitin 
levels, as well as the RAD6-BRE1 pathway, which is involved in transcription, displayed particularly 
strong genetic interactions with CDC28.  We discovered that DOA1 is important for cell cycle entry by 
supplying ubiquitin.  Furthermore, we found that the RAD6-BRE1 pathway functions downstream of 
DOA1/ubiquitin but upstream of CDC28 by promoting transcription of cyclins.  These results link cel-
lular ubiquitin levels and the Rad6-Bre1 pathway to cell cycle progression.
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Steven McKnight

Targeted Killing of a Cell Based Upon its Unique Metabolic  
Addiction

Peter Alexander† and Jian Wang* and Steven L. McKnight*
 
†Department of Pharmacology and Cancer Biology, Duke University 
School of Medicine, Durham, NC. 
*Department of Biochemistry, University of Texas Southwestern Medical Center, Dallas, TX. 
steven.mcknight@utsouthwestern.edu 

Mouse embryonic stem (ES) cells utilize the mitochondrial enzyme threonine dehydrogenase 
(TDH) to catabolize threonine into glycine and acetyl-coenzyme A (acetyl-CoA).  Measure-
ments of mRNA abundance have given evidence that ES cells express upwards of 1,000X 
higher levels of TDH mRNA than any of seven other mouse tissues tested.  When cell cul-
ture medium is deprived of threonine, ES cells rapidly discontinue DNA synthesis, arrest cell 
division and eventually die.  Such studies led to the conclusion that mouse ES cells exist in a 
unique, threonine-dependent metabolic state (Wang et al., 2009).  Proceeding with the assump-
tion that the active TDH enzyme should be essential for the growth and viability of mouse ES 
cells, we performed a drug screen in search of potent and specific inhibitors of the purified 
TDH enzyme.  Such efforts led to the discovery of a class of quinazolinecarboxamide (Qc) 
compounds that inhibited the ability of the TDH enzyme to catabolize threonine into glycine 
and acetyl-CoA.   Administration of active Qc inhibitors of TDH to mouse ES cells impeded 
cell growth and resulted in autophagic cell death.  By contrast, the same chemicals failed to af-
fect the growth of HeLa cells at concentrations 300X higher than that required to kill mouse ES 
cells.  It was likewise observed that the Qc class of TDH inhibitors failed to affect the growth 
or viability of ES cell-derived embryoid body cells known to have extinguished TDH expres-
sion.  These studies offer an example of how it is possible to kill a specific cell type based upon 
its unique metabolic state.        
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Metabolic network approaches for cancer therapy

The	Beatson	Institute	for	Cancer	Research,	Glasgow,	UK

In	addition	for	the	need	to	duplicate	their	DNA,	dividing	cells	must	double	
their	biomass	with	every	cell	division,	a	metabolically	and	energetically	demanding	
process	of	anabolism.	To	support	such	large-scale	anabolism	in	rapidly-dividing	cancer	cells,	substantial	
amounts	of	metabolic	building	blocks,	particularly	glucose	and	amino	acids,	must	be	made	available	
to	the	tumour.	Yet	tumours	are	situated	in	a	metabolically-challenging	environment	where	blood	sup-
ply,	and	the	supply	of	oxygen	and	other	nutrients	that	comes	with	it,	is	scarce.	Therefore,	tumour	cells	
develop	a	remarkably	unique	metabolism	compared	to	the	normal	tissues	from	which	they	are	derived.	
The	extent	to	which	metabolism	plays	a	role	in	tumorigenesis	cannot	be	overstated	and	drugs	that	selec-
tively	target	these	processes	are	likely	to	at	least	delay,	if	not	halt	tumour	progression.	Our	work	covers	
several	aspects	of	metabolic	transformation	in	cancer	and	I	will	highlight	new	research	technologies	
such	as	cancer	cell	metabolomics	and	computational	metabolic	networks.	These	technologies	are	not	
only	important	for	understanding	the	basic	biochemistry	of	cancer	cells	but	they	can	inform	us	on	future	
clinical	management	of	cancer	and	may	lead	to	new	therapeutic	approaches	to	target	cancer-specific	
metabolic	pathways.	Using	extensive	transcriptomics	and	metabolomics	data	we	applied	a	computa-
tional	model	which	was	generated	to	study	the	cancer	metabolome	and	identified	important	metabolic	
pathways	which	are	crucial	and	specific	for	the	survival	of	cancer	cells.	In	my	talk	I	will	elaborate	on	
one	new	target	identified	by	this	method	and	validated	by	genetic	and	pharmacologic	approaches.
	



	 	 SPEAKER ABSTRACTS

30

	 	 SPEAKER ABSTRACTS

Rolf Bjerkvig 

Antivascular therapy new insights.

NorLux	Laboratories,	Department	of	Biomedicine,	University	of	Bergen,	Norway	
and	Centre	de	Recherche	Public	de	la	Santé,	Luxembourg

Background:	Bevacizumab	treatment	of	several	solid	 tumour	including	glioblastoma	(GBM)	has	been	
shown	to	prolong	progression-free	survival	and	to	control	peritumoral	edema,	but	its	effects	on	tumor	
burden	and	vascular	physiology	are	unclear.	We	have	determined	the	phenotypic,	physiologic	and	mo-
lecular	effects	of	bevacizumab	treatment	in	a	clinically	relevant	orthotopic	GBM	model	to	understand	the	
tumor	response	to	treatment	and	provide	an	educated	advice	on	optimizing	combination	therapies.	Hu-
man	GBM	biopsy	xenografts	were	treated	with	bevacizumab	and	analysed	by	dynamic	contrast	enhanced	
magnetic	resonance	imaging	(DCE-MRI)	and	magnetic	resonance	spectroscopy	(MRS).	Tumor	growth,	
contrast	leakage,	perfusion,	permeability	parameters	and	changes	in	tumor	metabolites	were	quantified.	
Vessel	morphology	and	density,	tumor	cell	invasion	and	molecular	changes	were	determined	by	immuno-
histochemistry,	transmission	electron	microscopy	and	gene	expression	analysis.
Results:	Bevacizumab	causes	a	strong	reduction	in	contrast	enhancement,	a	robust	decrease	in	intratu-
moral	blood	flow	and	volume,	and	a	shift	in	tumor	metabolism	towards	glycolysis.		A	small	but	significant	
change	in	tumor	doubling	time	is	measured.	Bevacizumab	leads	to	a	reduction	in	large	and	medium	sized	
blood	vessels,	and	a	lower	mitochondria	count	in	tumor	cells.	Importantly,	a	dramatic	increase	in	tumor	
cell	infiltration	is	observed.	At	the	molecular	level	increased	lactate	and	alanine	metabolites	are	detected,	
accompanied	by	an	induction	of	HIF1α	protein	and	activation	of	the	PI3K	pathway.		
Conclusion:	Bevacizumab	induces	vascular	remodeling	leading	to	reduced	blood	flow	and	induction	of	
hypoxia	in	glioblastoma.	This	favors	a	glycolytic	energy	metabolism,	a	process	that	is	accompanied	by	
enhanced	tumor	cell	infiltration	into	the	normal	brain.
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Translational control of cancer 
 
Nahum Sonenberg, Department of Biochemistry and Goodman Cancer Research 
Centre, McGill University, Montreal, Quebec, Canada

Control of translation initiation plays an important role in cell growth, prolifera-
tion and cancer development and progression. mRNA	translation	is	dysregulated	in	
many	cancers	via	a	combination	of	protein	overexpression	and	defects	in	the	pathways	that	signal	to	the	
translation	machinery. In support of the critical function of translational control in cancer is the discov-
ery of mutations in translational components in genetic syndromes associated with cancer susceptibility.

A key regulator of translation initiation is the mRNA 5’-cap-binding protein, eIF4E. eIF4E overexpres-
sion transforms rodent and human cells and causes cancer in mice. eIF4E levels and phosphorylation 
are elevated in many types of human cancers. Phosphorylation of eIF4E on Ser209 is required for 
efficient transformation by eIF4E. We recently generated eIF4E ‘knock-in’ mice in which Ser209 was 
mutated to alanine. These mice were resistant to prostate cancer induced by PTEN deletion, or cancers 
induced by other means. 

An important downstream component of the PTEN/Akt/mTOR signaling pathway, which is strongly 
implicated in cancer etiology, is the translation machinery. A well-characterized target of mTOR is 
4E-BP1, which binds to eIF4E and inhibits cap-dependent translation. mTOR forms two distinct com-
plexes, mTORC1 and mTORC2. mTORC1 integrates growth factor and nutrient signals to control cell 
proliferation (increase in cell number) and cell growth (increase in mass). mTORC1 controls these pro-
cesses by stimulating mRNA translation via phosphorylation of its two major downstream targets: the 
4E-binding proteins (4E-BP1, 2 and 3) and the S6 kinases (S6K1 and 2).   4E-BPs impair the assembly 
of the eIF4F pre-initiation complex by competing with eIF4G for binding to eIF4E, whereas S6Ks phos-
phorylate a number of targets including ribosomal protein S6 and eIF4B.  	We	showed	that	the	4E-BPs	
do	not	affect	cell	size,	but	strongly	inhibit	cell	proliferation,	by	selectively	inhibiting	the	translation	of	
mRNAs	encoding	for	proliferation-promoting	proteins,	and	proteins	involved	in	cell	cycle	progression.	
These	findings	support	a	model	whereby	control	of	cell	size	and	cell	cycle	progression	are	independent	
in	mammalian	cells,	which	is	in	sharp	contrast	to	lower	eukaryotes,	in	which	4E-BPs	impact	on	both	
cell	growth	and	proliferation.

The hyperactivation of the mechanistic/mammalian target of rapamycin (mTOR) occurs in the 
majority of cancers. Therefore, the targeted inhibition of mTOR is an attractive anti-cancer strategy, 
which is under extensive clinical development. Novel active-site mTOR inhibitors (asTORi) have re-
cently shown great therapeutic potential in pre-clinical settings. We show that high expression of eIF4E 
confers an increased resistance of cells to the anti-proliferative effects of asTORi. Conversely, depletion 
of eIF4E levels by RNAi potentiates the anti-neoplastic effects of asTORi in vitro and in vivo. Anti-sense 
therapy against eIF4E is presently evaluated in clinical trials against cancers. Our data indicate that com-
bining this strategy with targeted mTOR inhibition could have increased therapeutic benefits. 
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Transcriptional regulation in the ribosome biogenesis network and its 
connections with telomere biology in the budding yeast S. cerevisiae

Britta	Knight1,	Yvonne	Gloor1,	Cyril	Ribeyre1,	Marcel	Geertz1,2,	Bhaswar	
Ghosh2,	Jacques	Rougemont2,	Felix	Naef2,	Sebastian	Maerkl2	and	David	
Shore1

1	Department	of	Molecular	Biology	and	NCCR	program	“Frontiers	in	Genet-
ics”,	University	of	Geneva,	30	quai	Ernest-Ansermet,	Geneva	4,	CH-1211	Switzerland;	2	Ecole	
Polytechnique	Federale	de	Lausanne	(EPFL),	Lausanne,	CH-1215	Switzerland.
	
	 Cell	growth	potential	is	determined	by	the	rate	of	ribosome	production,	an	energy-
intensive	process	that	requires	massive	and	coordinated	transcriptional	output	from	all	three	eu-
karyotic	RNA	polymerases.	In	yeast,	ribosome	biogenesis	is	tightly	regulated	at	the	transcrip-
tional	level	by	growth	(nutrient)	signals	and	stress.		This	regulation	operates	through	several	
different	transcription	factors	(TFs)	acting	downstream	of	the	TORC1	(Target	of	Rapamycin	
Complex	1)	kinase.	

	 We	are	addressing	three	fundamental	questions	regarding	ribosomal	protein	(RP)	gene	
transcription	and	its	regulation.		First,	we	try	to	understand	how	promoter	sequence	determines	
transcriptional	output	and	noise.	To	accomplish	this,	we	are	determining	TF	binding	landscapes	
at	RP	gene	promoters	using	microfluidics-based	in	vitro	measurements.	Together	with	tran-
scriptional	output	measurements	we	hope	eventually	to	be	able	to	develop	quantitative	models	
for	RP	gene	promoter	function.	Second,	we	are	trying	to	determine	how	regulatory	signals	are	
transmitted	to	TFs	and	nucleosomes	at	the	RP	gene	promoters.	Finally,	we	are	also	investigat-
ing	regulatory	coupling	between	the	three	RNA	polymerases	responsible	for	ribosome	biogen-
esis.

If	time	permits,	two	curious	features	of	the	RP	transcriptional	network	will	be	dis-
cussed:	first,	its	remarkable	evolutionary	flexibility	(TF	“rewiring”),	and	second	the	fact	that	
two	conserved	network	TFs	also	act	as	key	telomere	regulators.
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The androgen receptor fuels prostate cancer by regulating central metabolism and bio-
synthesis (1)

Ian G Mills1,2,3,4

1. Uro-Oncology Reserach group, CRUK Cambridge Research Institute, Cambridge, UK
2. Prostate Cancer Research Group, Centre for Molecular Medicine (Norway), Nordic 

European Molecular Biology Laboratory Partnership, University of Oslo, Oslo, Norway
3. Department of Cancer Prevention, Institute of Cancer Research, Oslo University Hospi-

tals, Oslo, Norway
4. Department of Urology, Oslo Univeristy Hospitals, Oslo, Norway

Prostate cancer is the second leading cause of male cancer-related deaths in the US and Europe.  
Localised and advanced prostate cancer are highly dependent on the activity of  a transcrip-
tion factor called the androgen receptor (AR). In order to identify the hormone-dependent gene 
networks that are dysregulated in prostate cancer we used chromatin immunoprecipitation to 
enrich protein-DNA complexes incorporating the AR.  By combining whole-genome binding 
site data with gene expression profiles we were able to identify a core set of hormone-regulated, 
AR-dependent genes.  These were associated with anabolic metabolism and cell cycle check-
point control. Among these genes, calcium/calmodulin-dependent kinase kinase 2 (CAMKK2) 
was consistently overexpressed in nine independent prostate cancer gene expression studies. 
CAMMK2 is known to regulate the phosphorylation of AMPK and energy homeostasis. We 
were able to inhibit the proliferation of cell lines using siRNA targeting CAMKK2 as well as by 
treating the cells with a small molecule inhibitor, STO-609. Metabolomics revealed that glucose 
uptake and consumption were significantly inhibited. STO-609 also inhibited tumour develop-
ment in xenografts. Intriguingly a combination of an anti-diabetic drug, metformin, and STO-
609 induced synergistic cell death in cell-lines. We are now further investigating the structure 
and function of the kinase.
1. C. E. Massie et al., The EMBO journal 30, 2719 (2011).
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Stephanos Pavlides

The Autophagic Tumor Stroma of Cancer Metabolism - A new model for cancer

Stephanos	Pavlides1-3,	Aristotelis	Tsirigos5,	Gemma	Migneco1,	Diana	Whitaker-Menezes1,	Barbara	Chia-
varina1,	Neal	Flomenberg4,	Philippe	G.	Frank1,	Mathew	C.	Casimiro1,	Chenguang	Wang4,	Richard	G.	
Pestell4,	Ubaldo	E.	Martinez-Outschoorn1,4,	Anthony	Howell3,	Federica	Sotgia1-3	and	Michael	P.	Lisanti1-4

1The	 Jefferson	 Stem	 Cell	 Biology	 and	 Regenerative	 Medicine	 Center,	 Philadelphia,	 PA.	
2Departments	 of	 Stem	Cell	Biology	&	Regenerative	Medicine,	Thomas	 Jefferson	University	
(TJU),	Philadelphia,	PA.	 3Manchester	Breast	Centre	&	Breakthrough	Breast	Cancer	Research	
Unit,	PICR,	UK.	4Medical	Oncology,	KCC,	TJU,	Philadelphia,	PA.	5IBM	T.J.	Watson	Research	
Center,	Yorktown	Heights,	NY.

A	loss	of	stromal	caveolin-1	(Cav-1)	in	the	tumor	fibroblast	compartment	is	associated	with	early	tumor	
recurrence,	lymph-	node	metastasis	and	tamoxifen-resistance,	resulting	in	poor	clinical	outcome	in	
breast	cancer	patients.	Here,	we	have	used	Cav-1	(-/-)	mice	as	a	pre-clinical	model	for	this	“lethal	tumor	
microenvironment”.	Metabolic	profiling	of	Cav-1	(-/-)	mammary	fat	pads	revealed	the	upregulation	of	
numerous	metabolites,	indicative	of	a	major	catabolic	phenotype.	Transcriptional	profiling	of	Cav-1	
(-/-)	stromal	cells	and	human	tumor	stroma	from	breast	cancer	patients	directly	supported	an	association	
with	oxidative	stress,	mitochondrial	dysfunction	and	autophagy	mitophagy,	as	well	as	ketone	produc-
tion.	Importantly,	induction	of	these	processes	in	the	tumor	stroma	provides	a	means	by	which	epithelial	
cancer	cells	can	directly	“feed	off”	of	stromal-derived	essential	nutrients	and	energy-rich	metabolites,	
driving	tumor	progression	and	metastasis.	Essentially,	aggressive	cancer	cells	are	“eating”	the	cancer-
associated	fibroblasts	in	the	tumor	microenvironment.	Lastly,	we	discuss	that	this	“Autophagic	Tumor	
Stroma	Model	of	Cancer”	provides	a	viable	solution	to	the	“Autophagy	paradox”	in	cancer	etiology	and	
chemo-therapy.
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Ross D. Hannan

Inhibition of RNA Polymerase I as a Therapeutic Strategy for Cancer-Specific 
Activation of p53

Megan	J.	Bywater1,2,	Gretchen	Poortinga1,3,	Elaine	Sanij1,4,	Nadine	Hein1,	Denis	Drygin6,	Kenna	
Anderes6,	Mustapha	Haddach6,	Michael	K.	Schwaebe6,	David	Ryckman6,	William	G.	Rice6,	Ricky		W.	
Johnstone1,4,	Richard	B.	Pearson1,2,8,	Grant	A.	McArthur1,3,9,#,	Ross	D.	Hannan1,2,8,#

1Division	of	Cancer	Research,	Peter	MacCallum	Cancer	Centre,	St	Andrews	Place,	East	Melbourne,	
Victoria,	Australia	
2Department	of	Biochemistry	and	Molecular	Biology,	University	of	Melbourne,	Parkville,	Victoria,	
Australia
3Department	of	Medicine,	St	Vincent’s	Hospital,	University	of	Melbourne,	Fitzroy,	Victoria,	Australia
4Department	of	Pathology,	University	of	Melbourne,	Parkville,	Victoria,	Australia	
6Cylene	Pharmaceuticals	Inc.,	5820	Nancy	Ridge	Drive,	Suite	200,	San	Diego,	CA	92121,	USA
7Department	of	Biochemistry	and	Molecular	Biology,	Monash	University,	Clayton,	Victoria,	Australia	
8Division	of	Cancer	Medicine,	Peter	MacCallum	Cancer	Centre,	St	Andrews	Place,	East	Melbourne,	
Victoria,	Australia

Increased transcription of rDNA by RNA Polymerase  I is a common feature of human cancer but it’s 
contribution to the malignant phenotype remains unclear. Here we have directly tested the  hypothesis 
that the transforming ability of MYC is dependent on its ability to regulate ribosome biogenesis (1, 2). 
To test this we have used knockout, RNAi and small molecule inhibitor approaches to manipulate Pol I 
transcription levels in mouse models of haematological malignancies and solid cancers. We demonstrated 
that RNAi mediated knockdown of rDNA transcription rates in a genetic model of spontaneous lymphoma 
(Em-Myc/+) to the levels observed in normal B cells selectively kills malignant cells. Unexpectedly, 
the induced apoptotic response was not an indirect consequence of insufficient levels of ribosomes but 
rather due to the immediate induction of a p53-dependent nucleolar stress response. Together, these data 
indicated that targeted inhibition of Pol I might be a therapeutic strategy to treat certain cancers. To test this 
concept, we collaborated with Cylene Pharmaceuticals to develop and test the world’s first small molecule 
inhibitors of Pol I as therapeutics for cancer (3). One such inhibitor, CX-5461 (4), induces a period of 
complete disease remission in mice transplanted with Em-Myc/+ lymphomas while maintaining a normal 
B-cell population. Importantly, doses of CX-5461 that therapeutically treat Em-MYC lymphoma cells in 
vivo, do not induce p53 or apoptotic cell death in normal B-cells demonstrating that its cell killing ability 
is highly selective for tumour cells and does not elicit a genotoxic response in normal B-cells. We have 
also directly compared CX-5461 to Nutlin-3A non-genotoxic activator of p53 and have demonstrated 
that depending on the cancer line, CX-5461 is 10-100 fold more potent in its anti-proliferative activity. 
Critically, these results demonstrate that selective inhibition of rDNA transcription can serve as a novel 
non genotoxic method or reactivating p53 and a therapeutic strategy for the treatment of cancer (3). These 
findings also dispel the established dogma that ribosome biogenesis is a “house-keeping process of equal 
importance to normal and diseased cells”. 

1. Poortinga G, et al  EMBO J (2004) 23:3325-35 
2. Chan JC, et al Science Signalling (in press) 
3. Drygin D et al Cancer Research 2011 Feb 15;71(4):1418-30. Epub 2010 Dec 15
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Lorenzo Montanero

JHDM1B DOWN-REGULATION STIMULATES RIBOSOME BIOGENESIS AND 
ACTIVATES A p53 AND SMAD-DEPENDENT GROWTH ARREST RESPONSE. 

Penzo M, Casoli L, Treré D, Derenzini M, Montanaro L.

Department of Experimental Pathology, Bologna University, Italy

The JmjC-domain-containing histone demethylase (JHDM) 1B is a nucleolar protein, known to 
repress the transcription of rDNA. In cancer derived cell lines, the lowering of JHDM1B levels 
has been associated with an increase in the rate of ribosome synthesis and faster proliferation. On 
the other side, in primary cells JHDM1B loss has been shown to induce a growth arrest response. 
To clarify the role of JHDM1B in regulating cell proliferation, we studied in vitro the effect of 
JHDM1B knock-down (KD) in a panel of breast epithelial cell lines. All JHDM1B KD cells 
showed an increase of ribosome biogenesis. This increase however was not followed by univocal 
effects in terms of cell proliferation. Indeed, in p53 wild-type (WT) cells JHDM1B KD hindered 
the growth of the cells, while a faster proliferation was observed in cells lacking p53. The role of 
p53 in determining the response to JHDM1B KD was also confirmed in isogenic cells differing 
only for p53 status. Surprisingly JHDM1B KD did not induce p53 accumulation or the activation 
of p53 transcriptional targets. The growth arrest response observed in p53 wild-type cells was 
instead due to the activation of a cooperative mechanism of transcriptional control involving 
p53 phosphorylation at ser 9 and the activation of the effectors of the TGF-beta transduction 
pathway, SMAD2 and SMAD3. Accordingly, in a series of human primary breast carcinomas, an 
inverse correlation between JHDM1B expression and ribosome biogenesis was observed only in 
p53-mutated tumors. Altogether our data indicate that abnormal JHDM1B-mediated epigenetic 
activation of rDNA genes elicit growth arrest involving the joint activation of p53 and TGF-beta 
pathways, but may promote cancer cell growth when p53 is lacking.
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Helen J. Whalley

The Role and Regulation of Tiam1-Rac signaling in mitosis. 

Whalley HJ1, Woodcock SA1, Castañeda-Saucedo E1, Myant K2, White GR1, Blyth K2, 
Sansom OJ2, Malliri A1.

1Cell	Signalling	Group,	Cancer	Research	UK	Paterson	Institute	for	Cancer	Research,	The	University	of	
Manchester,	Manchester,	M20	4BX,	UK
2Colorectal	Cancer	and	Wnt	Signalling	Group,	Cancer	Research	UK	Beatson	Institute	for	Cancer	Re-
search,	Garscube	Estate,	Switchback	Road,	Bearsden,	Glasgow,	G61	1BD,	UK

Centrosome separation in vertebrates is critical for bipolar spindle formation and subsequent 
chromosome segregation during mitosis. Incorrect chromosome segregation can lead to 
chromosomal instability (CIN) which is a hallmark of tumourigenesis. Kinesin-5 (Eg5), a 
microtubule motor, pushes centrosomes apart during bipolar spindle assembly; its suppression 
results in monopolar spindles and mitotic arrest. We have previously identified Tiam1 and 
its substrate, the Rac GTPase, as the first signalling module to counteract the force of Eg5 in 
prophase(1). Importantly, we demonstrated that the balance of forces produced by Tiam1/Rac and 
Eg5 is required for subsequent bipolar spindle assembly and correct chromosome alignment(1). 
These findings have important implications for cancer therapy, as tumour cells which have down-
regulated Tiam1 could become resistant to a new class of cancer therapeutics which target Eg5. 
The mechanism by which Tiam1 and Rac influence centrosome separation in mitosis is therefore 
of significant interest. We have recently discovered that Tiam1 is phosphorylated by CDK1/
cyclin B on serine 1466 specifically in mitosis. Mutation of this site to alanine does not affect 
Tiam1 localisation to the centrosomes, or its ability to activate Rac. However, the S1466A form 
of Tiam1 (in contrast to WT Tiam1) is unable to rescue the defects in centrosome separation and 
chromosome congression seen on Tiam1 depletion. This strongly implicates phosphorylation 
of this site as an essential step in regulating the function of Tiam1/Rac signalling in regulating 
centrosome separation and bipolar spindle assembly. Current work is focused on identifying 
mitotic interacting partners which specifically bind Tiam1 which has been phosphorylated on 
serine 1466. This will not only further our understanding of the important process of centrosome 
regulation in mitosis, but may have important implications for cancer therapy.

1.	Woodcock	et	al.	(2010)	Curr	Biol.	20(7):669-75
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Alberto Gandarillas

Cyclin E switches keratinocyte growth into differentiation.

Ana	Freije1,	Laura	Ceballos1,	Ernesto	De	Diego3	and	Alberto	Gandarillas1,2.

1,	Cell	Cycle,	Stem	Cell	Decision	and	Cancer	Laboratory.	FMDV-IFIMAV. Molecular	Biology	Depart-
ment	of	Universidad	de	Cantabria.	Santander,	Spain.	
2,	Languedoc-Roussillon,	34394	Montpellier,	France. 
4,	Cirugía	Pediátrica,	Hospital	Universitario	Marqués	de	Valdecilla	(HUMV),	Santander,	Spain. 

Human	epidermis	is	continuously	exposed	to	environmental	mutagenic	hazard	and	is	the	most	
frequent	 target	 for	 human	 cancer.	 It	 is	 unclear	 how	 epidermis	 coordinates	 proliferation	with	
differentiation	 to	maintain	 tissue	structure	even	upon	hyperproliferative	stimuli.	For	 instance,	
overactivation	of	 the	protoncogene	MYC	in	keratinocytes	stimulates	differentiation.	Here	we	
shall	 show	 the	cell	 cycle	 regulation	as	proliferating	human	keratinocytes	commit	 to	 terminal	
differentiation	with	or	without	overactivation	of	MYC.	The	S	phase	of	the	cell	cycle	deregulates	
while	mitotic	regulators	are	inhibited	in	the	onset	of	differentiation.	Inhibition	of	mitotic	kinases	
cdk1	or	kinases	of	the	mitosis	spindle	checkpoint	Aurora	B	or	Polo-like	triggered	keratinocyte	
terminal	differentiation.	Furthermore,	hyperactivation	of	 the	cell	 cycle	by	overexpressing	 the	
DNA	 replication	 regulator	 Cyclin	 E	 induced	 mitosis	 failure	 and	 differentiation	 and	 caused	
accumulation	of	DNA	damage	and	p53.	The	 results	 provide	novel	 clues	 for	 the	mechanisms	
controlling	keratinocyte	proliferation,	with	implications	for	tissue	homeostasis	and	tumorigenesis.
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The PHLPP phosphatases regulate formation of the preautophagosomal structure 
through modulation of the Vps34/Beclin 1 complex

Hilde Abrahamsen1,2, Helene Knævelsrud3, Antonia Sagona1,2, Kristi G. Backe1,2, Kay O. 
Schink1,2 , Anne Simonsen3, Alexandra C. Newton4, Harald A. Stenmark1,2. 

1: Dept. of Biochemistry, Institute for Cancer Research, The Norwegian Radium Hospital, Oslo Univer-
sity Hospital, Montebello, Norway. 2: Centre for Cancer Biomedicine, Faculty of Medicine, University 
of Oslo, Montebello, N-0310 Oslo, Norway. 3: Institute of Basic Medical Sciences, University of Oslo, 
Norway. 4: Dept. of University of San Diego California, United States.

Vps34‚ Beclin1 and p150/Vps15 makes up the core components of the class III PI3K (PI3KC3) complex 
and are all necessary for the Vps34 kinase activity and generation of phosphatidylinositol 3-phosphate 
(PI3P) on membranes. Vps34 is a lipid kinase and acts as the catalytic subunit of the PI3KC3 complex. 
The kinase is positively regulated by the presence of Vps15 as well as Belcin 1. Beclin 1, a haploinsuf-
ficeint tumor-suppressor gene, is found monoallelically deleted in several cancer types, arguing an im-
portant role for PI3KC3 in normal cell homeostasis. Indeed, PI3KC3 play an important role in cellular 
processes such as endocytic trafficking, autophagy and cytokinesis. Here, we show that the PHLPP phos-
phatases interact with PI3KC3 and modulate the production of PI3P at the preautophagosomal structure 
by controlling the interaction between Beclin 1 and its associated molecules. Specifically, PHLPP regu-
lates the association between Beclin 1 and its negative regulator Bcl2 and through this, processes such as 
autophagy which requires Vps34 generated PI3P. Our results suggest that PHLPP is a novel regulatory 
component of the Vps34/Beclin 1 complex. 

11
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Clinical study by the Dutch Association of Pulmonologist (NVALT) investigating early im-
mune tumor interplay during chemotherapy in stage IV non-squamous NSCLC patients

M.Heuvers, F.Muskens, M. Lambers, R. Cornelissen, F.Ahsan, A. Dingemans, H. Groen, E. Smit, H. 
Hoogsteden, J.Hegmans, J.Aerts 

Affiliation	:	Department	of	Pulmonary	Medicine,	Erasmus	Medical	Center,	Rotterdam	The	Netherlands	
and	on	behalf	of		NVALT	study	group.

Background	:		Bevacizumab	and	carboplatin-paclitaxel	combination	chemotherapy	(bevCaTAX)	impro-
ves	overall	survival	in	patients	with	stage	IV	non-squamous	non-small	cell	lung	cancer	(NSCLC).	Nitric	
oxide	(NO)	donating	drugs,	like	nitroglyserin	(NTG)	increases	tumor	blood	flow	and	may	therefore	
augment	antitumor	drug	delivery.	The	immune	system	has	an	important	role	in	carcinogenesis,	tu-
mor	progression	and	the	response	to	treatment.	However,	different	immunological	cell	typescan	have	
controversial	effects.	Here	we	would	like	to	focus	on	myeloid-derived	suppressor	cells	(MDSCs).	MDSCs	
are	a	heterogenous	population	of	immature	myeloid	cells	and	myeloid	progenitor	cells,	that	are	able	to	
suppress	features	of	immune	responses,	like	T-cell	proliferation	and	cytokine	production.
Objectives:	We	aim	to	determine	the	effect	of	bevCaTAX	chemotherapy	with	or	without	NTG	patch	on	
immune	regulatory	cells	(MDSCs)	in	the	blood	of	stage	IV	NSCLC	patients	and	to	appoint	whether	these	
cells	have	a	predictive	value	for	the	response	to	treatment.
Methods	:	A	randomized	multi-center	open	label	phase	II	study	investigating	bevCaTAX	±	NTG	patches	
in	patients	with	stage	IV	non-squamous	NSCLC	(“NVALT	12”)	is	open	for	accrual.	Expected	enrolment	is	
222	patients.	In	this	pilot	study,	we	reported	40	patients.	Blood	samples	are	taken	before	the	start	of	
chemotherapy	(week	0),	in	week	3	(one	cycle)	and	week	6	(two	cycles).	All	patients	undergo	a	FDG-PET	
scan	in	week	3	and	a	CT	scan	in	week	6.
Results	:		Polymorphonuclear	(PMN)	typed	MDSC	s	were	significantly	lower	in	healthy	control	than	
in	patients	(p=0.0002).		The	baseline	value		of	MDSCs	is	lower	than	5000	cells/ml	blood.	In	addition,	
there	was	no	significant	difference	on	MDSCs	baseline	between	patients	with	or		without	NTG	patch	
(p=0.7728).	However,	there	was	lower	amount	of	PMN-MDSCs	population	after	treatment	in	NTG	
patched	group	than	the	unpatched	group.	After	treatment,	the	percentage	of	MDSCs	was	variantly	
decreased	in	both	groups.	
Conclusion	:	The	increase	amount	of	MDSC	was	observed	betwen	patients	vs	control	group	and	
between	patients	at	the	start	of	treatment	vs	after	treatment.	This	may	indicate	that	MDSC	as	immune	
regulatory	cells	in	the	peripheral	blood	contribute	as	predictive	factor	in	treatment	of	NSCLC	patients.				

12
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Asymmetric segregation in fission yeast?

Silje Anda, Erik Boye and Beata Grallert

Department of Cell Biology, Institute for Cancer Research, the Norwegian Radium Hospital, 
Oslo University Hospital, 0310 Montebello, Oslo, Norway

Asymmetry plays a key role in both uni- and multi-cellular organisms, establishing a wide 
range of features, from uneven distribution of ageing factors between mother and daughter 
cells in S. cerevisiae to the establishment of separate cell lineages during development in multi-
cellular organisms. The molecular determinants of asymmetry in most cases remain obscure.
In S.pombe cell division has traditionally been envisaged to be symmetrical, where one mother 
cell distributes the cellular components more or less evenly between the two daughters. How-
ever, there are also examples of asymmetry in this organism, including the pattern of mating 
type switching, different growth patterns between the two cell ends and the asymmetry of the 
spindle pole body (SPB). Furthermore, there is an inherent asymmetry arising due to semicon-
servative DNA replication.
We have set out to investigate whether there is a correlation between certain asymmetric fea-
tures in fission yeast.
We have designed a system which enables us to follow cell division over two generations. A 
double-labelling technique using thymidine analogues allows us to specifically label the DNA 
made in each S phase, making it possible to distinguish old from new DNA strands. We have 
shown that when the cells are followed for two generations, the sister chromatids are distribut-
ed randomly between the mother (old) and daughter (new) cells. Our interest now lies in inves-
tigating whether there is a possible correlation between the segregation of DNA and the asym-
metry of the SPB. Currently we are constructing tagged versions of SPB proteins, enabling us 
to study the relationship between the age of the DNA and of the SPB. 

13
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Base Excision Repair and Mismatch Repair Efficacy in Lymphocytes as Prognostic 
Markers for Melanoma Patients.

Dmitry Artamonov#, Victor Tronov* and Lora Gorbacheva#

#Emanuel Institute of Biochemical Physics, Russian Academy of Sciences, Moscow, 119334 
Russia;
*Semenov Institute of Chemical Physics, Russian Academy of Sciences, Moscow, 119991 Russia
 
Background: Melanoma is characterized by primary or acquired resistance to multiple cytotoxic 
drugs. Alkylating agents are considered to be the most active drugs for the treatment of this 
cancer, with a response rate of 15-20%. It is the urgent aim to predict the response of patients to 
chemotherapy using non-invasive molecular markers.
Methods: We investigated the response to standard chemotherapy (dacarbazine, lomustine, 
cisplatin) of blood lymphocytes of patients suffering with melanoma. DNA single and double 
strand (ss- and ds) breaks were determined using comet assay; intracellular levels of marker 
proteins (APE1, hMSH2, hMLH1) were detected using immunocytochemistry. This set of 
parameters allows to characterize two mechanisms of DNA repair (base excision repair, BER 
and mismatch repair, MMR) which together with apoptosis proneness underlie response of 
tumor cells to chemotherapy.
Results: We found AP sites and single strand breaks to be the most numerous lesions produced 
by N-methylated bases in response to chemotherapy. Single strand breaks were formed as 
intermediates and eliminated through the course of repair of AP sites by BER mechanism. Less 
abundant but highly cytotoxic DNA lesion O6-methylguanine (O6mG) induced apoptosis in 
stimulated lymphocytes. Cell death caused by O6mG adducts is promoted by MMR system only 
in proliferating cells by inducing unrepaired double strand breaks in DNA. There was a linear 
correlation between the level of secondary dsDNA breaks in lymphocytes after the 1-st cycle 
of chemotherapy and MMR efficacy in them (R2=0.89, p<0.0001). We observed a correlation 
between the level of dsDNA damage after the 1-st cycle of therapy and the response of patients 
to the full course of chemotherapy: lymphocytes of patients exhibiting stable and progressive 
disease contained less dsDNA damage (less effective MMR) compared with lymphocytes of 
patients exhibiting partial remission.
Conclusion: Damage at the level of ssDNA (AP-sites and single strand breaks) and BER 
mechanism associated with it couldn’t be a good prognostic factor of this protocol of chemotherapy. 
The proliferative index of stimulated lymphocytes and the efficacy of MMR in them were found 
to be predictive of overall clinical response to the treatment.

14
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Function of the oncogenic tyrosine kinase substrate adaptor proteins Tks4 and 
Tks5 in cell division 

Coen Campsteijn1,2, Harald Stenmark1,2, Hilde Abrahamsen1,2,* & Camilla Raiborg1,2,*

1:	Dept.	of	Biochemistry,	Institute	for	Cancer	Research,	the	Norwegian	Radium	Hospital,	
Oslo	University	Hospital,	Montebello,	Norway.	2:	Centre	for	Cancer	Biomedicine,	Faculty	of	
Medicine,	University	of	Oslo,	Montebello,	N-0310	Oslo,	Norway.	*:	These	authors	contributed	
equally	to	this	work

Cancer	cells	typically	display	chromosomal	instability	and	aneuploidy	often	found	associated	
with	centrosome	amplification	and	initial	whole	genome	duplication	(polyploidization),	due	to	
mitotic	failure.	As	centrosome	and	chromosome	numerical	aberrations	are	causally	involved	in	
the	malignant	transformation,	a	properly	controlled	mitosis	followed	by	complete	cytokinesis	
is	an	absolute	requirement	to	prevent	tumourigenesis.	Recently,	we	have	found	that	phospha-
tidylinositol	3-phosphate	(PI(3)P)	controls	cytokinesis,	shedding	new	light	on	fundamental	
studies	firmly	implicating	the	cytosolic	class	III	PI(3)-kinase	complex	and	its	lipid	product	
PI(3)P	in	tumourigenesis.	In	addition,	we	have	performed	an	siRNA	screen	focusing	on	mitotic	
and	cytokinesis	defects	upon	inactivation	of	PI(3)P-binding	proteins,	which	highlighted	novel	
roles	for	the	oncogenic	tyrosine	kinase	substrate	adaptor	proteins	Tks4	and	Tks5	during	cytoki-
nesis.	Additional	observations	have	further	implicated	these	proteins	in	mitosis	and	cytokinesis.	
Although	no	role	in	cell	division	has	previously	been	described,	Tks4	and	Tks5	are	known	to	
control	Src-dependent	formation	of	invadopodia,	actin-rich	adhesive	membrane	protrusions	
controlling	invasiveness	of	human	cancers.	We	are	currently	dissecting	the	mechanistic	nature	
of	Tks4	and	Tks5	function	during	cell	division,	aiming	to	unravel	the	intriguing	connection	of	
cell	division	and	invadopodia	formation	during	progression	of	oncogenic	transformation.

15
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Human papillomavirus, p16, p53, cyclinD1, and EGFR status of basaloid squa-
mous cell carcinoma of the head and neck

Kyung-Ja	Cho,	Jong-Lyel	Roh1,	Seung-Ho	Choi1,	Soon	Yuhl	Nam1,	Sang	Yoon	Kim1,	Sung	Bae	
Kim2,	Sang-wook	Lee3

Departments	of	Pathology,	1Head	and	Neck	Surgery,	2Medical	Oncology,	3Radiation	Oncology,	
University	of	Ulsan	College	of	Medicine,	Asan	Medical	Center,	Seoul,	Korea

Recent	interest	on	human	papillomavirus	(HPV)	of	the	upper	aerodigestive	tract	has	produced	
variable	results.	Association	of	HPV16	with	oropharyngeal	site,	young	age,	non-smokers,	
better	prognosis,	and	poorly	differentiated,	nonkeratinizing,	or	basaloid	morphology	has	been	
described.	Basaloid	squamous	cell	carcinoma	(BSCC)	is	an	uncommon	variant	of	squamous	
cell	carcinoma	(SCC),	usually	occurring	in	the	supraglottis,	pyriform	sinus,	tongue	base,	and	
esophagus.	The	morphology	of	BSCC	is	quite	characteristic,	and	may	show	divergent	differ-
entiation	into	various	non-basaloid,	epithelial	or	mesenchymal	elements	suggesting	participa-
tion	of	more	pluripotential	cells	than	conventional	SCC.	The	relationship	between	BSCC	and	
HPV	is	uncertain	for	the	present,	when	the	location	is	disregarded.	We	performed	HPV	in	situ	
hybridization	using	INFORM	HPV	II	Family	16	Probe	(Ventana,	USA)	on	26	BSCCs	(10	
hypopharynx,	5	larynx,	5	oropharynx,	2	sinonasal	tract,	1	nasopharynx,	1	oral	cavity,	1	external	
auditory	canal,	and	1	submandibular	gland),	along	with	immunohistochemical	study	for	p16,	
p53,	cyclinD1,	and	EGFR.	Three	cases	(11.5%)	were	HPV-positive,	and	were	from	two	ton-
sils	and	one	nasal	cavity.	HPV	typing	using	DNA	chip	(GoodGene,	Korea)	was	rerun	on	these	
cases,	and	type	16	was	confirmed	in	all	cases.	p16,	p53,	cyclinD1,	and	EGFR	were	positive	
in	4	(15.4%),	9	(34.6%),	18	(69.2%),	and	16	(61.5%)	cases,	respectively.	All	HPV16-positive	
cases	were	p16(+),	p53(-),	and	cyclinD1(-).	One	case	showed	EGFR	overexpression.	Our	re-
sults	indicated	that	BSCC	is	a	heterogeneous	group,	of	which	association	with	HPV	is	not	very	
strong..	Relationships	between	cell	cycle-related	proteins	suggested	cell	cycle	deregulation	by	
HPV	via	p53	and	Rb	inactivation.	High	percentage	of	EGFR	overexpression	encourages	further	
study	for	mutation,	to	find	an	eligibility	for	EGFR-targeted	treatment	of	BSCC.
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The breast tumor morphological heterogeneity and cancer progression

Marina Zavyalova1,2, Vladimir Perelmuter1,2, Sergey Vtorushin1,2, Evgeny Denisov1, 
Nicolay Litviakov1, Elena Slonimskaya1, Nadezhda Cherdyntseva1

1Cancer Research Institute, Tomsk, Russian Federation
2Siberian State Medical University, Tomsk, Russian Federation

The purpose of the present study was to demonstrate the primary tumor morphological 
heterogeneity in invasive ductal breast carcinoma (IDBC), NOS (not otherwise specified) and its 
association with tumor progression. The morphological heterogeneity and the status of regional 
lymph nodes were studied on routine haematoxylin and eosin sections in a consecutive series of 
410 women with primary operable unicentric IDBC (T1-3N0-3M0). Morphological analysis showed 
the presence of different morphological types of infiltrating component in tumors. In particular, 
we determined not only the tubular structures widely used in histological grading of BC, but also 
trabecular, solid-like, alveolar-like, and discrete groups of tumor cells displaying architectural 
arrangement within the primary tumors. Tubular structures are presented by rows of tiny tube-
shaped cell aggregations. Solid structures represent groups consisting of numerous hundreds of 
cells of different size and shape. Trabecular structures are formed by two or more rows of cells 
located within the stroma. Alveolar-like structures are not large in size (25-40 cells) and possess 
a round-like shape. Discrete groups of tumor cells are detected as single cells or as groups of 
up to 5 cells. With respect to tumor progression, a menstrual-depending association was found 
between the frequency of lymph node involvement and the presence of alveolar structures in 
the tumor. In effect, the frequency of postmenopausal positive lymph nodes was 74% and 32% 
respectively, related to presence or absence of alveolar structures (p<0.00001). In premenopausal 
women, the frequency of lymphogenic metastasis was 51% in cases with alveolar structures 
and 32% in cases possessing no such morphological structures (p=0.02). Further genetic study 
is needed to discover markers responsible for formation of morphological structures in tumor; 
however, our preliminary observations are already available and will be reported in detail in 
poster presentation.
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Identification of novel driver mutations in non-small cell lung cancer using a siR-
NA screening platform

Shameem Fawdar, Eleanor Wendy Trotter, John Brognard.

Signalling	Networks	in	Cancer,	Paterson	Institute	for	Cancer	Research,	University	of	Manches-
ter,	Wilmslow	Road,	M20	4BX,	UK.

Non-small	cell	lung	cancer	(NSCLC)	accounts	for	80-85%	of	lung	cancer	cases	and	has	a	
5-year	survival	rate	of	less	than	15%.		Current	treatment	options	include	surgery,	platinum	
based	chemotherapies	and	radiotherapy	but	for	the	most	part	these	therapies	remain	unsuccess-
ful.		The	emergence	of	new	therapeutic	targets	based	on	cancer	genomic	sequencing	studies	
has	provided	new	hope	for	this	traditionally	untreatable	form	of	cancer.		For	example	Tyrosine	
Kinase	Inhibitors	such	as	Erlotinib	that	target	mutationally	activated	EGFR	and	ALK	inhibitors	
(Crizotinib)	targeting	the	EML4-ALK	fusion	protein	are	showing	unprecedented	response	rates	
in	patients	in	the	clinic	with	these	genetic	aberrations	and	demonstrate	the	potential	of	targeted	
therapeutics.		However,	only	a	subset	of	NSCLC	cases	harbour	mutations	in	EGFR	or	have	
EML4-ALK	translocations	(totalling	approximately	15%)	and	continued	efforts	are	needed	to	
identify	new	mutationally	activated	enzymes	that	can	be	targeted	therapeutically.		To	this	end	
we	have	employed	a	targeted	siRNA	approach	to	knockdown	all	somatically	mutated	genes	
identified	in	6	different	NSCLC	cell	lines	(Catalogue	of	Somatic	Mutations	in	Cancer	(COS-
MIC)	database:	www.sanger.ac.uk/genetics/CGP/cosmic/).	We	anticipate	there	will	be	gain-of-
function	mutations	in	a	subset	of	these	somatically	mutated	genes	that	will	confer	a	survival	
advantage	to	these	cancer	cells.		Depletion	of	these	essential	driver	genes	will	lead	to	decreased	
cell	proliferation	(assessed	by	BrdU	incorporation)	and/or	increased	apoptosis	(assessed	by	
Caspase	3/7	activity).		Prior	to	screening	of	the	different	cell	lines,	optimisation	was	performed	
to	determine	the	conditions	for	maximal	transfection	efficiency	with	minimal	cytotoxicity.		A	
panel	of	transfection	reagents	were	tested	against	the	different	cell	lines	using	Cyclophilin	B	as	
a	positive	control	at	the	protein	level.		The	screening	was	carried	out	in	a	96-well	format	and	
the	cells	were	reverse	transfected	on	the	basis	of	one	well	one	target.		Each	gene	was	targeted	
with	a	mix	of	four	sequences	(Smartpool)	and	assayed	72	hours	post-transfection.		Preliminary	
data	suggest	the	involvement	of	Tankyrase	2	in	conferring	a	growth	and	survival	advantage	
in	NSCLC.		Future	work	aims	to	establish	additional	novel	drivers,	which	can	be	targeted	by	
inhibitory	compounds	to	reduce	tumour	growth.
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The stability of ongoing replication forks may be challenged by the initiation of 
new forks in rapidly growing E. coli cells

Solveig Fossum-Raunehaug, Torsten Waldminghaus, Ingvild Odsbu, Caroline Stokke, 
Ingvild Flåtten, Emily Helgesen, Ida B. Pedersen and Kirsten Skarstad

Department of Cell Biology, Institute for Cancer Research, Radiumhospitalet, Oslo University 
Hospital, Oslo, Norway

Recently it has become clear that collapsed replication forks are one of the main causes of 
genome instability and also a key factor in the development of cancer. Since the biochemistry 
of DNA replication is basically the same across all domains of life it is possible to study the 
complicated details of protein and DNA interactions at the replication fork in simple systems 
and still acquire knowledge relevant to human disease. Here we report details on the relation-
ship between ongoing replication and the start of new replication forks in the bacterium Es-
cherichia coli. As in most other organisms, DNA replication in E. coli is tightly regulated, so 
that no origins fire more than once per cell cycle. Re-initiation is prevented by the SeqA pro-
tein which binds specifically to newly replicated DNA of already initiated origins for a certain 
period of time called the sequestration period. The bulk of SeqA protein in the cell is, however, 
not bound to origin DNA, but forms a dynamic structure at new DNA immediately behind the 
replication forks and possibly acts in protection against replication fork collapse. Soon after 
initiation of replication, rapidly growing E.coli cells have six replication forks on each circular 
chromosome; two old forks that have replicated more than half the chromosome and four new 
forks near the origins. We find by live-cell imaging of fluorescently tagged protein, that SeqA 
protein bound to new DNA forms a distinct structure at the time of initiation. Although the 
structure must be dynamic since it follows the most newly synthesized DNA it appears relative-
ly immobile in the cell. The immobility of the structure lasts for a period of time corresponding 
to the sequestration period. Then, a reorganization event takes place resulting in the release of 
origins from sequestration and the loss of SeqA protein from old replication forks.
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Cindr interacts with Anillin to control cytokinesis in Drosophila melanogaster

Kaisa Haglund1,2, Ioannis P. Nezis1,2, Åsmund H. Eikenes1,2, Dafne Lemus1,2, Jørgen Wesche1,2, 
Knut Liestøl1, Harald Stenmark1,2

1Centre for Cancer Biomedicine, Faculty of Medicine, University of Oslo, N-0310 Oslo, 
Norway
2Department of Biochemistry, Institute for Cancer Research, Oslo University Hospital, N-0310 
Oslo, Norway

Cytokinesis, the final step of cell division, normally proceeds to completion so that the two 
daughter cells physically separate by abscission. In certain tissues and developmental stages, 
on the other hand, the cytokinesis process is incomplete, giving rise to daughter cells intercon-
nected in syncytia by stable intercellular bridges (ICBs). This process occurs in the female and 
male germline in species ranging from insects to humans as well as in certain somatic epithelia 
in insects. The mechanisms that determine complete versus incomplete cytokinesis are however 
not known, and very few stable ICB constituents have been discovered to date. We have identi-
fied a novel in vivo role of the Drosophila CD2AP/CIN85 orthologue Cindr in the regulation 
of both complete and incomplete cytokinesis. In particular, Cindr is a component of forming 
stable ICBs in the female germline and of somatic stable ICBs in follicle cell and imaginal disc 
epithelia. In these tissues, Cindr co-localizes with the essential cytokinesis regulator and stable 
ICB component Anillin. Importantly, Cindr interacts with Anillin and depletion of either Cindr 
or Anillin gives rise to binucleate cells in a model for incomplete cytokinesis in vivo. We propose 
that Cindr and Anillin cooperate to stabilize ICBs during incomplete cytokinesis. Our continued 
investigation aims at elucidating molecular mechanisms by which Cindr and associated com-
plexes may control complete versus incomplete cytokinesis during Drosophila development and 
to gain novel insight into biological functions of incomplete cytokinesis in vivo.

20



	 	 POSTER ABSTRACTS

50

Poster

	 	 POSTER ABSTRACTS

Integrating exon array and RNA-seq data indicates alternative splicing of a puta-
tive ERG target gene, TDRD1, in prostate cancer

Itkonen HM1, Guldvik I1, Vodak D2, Worren MM3, Mills IG1

1University	of	Oslo,	Centre	for	Molecular	Medicine	Norway,	Oslo,	Norway
2Oslo	University	Hospital,	Bioinformatics	Core	Facility,	Institute	of	Medical	Informatics	Oslo,	
Norway
	3University	of	Oslo,	Bioinformatics	Core	Facility,	Department	of	Informatics,	Oslo,	Norway

Cancer	is	a	disease	driven	by	an	altered	gene	expression	pattern.	An	important	genetic	aber-
ration	in	prostate	cancer	is	a	gene	fusion	between	the	regulatory	region	of	a	prostate-specific	
gene,	TMPRSS2,	and	the	gene	encoding	the	ERG	transcription	factor.	The	fusion	results	in	a	
significant	increase	in	ERG	expression	and	a	loss	of	TMPRSS2	expression.	In	this	study	we	
have	sought	to	identify	the	genes	that	are	co-expressed	with	the	fusion	in	clinical	samples.	
Furthermore,	we	have	confirmed	the	altered	exon	expression	of	one	of	these	genes	with	a	pub-
lished	RNA-seq	dataset.

We	have	made	use	of	a	publicly	available	prostate	cancer	dataset	consisting	of	27	patients	to	
define	a	co-expression	profile	for	TMRSS2-ERG.	In	this	study,	prostates	were	sliced	into	thin	
sections	and	analyzed	histopathologically	to	pick	up	the	cancer	focis	to	be	analyzed	in	exon	
microarrays.	Approach	enables	identification	of	malignant	focis	within	the	gland,	giving	a	
potential	to	infer	the	multifocal	and	heterogenic	nature	of	prostate	cancer.	We	used	commercial	
software	(Partek)	to	re-analyze	this	dataset.	Samples	were	first	grouped	to	ERG	up-regulating	
cases.	Approximately	50%	of	cases	expressed	high	levels	of	ERG,	comparable	to	the	reported	
incidence	of	the	fusion.	The	three	most	significantly	co-expressed	transcripts	were	ERG,	
TDRD1	and	KCNH8.	TDRD1	seemed	interesting,	as	it	was	also	alternatively	spliced.

To	perform	a	more	detailed	analysis	of	TDRD1	exon	expression,	we	utilized	a	published	RNA-
seq	dataset	consisting	of	20	prostate	cancer	samples	and	10	matched	normal.	They	reported	
chimeric	transcripts,	while	we	wanted	to	ask	if	the	exons	of	TDRD1	were	alternatively	ex-
pressed.	In	order	to	do	that,	we	re-analyzed	the	whole	dataset	by	comparing	cancer	samples	to	
normals.	We	found	that	some	of	the	exons	were	expressed	60	times	more	in	cancer	samples,	
which	further	supports	altered	exon	expression.	We	aim	to	validate	the	exon	expression	pattern	
in	clinical	material.
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Androgen regulated HN1 leads proteosomal degradation of Androgen Receptor 
(AR) and negatively influences AR mediated transactivation in prostate cells 

Lokman Varisli1, Ceren Gonen-Korkmaz2, Hamid Muhammad Syed1, Bilge Debelec-Butuner1, 
Burcu Erbaykent-Tepedelen1, and Kemal Sami Korkmaz1,4

Ege University, 1Faculty of Engineering, Department of Bioengineering, Cancer Biology Labo-
ratory, and 2Faculty of Pharmacy, Department of Pharmacology, Bornova, Izmir, Turkey. 

Previously, we have shown that HN1 is an EGF regulated gene and involves in AKT-GSK3B-
B-catenin signaling in a PI3K dependent manner (Varisli et al., 2011). Further, β-catenin and 
pAkt(S473) localizations were found altered in addition to cell morphology, with consistent mi-
cro- or multi-nuclei formations when HN1 was silenced in PC-3 cells. Consistently, cytoplasmic 
β-Catenin expression increased but not at the adherent junctions (AJ).
Here, we report that the HN1 is a hormone-regulated gene with a profound role on androgen 
receptor signaling in LNCaP cells. We have shown that R1881, estrogen and dexamethasone 
treatments upregulates the HN1 transcription, and pol II inhibitor actinomycine D abrogates the 
increase, which signifies that the HN1 gene is transcriptionally regulated by androgens in LNCaP 
cells. Our reporter studies confirm that HN1 promoter responds to androgen in LNCaP cells and 
in PC-3 cells with ectopic AR expression via its two putative ARE sites but not to estrogens in es-
trogen receptor positive MCF-7 cells. Knockdown of HN1 resulted an increase in AR expression 
as well as Akt phosphorylation, which subsequently resulted ligand independent transactivation 
of AR. Furthermore, HN1 led an increase in cytoplasmic retention as well as ubiquitination-
mediated degradation of AR that subsequently resulted downregulation of AR regulated genes, 
which was restored using PI3K kinase inhibitor LY294002 in LNCaP cells. It was also evidenced 
that HN1 suppressed colony formation in LNCaP while increased in PC-3 and DU145 cells. 
Therefore, we propose that HN1 is an important regulator of AR and AR mediated signaling, and 
its expression is regulated by androgen receptor in LNCaP cells.
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The PP1 nuclear targeting subunit PNUTS is a new component of the DNA damage 
response

Helga B. Landsverk1, Ole J. B. Landsverk2, Delphine Chamousset3, Oddmund Bakke2, 
Philippe Collas4, Laura Trinkle-Mulcahy3, Thomas Küntziger4, Randi G. Syljuåsen1

1. Department of Radiation Biology, Institute for Cancer Research, Norwegian Radium Hos-
pital, Oslo University Hospital. 2. Department of Molecular  Biosciences, Centre for Immune 
Regulation, University of Oslo. 3. Department of Cellular and Molecular Medicine, Faculty of 
Medicine, University of Ottawa. 4. Department of Biochemistry, Institute of Basic Medical Sci-
ences, University of Oslo

The DNA damage response is a collective term for the intracellular responses, including signal-
ing and repair pathways, that occur after DNA double stranded breaks. Protein phosphatase 1 
(PP1) is a serine/threonine phosphatase involved in the DNA damage response. As PP1 is com-
posed of a catalytic and a regulatory subunit, and it is the regulatory subunit that is responsible 
for determining subcellular targeting and substrate specificity, it is of great interest to identify 
novel regulatory subunits involved in these pathways. PNUTS (PPP1R10, p99, CAT53) is a 
nuclear targeting subunit of PP1 that responds to stress such as hypoxia and chemotherapeutics, 
however involvement in the DNA damage response has previously not been shown. In this work 
we addressed this by examining the effects PNUTS siRNA-mediated depletion or overexpres-
sion on the G2 checkpoint and on DNA repair following DNA damage induced by ionizing 
radiation (IR). Depletion of PNUTS enhanced G2 arrest 24 hrs after IR and lead to prolonged 
activation of Chk1 and RPA, suggesting PNUTS negatively affects the G2 checkpoint. Consis-
tently, overexpression using PNUTS-EGFP showed a reduced G2 arrest 20 hrs after IR. PNUTS 
depleted cells also showed prolonged gH2AX and 53BP1 foci, which mark areas of DSBs in the 
nucleus, indicating that PNUTS may regulate DSB repair. Supporting this, clonogenic survival 
was decreased in PNUTS depleted cells. Using live cell imaging, we observed rapid recruitment 
of PNUTS-EGFP to sites of DNA damage. We are currently performing stable isotope labeling 
of amino acids in cell culture (SILAC) immunoprecipitation in the absence and presence of IR 
followed by mass spectroscopy to identify novel PNUTS interaction partners involved in the 
DNA damage response. 
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The integrated stress response protein GCN2 regulates cell proliferation through 
p21 in response to nutrient deprivation

Stacey	L.	Lehman,	Jiangbin	Ye,	and	Constantinos	Koumenis

Department	of	Radiation	Oncology,	University	of	Pennsylvania	School	of	Medicine,	Philadel-
phia,	PA	

The tumor microenvironment is often characterized by deficiencies in nutrients, such as oxy-
gen, glucose, and amino acids.  Activation of the nutrient-sensing kinase GCN2, which con-
stitutes an arm of the integrated stress response (ISR), is one mechanism by which tumor cells 
cope with and adapt to nutrient stress. GCN2 phosphorylates the alpha subunit of the eukaryot-
ic translation initiation factor eIF2, leading to global downregulation of translation to conserve 
amino acids and initiation of a transcriptional program through ATF4 to promote recovery from 
nutrient deprivation. Loss of GCN2 results in decreased tumor cell survival in vitro under con-
ditions of amino acid deprivation and attenuated tumor growth in vivo in a variety of implanted 
animal tumor models, including fibrosarcoma and melanoma.  Our recent studies have shown 
that amino acid deprivation induces the cell cycle inhibitor p21 in a GCN2-dependent manner.  
Current data indicates that p21 is directly translationally upregulated by phosphorylation of 
eIF2a.  Upregulation of p21 promotes cell survival during amino acid deprivation, suggesting 
a mechanism by which GCN2 induces cell cycle arrest through p21 in order to coordinate cell 
division with nutrient availability. 

Research	supported	by	NCI	grant	5-R01-CA094214
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Smad ubiquitination regulatory factor-2 controls gap junction intercellular com-
munication by modulating endocytosis of connexin43

Edward Leithe1, Tone Aase Fykerud1, Ane Kjenseth1, Yasufumi Omori2, Solveig Sirnes1, 
Andreas Brech1, Edgar Rivedal1

1Centre for Cancer Biomedicine, Faculty of Medicine, University of Oslo and Institute for Can-
cer Research, the Norwegian Radium Hospital, Oslo University Hospital, Montebello, Oslo, 
Norway
2Department of Molecular and Tumour Pathology, Akita University School of Medicine, Akita, 
Japan

Gap junctions consist of arrays of intercellular channels that enable adjacent cells to directly ex-
change ions and small molecules. Gap junction intercellular communication has important roles 
in regulation of cell growth and differentiation and in the maintenance of tissue homeostasis. 
Gap junction channels are formed by a family of integral membrane proteins called connexins, 
of which the best studied is connexin43 (Cx43). Here, we have identified the HECT E3 ubiqui-
tin ligase Smad ubiquitination regulatory factor-2 (Smurf2) as a key regulator of endocytosis of 
Cx43 gap junction channels. Depletion of Smurf2 by small interfering RNA resulted in enhanced 
levels of Cx43 gap junctions and increased gap junction intercellular communication. Depletion 
of Smurf2 also counteracted protein kinase C (PKC)-induced endocytosis and degradation of 
Cx43 gap junctions. We further provide evidence that Smurf2 has a central role in the remodel-
ling of Cx43 gap junctions during mitosis. Smurf2 colocalized with Cx43 gap junctions in early 
phases of mitosis, and depletion of Smurf2 strongly counteracted trafficking of Cx43 to early 
endosomes in mitotic cells. Taken together, these data indicate that Smurf2 has a key role in 
regulating the level of functional Cx43 gap junctions and represent the first evidence that the 
remodelling of Cx43 gap junctions during mitosis is mediated by an E3 ubiquitin ligase.
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The regulation of CYP2E1 gene expression and its role in breast cancer
  
Travis Leung1, Marija Krstic-Demonacos2 and Costas Demonacos1

University of Manchester, School of Pharmacy and Pharmaceutical Sciences1 and Faculty of 
Life Sciences2

Cytochrome P450 (CYP) 2E1 is an ethanol inducible CYP isoenzyme responsible for the 
metabolism of many procarcinogens including alcohol, nitrosamine, carbon tetrachloride (CCL4) 
and halothane and is known to generate the highest level of reactive oxygen species (ROS) 
among the CYP450 superfamily. Several studies converge to the conclusion that CYP2E1 is 
induced under many pathological conditions including cancer, obesity and diabetes and ethanol 
intoxication. Furthermore, clinical studies have indicated that higher levels of CYP2E1 can be 
detected in the stage 1 of breast tumours than in stages 2, 3 and 4, suggesting that CYP2E1 might 
play a tumor suppressive role in breast cancer. The aim of this study is to dissect the molecular 
mechanisms determining the cellular levels of CYP2E1 and characterize the physiological 
function of this enzyme in breast carcinogenesis. Our studies have provided evidence supporting 
the notion that CYP2E1 gene expression is p53 and HIF-1α dependent. In addition, high CYP2E1 
cellular levels induce ER stress response, ROS generation and suppress the migratory potential of 
the MCF-7 cells. Furthermore CYP2E1 overexpression differentially affects autophagy in cells 
with low or high migration potential (MCF7 and MDA-MB-157 respectively). Taken together 
these results suggest that CYP2E1 might be a biomarker and a therapeutic target in breast cancer.
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The ESCRT machinery mediates polarization of fibroblasts through regulation of 
myosin light chain 

Viola Hélène Lobert1,2,3 and Harald Stenmark1,2,3,*

1Centre	for	Cancer	Biomedicine,	Faculty	of	Medicine,	Oslo	University	Hospital,	0316	Oslo,	
Norway
2Department	of	Biochemistry,	Institute	for	Cancer	Research,	Oslo	University	Hospital,	Monte-
bello,	0310	Oslo,	Norway
3Institute	for	Cancer	Research	and	Molecular	Medicine,	Norwegian	University	of	Science	and	
Technology,	7005	Trondheim,	Norway

Recent	evidence	implicates	the	endosomal	sorting	complex	required	for	transport	(ESCRT)	
in	the	regulation	of	epithelial	polarity	in	Drosophila,	but	the	mechanisms	involved	remain	
unclear.	Here	we	show	that	ESCRTs	determine	cell	orientation	during	directed	migration	in	
human	fibroblasts.	We	find	that	endosomal	retention	of	a5b1	integrin	and	its	downstream	sig-
nalling	effector	Src	in	ESCRT-depleted	cells	is	accompanied	by	the	failure	to	activate	myosin	
light	chain	kinase	MLCK,	which	thereby	cannot	phosphorylate	myosin	regulatory	light	chain,	
MRLC.	By	this	mechanism,	ESCRT-depleted	fibroblasts	fail	to	orient	their	Golgi	to	undergo	
directional	migration,	and	show	impaired	focal	adhesion	turnover	and	increased	spreading	on	
fibronectin.	Consistent	with	these	findings,	expression	of	a	phosphomimetic	mutant	of	MRLC	
in	ESCRT-depleted	cells	rescues	normal	phenotypes	during	cell	spreading	and	orientation	of	
the	Golgi.	These	results	suggest	that	by	their	role	in	regulating	integrin	trafficking,	ESCRTs	
regulate	phosphorylation	of	MRLC	and	thereby	Golgi	orientation	and	cell	spreading.
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The PLK1 inhibitor BI2536 causes increased radiosensitivity or –resistance de-
pending on the timing of treatment

Christin Lund-Andersen and Randi G. Syljuåsen.  

Department	of	Radiation	Biology,	institute	for	Cancer	Research,	Norwegian	Radium	Hospital,	
Oslo	University	Hospital,	0310	Oslo,	Norway

PLK1	is	overexpressed	in	several	types	of	cancers	and	Plk1-inhibitors	are	in	clinical	trials	for	
cancer	treatment.	Recently,	two	reports	indicate	a	radiosensitization	effect	by	PLK1	depletion.	
These	studies	suggest	that	combined	treatment	with	PLK1-inhibitors	and	radiation	therapy	
may	be	beneficial.	However,	several	mechanistic	studies	of	the	G2	checkpoint	have	shown	that	
PLK1	is	required	to	enter	mitosis	following	IR-induced	G2	checkpoint	arrest.	Thus,	addition	of	
PLK1-inhibitors	will	lead	to	a	longer	IR-induced	G2	checkpoint,	which	presumably	will	cause	
increased	DNA	damage	repair	and	radioresistance.	It	is	therefore	surprising	if	PLK1-inhibitors	
cause	radiosensitization.	In	non-irradiated	cells,	it	is	known	that	PLK1-inhibition	will	cause	
mitotic	arrest.	Mitotic	cells	are	known	to	be	more	radiosensitive.	It	is	therefore	possible	that	
PLK1-inhibitors	will	sensitize	cells	to	IR	only	if	they	are	added	several	hours	before	IR	to	al-
low	accumulation	of	cells	in	mitosis	before	IR.
We	have	treated	human	osteosarcoma	and	colorectal	cancer	cells	with	the	PLK1-inhibitor	
BI2536	before	and	after	irradiation	and	analyzed	the	cells	by	clonogenic	survival	assay,	flow	
cytometry	and	Western	blotting.	Our	data	show	that	the	G2	checkpoint	is	prolonged	and	the	
radio-resistance	is	increased	in	cells	when	treated	with	the	PLK1	inhibitor	immediately	after	
IR.	However,	the	cells	treated	with	PLK1-inhibitor	several	hours	before	IR	arrest	in	mitosis	and	
are	more	radiosensitive.	These	data	suggest	that	PLK1-inhibitors	would	need	to	be	administrat-
ed	several	hours	before	radiation	in	order	to	obtain	synergistic	effects	between	PLK1-inhibition	
and	radiation	therapy.
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MLK4 and Cancer: deJNKing the environment to stimulate growth.

Anna A. Marusiak, Eleanor W. Trotter, John Brognard

Signalling Networks in Cancer, Paterson Institute for Cancer Research, University of Manches-
ter, Wilmslow Road, M20 4BX, UK.

MLK4 is a member of the mixed lineage family of kinases activated by environmental stress, 
cytokines and growth factors. These kinases lie upstream of the MKK4/7 and MKK3/6 which 
are critical regulators of the JNK and p38 pathways. Mutations have been identified in MLK4 
in various human cancers, especially in colon and lung cancer at a frequency of 6.8% and 2.6%, 
respectively. Bioinformatics analysis suggests that majority of the mutations in MLK4 are pre-
dicted to be pathological (PMUT) or cancer-associated (CanPredict), and several occur at resi-
dues critical for kinase activity (for example, in the DFG and HRD motifs). The functional 
consequences of these mutations have not been elucidated so far. We generated MLK4 can-
cer mutants by site-directed mutagenesis and compared the activation of these mutants against 
WT, constitutively active and kinase dead MLK4. We monitored activation of the MKK4/7/JNK 
pathway and we observed that a majority of mutations are loss-of-function (LOF). To determine 
if these mutations are critical for maintenance of tumorigenic phenotypes we used the LoVo 
cell line harbouring an inactivating mutation in MLK-4 (R470C) and an activating mutation in 
KRas (G13D). The reconstitution of WT and constitutively active MLK-4 in LoVo cells induced 
selective activation of MKK4/MKK7/JNK pathway without any effects on the Raf/MEK/ERK 
pathway. These data suggest that LOF mutations may enhance tumorigenesis by decreasing sig-
nalling through the MKK4/7 pathway in cells with activating mutations in components of the 
Raf/MEK/ERK pathway. In summary our data convey a complex picture where a majority of 
MLK4 mutations alter kinetic activity to modify cancer-signalling pathways dependent upon the 
presence of other oncogenic mutations.
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HMGA2 and Let-7 in Mesenchymal and Epithelial CSC

Else Munthe, Eva Wessel Stratford, Anastassia Serguienko, Russell Castro, Anna Wenne-
rstrøm and Ola Myklebost

Oslo	University	Hospital,	Cancer	Stem	Cell	Innovation	Center,	and	Department	of	Tumorbiol-
ogy,	The	Norwegian	Radium	Hospital,	Oslo,	Norway
CancerStemCell.no

CSCs	from	epithelial	tumours	harbour	mesenchymal	traits	and	the	trans-differentiation	of	
epithelial	cells	into	mesenchymal	cells	(EMT)	induce	CSCs	properties.	The	architectural	tran-
scription	factor	High	Mobility	Group	protein	A2	(HMGA2)	and	its	regulators	let-7	have	been	
shown	to	play	key	roles	in	regulation	of	stemness	and	differentiation	during	embryogenesis,	
and	recently	also	in	CSCs.	
HMGA2	is	normally	only	expressed	during	embryogenesis,	but	is	aberrantly	re-expressed	in	
cancers	where	the	expression	correlates	with	tumour	aggressiveness.	In	contrast,	let-7	activity	
shows	the	opposite	pattern,	being	reduced	in	most	cancer	types,	most	pronounced	in	mesenchy-
mal	like	tumours.

Interestingly,	in	a	mouse	model	the	HMGA2	protein	is	found	necessary	and	sufficient	in	trans-
forming	growth	factor-beta	(TGF-b)-induced	EMT.	We	are	investigating	the	role	of	HMGA2	
and	its	reglators	let-7	during	the	generation	of	CSC	through	EMT	in	the	human	mammary	epi-
thelial	(HMLE)	model	system.	To	better	understand	the	role	of	HMGA2	and	let-7	during	EMT,	
we	also	study	the	function	of	these	molecules	in	mesenchymal	cancers.
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A genetic screen identifies BRCA2 as an important regulator of G2 checkpoint 
maintenance

Tobias Menzel1, Viola Nähse-Kumpf2, Arne Nedergaard Kousholt1, Ditte Kjærsgaard 
Klein1, Christin Lund-Andersen2, Michael Lees1, Jens Vilstrup Johansen1, Randi G. Syl-
juåsen2,*, Claus Storgaard Sørensen1 ,*

1.	Biotech	Research	and	Innovation	Centre	(BRIC),	University	of	Copenhagen,	Ole	Maaløes	
Vej	5,	2200	Copenhagen	N,	Denmark	
2.	Department	of	Radiation	Biology,	Institute	for	Cancer	Research,	Norwegian	Radium	Hospi-
tal,	Oslo	University	Hospital,	0310	Oslo,	Norway	

DNA	damage	activates	cell	cycle	checkpoints	to	delay	proliferation	and	facilitate	DNA	repair.	
It	is	known	that	activation	of	checkpoint	kinases	can	directly	regulate	and	stimulate	repair	
pathways,	such	as	the	essential	homologous	recombination	repair.	However,	it	is	not	well	
understood	if	DNA	repair	proteins	vice	versa	control	the	process	of	cell	cycle	restart	following	
checkpoint	arrest.	To	identify	unknown	connections	between	DNA	damage	repair	and	check-
point	pathways,	we	have	performed	robot-automated	RNAi	screens	for	regulators	of	the	ioniz-
ing	radiation-induced	G2/M	checkpoint.	U2OS	osteosarcoma	cells	were	transfected	with	three	
individual	siRNAs	for	each	gene	in	384-well	dishes	and	two	days	later	the	G2	checkpoint	was	
assayed	in	response	to	X-ray	irradiation	(6	Gy).	The	number	of	mitotic	cells	in	each	well	was	
determined	by	Phospho-Histone	H3	ser10	antibody	staining,	followed	by	automated	micro-
scope	image	acquisition.	The	screen	setup	was	confirmed	using	a	kinome	siRNA	library,	where	
WEE1,	CHK1	and	MYT1	were	primary	hits.	The	following	screen	using	a	DNA	repair	library	
identified	the	breast	cancer	gene	BRCA2	as	an	outstanding	hit.	Three	independent	siRNA	
oligomers	targeting	BRCA2	caused	premature	abrogation	of	the	G2/M	checkpoint,	accompa-
nied	by	earlier	activation	of	the	AURORA	A	-	PLK1	checkpoint	recovery	pathway.	Further-
more,	inhibition	of	AURORA	A	or	PLK1	kinases	abolished	checkpoint	abrogation	by	BRCA2	
depletion.	These	results	demonstrate	for	the	first	time	that	the	breast	cancer	tumor	suppressor	
and	HR	repair	protein	BRCA2	is	a	major	regulator	of	G2/M	checkpoint	maintenance	following	
DNA	damage.
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From Top to Toe: Localization and functional aspects of CSPP-L at motile and 
primary cilia

Eva Katrine Aarnes1, Stefan Geimer2, Lotte B Pedersen3, Trond Stokke1, 
Sebastian Patzke1

1Department of Radiation Biology, Institute for Cancer Research, OUS - The Norwegian Ra-
dium Hospital, Oslo, Norway; 2Cell biology/Electron microscopy, University of Bayreuth, Bay-
reuth, Germany; 3Department of Biology, University of Copenhagen, Copenhagen, Denmark.

Primary cilia are considered as a cellular antenna regulating important developmental pathways 
(eg Hh, Wnt, PDGFRa) found altered in human diseases including cancer. Recently, we reported 
CSPP-L, the larger isoform of the Centrosome/Spindle Pole associated Protein 1, to be a ciliary 
protein required for primary cilia formation in hTERT-RPE1 cells. CSPP-L concentrated at the 
basal body and the lower cilia axoneme and decorated the tip structure of the primary cilium. 
CSPP-L was found to recruit its interaction partner NPHP8 (RPGRIP1L) to the transition zone 
(TZ). Alike ectopic expression of CSPP-L depletion of NPHP8 positively regulated cilia elonga-
tion, indicating antagonistic activities of these proteins at the primary cilium. The regulation of 
cilia formation as well as the function of CSPP-L at the ciliary axoneme and tip, however, re-
mained elusive. Here we show that CSPP-L complexes with the centrosomal protein PCM-1 and 
partially co-localizes with the microtubule (MT) end-binding protein EB3 in centrosomal and 
extra-centrosomal clusters. Interestingly, EB3 and PCM-1 are constituents of NPHP6 (CEP290) 
containing centriolar satellites and all three proteins are required for cilia formation. The mecha-
nistic interrelation of these proteins is under current investigation. Further, immunofluorescence 
and electron microscopy reveal that CSPP-L localizes specifically to the basal body and to the 
plus-end of axonemal MTs at the tip of motile cilia in murine tracheal epithelia cells. Also EB3 
has been reported at the ciliary tip of airway epithelia cells. But in contrast to EB3, CSPP-L deco-
rates all axonemal tips suggesting that CSPP-L might control cilia elongation and length through 
stabilization of MT plus-ends in the absence of EB3 complexes. Taken together, our results may 
allow a first (mechanistic) insight into the ciliary functions of CSPP-L in regard to the regulation 
of cilia formation and elongation.
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DYSKERIN REDUCTION STIMULATES VEGF mRNA INTERNAL RIBOSO-
ME ENTRY SITE-MEDIATED TRANSLATION INITIATION.

Rocchi L,Derenzini M, Montanaro L

Department of Experimental Pathology, Bologna University, Italy

Translational control has a direct impact on cancer development and progression. Dyskerin is a 
pseudouridine synthase encoded by the DKC1 gene that modifies rRNA. The lack of dyskerin 
function is associated with increased cancer susceptibility in the rare multisystemic syndrome 
X-linked dyskeratosis congenita and increased development of breast carcinomas in the DKC1 
hypomorphic mouse. Dyskerin expression is also reduced in a subset of human breast carcino-
mas. It’s known that mutations of the DKC1 gene cause a defect in the translation of a subgroup 
of mRNAs containing Internal Ribosome Entry Site (IRES) elements such as those encoding for 
the antiapoptotic factors Bcl-XL and XIAP and for the tumor suppressors p27 and p53. Here we 
demonstrate for the first time that siRNA mediated reduction of dyskerin can drive the increase 
of the IRES-mediated translation of the mRNA encoding  for the Vascular Endothelial Growth 
Factor (VEGF). We measured the levels of the IRES-mediated translation of the VEGF in two 
different breast cancer cell lines (MCF7 and MDA-MB231) and mouse embryonic fibroblasts 
(MEF) using a bicistronic assay. We discovered a significant increase of the VEGF IRES-medi-
ated translation after dyskerin knock-down. This translational modulation leads to an increase 
of VEGF production in absence of significant changes in VEGF mRNA levels. These results 
indicate that the inhibition of dyskerin can modulate the IRES-mediated translation of different 
sub-groups of cellular mRNAs simultaneously driving the reduction in the expression of factors 
limiting cells proliferation, such as tumor suppressors and the increase of those that promote can-
cer cell growth, such as growth factors, supporting the view that dyskerin is a tumor suppressor. 
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Activation of the G1/S checkpoint after UVC irradiation.

Gro Elise Rødland, Marit Krohn, Cathrine Arnason Bøe, Tonje Tvegård, Erik Boye, 
Beáta Grallert.

Department of Cell biology, Institute for Cancer Research, The Norwegian Radium Hospital, 
Oslo University Hospital, Montebello, Oslo, Norway.

We have previously identified a G1/S checkpoint induced by ultraviolet irradiation (UVC) 
that delays entry into S-phase in S pombe. In contrast to other known checkpoints  it is totally 
dependent on the protein kinase Gcn2.The checkpoint is activated by some, but not all, DNA-
damaging agents, suggesting that it is not a general DNA damage checkpoint (Tvegard, Soltani 
et al. 2007; Krohn, Skjolberg et al. 2008). We reasoned that the signal activating Gcn2 might 
still derive from a specific DNAlesion and, if so, interfering with repair pathways should pro-
long the delay, since the signal would be sustained. The length of the delay after UVC irradia-
tion was examined in repair mutants deficient in the NER and/or UVER pathways. Mutants 
totally deficient in damage recognition show a reduced delay in G1 phase, whereas mutants 
deficient in downstream damage processing exhibit a prolonged delay. This suggests that the 
signal for the cell-cycle delay doesn’t derive from the initial DNA damage, but rather from 
specific DNA repair intermediates.
This observation is similar to reports in the literature showing that the classic checkpoint 
proteins Rad3-Rad26 as well as the 9-1-1 complex are recruited to damaged DNA not by the 
damage itself, but by single-stranded DNA generated during processing of DNA damage (Zou 
and Elledge 2003; Lazzaro, Giannattasio et al. 2009)
  The similarity prompted us to reexamine the requirement for the classic checkpoint 
proteins in the Gcn2–dependent G1/S checkpoint. We have shown that rad3, rad9, rad26 but 
not chk1 mutants fully or partially lose the delay in G1 phase after UVC irradiation, indicating 
that these classic checkpoint proteins might play a role in the G1/S checkpoint as well.

Krohn, M., H. C. Skjolberg, et al. (2008). “The G1-S checkpoint in fission yeast is not a general DNA damage 
checkpoint.” J Cell Sci 121: 4047-54.

Lazzaro, F., M. Giannattasio, et al. (2009). “Checkpoint mechanisms at the intersection between DNA damage and 
repair.” DNA Repair (Amst) 8: 1055-67.

Tvegard, T., H. Soltani, et al. (2007). “A novel checkpoint mechanism regulating the G1/S transition.” Genes Dev 
21: 649-54.

Zou, L. and S. J. Elledge (2003). “Sensing DNA damage through ATRIP recognition of RPA-ssDNA complexes.” 
Science 300: 1542-8.
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The role of PtdIns(3)P and its interacting proteins during cell division

K.O. Schink1,2, C. Raiborg1,2, H. Abrahamsen1,2 and H. Stenmark1,2

1Centre for Cancer Biomedicine, Faculty of Medicine, University of Oslo
2Department of Biochemistry, Institute for Cancer Research, the Norwegian Radium Hospital, 
Oslo University Hospital, Montebello, 0310 Oslo, Norway

Phosphoinositites, phosphorylated derivatives of phosphatidylinositol, play a critical role in the 
regulation of membrane trafficking and cytoskeletal organization. The phosphoinositide Pt-
dIns(3)P has been shown to be a key regulator of endosomal trafficking, membrane sorting and 
autophagy. Recently, a novel role for PtdIns(3)P during cell division has emerged. 
Several PtdIns(3)P-binding proteins have been identified that play a role during cytokinesis, the 
final step of cell division that leads to the physical separation of the dividing cells. Defects in cy-
tokinesis can lead do aneuploidy, which is one of potential causes for malignant transformation.
In order to elucidate the role of PtdIns(3)P during mitosis, we have analysed the distribution of 
PtdIns(3)P and its effector proteins in dividing cells. Time lapse imaging revealed that PtdIns(3)
P-positive structures undergo rapid reorganization in dividing cells. During mitosis, PtdIns(3)
P-positive structures accumulate at the cleavage furrow and to the intercellular bridge between 
the two dividing cells, possibly providing membrane material necessary for the physical separa-
tion of the two cells. Furthermore, we found that PtdIns(3)P accumulates next to the midbody of 
dividing cells directly prior to abscission. This localization suggests that specific effector proteins 
of PtdIns(3)P are recruited to the midbody and coordinate cytokinesis. Current work focuses on 
the factors that organize the spatiotemporal distribution of PtdIns(3)P during cell separation.
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Cell type dependent sub-cellular localization and expression of CSPP1 proteins in 
normal and malignant mammary epithelium

Johan Sternemalm1, Hege Russnes2, Bjørn Risberg3, Anne-Lise Børresen-Dale2, Trond 
Stokke1, Sebastian Patzke1

1Departments of 1Radiation Biology and 2Genetics, Institute for Cancer Research, and 3Division 
of Pathology, OUS - The Norwegian Radium Hospital, N-0310 Oslo, Norway. 

CSPP and CSPP-L, two splice isoforms encoded by the Centrosome/Spindle Pole associated 
Protein 1 gene (CSPP1), are involved in microtubule organization, cell cycle progression and 
cell division. Recently, CSPP-L was identified as a ciliary protein required for cilia formation. A 
review of gene expression databases indicated breast cancer (BC) related expression of CSPP1. 
Hence, expression of CSPP1 proteins in normal and malignant human mammary tissue biopsies 
and BC cell lines was investigated using two different antibodies targeted to the CSPP-L specific 
N-terminal domain and the shared C-terminal domain of CSPP and CSPP-L, respectively.
Immunohistochemistry (IHC) and immunofluorescence staining identified epithelia restricted 
expression of CSPP1 proteins in normal breast tissue. An unexpected luminal epithelia cell type 
specific nuclear expression was detected with the C-terminal domain specific antibody only, 
suggesting differentiation dependent nuclear functions of CSPP1 isoforms different of CSPP-L. 
This differential sub-cellular localization is preserved in human BC cell lines of luminal and ba-
sal epithelia origin. The specificity of the nuclear staining was confirmed using CSPP1 specific 
shRNAs. Notably, both antibodies also co-stained centrosomes and the spindle apparatus during 
cell division in luminal and basal type BC cell lines. Interestingly, IHC on biopsies of a cohort of 
139 BC patients revealed tendencies towards increased time to BC specific death (p=0.065) and 
delayed time to occurrence of metastasis (p=0.058) in patients showing predominantly nuclear 
expression in malignant cells (>50% nuclear positive cancer cells). Hence, CSPP1 expression 
may prove useful as a predicative marker in human BC though further work is required to under-
stand the nuclear function of CSPP1 proteins.
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The influence of GSTP1 polymorphism on chemotherapy-related toxicity
and prognosis of Hodgkin lymphoma in Ukrainian patients

 N. Svergun, I. Kryachok, N. Khranovska, O. Novosad, I. Titorenko, H. Gubareva, A. 
Martynchik

National Cancer Institute, Kyiv, Ukraine

The aim of our study was to evaluate the impact of the GSTP1 Ile105Val polymorphism 
on chemotherapy-related toxicity and prognosis of Hodgkin lymphoma (HL).

The case group was comprised of 91 patients with HL (median age: 31 years, 
range:17–62; males:32, females:59, stages IA-IIA:35, stages IIB+III-IV:56). Anthracycline-
based chemotherapy: ABVD or BEACOPP-14/esc were administered as first-line therapy. 
Genomic DNA from peripheral blood was analyzed for identification of genotypes of the GSTP1 
using TaqMan PCR allelic discrimination assays.

All patients developed some degree of hematologic (HT) and nonhematologic (NHT) 
toxicity (gastrointestinal, cardiovascular, hearing, nephro-, neurotoxicity). Among patients who 
received ABVD severe HT and NHT (grade 3-4) developed in 14% and 6% cases respectively, 
BEACOPP14 – 88% and 24%, BEACOPP-esc – 87% and 19%.We did not notice significant 
associations between chemotherapy-related toxicity and GSTP1 genotypes. Among 91 patients 
the overall response rate was 85,7%, with a complete response of 75% and a partial response 
– 11%. We have observed a correlation between GSTP1 homozygous wild genotype and 
unfavorable prognosis of HL. Overall response rate after the first line therapy was better for 
patients with increasing number of Val alleles 72,6% comparative to 51,2% for patients with 
homozygous wild genotype (P = 0.05). Moreover we noticed that 65% (11/17) of patients with 
relapse were homozygous for wild genotype of GSTP1 gene.

The obtained results suggest that the GSTP1 polymorphism is not associated with drug-
related toxicity after anthracycline-based chemotherapy, while homozygous wild genotype of 
this gene may be related with worse prognosis of HL in Ukrainian patients.
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The radiation-induced G2 checkpoint: mechanisms and importance for 
radiosensitivity and genome stability

Randi G.Syljuåsen, Kinga Tkacz-Stachowska, Christin Lund-Andersen, Trond Stokke, 
Angeliki Velissarou, and Grete Hasvold. 

Department of Radiation Biology, Institute for Cancer Research, The Norwegian Radium Hos-
pital, Oslo University Hospital, 0310 Oslo, Norway.

In response to ionizing radiation human cells activate cell cycle checkpoints to support 
DNA damage repair and help maintaining genome stability. However, recent work has shown 
that human normal and cancer cells surprisingly often escape G2 checkpoint activation and enter 
mitosis in the presence of unrepaired DNA breaks, thus questioning the functional importance 
of the G2 checkpoint. The aim of this study was to explore the impact of the G2 checkpoint in 
determining cell survival and genome stability.

  To demonstrate that human cells escape G2 checkpoint activation despite presence of 
unrepaired DNA breaks, we have assayed the DNA damage marker gamma-H2AX in mitotic 
cells at various times after irradiation of BJ normal fibroblasts and U2OS osteosarcoma cells. 
For efficient counting of gamma-H2AX foci in mitotic cells, phospho-H3 positive cells were 
sorted onto microscope slides. Multiparameter flow cytometry was used to accurately measure 
levels of G2 checkpoint regulators in single G2 and M phase cells. Genome stability was 
assessed by the percentage of hyperploid cells (more than 4N DNA content), and cell survival 
was measured by clonogenic assays. Inhibitors of CHK1 or PLK1 were used to abrogate or 
prolong the G2 checkpoint, respectively. Our results show that the amount of DNA damage 
needed to activate the G2 checkpoint varies between single cells within a cell population, 
and between different cell types. Abrogation of the G2 checkpoint by CHK1-inhibitors led to 
increased radiosensitivity, while lengthening of the G2 checkpoint by PLK1-inhibitors caused 
increased radioresistance. Abrogation of the G2 checkpoint also caused increased radiation-
induced hyperploidy. These results are consistent with that the G2 checkpoint supports DNA 
damage repair in G2 phase and protects against genomic instability, although some cells escape 
checkpoint activation with unrepaired DNA breaks.
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Loss of Function Mutations in Novel Tumor Supressing Kinases: The Easy Way to 
a Cancer Phenotype? 

Lisa Gallegos1, Eleanor W Trotter2, Alexandra Newton1, Tony Hunter3 and John Brog-
nard2

1 Department of Pharmacology, University of California, San Diego, La Jolla CA 92093
2 Paterson Institute for Cancer Research, University of Manchester, Manchester, M20 4BX, 
UK
3 Molecular and Cell Biology Laboratory, Salk Institute, La Jolla, CA 92037

Protein kinases are master regulators of cell growth, proliferation and cell survival and mu-
tated kinases play a causal role in many forms of cancer. In an evaluation of 518 kinases in 210 
cancers, the Sanger Centre group identified several protein kinases predicted to possess causal 
mutations. We have refined their predictions using bioinformatics and have pinpointed DAPK3 
(ZIPK) as a potential cancer-associated kinase. Evaluation of nonsynonymous point mutations, 
discovered in this kinase in various tumors, reveals that all mutations decrease or abolish kinase 
activity. Further analysis indicates that loss of function mutations in DAPK3 may promote cell 
cycle progression and cell survival, establishing this kinase as a potential tumor suppressor.  We 
have also characterized mutations observed in the PKC family of isozymes in cancer. We observe 
a decrease in kinase activity in all cancer-associated PKC variants tested so far. Colon carcinoma 
patients with PKC mutations also have activating mutations in K-Ras, a substrate for PKC where 
phosphorylation of K-Ras by PKC causes K-Ras to promote apoptosis. Overexpression of WT 
PKCβII induces apoptosis in colorectal cancer cells harboring an endogenous K-Ras mutation, 
while overexpression of the less functional cancer-associated PKCβII mutant attenuates or abol-
ishes the apoptotic response. These data are consistent with a model where loss of function muta-
tions in PKC can promote the survival of cells harboring a K-Ras mutation. In summary, our data 
suggest that a significant fraction of mutations identified by cancer genome-sequencing studies 
will inactivate a kinase or enzyme, and that a majority of the functional somatic mutations in any 
given cancer are likely to be in tumor suppressors. If this is borne out by further analysis, this 
would impact the way we understand the mechanisms underlying cancer progression and prompt 
rethinking current models of oncogene addiction to incorporate a requisite level of mutations in 
tumor suppressor genes.
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Abstract submitted to Norwegian Cancer Symposium: Growth and Proliferation - 
Molecular Regulators of Cancer, Oslo, Norway, 5-8 September 2011

The CIEA NOG mouse, a super immunodeficient mouse for humanization and cancer 
research
 
Margit Wissenbach1, Ole Koustrup Hansen1, Hiroshi Suemizu2 and Mamoru Ito2

1Taconic Europe, Tornbjergvej 40, DK-4623 Ll. Skensved, Denmark; 2 Central Institute for Experimen-
tal Animals, 1430 Nogawa, Miyamae-ku, Kawasaki, Kanagawa 216-0001, Japan

“Humanized mice”, in which human cells and tissues are engrafted and partially function have become 
important tools for the study of human diseases and in vivo testing of therapeutic agents. The establish-
ment of humanized mouse models is largely attributed to the development of severe immunodeficient 
mice. Historically, long-term attempts to create humanized mice started in the 70ies from the discov-
ery of nude mice followed by scid and NOD scid mice. Recently, a new immunodeficient mouse was 
developed, the CIEA NOG mouse® (NOG), by introducing a Il2rg null gene into NOD scid mice. These 
mice contributed to the generation of humanized mice, i.e. mice with a human immune system, due to 
extremely high engraftment rates and differentiation of human hematopoietic stem cells exceeding those 
in other immunodeficient mice, e.g. NOD scid mice.  
The advantages of the super immunodeficient CIEA NOG mouse® also allow the use of these mice in 
various fields of cancer research including identification of cancer stem cells and analysis of factors 
responsible for metastasis. Numerous solid and hematological tumor cell lines have been engrafted 
successfully in the CIEA NOG mouse® using considerably fewer human cells than in other models. In 
some cases, as few as 10 cells have resulted in successful engraftment. Tumor models include ATL, 
multiple myeloma, Hodgkin’s disease as well as metastasis models for pancreatic, colon and melanoma 
cell lines.  In future, mice with a human immune system will be a new platform for development of 
advanced cancer models, e.g. by engrafting human cancer cell lines in such mice. 

40



	 	 POSTER ABSTRACTS

70

Poster

	 	 LIST OF PARTICIPANTS

Antiproliferative effect of the Ataxia Telangiectasia Mutated (ATM) Inhibitor KU-
55933, involves energy stress due to mitochondrial dysfunction

Mahvash Zakikhani1, 2, Miguel Bazile2, Sina Hashemi2, and Michael N. Pollak1, 2,

1	Department	of	Oncology,	McGill	University;	2	Cancer	Prevention	Center,	Jewish	General	
Hospital;	Montreal,	Quebec,	Canada

Background: KU-55933	is	a	specific	inhibitor	of	Ataxia	telangiectasia	mutated	protein	(ATM).	
ATM	is	well	known	to	play	key	roles	in	DNA	repair	and	is	also	recognized	as	an	important	
tumor	suppressor	gene.
Results:	Unexpectedly	for	inhibition	of	a	tumor	suppressor	gene,	we	observed	a	strong	anti-
proliferative	effect	of	KU-55933,	which	could	not	be	attributed	to	inhibition	of	classic	ATM	
functions.	siRNA	against	ATM	phenocopied	effects	of	KU-55933,	consistent	with	a	specific	
effect	rather	than	an	off-target	effect.	In	view	of	a	prior	report	suggesting	defective	mitochon-
drial	function	in	cells	of	patients	with	AT,	we	studied	metabolic	status	of	cells	treated	with	
KU-55933.	We	observed	decreased	ATP	concentrations,	increased	AMPK	activation,	increased	
glucose	uptake,	increased	lactate	production,	and	decreased	mitochondrial	membrane	poten-
tial,	consistent	with	decreased	oxidative	phosphorylation	and	energy	stress	despite	increased	
glycolysis.	Although	inhibition	of	ATM	by	KU-55933	decreased	expression	of	SCO2	(protein	
required	for	COX	assembly)	in	a	p53	dependent	fashion,	the	compound	retained	antiprolifera-
tive	action	in	p53	null	cells,	suggesting	that	SCO2	is	not	a	required	mediator	for	the	effects	
KU-55933	on	metabolism	and	proliferation.	The	action	of	KU-55933	may	therefore	relate	to	an	
important	yet	poorly	characterized	role	of	ATM	in	the	mitochondria.	
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