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Twnor suppressor genes (fSGs) are the exact opposites to oncogenes. TSGs are "guardian 

genes" that watch over the proper proliferation and differentiation of cells, whereas oncogenes 

could be seen in this metaphor as "delinquents" that sabotage the normality of these processes 

favoring an unrestrained proliferation. Cancerous cells only arise when the function of these 

"guardians" is canceled by mutations, thus escaping their vigilance. To understand the normal 

functions of TSGs and the consequences of their inactivation is a scientific priority and a 

necessity to improve cancer therapies. 

The first twnor suppressor gene (TSG) to be identified was the retinoblastoma 

susceptibility gene, Rb, in 1986. Since then, approximately 15 TSGs have been isolated. The 

normal function of al! TSGs is to prevent uncontrolled cell proliferation, and they do this by 

acting on a variety of processes. Sorne TSGs directly regulate the cell division rate (Rb, NF-1), 

whi1e others participate in cellular survival (PTEN), cell differentiation (APC, SMAD4), or in 

preventing proliferation under stressful conditions (ARF, p 16, p53). The study of sorne TSGs has 

a1ready moved into the stage of defining pathways. Indeed, it has been very gratifying to see that 

these pathways involve both TSGs and oncogenes in a kind of guardian-delinquent relation, or cat 

and mouse game, as it has been referred to by other researchers. This may seem obvious in 

retrospect, but it was not so when TSGs begun to be characterized. There are now severa! well

established "TSG-oncogene" antagonistic relations, for example (TSGs are underlined, 

oncogenes are not): Ql.Q/CDK4-cycD1!Rb; ARFIMDM2/ill; PTEN/PI3K; Wnt/APC/P-catenin; 

NF-1/Ras. These are embryonic pathways that are increasing in complexity and subtlety in these 

very moments thanks to the work of many 1aboratories and particu1arly in those of the participants 

to this workshop. This is a direction of the research that is now in its early days, and that has 

been the main focus ofthe Workshop "Twnor Suppressor Networks". 

One of the 1eitrnotivs of the workshop has been the use of the mouse as experimentation 

system. The manipulation of the mouse genome is increasing in sophistication and power, and 

these technologies are being used very active1y for testing the role of TSGs and for deve1oping 

mouse cancer models. As a good model system, the mouse occasionally reproduces the pathology 

of hwnan cancers, but this is not always the case and perhaps it is in these occasions when the 
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mouse tums out more informative. These "breaks of equivalence" between human and mouse 
cancers are indeed the motivation for further research and reveal aspects that otherwise may 
remain hidden. Also, mutations in two or more TSGs are being combined in the same mouse 
strains, thus testing TSGs networks directly in a marnmalian organism. 

This workshop has been privileged in many regards, first of all by the quality of the 
speakers, but also by other factors such as the opportunity ofthe topic which is in a very exciting 
and active moment, and finally by the constructive and collaborative attitude of all the 
participants. In keeping with the mark of the house, the Juan March Institute provided a 
professional organization and a warm hospitality. 

Manuel Serrano 

Instituto Juan March (Madrid)
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Smad3, NFl, & p53 coopera te in the promotion of neural tumors 

Yuan Zhu and Luis F. Parada. Center for Developmental Biology, and *Dept. ofPathology, 
Univ. ofTexas Southwestem Medica[ Center, Dalias, TX 75235 

TGF[3 family proteins regulate proliferation and differentiation in a variety of cell 

types including neural crest cells. The TGF[3 signaling pathway is mediated by intracellular 
proteins, Smads, that complex with Smad4 upon phosphorylation. The Smad protein complex 
translocates to the nucleus and modulates transcription. Previously, we have shown that 
Smad3 homozygous mice develop a fu[[ spectrum of colorectal cancers from benign 
adenomas, to metastatic adenocarcinomas, and Smad3 heterozygous mice are cancer free. In 
addition, we and others ha ve generated a m o use strain that harbors both NF l 
(Neurofibromatosis type 1) and p53 mutations in the cis configuration. The cisNFI/p53 
mutants develop malignant triton turnors (MTTs) and malignant peripheral nerve sheath 
turnors (MPNSTs). Here, we show that introduction of the Smad3 mutation into the 
cisNFI/p53 background not only accelerates tumorigenesis, but also alters the tumor 
spectrum. First, a cohort ofSmad3; NFI/p53 triple mutant mice develop MPNSTs and MTis 
that are found associated with peripheral neryes. Second, over 50% of the MPNSTs and 
MTis from Smad3; NFI/p53 triple mutant mice do not lose either the NFI or p53 wild type 
alleles, in contrast to similar turnors derived from NFI/p53 double mutants. Finally, a high 
percentage of the triple mutants develop primitive neuroectodermal turnors (PNETs), for 
which there is no current reliable animal model. We never observe PNETs in the NFI/p53 
double mutants or Smad3 homozygous mice. These brain turnors all lose the wild type 
Smad3 allele and actívate Cdk4. Thus, our results provide genetic evidence that Smad3 
mediated TGF[3 signaling pathway cooperates with NFI/p53 tumor suppressors in the 
development ofboth PNS and CNS tumors. To our knowledge, this provides the first genetic 
model for PNETs in mammals. 

In the PNS, neurofibrosarcomas are attributed to loss of NFI in Scwann cell 
precursors. To gain insight into the role of NFI during glial development and in 
turnorigenesis in the CNS, we have targeted the NFI mutation to astrocytes by using GFAP
Cre transgenic mice. The astrocyte-specific NFI mutant mice (NFlGFAPKO) display severe 
neurological defects including mild ataxia, tremor, anda bizarre behavior-"handstand". These 
abnormal behaviors suggest deficits associated with the central nervous system (CNS). 
Histological analysis reveals severa! developmental defects in the NFIGFAPKO mutant 
brains. Severa! adult glia including astrocytes express embryonic markers such as nestin and 
BLBP (Brain Lipid Binding Protein). Consistent with immature phenotype, the mutant brains 
remain proliferative during late developmental stages and into adulthood. A subset of the 
NFI-GFAP mutant mice develops astrocytomas. Taken together, these data not only 
demonstrate that NFl plays an important role in the differentiation and proliferation of 
astrocytic glial cells, but also provide a mouse model for human glial turnors. 

Instituto Juan March (Madrid)
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Pathways involved in the regulation of cell survival by oncogenes 

Julian Downward, Sandra Watton, Mrujatta Rytomaa, Kerstin Lehmann, Patricia Wame, 
Miguel Martins, lngram Iaccarino and Almut Schulze 

Imperial Cancer Research Fund, 44 Lincoln's Inn Fields, London WC2A 3PX, U.K. 

Detachment of untransformed adherent cells from extracellular matrix commonly 
triggers programmed cell death, a phenomenon termed anoikis. This is prevented by 
transformation of cells by a number of oncogenes, including Ras. In normal cells, matrix 
adhesion stimulates PI 3-kinase and hence the downstream kinase Akt/PKB to provide a 
suppression of death signa! function. The protective effect of oncogenic Ras is transduced 
principally through its ability to actívate PI 3-kinase and Akt. 

The mechanism by which matrix adhesion activates PI 3-kinase activity has been 
explored by the use of fusion proteins of the pleckstrin homology domain of Akt with green 
fluorescent protein (GFP). GFP-PH Akt can be used to determine the sites of PI 3-kinase 
activation in the cell. On new adhesion of epithelial cells to matrix, PI 3-kinase activation 
occurs at actin and j3-catenin rich structures known as podosomes. Focal contacts are not major 
sites ofPI 3-kinase activation, suggesting that pl25 FAK may not be involved in the activation 
of PI 3-kinase in this system. In addition, PI 3-kinase is strikingly activated at sites of cell-cell 
interaction, suggesting that these contacts also provide an anti-apoptotic signa!. 

Death is induced following detachment as a result of loss of survival signals to the ce[ l. 
This allows a constitutive death inducing signa! to predominate in the detached cells: this signa[ 
appears to emanate from death receptors such as Fas and DR4/5, and can be blocked by 
dominant negative FADD or over-expression of SODD, both inhibitors of death domain 
signalling. The detachment-induced death signa! is manifested by rapid disturbance of pro
apoptotic Bcl-2 family protein function, followed by loss of cytochrome e from the 
mitochondria. Oncogene induced survival pathways impact at the earliest stage ofthis process. 

There is a significan! transcriptional component to the ability of Akt, and also other Ras 
effectors such as Raf, to influence cell death. In order to understand more about the mechanism 
whereby Akt and Raf can protect cells from apoptosis under different circumstances, we have 
used conditionally active forms ofthese kinases expressed in normal epithelial cells. Gene Chip 
technology has been used to study the ability of these kinases to regulate transcription of 
severa! thousand. This has revealed novel mechanisms for the regulation of apoptosis 
downstrearn of Ras. In particular, the ability of the RatlMAP kinase pathway to induce 
autocrine expression of growth factors may account for the Akt-mediated protection of cells 
from apoptosis following strong activation ofthis pathway. 

In addition to causing the production of survival inducing autocrine factors, activation 
of the RatlMAP kinase pathway also causes cells to secrete TGFj3, a factor that causes growth 
arrest or apoptosis when applied to normal epithelial cells. In cells with activated R.af, TGFj3 
loses its ability to cause apoptosis, through a mechanism that is not specific to TGFP signalling 
or SMAD function. Under these conditions autocrine TGFj3 promotes the transformed 
phenotype ofthe cells, causing increased invasiveness. 

Instituto Juan March (Madrid)
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lncreased phosphoinositide 3-kinase activity induces a 
lymphoproliferative disorder and contributes to tumor 

generation in vivo 

Ana C. Carrera 

Altcrations in the cell division:cell death ratio induce multipk 

autoimmune and transformation processes. Phosphoinositide 3-kinase (PI3K) 

controls cell division and ccll death in vitro, bul its cffect on the funclion of 

the cellular immunc system and on tumor formalion in mammals is poorly 

characterized. We show that transgenic mice expressing in T lymphocytcs an 

active form of PI3K derivcd from a thymic Jymphoma, p65" 13
K, developed an 

infiltrating lymphoproliferative disorder and autoimmune renal discasc with 

increascd number of T Iymphocytes exhibiling a memory phenotypc and 

reduccd apoptosis. This pathology was strikingly similar Lo that described in 

mice cxhibiting heterozygous loss of the tumor suppressor PTEN, a lipid and 

protcin phosphatase. We show that overexpression of PTEN selectivcly blocks 

p 6 5 PIJ K -i nduced 3 T3- fi broblast trans formation . Moreover, thc carl y 

developmelll of T cell lymphomas in p65''"" Tg p53·'· mice indicated that PI3K 

contri bu tes to tumor development. These observations demonstrate that 

constitutive activation of PI3K exlcnds T cell survi val in vivo, affects T ccll 

homeostasis and con tributes to tumor generation. supporti ng a modcl in 

which seleclive increases in one type of PTEN substrate, the PI3K-derived 

lipid products, induce tumorogenesis. Pl3 K thus emerges as a potenlial target 

in autoimmune disease and cancer therapy. 

Instituto Juan March (Madrid)
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The tumor suppressor PTEN 

Ramon Parsons 

lnstitute ofCancer Genetics, Columbia University, 1150 St. Nicholas Avenue 
Russ Berrie Pavilion, Room 302, New York, NY 10032 

PTEN is genetically altered in a large number of human cancers. PTEN is a 

phosphatase that regulates the leve( of the second messengers phosphatidylinositol-3 ,4-

bisphosphate (PIP2) and phosphatidylinositol-3,4,5-triphosphate (PIP3) by removing the 0 -3 

phosphate from these molecules. PIP2 and PIP3 regulate a large number of proteins in the 

cell that contain pleckstrin homology (PH) domains. Proteins containing PH domains 

regulate diverse functions including mitogenesis, apoptosis, and migration. PIP2 and PIP3 

are generated by Pl-3 kinase, which is activated by a large number of extracellular stimuli . 

TI1erefore the loss of PTEN can affect a multitude of signaling pathways. 

Cells lacking PTEN have a severa! phenotypes that may explain PTEN's tumor 

suppressor function . Loss of PTEN reduces the apoptotic response of fibroblasts to TNF

alpha, sorbitol, and ultraviolet light. Haploinsufficiency of PTEN in splenocytes leads to a 

reduction in F AS-mediated apoptosis. In embryonic stem cells, loss of PTEN affects the cell 

cycle. Reintroduction of PTEN into tumor cell lines induces apoptosis and G 1 arrest, blocks 

migration, and inhibits the expression of VEGF. Biochemically, loss of PTEN results in the 

elevation of PIP3 and the activation ofthe AKT oncogene through its PH domain. 

PTEN +/- m ice develop tumors in multiple organ systems. These include tumors of the 

breast, colon, and thyroid--lesions that occur in humans with germline PTEN mutations. 

Large malignan! tumors in the mice undergo loss of heterozygosity. Cells were identified 

v.~th alterations in the cell cycle and apoptosis. 

Because of the di verse effects of PTEN, we decided to examine cells for changes in 

gene expression induced by PTEN. We hoped that this approach would aid in the 

identification of signaling pathways over which PTEN has the greatest influence. Out of 

40,000 genes examined, one candidate was the most induced gene by both chip and 

membrane hybridization. The leve! of induction was an order of magnitude greater than the 

leve! of induction seen with any of the other candidates. Characterization of this candidate 

will be discussed . 

Rcfcrcnccs: 
l . Li, J., Yen, C., Liaw, D., Podsypanina, K., Bose, S., Wang, S .• Puc, Janusz, Miliaresis, C., Rodgers, L., 

McCombic, R., Bigner, S, H., Giovanella, B.P., lumann, M., Tycko, B., Hibshoosh, H., Wigler, M.H., 

l'arsons, R. 1997. PTEN, a putativc protein tyrosine phosphatase gene mutated in human brain, breast, and 

prostatc cancer. Scicnce 275 : 1943-1947. 
2. Li . J., Simpson, L. , Takahashi, M .• Miliarcsis, C., Myers, M.P., Tonks, N., Parsons, R. 1998. Thc 

I'TENIMMIICI tumor supprcssor induces cell death that is rcscued by the A KT/Protein kinase B oncogenc. 

Canccr Rcscarch 58, 5667-5672. 

3. l'odS)•panina. K .. Ellcnson. L. H .. Nemes. A .. Gu. J. , Tamura. M .• Y amada. K. M., Cordon-Cardo. C., 

C ttorctt i. G .. Fishcr. 1' . E .. and l'arsons. R. 1999. Mutation of l'tcn/Mmacl in micc ca~ scs neoplasia in 
llltthipk organ systcms. Procccd ings ofthc N¡1ti011é1l Acadcmy o f Scicncc U S A. ()6 : 15(•3 · 15<•1-: . 
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Keratin KI O, from cell structure to cell cycle through signal transduction 

JM. Paramio, C. Segrelles, M.LL. Casanova, M. Santos, S. Ruiz and J.L. Jorcano 

Dept. ofCell and Molecular Biology. CIEMAT. Av. Complutense 22, E-28040 Madrid, Spain 

The members of the large keratin family of cytoskeletal proteins are expressed in a 

precisely regulated tissue- and differentiation stage-spccific manner. Although thesc protcins 

are thought to be in volved in conferring mechanical integrity to epithelial cells, thc functional 

significance ofthcir complex differential expression is still unclear. In epidermis, basal 

prolifcrativc kcratinocytes express Kl4; when they terrninally differentiate, keratinocytes 

switch offKI4 and start KlO expression, whereas in response to hyperproliferative stimuli, 

Kl6 replaces K lO. 

We ha ve rccently demonstrated that the ectopic expression of K 1 O inhibits prol iferation 

ofhuman keratinocytes in culture, whilst Kl6 exprcssion appears to promole proliferation of 

these ce lis. In addition, K 1 0-induced inhibition can be reverscd by co-expression of K 16, but 

not Kl4. The mechanism by which KIO inhibits cell proliferation is linked to thc 

retinoblastoma pathway. We found that this effect on cell cycle progression can be attributed to 

alterations in the PI-3 kinase signa! transduction pathway mediated by the physical interaction 

bctween the non o:-hclical aminoterminal domain ofKIO and Akt/PKB and aPKCl;. This 

interaction prevents the translocation ofthese signalling molecules, thus impairing their 

activation. Finally, to confirm these data in vivo, we generated transgenic m ice in which K 1 O 

expression was ectopically targcted to the basallayer ofthe epidermis. Thesc m ice showed 

striking alterations in epidermal proliferation and ditfercntiation, and displaycd a highly 

decreased sensitivity to skin chemical carcinogenesis. The biochcmical analysis ofthis 

phenotype was in agrecment with the in vitro results . 
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TGF-P and oncogenesis 

Joan Massagué 

Memorial Sloan-Kettering Cancer Center and Howard Hughes Medical Institute, 
New York. 

The TGF-13 family of secretory polypeptides is a major source of signals controlling the 
deployment of a cell 's genetic program in metazoan organisms. Unlike classical hormones, 
whose actions are few and concrete, the members of the TGF-13 family have many different 
effects depending on the type and state of the cell. TGF-13 family members are multifunctional 
hormones, the nature oftheir effects depending on what has been called "the cellular context". 

In spite of such complex response pattern, a disarmingly. simple system has been recently 
elucidated that mediates many diverse TGF-13 responses. This system involves a family of 
mernbrane receptor protein kinases and a family of receptor substrates -the Smad proteins- that 
march into the nucleus where they act as transcription factors. The ligand TGF-13 assembles a 
receptor complex that activates Smads, and the Smads assemble multisubunit complexes that 
regulate transcription. Two general steps thus suffice to carry the hormonal stimulus to target 
genes. 

How can such a simple system mediate a variety of cell-specific responses? We find that 
an incoming Smad complex is met in the nucleus by a set of partner proteins that are specific to a 
particular cell type in a particular set of conditions. These partners determine the DNA sequences 
that the Smad complex will bind, the transcriptional co-activators or co-repressors it will recruit, 
the other transcription factors it will cooperate with, and how long all this will last. The mix of 
Smad partners and regulators present in a given cell at the time of TGF-13 stimulation thus 
decides the outcome ofthe response and defines, in molecular terms, the "cellular context". We 
have developed methodology to identify the cellular factors that confer the ability to mediate a 
particular gene response to TGF-13. 

We are applying this methodology to the study ofTGF-13 in cancer. The TGF-13 pathway 
plays a dual role in tumorigenesis. On one hand, the ability of TGF-13 to inhibit epithelial cell 
proliferation is diminished or lost in many carcinoma cells. We have defined mechanisms of cell 
cycle arrest by TGF-13, and how these mechanisms are inactivated by loss-of-function mutations 
in the TGF-13 pathway in colon cancer or by an inhibitory effect of a hyperactive Ras pathway in 
breast cancer. On the other hand, TGF-13 can exacerbate the malignant phenotype at later stages 
of tumorigenesis by fostering tumor invasion and metastasis. This is manifest in breast cancer 
cells that retain TGF-13 signaling components but have lost the antimitogenic response, as is the 
case in cells harboring a hyperactive ErbB-2/EGFR-Ras pathway. In these cells, TGF-13 signaling 
has been reprogrammed, leading to gene responses that support the invasive or metastatic 
behavior ofthe cell. Building on our current understanding ofthe principies that govern signaling 
specificity by the TGF-13/Smad pathway, we are seeking to delineate the mechanisms of TGF-13 
stimulation of tumorigenesis. 

Instituto Juan March (Madrid)



22 

References: 
Calonge, M.J. and Massagué, J. Smad4/DPC4 silencing and hyperactive Ras jointly disrupt TGF-P antiproliferative 
responses in colon cancer cells. J. Biol. Che m. 274, 33637-33643 ( 1999) 

Hata, A., Seoane, J., Lagna, G., Montalvo, E., Hemmati-Brivanlou, A. and Massagué, J. The 30-zinc finger protein 
Piano as a multifunctional partner ofSmads in the BMP pathway. Cell 100, 229-240 (2000) 

Kretzschmar, M., Doody,J., Timokhina, 1 and Massagué, J. A mechanism of repression ofTGFP /SMAD signaling 
by oncogenic Ras. Genes Dev. 13, 804-816 (1999) 

Pasche, B., Kolachana, P., Nafa, K., Satagopan, J., Chen, Y.-G., Lo, R.S., Brener, D., Yang, D., Kirstein, L. , 
Oddoux, C., Ostrer, H., Jhanwar, S., Luzzato, L., Massagué, J. and Offit, K. Tf3R-/(6A) is a candidate tumor 
susceptibility allele .. Cancer Res. 59, 5678-5682 (1999) 

Wamer, B.J., Blain, S.W. and Massagué, J. Myc downregulation by TGF-P required for activation ofthe pl51nk4b 
Gl arrest pathway. Mol. Cell. Biol. 19,5913-5922 (1999) 

Wotton, D., Lo, R.S., Lee, S. and Massagué, J. A Smad transcriptional corepressor. Cell97, 29-39 (1999) 

Instituto Juan March (Madrid)



23 

Regulation ofTGF~ / BMP signaling by ZEB proteins 

Antonio A. Postigo and Douglas C. Dcan 

Washi11gto11 U11iversity Sclwol of Medici11e, Div. Of Molecular 011cology 

St. Louis, MO 631 JO, USA 

The TGFP family of s ignaling proteins plays a crucial role in differentiation of a varicty 

of ti ssues during devclopment ( 1 ). One role of lhcse proleins is lO arres! ce li s in lhe G 1 

phasc of lhe cell cycle , which is necessary for lhe cells lO launch a differenliation 

program ( 1 ). One large t ofTGFf3 is lhe relinoblastoma protein (Rb). This protein acts as a 

transcription al repressor, blocking expression of S phase genes. and thereby prevent ce li s 

from moving from G 1 toS phase (2,3)_ Rb function is blocked by hyperphosphorylati on. 

which we have shown to occurs scquentially by differcnt cyclin dependen! kinases during 

G 1 (4)_ Treatment of cells with TGFf3 leads to accumulation of hypophosphorylated Rb 

and G 1 arresL Converse! y, a block in Rb function prevents the G 1 arrest imposed by 

TGFf3 indicating that Rb is a critica! target for TGFf3-mcdiated growth supprcssion (5) 

Rb bind s to a family of cell cycle tran scription factors know as E2Fs. blockin g the ir 

ability to actívate transcription (2). However, while tcthcrcd to promoters through thi s 

interaction with E2F, Rb also recruits chromatin remodcling enzymcs such as hi s tonc 

deacetylascs and the A TP-dcpendent nucleosomc rcmodelcr SWI/SNF (6,7) _ We ha ve 

recently providcd cvidcncc that it is this rccruitmcnt of chromatin rcmodeling enzymcs, 

which allows Rb to asscmblc chromatin on promotcrs and aclivcly rcprcss transcription. 

that is csscnlial for Rb to arres! ccll s in response to TGFf3 (6,7)_ 

Following lhcir binding -to cc ll surfacc rcccptors, signaling by TGFf3 famil y 

lncmbcrs involvcs a cascadc of phosphorylations thal ultimalcly kads to formati on o f a 
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heterodimeric complex between the transcription factor Smad4 and other Smad family 

members (lf These complexes bind to promoters of target genes and actívate 

transcription. One linkage between TGFb and Rb phosphorylation is the cyclin dependen! 

kinase inhibitor p 15, which blocks cyclin dependen! kinase activity leading to 

accumulation of hypophosphorylated Rb and growth arrest (8). Severa! different pro teins 

have been identified that regulate Smad activity (TGIF, ski and SnoN). Interestingly, one 

of these proteins. the ski oncogene, inhibits both Smad activity and Rb repressor activity 

(9,10). This prevents TGFP-mediated growth arrest and differentiation and deregulates 

the cell cycle ( 11 ). 

We have identified two zinc finger/homcodomain family members, ZEB-1 and 

ZEB-2 ( 12-15), that a !so bind to Smad protei ns . Thcse protcins appcar to function at lcast 

in part in skclctal formation . Micc knockcd out for thc ZEB-1 gene showed skclctal 

defects simi lar to thosc observcd in GDF-5 and other BMP-rclatcd molccules, sugesting a 

role for ZEB in BMP signaling. Targetcd dclction of ZEB -2 is currently underway. 8oth 

ZEB-1 and ZEB-2 not only bind to Smads but also affect their ability to act ívate 

transcription in response to BMPs (and TGFb). lnterestingly, it appears that ZEB-1 and 

ZEB-2 have revcrse effects with one augmenting Smad activity and the other inhibiting. 

We suggest a mechanism where by the expression of ZEB-1 and ZEB-2 in differcntiating 

carti lagelbone regulates responses to BMPs and thus skeletal formation . 
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TUMORIGENESIS IN CONDITIONAL TUMOR SUPPRESSOR GENE 
KNOCKOUT MICE 

Anton Bcms Marc Voojjs. Jos Jonkers Silvia Marino. Ralph Mcuwissen and Paul 

Krimnc:nfort. Division ofMolecular Genetics and Centre ofBiomedical Geneti¡;s The 

Netherlands Cancer Institute, Plcsmanlaan 121, 1066 CX, Amsterdam. The Netherlands. 
e-mail: tbcms@nki .nl 

Gene inactivation studies are invaluable in asscssing the function of oncogenes and tumor 

suppressor genes in developmcnt and malignant growth. However, detailed analysis of 
the role of tumor suppressor genes in these procésses using the conventional knockout 

mouse models is often hampered by embryonic lcthality or developmental aberrations. 

To circumvent tbese complicating factors associated with loss-of-tumor suppressor gene 

function we ha ve generatcd a series of conditional tumor suppressor gene knockout mice. 

We ha ve cxplored methods to switch the genes in a time-controlled and tissue specific 

fashlon. Both t.ransgcnesis and somatic gene transfer was used to express Cre 

recombinase in the desired tissues. This technology permits us to induce specific tumors, 
to correlate specific genetic lesions with phenotypic characteristics, and hopefully to 

gcnerate better models for testing intervention protocols. In addition, these mice are 

valuable source of cell lines that can be tested with respect to paramcters that can be 

better studied in vitre such as growth, cell cycle regulation, response to irradiation, 

resistance to apoptosis. and genomic instability. 

Sorne of the points mcntioned will be illustrated on the basis of studies performed with 
compound conditional mutants. Genes studied in various combinations include pRb, 

pl07, pl6, pl9Arf, p53 and Brea! and Brca2. Inactivation was directed to specific tissues 

using tissue-specific or regulatable expression of Cre recombinase. Study of the effects of 

the inactivation of various tumor suppressor genes in specific tissucs in vivo and in cell 
lincs in vitre will be described.. 
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Role of beta-cateninlarmadillo in cell adhesion and signal transduction 

Walter Birchmeier 

Max-Delbrück-Center for Molecular Medicine, Robert-Roessle-Strasse 10, 13125 Berlin, 
Germany 

Beta-Catenin/armadillo is a component of both the cadherin cell adhesion system and 
the wnt signaling pathway. Wnt signaling increases the Ievels of cytosolic beta-catenin by 
preventing its ubiquination and degradation vía proteasomes. This allows direct interaction of 
beta-catenin with transcription factors of the LEF!fCF family and modulation of gene 
expression. We have shown previously that the protein conductin forms a complex with beta
catenin, the tumor suppressor gene product APC, and GSK3 beta. Conductin induces beta
catenin degradation, whereas mutants of conductin that are deficient in complex formation 
stabilize beta-catenin. Fragrnents of APC that contain a conductin-binding domain also block 
beta-catenin degradation. Thus conductin and the related protein axin are components of the 
multiprotein complex that direct beta-catenin to degradation. 

In beta-catenin, we have now identified amino acids that distinctly affect APC, 
conduction or LEF-1ffCF binding. These residues fonn separate clusters in the superhelix built 
by armadillo repeats. Point mutations in one, APC or conductin binding sites, do not stabilize 
beta-catenin. Mutants unable to interact with both APC and conductin are fully stabilized. For 
degradation, it is thus sufficient if conductin or APC are recruited indirectly to beta-catenin and 
thus to the degradation complex. 

We also generated beta-catenin-deficient mouse embryos and observed a defect in 
anterior-posterior axis formation at E5.5, as visualized by the absence of Hex and Hesx and the 
mislocation ofCerberus-like and Lim-1 expression in the visceral endoderm. Subsequently, no 
mesoderm and head structures are generated, but beta-catenin-deficient cells can contribute to 
these tissues in chimeric embryos. Intercellular adhesion is maintained since plakoglobin 
substitutes for beta-catenin. Our data suggest that beta-catenin-mediated signalling is essential 
in anterior-posterior axis fonnation ofthe pre-gastrula mouse embryo. 
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A POTENTIAL SHUTILING ROLE FOR E-APC, A NEW DROSOPHILA 

ADENOMATOUS POLYPOSIS COLI HOMOLOGUE. 

f!~~a M. Townsl~y and Mariann Bienz 

MRC Laboratory of Molecular Biology, Hills Road, Cambridge, CB2 2QH, UK. 

Adenomatous polyposis coli (APC) is an important tumour suppressor 

protein with a critica! role in preventing colon cancer. APC functions in a 

complex with glycogen synthase kinase 3 and axin to promote the degradation 

of P-catenin, an effector of the Wnt/Wingless signa! transduction pathway; 

however its precise molecular function in the destabilisation of P-catenin is 

currently unknown. 

E-APC is a recently discovered Drosophila APC homologue. 

Intriguingly, E-APC is concentrated in the adherens junctions of Drosophila 

epithelial cells where it associates with E-cadherin and Armadillo (the 

Drosophila homologue of P-catenin). Conditions that delocalise E-APC from 

the adhesive zones result in high levels of free Armadillo and ectopic 

Wingless signalling, which suggests that the junctional association of E-APC is 

critica! for its function in promoting Armadillo degradationl. APC is also 

found in the cytoplasm and nucleus of Drosophila and mammalian cells. · We 

have recently proposed a model whereby APC functions to concentrate P

catenin at the plasma membrane based on its ability to shuttle between the 

various subcellular compartments2. We have set out to test this model by 

examining the subcellular localisation of E-APC under conditions that disrupt 

the actin and microtubule cytoskeletal networks. Preliminary results indicate 

that E-APC is delocalised from the adherens junctions in embryos treated with 

drugs that disrupt the actin cytoskeleton, but not in embryos treated with 

drugs that depolymerise microtubules. Furthermore E-APC localisation is 

d isrupted in Drosophila ovaries which are mutant in the actin binding 

protein profilin (chickadee mutants). We are currently testing the subcellular 

Iocalisation of E-APC under conditions that disrupt nuclear transport. 

l. Yu, X., Walzer, L. and Bienz, M. A new Drosophila APC homologue 

associa ted with adhesive zones of epithelial ce lls (1999). Nat. Cell Biol. 1:144-

151. 

2. Bienz, M. APC: the plot thickens (1999). Curr. Op. Genet. Dev. 9:595-603. 
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TCF factors, mediators of Wnt sígnaling 

Hans Clevers 

Department of Immunology, University Hospital, Utrecht, 
The Netherlands 

Factors of the TCF/LEF HMG domain family (TCFs) exist throughout the animal 
kingdom. lt has become evident that TCFs interact with the vertebrate WNT effector beta
catenin to mediate axis formation in Xenopus. Likewise, Armadillo (the Drosophila ortholog 
of beta-catenin) is genetically upstream of Drosophila TCF in the Wingless pathway. U pon 
Wingless/Wnt signaling, Armadillo/ beta-catenin associate with nuclear TCFs and contribute 
a trans-activation domain to the resulting bipartite transcription factor. In the absence of Wnt 
signaling, Tcf factors associate with proteins of the Groucho family of transcriptional 
repressors to strongly repress target gene transcription .. The cytoplasmic tumor suppressor 
protein APC or its homolog APC2 bind to beta-catenin causing its destruction. In APC
deficient colon carcinoma cells, beta-catenin accumulates and is constitutively complexed 
with the TCF family member Tcf-4. In APC-positive colon carcinomas and melanomas, 
dominant mutations in beta-catenin render it indestructable, providing an alternative 
mechanism to inappropriately actívate transcription of TCF target genes. Tcf-4 gene 
disruption leads to the abolition ofstem cells in the crypts ofthe small intestine, while Tcf-1 
gene knockout severely disables the stem cell compartment ofthe thymus. 
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The NFl tumor suppressor: biochemical studies and mouse modeling 

Tyler Jacks 

Howard Hughes Medica! lnstitutc, Center for Cancer Research. -
Department ofBiology, Massachusetts lnstitute ofTechnology, 

Cambridge. MA02139 

Individuals with neurofibromatosis type I (NFI) develop multiple benign peripheral nerve 
sheath tumors and as well as other tumor types. Because loss of function mutations in the 
NFI gene appear to be responsible for the disease, NFI has been classified as a tumor 
suppressor. Its encoded protein, neurofibromin, exhibits homology to the catalytic domain 
of mammalian and yeast Ras-GAP proteins and has been shown to stimulate the GTPase 
activity of Ras in vitro; however, little is known about how its activity is regulated or in 
what contexts it affects the Ras-MAP kinase pathway. We have found that neurofibromin 
is degraded in response to a variety of growth factors. This process is rapid and transient ; 
degradation initiates in less that 2 minutes and protein levels are re-elevated by 30 minutes. 
Neurofibromin is a direct target of the proteasome. as it is ubiquitinated in vivo and ils 
degradation is prevented by proteasome inhibitors. lnlerestingly. PKC inhibilors also 
block its degradation while exprcssion of activaled PKC isoforms promote it. suggesting 
that this regulation is dependent on PKC. To gain insight asto how neurofibromin affecls 
the Ras pathway, we examined MAP kinase activity and lhe growth properties of wild-type 
versus Nfl - deficient mouse embryonic fibroblasts (MEFs). Exposure to sub-tlu·eshold 
concentrations of serum or growth factors resulted in a transient activation of MAP kinase 
and did not induce DNA synthesis in wild-type MEFs. However in Nfl -/- MEFs, the same 
stimuli elicited a dramatically sustained activation of MAP kinase and was sufficient lo 
induce proliferation. Notably, the attenuation of the MAP kinase signa! in the wild-type 
MEFs temporal! y corrclated with the reappearance of neurofibromin. Thus, ncurofibromin 
can act as a critica! regulator of the duration of MAP kinase activity and in this way may 
play a pivota! role in preventing inappropriale proliferative responses. 

A mouse model of astrocytoma developmcnt involving the mutation of Nfl and p53 
will also be described. Humans with germline mutations in NFI have an increased risk of 
optic pathway gliomas, malignan! astrocytomas, and glioblastomas. The p53 tumor 
suppressor is often mutated in a subset of astrocytomas that develop at a young age and 
progress slowly to glioblasloma (tenned secondary glioblaslomas, in contrast to primary 
glioblastomas that develop rapidly de novo). This mousc model shows a full range of 
aslrocytoma progression, from low-grade astrocytoma lo high-grade glioblasloma 
multiforme, and may be an accurate mouse model of human secondary glioblastoma 
involving p53 loss. This is the first reported mouse model of astrocytoma initiated by loss 
of tumor suppressor genes, rather than overexpression of transgenic oncogenes. 
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Regulation of cellular p53 activity 

Gil Blander, Ruth Maya, Alexander Damalas, Tamar Juven-Gershon, Jair Bar, Adriana 
Folberg, Tanya Gottlieb, Sagit Sela-Abramovitz, Ohad Shifman, Xinjiang Wang, Sylvie 

Wilder and Moshe Oren 

Department ofMolecular Cell Biology, Weizmann Institute of Science, Rehovot 76100, Israel 

The p53 tumor suppressor protein is usually laten! in non-stressed cells. 1l1e cellular 
levels and activity of p53 increase in response to a wide array of stress-induced signals, 
resulting in the triggering of a p53-mediated cascade of events. To a large extent, p53-
activating stress signals operate through modulating the p53-mdm2 autoregulatory loop. 
Attempts are being made to elucidate the molecular mechanisms that affect particular 
components ofthis loop, as well as the nature ofthe signals that impinge on p53. 

p53 undergoes phosphorylation on multiple sites in response to DNA damage, in a way 
that contri bu tes to its activation. One of the si tes whose phosphorylation is regulated by DNA 
damage is serine 20 of p53 (1). Using variants of p53 mutated at position 20, we found that 
substitution of serine by aspartic acid renders the mutan! p53 more resistan! to inhibition by 
Mdm2, whereas alanine at position 20 has the opposite effect (2). In parallel, Mdm2 also 
undergoes altered phosphorylation upon exposure to DNA damage. One such phosphorylation 
event affects the reactivity of Mdm2 with the 2Al0 antibody (3). The rapid kinetics of 
induction of this modification by DNA damage, as well as its dependence on A TM, support a 
role in p53 activation (3). Phage display analysis reveals that Mdm2 contains two epitopes for 
2AIO, both within the C terminal part ofthe protein. Mutational analysis is beinr. employed to 
investigate how phosphorylation at these sites affects the functionality ofMdm2: •> 

Mutations in the WRN helicase give rise to the Wemer premature aging syndrome. 
Wemer patients possess an elevated cancer risk, and their cells exhibit enhanced genomic 
instability. These features also characterize cells with defective p53 function. We therefore 
investigated a possible relationship between p53 and WRN. We and others found that WRN 
and p53 can engage in direct physical association (4,5). Excess WRN induces p53 
accumulation and augments p53-mediated transactivation and apoptosis. Of particular note, 
cells of Werner patients exhibit a defect in the induction of p53 by various DNA darnaging 
agents, including UV radiation and the topoisomerase I inhibitor camptothecin. WRN mar 
therefore be another molecule that, upon detection of genomic stress, can signa! through p53 .(b 
Another protein recently found to affect p53 activity is beta catenin. Excess deregulated beta 
catenin activity is a hallmark of colorectal cancer, as well as a variety of other epithelial 
tumors. In colorectal cancer, deregulation of beta catenin activity is an early event in tumor 
progression. At a late stage in the process, p53 mutations are encountered at a very high 
frequency. We found that excess beta caten in can increase the levels and activity of p53 (6). By 
and large, this is attained through stabilization of the p53 protein, in part through inhibition of 
Mdm2-mediated degradation (6). In the cells overproducing rnodest amounts of beta-catenin, 
stabilization of p53 appears to occur primarily through induction of the p 19ARF tumor 
suppressor protein. On the other hand, yery high levels of beta catenin can stabilize p53 also 
through ARF-independent pathways, and partially also through Mdm2-independcnt 
mechanisms (el . Activation of p53 by deregulated beta catenin may .give rise to a strong 
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selective pressure against the continued expression of functional p53 in cells where beta 
catenin has become aberrantly active. This may provide a partía! explanation for the prevalence 
of p53 mutations in tumor cells that carry deregulated beta catenin. However, p53 mutations 
occur much later that the mutations that cause beta catenin deregulation. This suggests that 
additional events may be needed befare p53 function becomes truly rate limiting. Such putative 
events and their contribution to p53 activation will be discussed 

(a) In collaboration with D. Shkedy, R. Khosravi and Y. Shiloh, Tel A viv University 

(b) In collaboration with C-E Y u, and G .D. Schellenberg, VA Medica! Center, Seattle 

(e) In collaboration \VÍ!h A . Ben-Ze'ev, J. Zhurinsky and B . Geiger, The Weizmann lnstitute 
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Response and roles of p53 in DNA damage, replication and repair 

C. Prives, J. Ahn, V. Gottifredi, S. Shieh1 
, and J. Zhou 

Department ofBiological Sciences, Columbia University, N. Y; 
1Institute ofBiomedical Sciences, Academia Sínica, Taipei, Taiwan. 

P53 responds to multiple intracellular signaling pathways. Upon ( irradiation of 
human cells p53 is phosphorylated at a number of sites within its N-tenninus including 
S 15, S20 and S33 . Of particular interest is S20 since it is located directly within the Mdm2 
interaction region. To identify an S20 kinase Hela extracts were fractionated and it was 
discovered that the activity that phosphorylates S20 co-purifies with the human 
homologue ofChkl (hChkl). We then demonstrated that both recombinant hChkl and the 
human homologue ofCdsl (hChk2) can phosphorylate p53 not only at S20 but ata number 
of other sites within p53 including S 15 and S37. Since modulation of Chk kinase in vivo 
has a significant etfect on p53 protein levels, it is likely that Chk kinases are an integral 
part of at least a subset ofthe cellular DNA damage signaling pathways to p53 . 

Since p53 can respond to multiple cellular stresses it was of interest to examine 
possible cross-regulation between upstream signaling pathways. To test this cells were 
arrested in early S phase by either hydroxyurea or aphidicolin. Under such conditions p53 
is phosphorylated at sites including S20 and S 15. Interestingly, however, not only does p53 
appear to be transcriptionally inert, but it fails to become activated u pon treatment of cells 
with ( IR. Our results suggest that when cells experience stalled DNA synthesis, p53 is 
held in a partial state of repression which cannot be reversed by one of its normal 
activation signals. We are currently investigating the mechanism of this unexpected 
response. 

We previously discovered that Ref-1 is a poten! activator of p53 in vitro and in vivo. 
Since Ref-1 is an NP endonuclease we tested whether p53 might atfect the process of base 
excision repair (BER). It was discovered that p53 strongly stimulates BER in vitro, 
possibly through its ability to facilitate Ref-1 loading of DNA polymerase 3 onto DNA. 
Tujmor-derived mutant fonns of p53 are very inefficient at stimulating BER in vitro. 
Several lines of evidence support an impact of p53 on BER in vivo suggesting a novel 
direct role for p53 in DNA damage-induced base excision repair processes. 

Instituto Juan March (Madrid)



37 

RNA interference in Drosopltila cells 

Greg Hannon 

As ever-increasing amounts of genomic information become available, there is an 
acute need for facile methods for linking sequence to function. This has led a number of 
investigators to use genetically tractable model systems for functional studies of oncogenes 
and tumor suppressor proteins that lie in evolutionarily conserved biological pathways. Two 
systems that have proven particularly fruitful have been C. elegans and Drosophila. These 
models allow both forward and reverse genetic approaches. In both cases, a strong impact has 
been made by the discovery that double-stranded RNA can trigger gene silencing in a highly 
etfective and highly specific manner. This effect is commonly known as RNA interference or 
RNAi . 

Unfortunately, there is often a barrier, both in terms of faciliti es and expertise, which 
must be overcome befare the use of model organisms by those that do not traditionally work 
with these systems. This has limited the utility of tools such as RNA-interference for those 
that traditionally work on mammalian systems. In an effort to democratize this approach, we 
asked whether RNAi could be etfective in cultured Drosophila cells. 

Introduction into Schneider S2 cells of double stranded RNA causes specific silencing 
of genes that are homologous to the input dsRNA. RNA can be introduced by transfection, or 
indeed by simply adding dsRNA to the media in the absence of serum. Both of these 
procedures elicit a response in nearly 100% ofthe cell population. 

We have shown that RNAi can be used to create informative phenotypes in cultured 
cells, and are moving toward the use of this approach in our etforts to understand the 
biological roles of human oncogenes, such as myc, that are conserved in Drosophila . 
However, we have also begun a majar etfort toward understanding the mechanistic basis of 
RNAi . 

We have developed an in vitro system from cultured S2 cells in which the process of 
dsRNA-induced gene silencing can be studied at a biochemical level. This system has 
revealed that RNAi is ultimately carried out by a sequence specific nuclease that carries a 
fragment ofthe input dsRNA as a likely guide to substrate selection. Our ongoing efforts to 
understand the multiple steps of this process may eventually permit the realization of our 
ultimate goal : to establish RNAi in mammalian systems. 
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In vivo role of the cyclin D-depeodent kinases and their regulators 

Mariano Barbacid 

Centro Nacional de Investigaciones Oncológicas Carlos III. 28220 Majadahonda, Madrid, Spain 

Normal cell growth and differentiation requires precise control of the mechanisms that 
regulate the entry, progression and exit from the cell cycle. Entry of quiescent cells into the cell 
cycle is driven by the cyclin D-dependent kinases Cdk4 and Cdk6. Proper regulation of the 
activity of these kinases appears to be critica! for normal cell proliferation since the majority of 
human tumors carry mutations that result in deregulation of these kinases. In spite of the wealth 
of information regarding the activity of these k.inases and their regulators (CAK, INK4 inhibitors, 
Cdc25 phosphatases, etc.) little is known regarding the role that the different Cyclin D-dependent 
Cdk4 or Cdk6 complexes play in vivo. 

During the last few years, severa! laboratories, including ours, have begun a systematic 
effort to generate mice carrying targeted mutations in these genes. For instance, mice defective 
for cyclin DI, cyclin 02 and Cyclin A2 have already been described. Moreover, genes encoding 
each of the known members of the Cip/Kip and INK4 families of cell cycle inhibitors ha ve also 
been ablated in mice. 

In our laboratory, we have generated mice lacking P57Kip2, Pl5INK4b and Pl8INK4c. 
P57Kip2 defective mice have already been published and will no be discussed here (Yan et al. 
Genes & Dev. 11, 973, 1997; Zhang et al. Nature, 387, 151, 1997). Ablation ofPI5INK4b and 
P18INK4c (Franklin et al. Genes & Dev. 12, 2899, 1998) genes results in similar 
lymphoproliferative disorders and tumor formation, albeit P15INK4b mutant mice display a 
significantly lower incidence of neoplasias. In addition, mice lacking Pl8INK4c have deregulated 
epithelial cell growth that leads to the formation of cysts, mostly in the cortical region of the 
kidneys and the marnmary epitheliurn. Concomitant loss ofboth P15INK4b and Pl8INKc does 
not result in significantly distinct phenotypic manifestations except for the appearance of cysts in 
additional tissues. These results indicate that Pl5INK4b and P18IKN4c are tumor suppressor 
proteins that act in different cellular lineages with few, if any, compensatory roles. 

We have also begun the systematic manipulation of the three Cdk loci in volved in G 1/S 
progression. To date, we have generated two strains of mice that either do not express Cdk4 
[Cdk4 (neo/neo) mice] or express a mutant Cdk4 protein (Cdk4 R24C) that cannot bind the INK4 
family of cell cycle inhibitors (Rane et al., Nat Genet., 22, 44, 1999). This mutation had been 
previously found to be associated with human hereditary melanoma. 

Mice devoid of Cdk4 expression are viable, but small in size and mostly infertile. The 
partial maJe sterility in cdk4 (neo/neo) mice is due to a block in late spermatogenesis due to the 
absence ofLeydig cells. Female sterility is dueto a defect in the formation ofthe corpus luteum. 
Cdk4 (neo/neo) mice also have decrease cellularity in the adenohypophysis which may contribute 
to the small size and sterility. Susprisingly, Cdk4 (neo/neo) mice develop insulin-dependent 
diabetes due to a dramatic reduction in beta islet pancreatic cells. Mice expressing the mutant 
Cdk4 R24C protein are viable and fertile. These mice display hyperproliferative abnormalities in 
most of the cell types affected in the Cdk4-deficient mice, including testicular Leydig cells, 
adenohypophysis and pancreatic beta cells. Indeed, most of these mi ce dc;velop multiple tumors 
after 10 to 16 months of age, in a variety of cell types and tissues. These results illustrate the 
distinct roles that cell cycle regulators play in vivo and how their mutation results in abnormal 
proliferation that leads, in most cases, to tumor development. Instituto Juan March (Madrid)
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The p53 pathway in tumor suppression and cancer therapy 

Scott W. Lowe 

Cold Spring Harbor Laboratory, Cold Spring Harbor, NY USA 11724 

The p53 tumor suppressor is activated by a variety of stresses, including DNA 
darnaging agents and mitogenic oncogenes. Once activated, p53 can produce severa! 
outcomes, including transient arrest, senescence, or apoptosis. Our Iaboratory has studied 
primary and ear1y passage fibroblasts in an attempt to understand p53 function in cells with a 
well-defined genetic background. Using this approach, we have shown that the ARF tumor 
suppressor is required for oncogene signaling to p53 and, while not inducible by DNA 
darnage, can potentiate a DNA damage response (de Stanchina et al., 1998). We also have 
used normal fibroblasts to show that p53 can promote apoptotic cell death through the Apaf-
1/Caspase-9 death effector complex (Soengas et al., 1999). These data demonstrate that 
Apaf-1 and Casp-9, like p53, have tumor suppressor properties. More recently, we have 
begun to extend observations from these simple fibroblast systems to epithelial cells, animal 
models, and primary human tumors (e.g. (Sclunitt et al., 1999)). First, we have shown that 
oncogene signaling to p53 can operate through ARF in epithelial cells, where this pathway 
acts to Iimit proliferation and tumorigenic potential. Second, we have shown that effector 
components of p53 in apoptosis are altered in human tumor cells. Finally, we ha ve developed 
powerful new methods for studying the impact of the p53 pathway on therapy-induced cell 
death in vivo, and are investigating the impact of p53 pathway components on this response. 
Our results further define the p53 tumor suppressor pathway, and establish physiological 
systerns for testing novel anticancer therapies targeted against mutations in p53 or the p53 
pathway. 

Refcrcnces: 
de Stanchina, E., McCurrach, M. E., Zindy, F., Shieh, S. Y., Ferbeyre, G., Samuelson, A. V., Prives, C., Roussel, 
M. F., Sherr, C. J., and Lowe, S. W. (1998). EIA signaling to p53 involves the pi9{ARF) tumor suppressor. 
Genes Dev /2, 2434-42. 

Schmitt, C. A., McCurrach, M. E., de Stanchina, E., Wallace-Brodeur, R. R., and Lowe, S. W. (1999). 
INK4a/ARF mutations promote lymphomagenesis and chemoresistance by disabling p53. Genes Dev. 13, 2670-
2677. 

Soengas, M. S., Alarcon, R. M., Yoshida, H., Giaccia, A. J., Hakem, R., Mak, T. W., and Lowe, S. W. (1999). 
Apaf-1 and Caspase-9 in p53-Dependenl Apoplosis and Tumor lnhibilion. Science 284, 156-159. 
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The ARF tumor suppressor 

Charles J. Sherr, Jason D. Weber, Frederique Zindy, Mei-Ling Kuo & Martine F. Roussel 

Howard Hughes Medica! Institute and Department ofTwnor Cell Biology, S t. Jude Chil
dren's Research Hospital, Memphis 1N 38105 USA 

Mitogen-dependent progression through the G 1 phase of the cell cycle depends u pon 
cyclin-dependent kinases (CDKs) whose activities are required for chromosomal DNA syn
thesis. Entry into the cell cycle from quiescence and progression into S phase require phos
phorylation ofkey substrates, including (i) the retinoblastoma protein (Rb), thereby activating 
an E2F-dependent transcriptional prograrn; (ii) the CDK inhibitor p27, triggering its proteo
lytic degradation and facilitating further CDK activation; and (iii) most probably proteins at 
replication origins whose modifications are required for the initiation of DNA synthesis per 
se. Dismantling the "Rb pathway" through either cyclin D or CDK4 overexpression, or Ioss 
ofthe tumor suppressors, the CDK inhibitor pi61

NK
4

a or Rb itself, occurs so frequently in can· 
cer, irrespective of tumor type or patient age, that such evenls may be necessary in thc Iife 
history of many, if not all, tumor cells. 

Inappropriate signaling through the cyclin D/CDK4 - Rb - E2F circuit can trigger a 
checkpoint that restrains cells from progressing through the cell cycle by invoking either 
growth arrest or apoptosis. The checkpoint depends upon the product of the altemative read
ing frame ofthe INK4a/ARF locus (p19ARF in mouse, p14ARF in humans), which antagonizes 
Mdm2 to actívate p53. ARF is induced by overexpression of S phase-promoting proteins or 
oncogenes, such as E2F-l, Myc, adenovirus EIA, activated Ras, and v-Abl. Conversely. 
ARF inactivation disables tumor surveillance by allowing the latter proteins to function as 
pure growth promoters. Although conclusions regarding the mechanism of ARF action ini
tially derived from work with cultured primary cells, severa! animal models for cancer pro
gression have now reinforced the view that ARF acts in tumor surveillance in a number of 
different biologic settings. 

Mouse pi9ARF and human p14ARF are nucleolar proteins, and their binding relocalizes 
Mdm2 to the nucleolus enabling p53 accumulation in the nucleoplasm. Although the archi
tecture of the mouse and human ARF polypeptides is somewhat different, both ARF proteins 
contain two binding sites for Mdm2 separated by spaccr sequences. Paradoxically, signals 
required for ARF nucleolar localization overlap one of the Mdm2 binding sites. 1l1e N
terminal 37 amino acid segment of mouse ARF contains all essential sequences required for 
Mdm2 binding, nucleolar localization, and p53-dependent cell cycle arrest. ARF binds to a 
central acidic domain of Mdm2 located downstream of the Mdm2 nuclear localization and 
nuclear export sequences (a.a. 210-304). This region ofMdm2 is not required for p53 binding 
(conferred by the Mdm2 N-terminus) or for E3 ubiquitin ligase activity (restricted to the 
RrNG domain at the Mdm2 C-terminus). ARF binding to Mdm2 is cooperative, inducing a 
conformational change that reveals a cryptic nucleolar localization signa! located within the 
C-terminal Mdm2 RING finger domain. The integrity of the latter scqucncc is rcquircd for 
localization of the ARF-Mdm2 complex to the nucleolus. Relocalization of Mdm2 lo thc nu
cleolus by ARF illustrates a novel mcchanism for prcventing p53 turnovcr and facilitatcs our 
undcrstanding of how stress signals that induce DNA damagc can syncrgize with ARF to 
rcgulatc p53 function. 
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Characterization of oncogene-induced cell senescence 

M. Serrano, M. Barradas, C. Pantoja, l. García-Cao, l. Palmero 

Department oflmmunology and Oncology, National Center ofBiotechnology, 
Madrid, Spain 

The INK 4a-ARF locus encodes two tumor suppressors, p 161NK4
" and p 19ARF, 

each regulating a different tumor suppressor pathway. Namely, p 161NK4
" activa tes Rb 

by inhibiting the CDK4 and CDK6 kinases; and pl9ARF activates p53 by blocking the 
destabilizing effects of MDM2. 

Expression of oncogenic Ras in primary cells is initially mitogenic but, after a 
period of a few days, triggers an anti-proliferative response mediated by both 
p 161NK4

" and p 19ARF ( 1,2]. Cells arrested by introduction of oncogenic Ras are vey 
similar to senescent cells and, consequently, this phenomenon has been designated 
"premature senescence" [ 1]. We regard this response as an anti-tumoral mechanism 
that prevents the propagation of oncogenically-driven cells. lmportanly, rodent cells 
genetically deficient in either pl61NK4

•, pl9ARF or p53 · do not enter "premature 
senescence" upon introduction of oncogenic Ras but, on the contrary, they are 
efficiently transformed. This permissivity to Ras transformation was not observed 
with cells deficient in the cell-cycle regulators p21 (3] or p27 ( unpublished 
observations) . 

We have performed a large-scale screening aimed at identitying other tumor
suppressor pathways that could be activated in response to the aberrant activity of 
oncogenic Ras. For this, we have used filters of high-density cONA arrays 
(containing 18.000 ESTs) and we have compared the expression profile of cells 
arrested by serum deprivation with the expression profile of cells arrested by Ras
induced premature senescence. We have identified and validated a total offive genes 
that are lúghly upregulated during Ras-induced senescence. We will discuss the 
significance ofthese genes in senescence and in the response to oncogenic stresses. 

Rcfcrcnccs: 
[ 1) Serrano et al., Ce/J 88, 593 ( 1997). 
[21 Palmero et al., Nature 395, 125 (1998). 
[31 Pantoja el al., Oncogene, 18,4974 (1999) . 
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Down regulation of 14-3-3cr prevents clonal evolution and leads to 
immortalization of primary human keratinocytes 

Elena Dellambra"', Osvaldo Golisano"', Sergio Bondanza"', Emanuela Siviero"', Pedro Laca!", 
Marta Molinari0

, Stefania D'Atri" and Michele De Luca"' 

"'Laboratory ofTissue Engineering and "Laboratory of Clinical Pharmacology, 
I.D.I., Istituto Dermopatico dell'Immacolata, Ro me, Ita! y and 0 0ept. of Experimental 

Oncology, European Institute ofOncology, Milan, ltaly. 

In human epidermal keratinocytes, replicative senescence is determined by a 
progressive decline of clonogenic and dividing cells, and its timing is controlled by clona! 
evolution, that is by the continuous transition from stem cells to transient amplifying cells. We 
now report that down regulation of 14-3-3a, which is specifically expressed in human 
stratified epithelia, prevents keratinocyte clona! evolution thereby forcing keratinocytes into 
the stem cell compartment. This allows primary human keratinocytes to readily escape 
replicative senescence. 14-3-3a-dependent bypass of senescence is accompanied by 
maintenance of telomerase activity and by down-regulation of the p 16

1
NK

4
a tumour suppressor 

gene, hallmarks of keratinocyte immortalization. 

Taken together, these data therefore suggest that inhibition of a single endogeneous 
gene product fosters immortalization of primary human epithelial cells without the need of 
exogeneous oncogenes and/or oncoviruses. 
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Interactions between Ras, beta-catenin and p53 pathways in human cancer 

Frank McCormick 

Cancer Research Institute, UCSF, San Francisco CA 94II5 

Activation of Ras and beta-catenin signalling pathways occurs frequently in many 
types of cancer. Inactivation of the p53 pathway is al so a frequent event. In metastatic colon 
cancer, all three pathways are altered in the majority of cases. Ras activates at least two 
signalling pathways, the Raf-MAP kinase cascade and the PI 3' kinase pathway. Cyclin DI is 
a transcriptional target of the MAP kinase pathway, and the PI 3 'kinase affects cyclin DI 
stability. We have identified cyclin DI as a transcriptional target ofthe beta-catenin pathway 
in colon cancer cells. We are now investigating which of these pathways is the major 
contributor to cyclin DI expression in these cells, and whether interactions between these 
pathways are synergistic. 

We have also identified mdm-2 as a major target of the Raf-MAP kinase pathway. 
lnduction of mdm-2 transcription is p53-independent, and occurs through Ets and Ap-1 sites 
in the P2 promoter. just upstream from the p53-responsive element. In tumor cells that retain 
wild type p53, Ras may contribute to suppression of p53 activity through induction of mdm-2. 
In Ras transformed cells, resistance to apoptosis following radiation is a result of increased 
mdm-2. Furthermore, high levels of mdm-2 enable the oncolytic adenovirus ONYX-OI5 to 
replicate efficiently, despite the presence of wild-type p53 . Loss of p I4ARF, a protein that 
inhibits mdm-2, also facilitates replication ofthis agent. 

The Ras pathway also activates p53, through the pi4ARF pathway. We believe that 
Ras induces expression of mdm-2 early in GI following stimulation of receptor tyrosine 
kinases. This mdm-2 keeps p53 at a basal level and allows progression to S-phase. E2F is 
activated, partly through ras-dependent transcription of cyclin DI, and E2F turns on 
expression ofpi4ARF. This protein can inhibit mdm-2 and allow accumulation ofp53 . This 
regulates entry into S-phase. 

Inhibition of the MAP kinase pathway results in G I arrest in colon cancer cells. This 
is the result of loss of cyclin DI and cdk4, and subsequent redistribution of p27 to cdk2. Of 
these two effects, inhibition of cdk4 seems more important, as forced expression of high 
levels of p27 do not cause growth arrest in these cells. High levels of cdk4 activity may 
therefore make colon cancer cells relatively independent of cdk2 activity. 
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Telomeres, cancer and DNA damage 

Fennín A. Goytisolo, Eva González-Suárez and Maria A. Blasco1 

1Department of Immunology and Oncology, National Centre of Biotech~ology, 
Madrid E-28049, SPAIN 

Telomere length has been proposed to limit the proliferative capacity of cells. 

lntroduction of constitutively expressed telomerase catalytic subunit into cells with a limited 

life span is sufficient to stabilize their telomeres and, in sorne cases, to extend their life span 

indefinitely (Bodnar et al., 1998). Telomerase can also cooperate with oncogenes to transform 

primary human cells in culture, suggesting that telomere maintenance by telomerase contributes 

to malignan! transformation (Hahn et al., 1999). These findings have led scientists to propase 

that telomerase inhibition in human cancers could lead to telomere shortening eventually 

compromising tumor growth. 

The characterization of mice genetically deficient for telomerase actiVIty. is an 

importan! step toward understanding the role of telomerase in telomere maintenance and 

tumorigenesis (Biasco et al., 1997). As telomeres shorten and chromosome fusions 

accumulate with increasing generations, mTR.J- mice show defects in proliferative tissues We 

will describe skin tumor susceptibility of wild-type and different generation telomerase

deficient mTK'- mice. Our results indicate that telomerase inhibition and short telomeres have 

a dramatic etfect in carcinogen-induced skin tumorigenesis. 

Recently. it has been proposed that telomeres may have a role in DNA reparr rn 

mamals. To address this we have studied radiation sensitivity of late generation mTR .. mice 

which lack telomerase activity and show short telomeres . 

Rcfcr·cnccs: 
Bodnaret al. (1998) . .S'cience 279. 349 

Hahn ct al. (1999). Nature 400. 464 

Blasco ct al. (1997). Ce// 91. 25 
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Functional analysis of the von Hippel-Lindau and retinoblastoma tumor 
suppressor proteins 

William G. Kaelin, Jr. 

Howard HughesMedical Institute, Dana-Farber Cancer Institute and 
Harvard Medica! School, Boston, MA 02116. william_kaelin@dfci.harvard.edu 

Von Hippei-Lindau disease is a hereditary cancer syndrome characterized by the 
development of hemangioblastomas of the central nervous system and retina, 
pheochromocytomas, and clear cell carcinomas of the kidney. This disease is caused by germline 
mutations of the VHL tumor suppressor gene. Tumors develop when the remaining wild-type 
allele is inactivated. The product of the VHL gene, pVHL, forms multimeric complexes that 
contain elongin B, elongin C, Cul2, and Rbxl. These complexes resemble so-called SCF 
complexes (Skpl- Cdc53-F-box protein), which function as E3 ubiquitin ligases. Cells lacking 
pVHL overproduce hypoxia-inducible mRNAs under well-oxygenated conditions. Recent work 
from Peter Ratcliffe's group showed that cells lacking pVHL are unable to degrade members of 
the HIF (hypoxia-inducible factor) transcription factor family. We have gone on to show that a 
frequently mutated region ofpVHL binds directly to HIF. Furthermore, pVHL binds toa region 
of HIF called the oxygen-dependent degradation domain which is necessary and sufficient to 
render HIF unstable in the presence of oxygen . Finally , we provide the first direct evidence that 
the pVHL complex does, indeed, function as an E3 ubiquitin ligase and that HIF is one of its 
targets. 

pRB is a prototypical tumor suppressor protein that has been intensively studied for the 
past 10 years. The majority of human tumors harbor mutations that directly or indirectly 
inactivate pRB. Inactivation of pRB leads to derepression of E2F-responsive promoters 
including the promoter for ARF. ARF, in tum, neutralizes MDM2 and thereby stabilizes p53 . 
Thus, pRB and a second tumor suppressor protein, p53, are in a regulatory network. Adding 
complexity to this network, we have now discovered that the p53 homolog, p73, it itself 
transcribed from an E2F-responsive promoter. This finding may account for the earlier 
observation that E2F can induce apoptosis in p53-defective tumor cells and has implication for 
treating cancer cells with E2F agonists. 
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Genomic integrity in mammalian cells: a key role for homologous 
recombination 

Maria Jasin 

Memorial Sloan-Kettering Cancer lnstitute, New York, NY 

DNA repair processes play an essential role in maintaining chromosome structure and 
genetic integrity. The significance ofthese processes is emphasized as defects in DNA repair 
pathways are linked to human disease and malignancy. A DNA double-strand break (DSB) is 
one type of lesion that can compromise genomic integrity. Two major pathways are 
responsible for the repair of DSBs in mammalian cells, nonhomologous end-joining (NHEJ) 
and homologous recombination (HR) (Liang et al. 1998). A role for NHEJ is well established 
in mammalian cells whereas a role for HR in DNA repair is just emerging. 

We have recently established that HR with a sister-chromatid is a prominent pathway for 
DSB repair in mammalian cells (Johnson and Jasin, submitted). Considering the lethality 
associated with disruption of sorne genes implicated in HR, sister-chromatid repair of 
spontaneously arising lesions, perhaps from replication, may be essential for cellular viabilty. 
HR between homologous chromosomes or homologous sequence repeats on heterologous 
chromosomes can also be used to repair a DSB, albeit less efficiently than between sister
chromatids (Richardson et al. 1998). Interestingly, translocations are not recovered from HR 
between heterologous chromosomes, although they are readily recovered from NHEJ and 
homologous annealing events (Richardson and Jasin, in press). 

An essential component of HR pathways is the evolutionarily conserved strand 
transferase, RecA in bacteria or Rad51 in yeast. Severa! mammalian proteins have been 
implicated in HR based on their sequence homology to yeast Rad51, including a Rad51 
homolog which is 68% identical. In addition, there are the distantly related XRCC2 and 
XRCC3 proteins, which share about 20% identity with human Rad51 (Liu et al. , 1998). 
Chromosome aberrations are frequent in hamster cell lines deficient in the XRCC2 and 
XRCC3 proteins, apparently due to reduced HR (Johnson et al. 1999; Pierce et al. 1999). 
NHEJ, however, is normal. The products of the hereditary breas! cancer genes BRCA 1 and 
BRCA2 are also implicated in HR as they have been shown to associate with Rad51 (Chen et 
al., 1998). Mouse ES cells with a hypomorphic BRCAI allele exhibit reduced levcls of HR, 
but normal NHEJ (Moynahan et al., 1999). These studies emphasize the importance of 
homologous repair in maintaining genomic integrity and guarding against tumorigenesis. 

References: 
Chen, J. et al. (1998). Stable interaction between the products ofthe BRCAI and BRCA2 tumor suppressor 

genes in mitotic and meiotic cells. Mol. Cell2, 317-28. 
Liang, F., Han , M., Romanienko, P.J., and Jasin. M. (1998) Homology-directed repair is a major doublc·strand 

break repair pathway in mammalian ce lis. Proc. Natl. Acad. Sci . 95, 5172-5177. 
Liu, N. et al. (1998) XRCC2 and XRCC3, new human Rad51-family members, promote chromosome stability 

and protect against DNA cross-links and other damages. Mol. Ce JI 1: 783-793. 
Moynahan, M.E., Chiu, J. W., Koller, B.H., and Jasin. M. (1999) Brea 1 controls hornology-directcd DNA rcpair. 

Mol. Cell4, 51 1-518. 
Johnson, R.O., Liu, N., and Jasin. M. (1999) Mammalian XRCC2 promotes the rcpair of DNA double-strand 
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Dana-Farber Cancer Institute and the Harvard Medica! School 
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BRCA 1 is a large, nuclear protein dedicated, in part, to the suppression of breast and 
ovarían cancer. BRCA1 participates in certain DNA damage responses and is a significant 
contributor to geno me integrity control. It is an A TM substrate, a contributor to mitotic 
checkpoint control, and a participant in the transcription- coupled repair of oxidative DNA 
damage. Its biochemical partners include proteins dedicated to ds break repair [DSBR], such 
as Mrel1, _Rad 50, and t:l:bs1 [the MRN complex] and Rad 51. lt also has the potential to 
affect certain transcription regulation events. The evolutionary preservation of key elements 
of BRCA 1 sequence extends through mammals to related gene products of at least one plant 
species (Arabidoosis Thaliana) and Xenopus laevis, implying that BRCA 1 exerts certain 
basic survival functions vital for a di verse collection of organisms. Genome integrity control 
may well be one such function. 

What is presently unclear are the answers to two prime questions: how does BRCA 1 exert 
its tumor suppressing function(s) and why are BRCA1 tumors manifest primarily in the breast 
and ovary? In an effort to address the first question, we have established a system for 
performing genetic analyses of certain BRCAJ functions. The approach is based on the 
observation that a BRCA 1 -/- cell line is hypersensitive to gamma irradiation (IR), as manifest 
in two ways. The DNA is hypernickable after standardized doses of IR, and double strand 
break repair (DSBR) is inefficient. The method allows one to probe the behavior of selected 
mutant alleles expressed in BRCAJ -/- cells at physiological levels. When such an analysis 
was performed in a BRCAI -/- breast tumor cell line, it became clear that, unlike the wt 
BRCA 1 protein, synthesis of BRCA 1 species containing single, clinically relevant missense 
mutations which, in the aggregate, affect a diverse set of functional domains each failed lo 
correct either the hypemickability or the DSBR defect. Thus, one can hypothesize that 
multiple BRCAI domains cooperate to exert a common function(s). One view of such a 
coordinated function(s) is that BRCAI operates, at least in part, as a scaffold, bringing lhe 
di verse functions of multiple proteins ( e.g. MRN and Rad 51) to bear on limiling nickabilily 
and promoting DSBR. In this regard, we have recently discovered and cloned a new BRCAJ
associated protein (pl30) which, although unique, contains a large, DNA-dependent helicase 
rnotif with significant homology to XP-D. BRCA 1/p 130 binding depends u pon the integrity 
ofthe BRCAI C-terminal BRCT motifs, anda genetic analysis in BRCAJ -/- cells strongly 
suggests that a physiological interaction with pl30 contributes to BRCAI- rnediated DSBR. 
This result suggests that the role of BRCA 1 in DSBR could include an indirect influence on 
DNA mechanics. Given these and the above-noted genetic data, one rnight hypothesize that al 
least part ofthe BRCAI contribution to tumor suppression involves proper limitation of DNA 
nickability and regulation ofthe ds break repair process. 
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Calmodulin binds to p2lci"1 
and is involvcd in tbe regulation 

of its nuclear localization 

Marta Taulés\ Aina Rodriguez1
• Eulalia Rius 1

, Josep M. Estanyol 1
, Oriol C~anovas 1 , 

David B. Sacks2
, Enrique Pérez-Payá3

, Oriol Bachs 1 and Neus Agell 1 

1Departament de Biología Cel.lular i Anatomía Patológica, Institut d'lnvestigacions Biomediques 

August Pi i Sunyer (lDIBAPS), Faculta! de Medicina, Universitat de Barcelona. 

08036 Barcelona, Spain. 
2 Department ofPathology, Brigham and Women's Hospital and Harvard Medica! School, 

Boston, Massachsetts 021 1 S 
3Departamento de Bioquímica y Biología Molecular, Universidad de Valencia, 

E-461 00 Burjassot, Valencia, Spain . 

P21 <ir•. first described as an inhibitor of cyclin-dependent kinases, has recently been shown to 

ha ve a function in the formation of cyclin D/cdk4 complexes and in their nuclear translocation. The 

dual behavior of p21 cirl may be due to its association with other proteins. Different evidence 

presented here indicate an in vitro and in vivo interaction of p21cirJ with calmodulin : 1) purified 

p21cirl is able to bind to calmodulin-Sepharose in a Ca2'-dependent manner and this binding is 

inhibited by the calmodulin-binding domain of calmodulin-dependent kinase 11; 2) both molecules 

co-immunoprecipitate when extracted from cellular lysates; and 3) colocalization of CaM and p21 cirl 

can be detected in vivo by electron microscopy immunogold analysis. The carboxy-terminal domain 

of p21 cirl is responsible for the calmodulin interaction, since p21 14 l-JG< peptide is al so able to bind 

calmodulin and to compete with full-length p21 cirJ for the calmodulin binding. Beca use treatment of 

cells with anti -calmodulin drugs decreases the nuclear accumulation of p21 cir•, we hypothesize that 

calmodulin interaction with p21cirJ is important for p21cirJ, and in consequence for cyclin D/cdk4, 

translocation into the cell nucleus. 
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The Protein SET Regulates the Inhibitory Effect of p21Cirt 
on Cyclin E-CDK2 Activity 

Josep Maria Estanyol, Montserrat Jaumot, Oriol Casanovas, Aina Rodríguez, Neus Agell 
and Oriol Bachs 

Departament de Biología Cel ·lular i Anatomía Patológica, Facultat de Medicina, lnstitut 
d'lnvestigacions Biomediques August Pi Sunyer (ID!BAPS), Universitat de Barcelona. 

08036-Barcelona, Spain 

The cyclin-dependent kinase inhibitor p21 Cipt has a dual role in the regulation of the cell 
cycle: it is an activator of cyclin D I-CDK4 complexes andan inhibitor of cyclins EIA-CDK2 activity. 
By affinity chromatography with p21cirt_sepharose 4B columns we purified a 39 kDa protein. which 
was identified by microsequence analysis as the oncoprotein SET. Complexes containing SET and 
p21 Cirt were detected in 11i110 by immunoprecipitation of Namalwa cell extracts using specific anti
p21Cirt antibodies. We found that SET bound directly to p21Cirt in 11itro by the carboxy-terminal 
region of p2 (it•._ SET had no direct effect on cyclin El A-CDK2 activity although it reversed the 
inhibition of cyclin E-CDK2. but not of cyclin A-CDK2, induced by p21cir'. This result is specific for 
p21cir' since SET neither bound to p27"ir• not reversed its inhibitory etfect on cyclin E-CDK2 or 
cyclin A-CDK2. Thus, SET appears to be a modulator of p21 ''r' inhibitory function These results 
suggest that SET can regulate G 1/S transition by modulating the activity of cyclin E-CDK2 . 
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Transcriptional regulation of human p16 
Marta Barradas and Manuel Serrano. 
Department of Immunology and Oncology, National Center of Biotechnology, Madrid, 
Spain. 

The tumor suppressor p 16 regulates the cell-cycle by binding and inhibiting the 
CDK4/cyclin D kinase. The protein levels of pl6 are mainly determined by the 
transcriptional activity of the INK4a gene. Therefore, it is interesting to study the 
transcriptianal regulation of p 16. So far there are only three stimuli that regulate p 16 
Jevels: the status ofRb, the accumulation of cell doublings and oncogenic ras (1 ). 

Previously, a regían at the lNK4a promater has been defined sufficient far basal 
prometer activity (2). Based on this, we ha ve further analyzed the regían responsible for 
this activity by using electraphoretic mobility shift assays (EMSA). In particular, we have 
used nuclear extracts fram cells that either overexpress p16 (Hela, 293, VA13) or that 
express low or modera te levels of p 16 (IMR90, WI38). These extracts ha ve been tested in 
EMSA using DNA fragments from the above-mentioned regían. We have faund two 
specific complexes that bind to this regían, and the abundance of one of them perfectly 
correlates with the levels of pl6 expression. We are now attempting ta identify which are 
the proteins that form this complex. In addition, we have identified critica! nucleotides 
required for the formation of these complexes. We are also studying the relevance of these 
nucleotides in the transcriptional activity ofthe INK4a gene. 

(1) Serrano, M (1997). The tumor suppressor protein pl6 INK4a Exp Cell 
Res 237, 7-13. 

(2) Hara, E., Smith, R., Parry, D., Tahara, H., Stone, S., & Peters, G. 
{1996). Regulation of p 16 CDKN2 expression and its irnplications for cell 
irnmortalization and senescence. Mol Cell Biol16, 859-867. 

Instituto Juan March (Madrid)



62 

Disruption of the apoptosis suppression function of the retinoblastoma 
protein by coexpression of its e-terminal fragment 

Miguel R. Campanero and Erik K. Flemington 

Dept. ofCancer Inununology & AIDS, Dana-Farber Cancer Institute and Harvard Medica! 
School; 44 Binney St., Boston, MA 02115, USA 

Progranuned cell death plays an important role in physiological processes, such as 
inunune- and nervous-system development, and contributes to defense mechanisms 
important for the prevention of cancer. Apoptosis can also be triggered by various externa! 
stimuli including DNA-damaging agents such as chemotherapeutic drugs and irradiation. 
Severa! Jines of evidence indicate that the tumor suppressor protein Retinoblastoma (pRb) 
actively regulates cell death. Firstly, pRb nullizygous mouse embryos exhibit massive cell 
death in the central and peripheral nervous systems. Secondly, pRb has been shown to 
inhibit apoptosis induced by severa! stimuli, such as ionizing radiation, IFN-y, Ceramide, 
and p53 overexpression. Although it has been proposed that this process may involve the 
binding of pRb with apoptosis-related proteins, such as E2F, Cyclin D, Mdm2, Id proteins, 
and c-Abl, the identity ofthe pRb partner in this process has yet to be established. To this 
end, we ha ve tested the ability of severa! pRb mutants to inhibit ionizing radiation-induced 
apoptosis and found that wild-type pRb and pRb 379-928 (which binds all the proteins 
mentioned above) similarly inhibited cell death, while pRb 1-792 (which binds cyclin D 
and Id family members but does not interact with E2F, c-Abl or Mdm2) and pRb 768-928 
(which efficiently binds to c-Abl and Mdm2, but not to E2F, Cyclin D, or Id proteins), 
failed to inhibit apoptosis. Ectopic expression ofanother pRb family member, pl07, also 
inhibits ionizing radiation-induced cell death and this function also correlates with the 
ability of p 107 to interact with E2F. These data would suggest that the interaction of pRb 
family members with E2F suffices to promote cell survival. We have found, however, that 
coexpression of a mutant pRb C-terminal fragment, pRb SE~. which disrupts the 
interaction of Mdm2 and c-Abl, but not that of E2F, with full-length pRb, overcomes the 
apoptosis inhibition function of full-length pRb, indicating that the formation of a 
multimeric complex involving E2F, pRb, and either Mdm2 or c-Abl is required for the 
apoptosis suppression function of pRb. Experiments to address the role of c-Abl and 
Mdm2 in this process are currently underway. 
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Bet.a-catenin independent induction of p53 activity by Dishevelled 

Vivianne Ding and Frank McConnick 

University of California, San Francisco Cancer Research Institute 

2340 Sutter St. N331 San Francisco, CA 94115 

The Wnt signaling pathway has been implicated in many biological processes, especially 

tumorogenesis. Dishevelled (Dvl) is a majar component of the Wnt signaling pathway, upstream 

of beta-catenin. We found that overexpression of exogenous Dvl strongly induced p53 activity 

in human embryonic kidney epithelial 293 cells, as measured by elevated p21 protein leve! or 

activity of luciferase reporter driven by p53 responsive promoters. Beta-catenin did not induce 

p53 under the same experimental condition, although it strongly activats TCF dependent 

responses. APC, Ax.in/Conductin, GSK3 and dominant-negative TCF4 can efficiently block the 

ability of Dvl to upregulate beta-catenin, yet they all failed to block the induction of p53 by Dvl. 

Currently, we are generating a cellline expressing inducible forms of Dvl and investigating the 

mechanism of this Dvl induced p53 activity. Our results not only presenta new regulation of 

p53 but also will shed light on how Wnt signaling pathway links to oncogenesis. 
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lnactivation of Pten and Cd95 (Fas) is crucial to the 
development of y-radiation-induced m o use thymic lymphomas 

Javier Santos 1
, Michel Herranz1

, Mónica Femández & José Fernández-Piqueras2 

Departamento de Biología. Laboratorio de Genética Molecular Humana. Facultad de Ciencias. 
Universidad Autónoma de Madrid . 28049-Madrid . Spain. 

Loss of heterozygosity (LOH) analysis performed in 68 y-radiation-induced primary 
thymic lymphomas of Fl hybrid mice, provided evidence of significant LOH on 
chromosome 19 in a region that contains the Cd95 and Pten genes. Here, we 
demonstrate that both genes are inactivated in 13 of 31 (41.9%) early lymphomas and, 

·more frequently, in frank lymphomas (58/68, 85.3%, for Cd95; 54/68, 79.4%, for Pten). 

These data suggest that inactivation of Cd95 and Pten ís required for y-radiation
induced thymic lymphoma progression. 
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Structure of an E6AP-UbcH7 complex which ubiquitinates p53 

in cervical cancer 

Lan Huang, Advisor: Dr. Nikola Pavletich 

The E6AP ubiquitin-protein ligase (E3) mediates the human papillomavirus-induced 
degradation of the p53 tumor suppressor in cervical cancer and is mutated in Angelman 
syndrome, a neurological disorder. The crystal structure of the catalytic hect domain of 
E6AP reveals a bilobal structure with a broad catalytic cleft at the junction of the two lobes. 
The cleft consists of conserved residues whose mutation interferes with ubiquitin-thioester 
bond formation, and is the site of Angelman syndrome mutations. The crystal structure of 
the E6AP hect domain bound to the UbcH7 ubiquitin-conjugating enzyme (E2) reveals the 
detenninants of E2-E3 specificity, and provides insights into the transfer of ubiquitin from 
the E2 to the E3. 

Instituto Juan March (Madrid)



66 

lnhibition of PI-3 kinase pathway induces a senescent-like arrest mediated 
by pz71<4>1 

Manuel Collado1
, Isabel García-Cao2

, Marta Barradas2
, Janet Glassfordt, 

Carmen Rivas3
, Manuel Serrano2

, and Eric W-F Lam1 

1 Ludwig Institute for Cancer Research and Section of Virology and Cell Biology, 
Imperial College School of Medicine at St Mary's Campus, London, United Kingdom, 

2Department of Immunology arui Oncology, Centro Nacional de Biotecnologia, 
Campus UAM, Cantoblanco, Madrid, Spain, 

3Department of Haematology, Royal Postgraduate Medica! School, Imperial College 
School of Medicine at Hammersmith's Campus, London, United Kíngdom 

Abstract 

A senescent-like growrh arrest is induced in mouse primary embryo fibroblasts by 
inhlbirors of P-13 kinase. We observed that the senescent-like growrh arresc is 
correlated wíth an increase in p27Kipt but down-regulation of other CKI including 
pl5INK48

, pl61!\"XM• p18 1N..:•c. pl91NK"0 and p21ClP1 as well as negative cell cycle 
regulators such as p53, pl9ARF, implying that this senesccnce relaced growth arrest 
is indcpcndent of the activity of p53, pl9ARF, pl6 and p21, which are associated 
wich replicative senescence. The increase in p27Kipt was a consCGuencc of an increase 
in stabilily of p27Kipt protein following treatment with specific P-13 kinase inhibitors . 
The p27Kipt binds to the cyc1in/CDK2 complexes and causes a decrease in CDK2 
kinase activity. We also dernonstraled that ectopic expression of p27Kipl can induce 
permanent cell cycle arrest and a senescence phenotype in wild-type mouse embryo 
fibroblasts. In summary, these observations taken together suggest that p27Kipt could 
be an imporrant mediator of the permanent cell cycle arrest induced by PI-3 k.inase 
inhlbitors. Our data suggest that repression of CDK2 acrivity by p27Kipt is required for 
the P-!3 kinasc induced senescense, yet mouse embryo fibroblasts derived from 
p27KipJ.f. mice entered cell cycle arrest after treatment with L Y294002. We show that 
this is dueto a compensawry mechanism by which pl30, bur nor ocher CIP/KIP or 
INK4 family of CKis, functionally substitutes for the loss of p27K ' ~' 1

• This is the first 
description that pl30 may have a role in inhibiting CDK activity during senescence. 
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c-Myc antagonizes p53 in myeloid leukemia cells 

E. Ceballos, M. D. Delgado, P. Gutierrez, C. Richard, M. Ehinger", U. 
Gullberg", M. Eilers+, D.Müller+ and J. León 

Departamento de Biología Molecular, Universidad de Cantabria, 39011 Santander, 
Spain; ·oepartment ofHematology, Lund University, Lund, Sweden.; • Phillips 
University, Marburg, Germany. 

Overexpression of c-myc is found in many tumors, including chronic 
myeloid leukemia in blast crisis. We used the K.562 human myeloid leukemia cell 
line as a model to study the functional interaction between c-Myc and p53 . Using 
two pathways methods, we generated double K.562 transfectant cell lines with 
conditional expression of either c-Myc or p53 . The cells expressed the p53 VaJt

35 

mutant, which adopts a wild-type conformation at 32°C, while c-Myc induction was 
achieved with a zinc-inducible expression vector. We found that p53 in wild-type 
conformation resulted in growth arrest and apoptosis of K562 . However, c-Myc 
partially rescued the cells from apoptosis, as assessed by cell morphology, annexin 
binding and DNA Jaddering. llüs effect was accompanied by an inhibition of the 
induction of p21u ~ m gene mediated by 53, while the induction of the bax mRNA 
was unaffected. Consistent with its effect on p21 WAFI expression, Myc induction 
resulted in increased Cdk2 activity in p53 expressing cells. 

We asked whether c-Myc impaired the transactivation activity of p53. We 
found that c-Myc inhibited the transactivation of p2l WAFt, Bax and Mdm2 
promoters mediated by p53 . This was demonstrated by co-transfection of promoter
luciferase reporter with a c-myc constitutive expression vector, a c-Myc-estrogen 
receptor fusion protein and by induction of c-myc by zinc in transfected cells . These 
results suggest that c-Myc overexpression may antagonize the pro-apoptotic function 
of p53, tlws providing a putative molecular mechanism for tl1e c-myc deregulation 
observed in many human tumores. 
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Physical and functional interactions between ARF and MDM2 

Susana Llanos, Paula Clark and Gordon Peters 

The CDKN2A locus on human chromosome 9p21 encodes two structurally unrelated 
proteins that both function in tumour suppression. The product of the alpha transcript, 
p 16INK4

•, induces a G 1 cell cycle arrest by inhibiting phosphorylation of the 
retinoblastoma protein (pRb) by the cyclin-dependent kinases, Cdk4 and Cdk6. In 
contrast, the product of the beta transcript, p14ARF, activates a p53 response resulting in 
elevated levels of MDM2 and p21°P1 anda cell cycle arrest in both G 1 and G2/M. 
Interestingly, the expression of ARF is positively regulated by E2F1 and negatively 
regulated by p53, suggesting that ARF plays a central role in linking oncogenic signals 
that impinge on pRb and cell cycle arrest or apoptosis mediated via p53. 

Activation of p53 by ARF depends on a direct interaction between ARF and 
MDM2, a multi-functional protein that blocks the transcriptional activity of p53, 
promotes the nuclear export of p53 by nucleo-cytoplasmic shuttling, and acts as an E3 
ubiquitin ligase for p53, thereby promoting its desuuction by cytoplasmic proteasomes. 
ARF appears capable of inhibiting the MDM2-mediated ubiquitination of p53 in vitro 
and of retaining p53 in the nucleus by interfering with nucleo-cytoplasmic shuttling. 
However, the precise mechanisms remain unclear since ARF is predominantly nucleolar 
whereas MDM2 and p53 are normally nucleoplasmic. Two conflicting models ha ve 
emerged, one of which contends that ARF sequesters MDM2 in the nucleolus whereas 
the other claims that MDM2 relocates ARF in so-called nuclear bodies. To investigate 
such issues, we ha ve exploited a human cellline (NARF2) in which ARF expression is 
controlled by an inducible promoter. In these cells, relatively modest induction of ARF 
leads to increased levels of endogenous MDM2, p53 and p2l ar1

• Immunofluorescence 
analyses indicate that under these conditions, in which ARF elicits a cell cycle arrest, the 
endogenous MDM2 remains nucleoplasmic and is not co-localised in the nucleolus with 
ARF. This presents an obvious paradox: how can ARF prevent MDM2-mediated 
destruction of p53 if the proteins are not co-localised in the cell. One possibility is that 
permanent association with MDM2 may not be required for ARF function. The other is 
that under conditions in which we can detect ARF by immunofluorescence, it is present 
in vast excess o ver the endogenous MDM2. Thus, a small proportion of the induced 
ARF may be bound to MDM2 in the nucleoplasm whereas the excess is deposited in the 
nucleolus. We are currently trying to generate active forms of ARF that do not localise in 
the nucleolus. In contradiction to published data, we find that the amino terminal domain 
of human ARF does associate with nucleoli, albeit less efficiently than the full length 
protein, and is able to elicit the full panoply of ARF-mediated responses. 
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A Common Polymorphism A.cts asAn 

Intragenic Modifier of Mutarit p53 Behavior 

Maria Carmen Marin, Chrisij.ne A. Jost, Louise Brooks, Meredith S. Irwin, 

Philip W. Hinds, Tim Crook,; William G. Kaelin, Jr. 

The p53 tumor suppressor pr.otein homolog p73 can actívate p53-responsive 

promoters and induce apoptosis in p53 nullizygous cells. We have found 

that sorne tumor-derived p53 mutants can bind to, and inactiva te, p73. 

Furthermore, the binding of ~uch mutants is influenced by whether p53 

codon 72, by virtue of a conunon polymorphism in the human popuJation, 

enrodes Arg or Pro. The abilJty of mutant p53 to bind to p73, to neutraüze 

p73-induced apoptosis, and to transform cells in cooperation with EJ-Ras, was 

enhanced when codon 72 encpded Arg. Squamous cells produce p73 and we 

found that the Arg allele was preferentially mutated and retained in various 

squamous cell tumors arising in Arg/Pro germline heterozygotes. Thus, 

inactivation of p53 farnily IDE!mbers may contribute to the biological 

properties of selected p53 mt.Jtants. Furthermore, a polymorphic residue 

within p53 is an intragenic rrtodifier of mutant p53 behavior. 
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Status of pl9ARr in mice lacking exons 2 and 3 of the INK4a!ARF locus 
Cristina Pantoja, Ignacio Palmero and Manuel Serrano. 
Department of lmmunology and Oncology, Nacional Cmter of Biothecnology, Madrid, 
Spain . 

The !NK4a/ARF Iocus encodes two tumor suppressors, pl61"'K'• and pl9 .. RF. The INK4a 
and ARF genes have their own separate promoters, each of which produces a different 
transcripl. The INK4a transcript is formed by exons la, 2 and 3; whereas the ARF 
transcript is formed by exons lj3, 2 and 3. Previously, a mutation consisting on the 
elimination of exons 2 and 3 has been introduced into the mouse germline (l) . These 
mutant mice are rumor prone, and this phenotype has been attributed to the combined 
effects of eliminating both pl6'"K'" and pJ9ARF. However, it is well established that al! the 
functional domains of murine p l9ARF are encoded by exon 1 J3 (2), and the INK4a/ ARF""'2·J 

mutation does not alter exon lj3. For these reasons, we have analyzed in detail the 
functional status of pl9ARF¡n homozygous INK4a/ARF""'2.) cells. 

We have found that INK4a/ARF6uu cells express a chirneric transcript containing 
exon lj3 fused to exons from the gene immediately downstream of pl61"1("'. Regarding the 
regulation of the chimeric transcript, we ha ve seen an increase of its cxpression with the 
accumulation of cell doublings, and in response to oncogeuic Ras. Wc have preliminary 
results indicating that this chimeric transcript is functional in producing cell cycle arrest 
wben overexpressed in p53-positive cells. 

Together, these data suggest that the INK4a!AR..P'23 mutation does not cornpletely 

inacti vate p 19ARF function . 

l. Serrano, M. et al. (1996). Cell. 85. 27-37. 
2. Quelle, D. E., et al. ( 1997). Proc . Natl . Acad. Sci . USA 94, 669-673 . 
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T G F- p 1 signaling mechanisms in volved in tumor 
progression of squamous cell carcinomas. 

Maite Iglesias, Juan F. Santibáñez, Pilar Frontelo, Diana Romero, 
Carlos Gamallo and Miguel Quintanilla. 

Instituto de Investigaciones Biomédicas Alberto Sois, CSIC-UAM, 
Madrid, Spain (MI, PF, DR, MQ); Dep. Anatomía Patológica, Hospital 
de la Princesa, Facultad de Medicina UAM, Madrid, Spain (CG); and 
INT A-Universidad de Chile, Santiago, .. Chile (JFS). 

TG F- p 1 acts as a suppressor of tumor formation by virtue of 
its role of inhibiting proliferation of epithelial cells, but it also 
stimulates malignant progression of later stages of tumorigenesis 
by inducing a transition from squamous to spindle cell carcinomas 
associated with increased invasive and metastatic abilities (1, 2). 
Stimulation of malignancy by TGF-B 1 appears to require 
cooperation with a Ras oncogene (3). 

We are studying the transduction mechanisms triggered by 
TGF- p 1 in keratinocytes to regulate genes either in volved in growth 

inhibition, as the cell cycle inhibitor p21 e i p l' or implicated in 
malignant progression, such as the urokinase-type plasminogen 
activator (uPA), its inhibitor PAI-1, and the metalloproteinase 
MMP-9. Our results show that TGF-P ¡ activates both the Ras-MAP 
kinase and the Smad signaling pathways in keratinocytes, and that 
one or another transduction pathway regulates TGF-P ¡- i nd uced 
expression of specific genes, depending on the cell status (mainly, 
the presence of a Ras oncogene). Thus, in transformed PDV 
keratinocytes which contain a mutated Ras gene, stimulation by 
T G F- p 1 of uPA expression/secretion requires signaling through 
Ras/MEK/Erk, while TGF-p¡ regulation of PAI-1 promoter activity 
and MMP-9 secreted Ievels depend on Smad. Smad signaling 
activity appears to mediate TGF-P ¡-induced up-regulation of 

p2l Cipl and growth arrest in immortalized MCA3D keratinocytes 
(which contain normal Ras genes). However, in PDV cells, the Smad 
pathway is only partially involved in TGF-P ¡-induced growth 

inhibiton, and does not mediate TGF-P 1 enhancement of p21 C i P 1 

levels. PD098059, a specific inhibitor of MEK, disminishes TGF-B ¡

induced p21Cipl levels in PDV but not in MCA3D cells, suggesting 
an involvement of Erk in up-regulation of p2l Cip 1 by TGF-P ¡ in 
transformed PDV keratinocytes . 

lnterestingly. PDV dominant-negative Smad4 cell 
lransfectants. but not MCA3D dominant-negative ~ran s fectant s . 

showed constitutive hyperactivation of Ras/Erk signaling activity. 
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increased production of uP A, higher motility properties, and a 
change to a fibroblastoid cell morphology associated in vivo with 
progression from well differentiated to poorly differentiated 

. tumors. These results indicate that, in Ras-transformed 
keratinocytes, Smad4 (or the Smad pathway) acts inhibiting Ras 
dependent Erk signaling activity. Loss of Smad4 function in these 
cells results in hyperactivation of Erk signaling and progression to 
undifferentiated carcinomas. 

l. Caulín et al., Cell Growth Differ. , 6: 1027-1035, 1995. 
2. Frontelo et al., Exp Cell Res ., 244 : 420-432, 1998. 
3. Oft et al., Genes Dev., lO: 2462-2477, 1996. 
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The Rb gene family and the control of cell cycle: characterization of 

Rb-/-;p107-/-;p130-/- triple knock-out cells. 

J. Sage, A. Miller, S. Chen, G. Mulligan, E. Theodorou and T. Jades. Center for Cancer 

Research, MIT El7-518, HHMI, 40 Ames street, Cambridge 02139, MA, USA. 

The RB gene is mutated in retinoblastoma and in many other types of human 

tumors, suggesting an important role in tumor suppression. The normal gene 

product, pRB, acts as a central cell cycle regulator, and blocks cells in the 

G 1 phase of their cycle, by complexing with E2F transcriptional activators. 

RB belongs toa family of three genes encoding related proteins, pRB, p107 

and p 130. Each family member interacts with specific E2F factors, and the 

three genes are differentially expressed during mouse development, 

suggesting that each protein has sorne distinct functions. All three RB family 

members have been mutated in mice by gene targeting, and intercrossing 

experiments have provided strong evidence that the three genes have 

overlapping functions in sorne tissues of the developing mouse. 

We have generated mouse embryonic stem (ES) cells and mouse embryonic 

fibroblasts (MEFs) deficient for the three family members (triple knock-out, 

or 'TKO' cells). We are using these cells to study the effect of this triple 

mutation in cell cycle, cell differentiation and cell death, in vivo and in vitro. 

Also, by comparing the TKO cells with single and double mutant cells, we 

are determining the precise roles of each family member in different aspects 

of cell regulation. Results will be presented indicating that even though the 

three family members have been previously implicated in differentiation, the 

TKO cells are still able to differentiate into various cell types in vi:vo and in 

vitro. We will also present evidence that absence of the three family 

members leads to various cell cycle defects and confers several 

characteristics of transformed cells to MEFs. 
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lmpact of mutated tumor suppressors genes on chemoresistance in a physiological and 
genetically controlled mouse lymphoma model 
Clemens A. Schmitt, Christine T. Maure!, and Scott W. Lowe. Cold Spring Harbor Laboratory, 
New York/ USA. 

Tumor suppressor genes controlling programmed cell death are suspected to play a 
major role in anticancer drug mediated cytotoxicity. If disruption of the apoptotic machinery, 
acquired under tumor progression or in response to chemotherapy, actually plays a critica! role 
for treatment failure, the genetically encoded cell death program would be an excellent target 
for new therapeutic strategies including small molecule approaches or gene transfer. However, 
current experimental procedures testing this hypothesis - clonogenic assays in vitro or 
mutation analysis and immunohistochemistry of patient biopsy material - cannot reflect the 
complex reality of an actual malignancy in situ. 

A novel approach to study and control the genetic mechanisms of drug resistance in 
vivo is based on the B cell lymphoma developing EJJ-myc transgenic mouse, which 
recapitulates the clinical behavior of human lymphomas and leukemias. Lymphomas arise in a 
physiological environment, are transplantable into non-transgenic, syngeneic mice and can be 
modified by different genetic strategies ( cross to other transgenic or 'knock-out' mice; retroviral 
introduction of genes or 'dominant-negatives' into lymphoma or bone marrow cells). The 
model allows to address the actual contribution of tumor suppressor genes, related mutants and 
the tumor microenvironment to lymphomagenesis and drug response. The comparison of 
essentially the same lymphoma population with or without introduction of a gene of interest 
and reconstituted in numerous recipient mice can give direct and highly comparable insights 
into the complex mechanisms of treatrnent failure. 

We previously explored the impact of frequently mutated tumor suppressors like the 
p53 gene and the JNK4a!ARF Jocus on lymphomagenesis and treatment response in the EJJ
myc model using a 'knock-out' cross approach and demonstrated, that mutations ofthese tumor 
suppressor loci can actually accelerate lymphomagenesis and simultaneously promote 
chemoresistance by disabling overlapping proapoptotic functions of p53 and the INK4a/ARF 
gene product p 19ARF_ 

We are now interested in genes controlling cell death downstream of p53, hereby 
focusing on bcl-2 and caspase 9. Myc and the prosurvival oncoprotein Bcl-2 cooperate in 
lymphomagenesis, but the clinical relevance ofBcl-2, overexpressed in many cancer entities, is 
controversia!. Accurate in vitro evaluation of Bcl-2 overexpression in clonogenic requires 
specific test conditions, imitating survival signals provided by the tumor microenvironment. 
Thus, our model comparing the same tumor subpopulations with and without Bcl-2 
overexpression in their natural environment in vivo provides an unbiased novel experimental 
strategy. Caspase 9, involved in the execution phase of p53-dependent apoptosis, has been 
identified to act like a tumor suppressor, but its impact on Iymphomagenesis and treatment 
response remained undeterm.ined. By introduction of a dominant-negative caspase 9 into Ep
myc lymphoma and Ep-myc transgenic bone marrow, reconstituted in non-transgenic 
recipients, we will test if a gene of the terminal apoptotic cascade can still interfere with 
lymphoma onset and treatment response. 

These novel approaches will be useful to evaluate strategies overcoming drug resistance 
in vivo and provide the tools for mutation-based drug discovery programs. 
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Polo-like kinase-1 is a target ofthe DNA damage checkpoint 

Veronigue A.J. Smits, Rob Klompmaker, Gert Rijksen, and Rene H. Medema. Jordan 

Laboratory, Department ofHematology G03.647, University Medica! Center Utrecht, The 

Netherlands. 

The phosphatase Cdc25C is a well established target of the DNA darnage checkpoint. 

However, the exact mechanism by which DNA darnage causes inhibition of Cdc25C remains 

unclear. We show that DNA darnage causes inhibition of Polo-Iike kinase-1 (Plk 1 )-mediated 

Cdc25C phosphorylation. We show that activation ofPlk1 in G2 is inhibited by DNA darnage. 

This inhibition ofPlk1 was seen with various DNA darnaging agents and in various cell Iines, 

demonstrating that DNA darnage-induced Plk1 inhibition is a general phenomenon. Also, 

activated, mitotic Plk1 is inhibited by DNA darnage, indicating that the Plk1 inhibition is not 

secondary to the DNA darnage-induced G2 arrest. In Iine with this, we can show that DNA 

darnage blocks degradation of cyclin B and mitotic exit, consistent with the notion that Plk1 is 

required at multiple stages during mitosis. Importantly, overexpression ofP!kl in combination 

with Cdc25C-S216A, which cannot be phosphorylated by Chkl, can override the G2 arrest 

induced by DNA darnage. From these data we conclude that Plkl is an important target ofthe 

DNA darnage checkpoint, enabling cell cycle arrest at multiple points in G2/M. 
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The tumor suppressor PTEN is phosphorylated at 
serine/threonine residues in the e-terminal regulatory domain. 

Josema Torres and Rafael Pulido 

Instituto de Investigaciones Citológicas de Valencia. 
C/ Amadeo de Saboya, 4. Valencia 46010, Spain. 

josem@ochoa.fib.es 1 rpulido@ochoa.fib.es 

Pten (Qhosphatase and tensin homolog deleted in chromosome ten), also called 
Mmacl (mutated in multiple ªdvanced fancers l) and Tepl (IGF-P regulated 
and ~pithelial cell -enriched ghosphatase 1 ), is a tumor suppressor gene recen ti y 
discovered by reverse genetics {1, 2). Pten is frequently mutated in a wide 
number of tumors, and germ-line mutations in Pten gene are associated with 
syndromes that share a high susceptibility to tumor incidence (3 ). The PTEN 
aminoacid sequen ce is homologous to that of the dual specificity phosphatases, 
enzymes which dephosphorylate phosphoserine, phosphothreonine and 
phosphotyrosine residues. Tyrosine dephosphorylation by PTEN of the focal 
adhesion kinase and the adapter protein Shc, has been described (4). Also, PTEN 
dephosphorylates the lipid second messenger phosphatidyl-inositol-(3,4,5)
trisphosphate at the 3' position, involving to this tumor suppressor in the signal 
transduction pathway of the PI3-kinase oncogene (5). However, nothing is 
known about how the activity of PTEN is regulated in vivo. Since 
phosphorylation is a general mechanism by which the function of a large number 
of signal transduction molecules is regulated, we have investigated the 
phosphorylation of PTEN and its relation with PTEN functions. We have found 
that PTEN is a phosphoprotein in vivo under normal conditions of cell growth. 
The phosphorylation of PTEN takes place at serine and threonine residues in the 
C-terminal domain of the molecule; such domain is likely to play a regulatory 
role, as deduced from the PTEN three-dimensional structure (6). The putative 
role of phosphorylation in the regulation of the PTEN tumor suppressor function 
will be discussed. 

l. Li J. el al. Science (1997), 275, 1943-1947. 
2. Steck P.A. el al. Nature Genet. (1997), 15, 356-362. 
3. Liaw D., el al. Nature Genet (1997), 16, 64-67. 
4. Tamura M., el al. J. Natl. Cancer inst. (1999), 91, 1820-1828. 
5. Maehama T. and Dixon J.E. Trends Cell. Bio. (1999), 9, 125-128. 
6. Lee J-0. el al. Cell (1999), 99,323-334. 
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p27K'P1 expression in aggressive 8-cell malignancies is a warning 

signal of malfunction of the p16 and p53 tumor suppressor 

pathways 

Raquel Viffuendas 

A.BSTRACT. 

p27/KIP1 over-expression in a group of aggressive 8-cell lymphomas with high proliferative 

index and adverse clinical outcome has been shown in previous studies. This anornalous 

expfa&sion of p27 has been described in cases wíth inactiva p53 pn:rteln, and associated with 

the formation of p27/Cyclln 03 compleiCes and the absence of p27/CDK2 complexas. In the 

present study we have performed a molecular study d both pS3 and p16 genes simuttaneously 

with the immunohistochemical analysis of p27 expression, in a grcup of aggressive 8-Cell 

Lymphomas. trying to analyze the relationship between p53 and p16 silencing and p27 

anomalous over-expression. Twelve cases with anomalous p27 higfl expressfon were identifíed 

in a series of 47 patients. In all of lhern (ext:.ept ene). inactivation of p531ARF, p161Rb or both 

pathweys wea found. More frequently inactivetion of p16 gene was identlfied (8/12). Arlanalysis 

d the dinical relevenee of the slmultaneous inectivation af both pathwaya, p16/Rb and p53/ARF 

was also performed, showing that the group with simultaneous pS3 and p16 inac:tivation 

logether wlth p27 over-upression had en advanca inerease In prollfarstive activíty (p: 0.002) 

and, also, had a h!Qher tendef1CY for an adverse clirtical outcome. In conclusion. these data 

show that p27 anomalous expression is associated with inactillation af p161Rb orlend p53/ARF 

pathways in aggressive 8-cell lymphomas. This finding is consisten! with an scenario of CK!s 

competition for COK4 bindíng, wnere the absence of p16 or p21 allows the redistribl.rtion of p27 

from complexas containing CDK2. where p27 is active. to other containlng COK41Cydirt 03, 

where p27 is inactiva. stabílized, and detectable by immunohistochemicaJ technlques. However, 

not alf cases with p53 or p16 silencing show p27 accumu1ation. \Nhich indicates the existence cf 

additional factors to explaln this finding. 
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Rb-independent effects of p16ink4a 
Teresa González, Maria Pardo, Fernando Domínguez, and Juan Zalvide. Department of 
Physiology. University ofSantiago de Compostela. Spain. 

The tumor suppressor p 1 6ink4
• is an inhibitor of cyclin D-containing complexes. 

When pl6ink4
• is expressed in a cell, it disrupts cyclin D/cdk4 complexes, inhibiting 

their kinase activity, and releasing the protein p27kip1
. p271<4>1 then binds . to cyclin 

E/cdk2 complexes and inhibits them. The final consequence is an arrest in cell 
proliferation. Despite these seemingly pleiotropic effects on cell cycle-related proteins, 
overexpression of p 16Kik4a can arrest the proliferation of cells that have a functional pRB 
protein, but not those where pRB is not present or is otherwise inactivated. This implies 
that all the effects ofpl6ink4

a that are relevant to cell cycle arrestare meditated by pRB. 
Nevertheless, it is possible that pl6ink4

• may have effects on the cell cycle not mediated 
through pRB, that do not lead to an arrest in cell proliferation but affect the regulation 
ofthe cell cycle in more subtle ways. Given that a high percentage oftumor cells show 
overexpression of pl6ink4

•, and are Rh-negative, it is important to study these Rb
independent effects of p 16ink4

•. 

We have used a cellline derived form Rb-1- MEFs (Rb-1- 3T3 cells). These cells 
express endogenous pl6ink4

•, but have detectable cyclin D/cdk4 complexes, and a cell 
cycle-regulated cdk4 activity. Overexpression of human p16ink4

a in these cells leads to 
disruption of cyclin D/cdk4 complexes, inhibition of cdk4 kinase activity to background 
levels, displacement of p2'fiP1 to cyclin E/cdk2, and partial inhibition of cyclin E
associated kinase activity. Cells overexpressing p 16ink4

• also ha ve lower levels of cyclin 
DI and cyclin E proteins. This is presumably a translational or postranslational effect, 
as the mRNAs encoding both proteins are not downregulated when pl6ink4

a is 
overexpressed. 

The effects ofpl6ink4
a on Gl cyclin-dependent kinases is reflected on an altered 

. phosphorylation of the Rb-related proteins pl07 and pl30. Both proteins have been 
proposed to be phosphorylated by cyclin D/cdk4, at least when overexpressed. We hav< ~ 
found that endogenous p 107 and p 130 are relatively underphosphorylated in p l6ink4

a
overexpressing cells. Nevertheless, at least p 130 retains a cell cycle-regulated 
phosphorylation, what implies that this protein has a cyclin D-dependent and a cyclin 
D-independent cell cycle-regulated phosphorylation. . 

The fact that Rb-1- cells do not arrest in Gl when expressing pl6"'k4
•, has 

allowed us to analyze the effects of this situation in later phases of the cell cycle. 
Significantly, cyclin A kinase activity is lower in BJ6ink4"-overexpressing cells with 
respect to control Rb-1- cells, despite the fact that p27 · 1 does not seem to bind to a2clin 
A in this situation. We are presently analyzing this Rb-independent effect of p 16 48 in 
more detail. 
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•19 Workshop on Viral Evasíon of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 

•20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractíons. 
Organizers: K. R. Fox and J. Portugal. 

•22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López
Barneo. 

•23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa
gatíon Promoted by Plasmids. 
Organizers : C. M. Thomas, E. M. H. 
Willington , M. Espinosa and R. Díaz 
Orejas. 

•24 Workshop on Deteríoratíon, Stabílíty 
and Regeneratíon of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro . . 

25 Workshop on Genetíc Recombinatíon 
and Detective lnterferíng Partícles in 
ANA Viruses. 
Organizers: J . J. Bujarski, S. Schlesinger 
and J. Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J. Modolell and P. Simpson. 

•27 Workshop on Ras, Differentiatíon and 
Development. 
Organizers: J. Downward, E. Santos and 
D. Martín-Zanca. 

•28 Workshop on Human and Experi
mental Skin Carcinogenesis. 
Organizers: A. J. P. Klein-Szanto and M. 
Ouintanilla. 

•29 Workshop on the Bíochemistry and 
Regulatíon of Programmed Cell Death. 
Organizers: J . A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

•30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 

Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Wol'kshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín , M. Beato and A. P. 
Wolffe. 

•33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

•34 Workshop on Computational Approa
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés , M. Billeter and 
E. Ouerol. 

35 Workshop on Signa! Transduction 
Pathways Essential for Yeast Morpho
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Coen , Zs . Schwarz 
Sommer and J . P. Beltrán. 

•37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers: M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz
Villena. 

39 Workshop on Molecular Basis for 
Biodegradatio.n of Pollutants. 
Organizers : K. N. Timmis and J. L. 
Ramos. 

•40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato
poietic Cells. 
Organizers: J . León and R. Eisenman. 
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*41 Workshop on Three-Dimensional 
Structure of Biological Macromole
cules. 
Organizers: T. L Blundell , M. Martínez
Ripoll , M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers : M. Vicente, L. Rothfield and J. 
A. Ayala. 

*43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

*44 Workshop on Selective Gene Activa
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin , R. Di Lauro , P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers : B. Lewin, M. Beato and J. 
Modolel l. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

*49 Workshop on Transcriptional Regula
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex
pression and Function of MHC Class 11 
Molecules. 
Organizers : B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers : A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorqmo. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers : R. W. Oppenheim , E. M. 
Johnson and J. X. Camella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers : R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of lelo
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on RNA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers: R. S. Quatrano and M. 
Pagés. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J. López 
Barneo. 

62 1996 Annual Report 

63 Workshop on TGF- 13 Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bernabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba
llesteros. 
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65 Workshop on Signal Transduction in 
Neuronal Development and Recogni
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer : Centre for lnternation al 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers : C. Gancedo, J . M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom
bination. 
Organizers: J . C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers : M. Van Montagu and J. L. 
Micol. 

73 Workshop on Development and Evo
lution. 
Organizers: G. Morata and W. J. Gehring. 

*74 Workshop on Plant Viroids and Viroid
Like Satellite RNAs from Plants, 
Animals and Fungi . 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro andA. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Mo.dolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J. L. R. Arrondo, F. M. Goñi , 
B. De Kruijff and B. A. Wallace . 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers: F. García-Arenal , K . J. 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha
nisms that Control the Generation of 
Neural Specificity. 
Organizers: C. S . Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall, A. P. Wolffe, R. J . 
Ferl and M. A. Vega-Palas . 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J . M. Redondo, P. Matthias 
and S. Pettersson. 

87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J. Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha
nisms of Ion Channels. 
Organizers: J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 
Serrano. 
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The lectures summarized in 1his publicmion 
were presented by their authors al a workshop 
held on the 8'" through the JO'" of May, 2000, 
at the Instituto Juan March. 

All published articles are exacl 
reproduction of author's texl. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


