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The mechanisms controlling NF-KB signaling constitute a paradigm ofthe membrane

nucleus cell communication. NF-KB is central to a number of cellular functions including cell 
proliferat ion, apoptosis and cellular differentiation. Also this transcription factor plays 
essential roles in innate and acquired immunity and its deregulation leads to importan! human 

diseases such as inflammation and cancer. NF-KB is formed by members ofthe Rel family of 

transcription factors, and are retained in the cytosol by the inhibitory molecule lKB. Upon 

activation by inflammatory cytokines, IKB is phosphorylated, ubiquitinated and degraded by 
the proteasome system which leads to the release and nuclear translocation of the classical 

Re1Np50 NF-KB. A complex formed by IKKP and IKKy is responsible for the 

phosphorylation of lKB in response to TNFa and IL-1. Genetic evidence in mice 
demonstrates the essentiality of these different components of the classic paradigmatic 
pathway. However, parallel to this cascade there is another pathway that starts with the 

activation of IKKa that phosphorylates NF-KB2 (p!OO) that leads to its cleavage and the 

release of the p52 subunit which, together with Re!B, constitutes a second NF-KB 
transcriptional complex that presumably targets genes different from those responding to 
Re!A/p50. Again, genetic evidence from knock out mice has demonstrated that both cascarles 
are critica! and independent. An importan! missing piece of this puzzle was the identification 

ofthe cytokines that trigger this novel non-canonical IKKa/NF-KB2 pathway. Data presented 

in this workshop demonstrate that BAFF, for B cells, and LT-p, for fibroblasts, actívate this 
new pathway through an IKKy-independent mechanism. These exciting evidences explain, at 

least in part, the immunological phenotype of the IKKa mutan! m ice and open new avenues 
for therapeutic intervention in diseases such as rheumatoid arthritis, asthma or sorne form of 

diabetes. In addition, the observation that the mutant IKKa mice display impairment in the 
proliferation of marnmary gland epithelial cells, suggests that inhibitors of this kinase could 
be useful drugs in the treatment of breast cancer. In fact, results were presented in this 
meeting demonstrating that the incidence oftumors caused by the neu oncogene was severely 

inhibited in IKKa mutant mice. Mutations in the IKKy gene have been associated with a 
human disease called lncontinentia Pjgmenti. Strikingly, another human genetic disease has 

been linked to mutations in these pathways. Thus, mutations in IKBa that prevent its 
degradation are associated with a disease called Anhidrotic Ectoderma Dysplasia that show an 
impairment in T cell function as well as in the response to activation through the Toll system. 

The genetic inactivation ofthe different NF-KB subunits gives rise to alterations in the 

function of B and T cells. Interestingly, knock out mice for the PKC isoforms I:;PKC and 
9PKC display defects in B and T cells, respectively. In the case 'of I:;PKC and B ce lis, the role 
of this kinase in the control of apoptosis may account for the phenotypic alterations detected 

in the I:;PKC mutant mice. In the case of T cells, a novel pathway involving not only 9PKC 
but also the adapters BellO and MAL T-I was presented. The connection here with cancer is 
evident. Mutations in both Bel-IO and MAL T-I genes are associated with lymphomas. On the 

other hand, the involvement ofNF-KB in the acquired as well as the innate immune response 
is clear. In this regard, much work has been done in the model system of Drosophila where 
both the classical and the non-canonical pathways exist. However, although sorne components 
are conserved, others are not, indicating that sometimes findings in flies cannot be 
automatically translated to mammals and vice versa. 

Tl¡e last NF-KB workshop organized in the Juan March Foundation was in 1996. In the 
last six years our understanding of the pathway has increased spectacularly. New genes have 
been identified and knock out mice for virtually all the proteins of these cascades have been 
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generated, which a!low us to know their function not only in cell cultures but also in a whole 
organism. In addition, the crystallographic study of the structures of at least some of the 
proteins of these pathways provides details of the intricate interactions that take place. In 
summary, much has been accomplished but more questions aroused in the intense and fruitful 
di scuss ions that took place. Above al!, it is importan! to understand the biology behind these 
fundamental cellular mechanisms but also importan! is to take advantage of its powerful 
therapeutic potential. Examples of thi s were presented. In the forthcoming years we will 
witness fabulous changes in the way patients are treated. This wi ll only be possible with an 
exhaustive understanding of the signaling cascades operating under normal conditions, and 
subverted under the different pathologies. 

Jorge Mosca! 
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Modes of NF-KB activation and downstream gene networks in oncogenesis 

and innate immunity 

Claus Scheidereit 

Max-Delbruck-Center for Molecular Medicine, MDC 
Berlin, Germany 

Transiently activated NF-KB transcription factors are central regulators ofthe adaptive 
and innate immune response. However, under various pathological conditions, an aberrant 
persistent activation, refractory to the normal homeostatic control, represents a critica! event 
for di sease progression. NF-KB proteins provide a broad pathogenetic potential, based on the 
diverse processes controlled, such as inflammatory cytokine production, cell-cycle progression 
and apoptosis. Subgroups of lymphoma and other neoplastic diseases reveal constitutively 
activated NF-KB and constitutive activity ofthe NF-KB stimulating IKB kinase (IKK) complex 
Constitutively activated NF-KB results in resistance to apoptosis, and enhanced proliferation 
and tumorigenicity. A genome-wide identification ofNF-KB regulated genes in lymphoma cells 
with constitutive activation and in lipopolysaccharide stimulated pre B cells by high density 
microarrays has been undertaken to dissect pro-oncogenic and innate immune response gene 

networks. A the wide range of inducing agents activates the canonical IKK-IKBa and IKK
p lOS pathway. A secondary, p 100 dependent pathway will be described that is activated by a 
subset of cytokines and pathogens. 

Refercnccs: 

Heissmeyer, V., Krappmann, D., Hatada, E. N., and Scheidereit, C. (2001) Shared pathways of IKK induced 

SCFpr.cP mcdiated ubiquitination and degradation for the NF-KB precursor pl05 and IKBcx. Mol. Cell. Biol. 21 , 
1024- 1035 
Krappmann, D., Patke, A., Heissmeyer, V. and Scheiderei t, C. (200 1) B cell receptor and phorbolester-induced 

NF-KB and JNK activation in B cells requires novel PKCs. Mol. Cell . Biol. 21 , 6640-6650 

Hinz. M., Uiser, P., Mathas, S., Krappmann, D., Dorken, B. , and Scheidereit, C. (2001) Constitutive NF-KB 

maintains high expression of a characteristic gene network, including CD40, CD86 and a set of anti-apoptotic 

genes in Hodgkin!Reed-Sternberg cells. Blood 97, 2798-2807. 
Mathas, S. Krappmann, D. Anagnostopoulos, l. , Hinz, M., Jundt, F. , Bommert, K .. Lallemand, D., Stein, H. 

Dorken, B. and Scheidereit, C. (2002) Abberant high cxpress ion and activity of 
transcription factor AP-1 is a hallmark of classical Hodgkin's disease, EMBO J. in press. 
Hinz. M., Lemke, P., Anagnostopoulos, l. , Hacker, C. , Krappmann, D., Dorken, B .. Zenke, M., Stein, H. and 

Scheidereit . C. (2002) NF-KB dependent gene expression profiling of Hodgkin's disease tumor cells, 
pathogenetic significance and link to consti tutive STAT5a acti vity, J. Exp. Mcd., in press. 
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Insights into function and regulation ofNF-KB in B cell development 

U. Siebenlist 

NIH, NIAID, Bethesda, MD, USA 

NF-KB 1 and NF-KB2 proteins are essential for full maturation of B cells . B ce lis 
lacking proteins encoded by these two loci are completely blocked from progressing past the 
early transitional (TI) stage of B cell development in spleen, the stage representing recent 
immigrants derived from bone marrow. In mice lacking the TNF family member BAFF 
(BLyS), B cells are blocked from progressing past the TI stage as well. Transgene-mediated 
over-expression of BAFF in mi ce on the other hand leads to increased amounts of B cells and 
autoimmunity. Based on the similarities in phenotypes of NF-KB1/2 and BAFF knockout 
mice, we have investigated whether NF-KB may be a critica! functional target of BAFF in B 
cells. 

We have determined that BAFF can actívate NF-KB activity in maturing and mature B 
ce lis, largely dependent on processing of the p 100 form of NF-KB2 to p52. Processing not 
only generates p52 subunits but it also relieves the IKB-like inhibitory activity of plOO, 
thereby inducing nuclear translocation of NF-KB complexes. lnsights into the mechanisms 
underlying processing will be discussed. We demonstrate that this altemative activation 
pathway helps maturing B cells to progress, at least in part due to prolonged survival. Though 
important, NF-KB2 and its processing are not absolutely required in vivo, where a 
compensatory mechanism appears to partially overcome loss of NF-KB2. BAFF-induced 
processing contributes to progression and survival of maturing B cells at a stage when only a 
small fraction of such cells is positively selected into the long-lived, recirculating pool of 
mature B cells. Therefore, processing in response to BAFF may play an important role in 
regulating B cells homeostasis and specifically, in setting thresholds during enforcement of 
self-tolerance and in the shaping ofthe select repertoire ofB cell specificities released into the 
periphery. 

Instituto Juan March (Madrid)
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NF-KB r·egulation by IKB 

Gourisankar Ghosh 

Department ofChemistry & Biochemistry, University ofCalifornia, San Diego 

9500 Gilman Orive 
La Jolla, CA 92093 

The inhibitor kappaB (lK.B) proteins regulate transcriptional acttvlltes of NF-KB 

dimers by forrning stable complexes with NF-KB . It was originally thought that these 

hcB/NF-KB complexes are inhibited simply because of their inability to enter the nucleus. lt 

was proposed that the nuclear localization sequences (NLSs) ofNF-KB dimers are masked by 

IKB thereby sequestering them in the cytoplasm. We have used structural, biochemical and 

cell-based experiments to investigate the molecular mechanism by which both classical IKB 

proteins such as IKBa and IKBP, and non-classical IKB proteins such as p 105 modulate sub

cellular localization of NF-KB. We find that in all binary IKB/NF-KB complexes, the IKB 

molecule masks only one NF-KB NLS whereas the second NLS remains free. This explains 

why IKBa!NF-KB complexes are dynamic and, shuttle between the cytoplasm and nucleus. 

Although binary IKBPINF and pl05/NF-KB complexes also contain an exposed NLS, they are 

cytoplasrnic. Cytoplasrnic sequestration of these complexes requires accessory proteins . 

Association of these IKB complexes with accessory proteins ensures that NF-KB activation 

fi-om various IKB/NF-KB complexes would require distinct signaling 

Instituto Juan March (Madrid)



16 

Regulation of NF -KB functions 

Inder M. Yenna 

Laboratory of Genetics, The Sal k Institute, La Jolla, CA 92037 

NF-KB act1v1ty is involved in regu lation of many biological and pathological 
processes. Stimulation and activation of NF -KB depend on a complex regulatory network of 
associated inhibitors and coactivators under the control of kinases and proteases. IKKI and 
IKK2 are key kinases in signa l-induced phosphorylation of IKB proteins and subsequent NF
KB activation. We investigated the role of IKKI and IKK2 in the NF-KB activation pathway 
by utilizing knockout mice lacking the IKKI and IKK2 . The global gene expressions induced 
by IKKI and IKK2 were examined with microarray analysis and proteomics approach. We 
identified the genes specifically regulated by IKKI in skin and their functions in keratinocyte 
differentiation are studied. We are also interested in NF-kB function in cell proliferation and 
death and its roles in tumor development. Chemotherapeutic agents are known to 
simultaneously induce the transcription factors p53 and NF-KB. To investigate a potentiallink 
between these opposing pathways, we are analyzing the p53 response in IKK1·'-¡KK2·'· 
MEFs. Our results uncover distinct functions of the highly homologous kinases IKK.l and 
IKK2 in regulating p53 stability and suggest a mechanism for the acquisition of resistance to 
chemotherapeutic agents, which actívate both NF-KB and p53 in the absence of mutations in 
p53. 

We have explored NF-KB signaling pathway in other species. Apparently, NF-KB 
cascade signaling is essential for vertebra te development. Deficiency in the expression of IKK 
and/or NF-KB proteins is involved with aggressive phenotypes like liver degeneration, skin 
and skeletal defects and hematopoiesis abnormalities. We have identified and partially 
characterized the majority of NF-KB homologs in zebrafish. Using appropriate techniques for 
the over-expression or "knock-down" these genes, we hope to identity accurately the role of 
these genes in the organogenesis and development in vertebrales. We will also discuss the 
identification of additional members of IKK complex involved in NF-KB activation. 
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In vivo analysis of NF-KB function by conditional mutagenesis 

Manoli s Pasparakis(l), Arianna Nenci(l), Marc Schmidt-Supprian(2), Klaus Rajewsky(2), 
Ingo Haase(3) 

ElvfBL Mouse Biology Programme, via Ramarini 32, 1-00016 Monterotondo, ltaly (!), Center 
for Blood Research, Harvard Medica! School, 200 Longwood Avenue, Boston, MA 02115 

(2), Department ofDermatology and Center for Molecular Medicine, University ofCologne, 
Joseph-Stelzmann Str. 9, D-50924 Cologne, Germany (3) 

Upon activation, members of the NF-KB transcnpt10n factor family induce the 
expression of many genes that are critically involved in cell survival and proliferation and in 

the regul ation of immune and inflammatory responses. Activation of NF-KB by 

proinflammatory signals is mediated by the IKB kinase (IKK) complex, which contains two 

catalytic subunits termed IKKI(a) and IKK2W) and a regulatory protein named NF-KB 

Essential Modulator (NEMO) or IKK.y. Targeted disruption of the gene encoding IKK.l 
revealed that this kinase is not essential for NF-KB activation by inflammatory cytokines but 
has a novel function in the induction of keratinocyte differentiation. Mice lacking IKK2 or 
NEMO die in utero displaying massive liver degeneration, a phenotype similar to that 
observed in p65/RelA knockout mice. Studies in mouse embryonic fibroblasts showed that 

NF-KB activation in response to proinflammatory signals is strongly reduced in the absence of 
IKK2 and is completely abolished by the lack ofNEMO. 

To investigate the function of IKK-induced NF-KB activation in vivo, we have used 
the Cre/loxP technology to generate mice carrying conditional mutations in the genes 

encoding IKK2 and NEMO. In order to study the function ofNF-KB in the epidermis we have 
generated mice lacking IKK2 specifically in epidermal keratinocytes. Mice with epidermis
specific deletion of IKK2 develop a severe inflammatory skin disease, which is caused by a 

TNF mediated, ap T cell-independent inflammatory response that develops in the skin a few 

days after birth. These results show that IKK2-mediated NF-KB activation in the epidermis 
control mechanisms that are critica! for the maintenance of immune homeostasis in the skin. 

Ongo ing experiments addressing the mechanisms of NF-KB function in different tissues of 
the adult mouse by using conditional targeting of1KK2 and NEMO will be discussed . 
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Processing and function of NF-KB precursor proteins 

Shao-Cong Sun, Michael Waterfield, Abraham Fong, Gongxian Liao, Gutian Xiao, and 
Minying Zhang 

Department ofMicrobiology and Immunology, Pennsylvania State University College 
ofMedicine, Hershey, Pennsylvania 17033 , USA 

Mammalian cells express five NF-KB members, RelA, RelB, c-Rel, p50, and p52, 
which play both overlapping and specific roles in regulation of immune responses and many 
other biological processes. A unique feature of p50 and p52 is that they are produced through 
processing of precursor proteins, p!OS and p100. The NF-KB factors are normally 
sequestered in the cytoplasm through physical association with IKBs as well as the p 100 and 
p105 precursor proteins. The canonical pathway ofNF-kB activation is triggered through IkB 
phosphorylation by the IKK signalsome, which is composed of IK.Ka, IK.Kb, and the adaptor 
protein IK.Kg or NEMO. This pathway typically leads to nuclear expression ofp50/RelA and 
p50/c-Rel NF-kB heterodimers. However, the nuclear expression of p52 and RelB appears to 
rely on a noncanonical signaling pathway involving the processing ofNF-kB2/p100. 

We have previously shown that the processing ofp100 is tightly suppressed by its e
terminal sequences. Active processing of p100 can be stimulated by the NF-kB inducing 
kinase (NIK), which acts by triggering phosphorylation and ubiquitination of p 100 (Xiao et 
al., 2001) . Subsequent studies suggest that IK.Ka, but not IK.Kb or IK.Kg, is required for N1K
induced p100 processing (Senftleben et al., 2001), thus suggesting the presence ofa ditferent 
IKK complex in mediating the noncanonical NF-kB signaling pathway. While the 
physiological processing of p 100 occurs primarily in B cells, T cells transformed by the 
human T -cell leukemia virus (HTL V) exhibits high levels of p 100 processing activity (Xiao et 
al , 2001 ). Interestingly, the HTL V -encoded Tax protein induces p 100 processing by 
physically recruiting IK.Ka (not IK.Kb) to piOO. Thus, a p100ffax!IK.Ka complex can be 
readily detected in HTL V-infected T cells. Since overexpression of p52 is associated with 
lymphoid hyperplasia and lymphoma formation, the Tax-mediated abnormal processing of 
p 100 may play a role in HTL V -induced T -cell malignancies. 

Our recent studies focus on identification of additional factors regulating p 100 
processing. Using siRNA-mediated gene suppression technique, we demonstrated an 
essential role for 13-TrCP in the ubiquitination and processing ofp100 (Fong and Sun, 2002) . 
By yeast two-hybrid screening, we have identified a novel factor physically interacting with 
N1K. Preliminary studies suggest that this factor is involved in both p 100 processing and 
IkBa degradation. These new findings, as well as our recent studies on p 105, will be 
discussed. 

Referenccs: 

Fong, A., and Sun, S.-C. (2002). Genelic Evidence for the Essential Role of Beta-Transducin Repeat
Containing Protein in the Inducible Processing ofNF-k.B2/p100. J. Biol. Chem. 277, 22111-22114. 
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Senftleben, U., Cao, Y., Xiao, G., Kraehn, G., Greten, F., Chen, Y., Hu, Y., Fong, A., Sun, S.-C., and 
Karin, M. (2001). Activation of IKKa of a second, evolutionary conserved, NF-kB signaling pathway. Science 
293, 1495-1499. 

Xiao, G., Cvijic, M. E., Fong, A., Harhaj, E. W., Uhlik, M. T., Waterfield, M., and Sun, S. C. (2001). 
Retro viral oncoprotein Tax induces processing of NF-kappaB2/p 100 in T ce lis: evidence for the involvement of 
IKKalpha. EMBO J. 20,6805-6815. 

Xiao, G., Harhaj, E. W., and Sun, S. C. (2001). NF-kappaB-inducing kinase regulates the processing of 
NF-kappaB2 pi OO. Mol. Cell. 7, 401-409. 
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Transcriptional activation of inflammatory genes requires 

a dual signalling pathway 

Guy Haegeman, Linda Vermeulen, Gert De Wilde & Wim V anden berghe 

University ofGent, Dept. ofMolecular Biology, Ledeganckstraat 35, 9000 Gent (Belgium) 

Many inflammatory gene promoters contain KB-responsive elements, which are 

absolutely required for their induction by inflammatory stimuli, such as TNF. Upon treatment 

of mouse fibroblast cells with TNF, the transcription factor NF-KB is released from its 

cytoplasmic complex, migrates to the nucleus and binds onto the KB sites of various cellular 

promoters By mutation analysis of the IL6 promoter, we have shown befare that NF-KB is 

the only transcription factor, which is responsive to TNF and, hence, absolutely necessary for 

its transcriptional activation by TNF. 

U pon inhibition of the the ERK and p3 8 MAP kinases, which are al so activated by 
TNF, induction of the IL6 gene is abrogated, but not the cytoplasmic activation of the 

transcription factor NF-KB, nor its DNA-binding capacity. From this we have concluded that 

phosphorylation of NF-KB by MAP kinases may represent an additional, but necessary signa! 

to fine-tune inflammatory gene expression, and thus to codetermine the transactivation 

capacity ofthe induced transcription factor. 

The NF-KB subunits, pSO and p65, are, however, not a direct substrate for TNF

induced phosphorylation by MAP kinases; in contrast, the p65 subunit can be specifically 

phosphorylated in vitro and in vivo by 'mitogen- and stress-stimulated kinase ' 1 (MSK 1 ), 

which is a nuclear kinase, activated by and located downstream of both the ERK and p38 

MAP kinases. MSK1 phosphorylates NF-KB p65 at Ser position 276, which is a crucial 

position for NF-KB transcriptional activity in fibroblast cells. Upon TNF stimulation, MSKI 

associates with NF-KB p65, as follows fi-om co-immunoprecipitation experiments and ChfP 

analysis; however, this TNF-induced association is abrogated, when the cells were treated 

with inhibitors of the ERK and p3 8 MAP kinases together, or by inhibition of MSK l. Finally, 

in MEF cells fi-om MSK'- animals, in which the various MAP kinases pathways as well as the 

cytoplasmic activation of NF-KB ha ve remained unaffected, the TNF-induced transactivation 

potential of NF-KB is completely gone and inflammatory gene expression is severely 

decreased. 

Therefore, we conclude that in mouse fibroblast cells inflammatory gene expression is 
effected by a dual signalling pathway; i.e. cytoplasmic activation of the transcription factor 

complex NF-KB and concomitan! phosphorylation of the transactivating subunit p65 by the 

nuclear kinase MSK 1 at position Ser 276. Sin ce MSK 1 has airead y been described to al so 

phosphorylate histon 3 tails, this is to our knowledge the first report indicating a nuclear 

kinase that phosphorylates the driving transcription factor as well as its neighbouring 

chromatin environment. 
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IKKi: a key integrator of transcriptional regulation at the crossroads of 

pro- and anti-inflammatory signaling 

Vladimir V. Kravchenko 1
, Klaus Schwamborn, Osamu Takeuch?, Brydon Bennett, David 

Young, Helen Brady, Jianwu Li, Kevin Ericson, Alain Israd, Shizuo Akira2
, Richard J. 

Ulevitch 1
, Frank Mercurio 

1Department oflmmunology, The Scripps Research Institute, La Jolla, California 92037, 
2lnstitute for Microbial Diseases, Osaka University, Suita, Japan, 3Unite de Biologie 

Moleculaire de I'Expression Genique, Institut Pasteur, 75724 París, France, and Celgene 
Signa! Research Division, San Diego, California 92121 , USA 

IKK.i is an IKK2-related kinase that is transcriptionally regulated in response to 
proinflammatory stimuli. lnitial reports suggest that IKK.i plays a role in the "core" signaling 
pathway that regulates NF-kB activation . In an effort to better elucidate the cellular function 
of IKK.i we created stable cell !in es that inducibly express either a wildtype or kinase inactive 
version of IK.Ki. Using this system we demonstrate the capacity of lKKi to modulate the 
expression of known NF-kB regulated genes in a stimulus and temporal-specific manner. 
These results were confirmed in lKKi -1- mouse embryo fibroblasts . Contrary to previous 
studies, lKKi appears to function independent of the "core" pathway leading to NF-kB 
activation. Moreover, we provide results that indicate IKK.i functions in a novel capacity to 
integrate cross talk between pro- and anti-inflammatory signaling pathways. 
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Mechanisms underlying specificity in NF-kB-regulated transcription 

Gioacchino Natoli, Simona Saccani, Serafino Pantano 

Institute for Research in Biomedicine,Via V. Vela 6, Bellinzona CH6501 , Switzerland 

A major issue in the regulation of NF-kB-dependent transcription is how specificity is 

achieved. We have proposed that one regulatory mechanism operates at the chromatin leve! 

by modulating the state of accessibility of NF-kB sites in target genes . In LPS-stimulated 

macrophages and dendritic cells this mechanism generates two distinct waves of NF-kB 

recruitment to target promoters: a fast recruitment to -ºonstitutively and immediately 

ªr..:essible (CIA) promoters and a late recruitment to promoters requiring stimulus-induced 

modifications in chromatin structure to make NF-kB sites accessible (promoters with 

regulated and !ate ªccessibility, RLA) . NF-kB is rapidly recruited to every CIA promoter 

independently of the stimulus; moreover, transfected NF-kB subunits can be recruited to these 

promoters in the absence of any stimulation, thus suggesting a constitutive accessibility of the 

NF-kB sites. Conversely, NF-kB recruitment to RLA promoters occurs in a stimulus-specific 

manner, being individual stimuli intrinsically different in their ability to actívate the signaling 

pathways that modulate NF-kB access to chromatin. Strong and sustained p38 MAP !únase 

activation is required to enhance the accessibility of a subset of NF-kB sites, thus indicating 

that a major function of p38 is to modulate NF-kB recruitment to selected chromatin targets in 

a promoter-specific fashion . Specificity also depends on the ability of individual NF-kB 

dimers to differentially actívate transcription from distinct target genes. The mechanisms 

underlying transcriptional specificity and redundancy among various dimers will be 

discussed. 
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BR3, a receptor for BAFF, is a physiological activator for NF-kB2 
in B lymphocytes 

Nobuhiko Kayagaki*, Minhong Yan*, Dhaya Seshasayee?, Hua Wang?, Dorothy M. French?, 
Iqbal S. Grewal?, Andrea G. Cochran§, Nathaniel C. Gordon§, JianPing Yin§, Melissa A. 

Starovasnik§ & Vishva M. Dixit* 

Department of *Molecular Oncology, ?Immunology, ?Pathology and §Protein Engineering, 
Genentech, Inc. , 1 DNA Way, South San Francisco, California 94080, USA 

BAFF, a member of the TNF-Iigand family, activates NF-kB, is a potent survival 
factor for B cells, and has been implicated in systernic lupus erythematosus. It binds three 
members ofthe TNF-receptor farnily expressed on B cells: TACI, BCMA, and BRJ/BAFF-R. 
We show that BRJ/BAFF-R signalling promotes processing of NF-kB2/plOO to p52, a 
transcription factor critica! for B cell maintenance. NF-kB2/plOO processing was abrogated in 
B cells from A/WySnJ rnice that possess a mutant BR3 gene, but not in T ACI- or BCMA-null 
mice. Furthermore, basal activation of NF-kB2/p!OO in wild type animals was dramatically 
reduced by injecting a BAFF-neutralizing BR3-Fc chimeric protein. Selective activation of 
BR3 induced NF -kB2/p 100 processing in B ce lis. This correlated with the ability of activated 
BR3 to rescue B cells from anti-IgM-induced apoptosis, a model for deletional self-tolerance. 
Remarkably, when NZB/WFI rnice that develop a fatal lupus-like syndrome were briefly 
treated with BRJ-Fc, NF-kB2 processing was inhibited and the disease process attenuated. 
Since inhibiting the BR3-BAFF interaction has therapeutic rarnifications, a structural analysis 
of the ligand-binding interface within BR3 was undertaken by NMR spectroscopy. The 
BAFF-binding site was contained within a discrete 26-residue core. When stabilized within a 
b- hairpin scaffold, six ofthe core residues were sufficient to confer binding to BAFF. 

Instituto Juan March (Madrid)



Session 3: NF-KB signaling- 11 
Chair: lnder M. V erma 

Instituto Juan March (Madrid)



29 

IKK- A master regulator of innate and adaptive immune responses 

Michael Karin, Guissepina Bonnizi, Yixue Cao, Lee-Wei Chen, Mireille Delhase, Florian 
Greten, Yinling Hu, Zhi-Wei Li , Constantin Makris, Jin Mo Park, and Uwe Sentfleben 

Laboratory of Gene Regulation and Signa! Transduction 
UCSD School ofMedicine 

University ofCalifornia, La Jolla, CA 92093-0636 

The hcB kinase (IKK) complex is composed of 3 subunits: IKKa, IKK0, and IKKy. 
IKKa and IKKP, the catalytic subunits, display a high degree of biochemical and structural 
similarity, both functioning as IKB kinases in vitro . The physiological function of the 
different IKK subunits and the reason for duplication of the catalytic subunits was probed by 
gene disruption and knockin experiments. At their outset, these experiments demonstrated a 
critica! function for IKKP in activation of NF-KB in response to a large number of 
proinflammatory stimuli, including TNFa, IL-1 , dsRNA, LPS and ISS-DNA IKKP is also 
essential for prevention of TNFa induced apoptosis and is indispensable for activation of 
innate immune responses . IKKP is required for suppressing the apoptosis of TLR4-activated 
mouse macrophages and is an essential mediator of acute inflammatory response and tissue 
protection following exposure to certain physical stresses. All of these IKKP- specific 
functions depend on IKB phosphorylation and degradation and are mediated through the 
canonical NF-KB activation pathway. By contras!, the biological functions of IKKa were 
found to be rather complex and perplexing. Although IKKa was found not to be required for 
activation of the canonical NF-KB pathway in response to proinflammatory stimuli, it is 
essential for skin and bone morphogenesis . The role of IKKa in epidermal differentiation, 
however, does not depend on its protein kinase activity nor on NF-KB . Recently, IKKa was 
found to have a second function - being required for activation of a second NF-KB pathway 
based on the processing of NF-KB2/p 100 to p52. This function does depend on the kinase 
activity of IKKa and seems to be triggered only by select members of the TNF family. This 
function is required for adaptive immune responses and proper organization and development 
of lymphoid organs. It appears that the most critica! function of IKKa in this context is 
exerted within the B lyrnphocyte compartment. A third function of IKKa that is also 
dependent on its kinase activity is in development of the mammary gland . This function is 
exerted via the canonical NF-KB pathway (i .e. IKB degradation) but is not triggered by 
standard proinflammatory stimuli. In summary, duplication of the IKK catalytic subunits has 
enabled the assumption of diverse biological functions that are differentially dependen! on 
IKKa and IKKP 
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Novel aspects of the function of the NF-KB-inducing kinase (NIK) 

David Wallach, Parameswaran Ramakrishnan and Taisia Shmushkovich 

Department ofBiological Chemistry, The Weizmann Institute of Science, 
76100 Rehovot, Israel 

The NF-KB inducing kinase (NIK) is a MAP3K kinase originally identified by 
virtue of its ability to bind to TRAFs, adapter protein family that participate in the 
triggering of severa! MAP3K cascades by receptors of the TNF/NGF and Toll/IL
receptor families as well in response ER stress1

. NIK was shown to bind specifically to 
IKK 1, a component of the core IKB phosphorylating complex, and to phosphorylate and 
activa te IKK 12

. This finding, as well as multiple reports o ver the recent 5 years of the 
ability of over-expressed NIK mutants to block NF-KB activation by a wide range of 
different inducers suggested sorne role of this kinase in signaling for NF-KB activation. 
However, clear notions of the exact nature of this role and the exact signaling pathways 
in which NIK participate just begin to emerge. So far, the only receptor conclusively 
shown to involve NIK in its signaling is the lymphotoxin J3 receptor (L TJ3-R)3 4 5 

However, lymphocytes, in which NIK is prevalent, do not express the LTJ3-R. Findings 
of novel interactors and of the functional role of NIK in hematopoietic cells will be 
presented. 
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Signaling via the scFP-TrCP ubiquitin ligase: 
lessons from the NF-KB aod the Wnt activation pathways 
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Jerusalem, 91120, Israel; 2Hadassah University Hospital, Jerusalem, 91120, Israel ; 3Protein 
Interaction Laboratory, University of Southern Denmark, DK-5230 Odense M, Denmark; 
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Modulation of protein stability via the ubiquitin-proteasome system emerges as one of 
the most comrnon regulatory processes in all eukaryotes 1. Signa! transduction is an example 
of such processes, in which ubiquitination events may contribute to either activation or 
inhibition/termination of a signaling cascade. P-TrCP, one of many different specificity 
determining components (E3) of the ubiquitin system, represents a multi-purpose signaling 
mediator: by regulating the ubiquitination of three related substrates, IKB, p 105 and P-catenin, 
the same E3 contributes to the activation of NF-KB and to suppression of the Wnt/P-catenin 
signaling cascade, respectivell . P-TrCP recognizes and adheres to its substrates via a short, 
doubly phosphorylated peptide motif, DSGXX(X)S 1. This recognition motif, which is shared 
between the three substrates, is generated through the phosphorylation activity of two distinct 
kinase complexes, IKK and the Axin complex. Using various proteornic tools, we identified 
severa! components of the IKK- and Axin-regulated ubiquitination machineries 3

'
4

. We will 
compare the degradation process of the different P-TrCP substrates and discuss its 
implications for the relevant signaling pathways. One ofthe interesting questions concerns the 
identification of the rate limiting step in each degradation process, whether it is the protein 
phosphorylation, P-TrCP binding and/or the rate of ubiquitination. Prelirninary experiments 
indicate that the rate lirniting step may vary for the different substrates. P-TrCP inhibitors are 
considered as possible means of modulating NF-KB activation in inflammatory and 
proliferative diseases. Therefore, an understanding the comrnon and distinct features of IK.B , 
p 105 and P-catenin degradation may help in designing therapeutic modalities based on the 
targeting of ubiquitin system components. 
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Regulation of NF-KB activation and function by l;;PKC 

Jorge Moscat 

Centro de Biología Molecular "Severo Ochoa", CSIC-Universidad Autónoma, 
Canto Blanco, 28049 Madrid 

A number of studies using dominant negative mutants have implicated the atypical 

PKC isoforms in the control of NF-KB activation. More recently, the availability of mice in 

which l;PKC was inactivated by homologous recombination allows a more definitive study of 

the implication of this kinase in the NF-KB pathway. The lack of l;PKC, in embryonic 

fibroblasts (EFs), severely impairs KB-dependent transcriptional activity as well as cytokine

induced phosphorylation of p65 . In addition, a cytokine-inducible interaction of l;PKC with 

p65 was detected which requires the previous degradation of IKB . Interestingly, the l;PKC-/
mice although grossly normal, show phenotypic alterations in secondary lymphoid organs 

reminiscent of those of the TNF receptor-! and of the lymphotoxin-13 receptor gene deficient 
mice. These alterations were detected in very young (2-week-old) rnice and were much less 
apparent in older animals. Thus, although the overall structure of the spleen was preserved in 
l;PKC-1- rnice, there was a defect in the marginal zone together with smaller B cell follicles in 
the white pulp as compared with age-matched wild type controls. In addition, defects were 
observed in peripheral and mesenteric LNs as well as in the PPs in which there was an 
impaired segregation between B and T cell zones anda decrease in FDCs. In older (4-8 week
old) KO míce, the defects in the LNs nearly disappear and those in the PP, although still 

detectable were much less dramatic, indicating that the loss of L;PKC causes a delay but not a 
complete blockade in the delivery of signals required for the proper development of these 
lymphoid organs. 

The development of lymphoid organs is controlled by a dynamic interplay between 

hematopoietic and nonhematopoietic cells. In this regard, young l;PKC-1- rnice show a 
reduced relative percentage of B cells in peripheral and mesenteric LNs which was 
significantly enriched in an immature B cell population. In PPs, although the relative 

percentage of T and B cells was normal in the l;PKC KO rnice, there was a reproducible 

increase in immature B cells. In young and adult l;PKC-1- mi ce the microarchitecture of the 
spleen and other secondary lymphoid organs is little or no affected . However, these animals 
are unable to mount an optimal immune response in vivo . Therefore, we investigated whether 
these alterations could be accounted for by defects in B cell function . 
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The role of NF-KB in the regulation of innate and adaptive immunity to 

infection 

C. Tato, N.Mason, S. Shapira, D. Artis, J. Caamano, HC Liou, M Boothby and CA Hunter 

Department ofPathobiology, University ofPennsylvania, Philadelphia, USA 

Although the NF-kB family of transcription factors are associated with the regulation 

of many functions of the innate and adaptive imrnune response relatively little is known about 
their actual role in resistance to infection. Infection with the opportunistic pathogen 

Toxoplasma gondii provides the opportunity to study the events that regulate innate responses 
(NK cell mediated) to infection and the subsequent development of protective adaptive 

responses (CD4 and CD8 cells). For this infection, the production of IL-12 by accessory cells 

is required for the production of IFN-g by NK and T cells which is necessary to control 

parasite replication. Using rnice deficient in either NF-kBI, NF-kB2, C-Rel, RelB or which 

express the IkBóN transgene in NK and T cells has revealed distinct roles for the individual 
farnily members in imrnunity to this pathogen. For example, rnice deficient in ReiB or which 

express the IkBóN transgene have major defects in their ability to produce IFN-g and 

succumb at an early stage to this infection. In contrast, rnice deficient in C-Rel have an early 
defect in their ability to produce IFN-g but eventually repair this defect but develop severe 
toxoplasrnic encephalitis. Mi ce deficient in NF-kB 1 or NF-kB2 develop strong protective 
immunity during the acute phase of this infection but appear to be unable to maintain this 
response and eventually succumb to the chronic phase of infection. Interestingly, one of the 
comrnon features of the K Os of individual members is that rather than being involved in the 
decision to make Th 1 or Th2 responses they appear to ha ve a major block in their ability to 
proliferate and expand effector cell populations. 
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NF-KB signal transduction during bacterial and fungal infection 

Jules A. Hotfmann, Jean-Marc Reichhart , Jean-Luc lmler, Dominique Ferrandon and 
Julien Royet 

Institute ofCellular and Molecular Biology, CNRS, Strasbourg, France 

A hallmark of the antimicrobial host defense in Drosophila is the challenge-induced 

massive synthesis of antimicrobial peptides by the fat body, a functional equivalent of the 

mammalian lines The antimicrobial peptides are mostly small-sized, cationic, membrane

active molecules and exhibit various, sometimes overlapping, activity spectra at the 

micromolar range against bacteria and fungi . They contribute significantly to the resistance to 

infections, as illustrated by decreased survival rates of infected mutant flies deficient in 

antimicrobial peptides. In adult Drosophila, two NF-K.B-like proteins control the transcription 

of the genes encoding these peptides : Dif (for dorsal-related immunity factor) and Relish. Dif 

is normally retained in the cytoplasm by binding to the IK-B-like inhibitor Cactus. Release of 
binding and nuclear translocation of the Re! homology domain occurs as a result of activation 

of the Toll transmembrane receptor. Relish, which has a C-terminal extension of ankyrin 

domain repeats ( evocative of p l 05), requires a proteolytic cleavage for translocation of its N

terminal Rel-homology domain . This cleavage is dependent on activation of the Imd signaling 

pathway. Our information on the Toll and Imd pathways has significantly increased over the 

past two years and will be summarized in the presentation. Current etforts in our laboratory 
are centered around the link between sensing of rnicrobial infections and activation of both 

pathways. We have now functionnally identified distinct proteins which actívate ToiV Dif 

during (i) infections by fungi and (ii) by Gram-positive bacteria and (iii) imd/Relish during 

Gram-negative bacteria! infections. These results will be discussed in a phylogenetic 
perspective. 
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Signa! transduction pathways activated by Toll-like receptors: a role for 

Mal in tailoring innate immunity 

Luke A. O' Neill 

Department of Biochem istry, Trinity Co llege Dublin, [reland 

Toll- like receptors belong to a superfamily of receptors, all of which possess a 
conserved domain in their cytosolic regions, tenned the Toll/lL-1 receptor (TIR) domain . The 
TIR d omain a lso o ccurs in t he T ype 1 1 L-1 receptor a nd t he I L-18 receptor. A key signa! 
triggered by the TIR doma in is NF-KB . There are 1 O human TLRs and they are causing much 
excitement as they are one of the points of first contact between micro be a nd h ost d uring 
infection. TLR-4 is the long sought-for receptor for lipopolysaccharide from gram negative 
bacteria. TLR-2 recognises bacteria! lipopeptides, peptidoglycan and zymosan from yeast. 
TLR-5 recognises flagellin , TLR-6 recognises mycobacterial lipopeptide, TLR-7 and TLR-8 
recognise the anti-viral drug imiquimod and finally TLR-9 recognises CpG DNA. Common 
signalling pathways are activated by al! of these, including NF-KB and the stress kinases p38 
and JNK. These pathways are initiated by the recruitment of the TIR domain - containing 
adapter My088. A series of protein-protein interactions then ensue, involving the proteins 
Tollip, IRAK.-4, IRAK, IRAK.-2, T AB-2 a nd T raf-6. D uring t his p rocess, T raf-6 b ecomes 
ubiquitinated and interacts with the kinase T AK-1. T AK-1 associates with T AB-2, becomes 
ubiquitinated itself, and then activates MKK 7, leading to JNK activation, or IKK-2 acti,·ation, 
leading to the activation ofNF-KB. 

A key question is whether receptors with TIR domains can generate specific signals 
and therefore tailor the innate immune response to the provoking pathogen. Evidence for this 
includes observations describing differences in the genes induced by TLR-2 and TLR-4 
ligands in dendritic cells, and the observation that although IL-IRI, IL-18R, TLR-2 and TLR-
9 s ignalling is complete! y impaired in cells from My088-null mice, that for TLR-4 is no t. 
NF-KB and JNK are still activated in macrophages from these mice treated with Lipid A, 
although the responses are delayed. Importantly, LPS and Lipid A can still induce maturation 
of dendritic cells which are My088-deficient, and IRF-3 - dependen! genes. It is these same 
genes that are specific for TLR-4. We have found another TIR domain adapter, named 
My088-adaptor-like (Mal), that may be the adapter responsible for the responses in MyD88-
deficient cells. It acts to recruit IRAK.-2 and associates only with TLR-4. Dominant negative 
fonns ofMal only block TLR-4 signalling, having no effect on IL-1, IL-18, TLR-2 or TLR-9. 
Structural models of Mal and My088 in complexes with TLR TIR domains attest to the 
specificity of Mal for TLR-4. Mal m ay therefore allow TLR-4 to signa! additional processes 
required for elimination ofpathogens which are recognised by TLR-4. A possible role forMal 
in the activation of IRF-3 has been proposed and we have preliminary evidence which 
suggests that the IRF-3 and NF-KB activation pathways may be closely linked, possibly at the 
leve! ofthe signalsome. These resu lts will be discussed. 
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Analysis of mutations in the study of the in na te immune response 

Bruce Beutler, Kasper Hoebe, and Xin Du 

The Scripps Research lnstitute, La Jolla, California, USA 

Germline mutations have opened the door to understanding how innate immune 
sensing operates in Drosophila and in mammals. Both forward and reverse genetic methods 
have been applied in both species. Reverse genetic methods (in particular gene targeting) can 
prove informative if there is reason to suspect that a particular protein has a particular 

function . However, forward genetic methods can reveal function where none was suspected a 
priori . Toward this end, we have initiated a program of germline mutagenesis in mice, in 
which screens of innate immune function are used to detect both dominan! and recessive 
mutations affecting key proteins in the innate immune response. The screens are oftwo types. 
First, the function of macrophages is examined ex vivo, testing their ability to respond to 
microbial inducers such as LPS, CpG-bearing DNA, peptidoglycan, flagellin, and other 
stimuli, their phagocytic potential , their production ofreactive oxygen intermediates, and LPS 
tolerance. Second, the ability of animals to repel infection is studied. In this manner, 
mutations that affect critica! immune functions are identified. Positional cloning can then 
identify these mutations. To date, more than 20,000 mutant mice have been produced, and 
more than 7,000 animals have been tested for innate immune competence by one of these 
types of screen. More than thirty phenodeviants have been identified, and two new 
transmissible mutations affecting LPS responses are currently being mapped meiotically. One 
of these, dubbed Lps2 because it presents a phenocopy of the classic Lps mutation, has been 
confined to a small chromosomal interval that is bereft of any genes that were previously 
known to be involved in LPS signaling. 
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Regulation of interleukin-1- and lipopolysaccharide-induced NF-KB 
activation by alternative splicing of MyD88 

Sophie Janssens, Kim Bums#, Jurg Tschopp# and Rudi Beyaert 

Ghent University- VIB, Department ofMolecular Biomedical Research, Unit ofMolecular 
Signa! Transduction in lnflamrnation, Ledeganckstraat 35, B-9000 Gent, Belgium; #Institute 

ofBiochemistry, University ofLausanne, BIL Biomedical Research centre, Chemin des 
Boveresses 155, CH-1066 Epalinges, Switzerland 

MyD88 is an adaptor protein that is in volved in interleukin-1 receptor (IL-1 R) and 
Toll-like receptor (TLR)-induced activation of NF-KB. It is composed of a C-terminal 
Toll/IL-1R homology (TIR) domain and an N-terminal death domain (DD), which mediate 
the interaction of MyD88 with the IL-lR!fLR and the IL-lR associated kinase (IRAK), 
respectively. The interaction of MyD88 with IRAK triggers IRAK phosphorylation, which is 
essential for its activation and downstream signaling ability. Both domains of MyD88 are 
separated by a small intermediate domain (ID) of unknown function. We have identified a 
splice variant of MyD88, termed MyD88S, which encodes for a protein Iacking the ID. 
MyD88S is mainly expressed in the spleen, and can be induced in monocytes upon LPS 
treatment. Although MyD88S still binds the IL-lR and IRAK, it is defective in its ability to 
induce IRAK phosphorylation and NF-KB activation. In contrast, MyD88S behaves as a 
dominant negative inhibitor ofiL-1- and LPS-, but not TNF-induced NF-KB activation. These 
results implicate the ID of MyD88 in the phosphorylation of IRAK. Moreover, the regulated 
expression and antagonistic activity of MyD88S suggest an important role for alternative 
splicing of MyD88 in the regulation of the cellular response to IL-1 and LPS. Identification of 
the MyD88-ID binding kinase that is responsible for IRAK-phosphorylation is in progress, 
and will also be presented during the meeting. 
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Induction of human defensins by microbial stimuli 

Tomas Ganz, PhD, MD 

Departments of Medicine and Pathology, Geffen 
School ofMedicine at UCLA, Los Angeles, California, USA 

Epithelia react to microbial pathogens by mounting a defensive response that includes 

the local production of antimicrobial peptides as well as the recruitment of neutrophil 

phagocytes that deliver additional antimicrobial peptides into the tissues. Evidence from 

severa! animal models makes a strong case for the role of antimicrobial peptides in host 

defense, since the ablation of the antimicrobial peptide response impairs local host defense 

against bacteria. We investigated the cellular pathways that induce the production of human 

~-defensin 2 (HBD-2) in the epidermis. In earlier studies we had shown that keratinocytes 

must be differentiated to acquire responsiveness to microbial or inflammatory stimuli , and 

that IL-1 was the most poten! stimulus to HBD-2 production. In recent studies with 

organotypic epiderma1 cultures, E. coli lipopolysaccharide (LPS) was a weak direct inducer of 

human ~-defensin - 2 (HBD-2) mRNA and peptide but the induction was greatly amplified 

when monocyte-derived cells (MDC) acted as intermediaries between LPS and the epidermis. 

IL-1 receptor antagonist (IL-1 Ra) completely reversed the effect of MDC on epidermal 

HBD-2, indicating that, from an1ong the many products of MDC, IL-1 was the dominant 

inducer of HBD-2 synthesis. In DNA microarray expression studies, HBD-2 was one the most 

abundant mRNAs induced in epidermis by LPS-treated MDC but the expression of most other 

genes was suppressed, and both these effects were also reversed by IL-1 Ra. Thus epidermal 

response to LPS is potently amplified by MDC through IL-1 mediated signaling, leading toa 

selective increase in the synthesis ofthe antimicrobial peptide HBD-2. The inhibitor profile of 

IL-1-mediated HBD-2 induction indicates that multiple pathways of IL-1 signaling are 

involved. In the aggregate, these data support a key role for both IL-1 and HBD-2 in the host 

defense reaction ofthe epidern1is. 
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Genetic and biochemical analysis of the NF-KB signaling cascarle 

Ala in 1 srael 

Unité de Biologie Moléculaire de I'Expression Génique-FRE 2364 CNRS, lnstitut Pasteur, 25 
rue du Dr Roux, 75015 París, France 

The NF-K.B family of transcnpt10n factors is critically involved in the immune, 
inflammatory as well as anti-apoptotic responses. Horno- or heterodimeric complexes of 

members of the NF-K.B family are usually retained in the cytoplasm of non-stimulated cells by 
inhibitory molecules collectively referred to as IK.B's. Activation of the NF-K.B signaling 
cascad e (through TNF, LPS, IL l or multiple other stimuli) results in phosphorylation of the 

IK.B 's, followed by their degradation through the ubiquitin-proteasome pathway. Recently a 
maja r progress has been made as the kinases responsible for IK.B phosphorylation have been 
identified . These kinases are part of a multisubunit high molecular weight complex, which 

also contains a structuraVregulatory subunit, NEMOIIKKy. We have recently demonstrated 

that mutations in the NEMO gene that abolish NF-K.B activation lead to the human disease 
Incontinentia Pigmenti, which is characterized by prenatal maJe lethality and defects in the 
skin, nails, teeth and hair in affected females (2). More recently we have shown that milder 
NEMO mutations allow males to survive, allowing us to demonstrate that impaired but not 

abolished NF-K.B signaling in humans results in two related syndromes which associate 
specific developmental and immunological defects (1). We have now identified a new 
mutation that affects another component ofthe NF-K.B cascade. 

Another pathway we ha ve more recently begun to analyze is activation of NF-K.B by 
the TCR. We have demonstrated that the IKK kinase complex is recruited to the T ceii-APC 
contact region and to the immunological synapse after T -cell activation. This observation led 
us to evaluate the effect of targeting NEMO directly either to the TCR, or to the plasma 
membrane. I will present the results obtained in these 2 reconstituted systems. These studies 

offer a powerful mean of analysing the NF-K.B cascade independently of the other TCR
induced activation pathways, and of separating the IKK-dependent from the IKK-independent 
events in this cascade. 
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Regulation of Nuclear Factor KB transactivation in T cells 

Manuel Fresno 

Centro de Biología Molecular "Severo Ochoa". Madrid 

Activation of the transcription factor NF-KB is controlled at two Jevels in resting T cells: 
an initial activation induced by the triggering of the TcR-CD3 complex and a second phase 
controlled by paracrine- or autocrine-secreted TNFa. The initial phase is regulated by p65 
(ReJA), whereas the second one is mainly dependent on c-Rel (1). A mutant clone, D6, 
derived from Jurkat T cells fails to actívate NF-KB upon TNFa stimulation. This mutant 
clone showed a defect in the intermediate-late translocation of c-Rel to the nucleus prometed 
by TNFa stimulation, whereas early translocation is not affected. Activation or translocation 
of p65-containing complexes was not altered in this mutant clone. Sequencing of the c-Rel 
gene from this clone revealed a mutation ofSer-471 to Asn in the transactivation domain. The 
mutant S471N transactivation domain fused to the Gal4 DNA binding domain could notbe 
activated by TNFa, unlike the wild type (2). 

Furthermore, transactivation by c-Rel was dependent on phosphorylation of severa] serines 
in the transactivation domain, indicating that it is a phosphorylation-dependent Ser-rich 
domain. By Ser~Ala mutational and deletion analysis, we have identified two regions in this 
domain: 1) a C-terminal region (amino acids 540-588), which is required for basal activity; 
and 2) the 422-540 region, which responds to externa] stimuli as tumor necrosis factor (TNF) 
a or phorbol myristate acetate plus ionomycin. Ser from 454 to 473 were shown to be 
required for TNFa-induced activation, whereas Ser between 492 and 519 were required for 
phorbol myristate acetate plus ionomycin activation (3). Phosphatidylinositol 3-kinase (PBK), 
protein kinase C (PKC) 1:; and NIK were identified as downstream signaling molecules of 
TNFa-activation of e-Re! transactivating activity. We have identified the critica] role of 
different Ser for NIK, PKCi:;- and PI3K-mediated responses (3). Interestingly, c-Rel mutants 
in sorne of those Ser not only did not respond to TNFa but also acted as dominant negative 
forms of nuclear factor KB activation. 
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Carmal (Bimp3/CARD11) is a criticallipid raft-associated regulator of T

cell receptor-induced NF-KB activation 

O.Gaide, B.Favier, D.F.Legler, D.Bonnet, B.Brissoni, S.Valitutti , C.Bron, J.Tschopp, and 
M.Thome 

Carmal is a lymphocyte specific member of the membrane-associated guanylate 

kinase (MAGUK) family of scaffolding proteins which coordinate signaling pathways 

emanating from the plasma membrane. Via its caspase recruitment domain (CARD), Carmal 

was recently shown to interact with Bcll O, an essential regulator of NF-KB activation and 
lymphocyte proliferation. Here we investigate the role of Carmal in T-cell activation, and 

find that T-cell receptor (TCR) stimulation induces a physical association of Carmal with the 

TCR and with BellO, which is paralleled by co-cappinglofBcl!O and Carmal with the TCR 

complex. Carmal is constitutively associated with lipid rafts, while cytoplasmic Bcll O 

translocates into lipid rafts upon TCR engagement. A Carmal mutant, defective for Bcll O 

binding, has a dominant negative effect on TCR-induced NF-KB activation and IL-2 
production, but does not affect Ca2

+ mobilization nor interfere with the activation of the ERK, 

p38 and JNK pathways. Together, our data identifY Carmal as a critical lipid raft-associated 

regulator ofTCR-induced NF-KB activation. 
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BellO is a positive regulator of antigen receptor-induced activation of 

NF-kappaB 

MakT. W. 

Advanced Medica! Discovery Institute, Princess Margare! hospital, Toronto 

Bcll O, a CARD-containing protein identified from the t(l; 14)(p22;q32) breakpoint in 
MALT lymphomas, has been shown to induce apoptosis and actívate NF-kappaB in vitro. We 
show that one-third of bcll 0-/- embryos developed exencephaly, Jeading to embryonic 
lethality. Surprisingly, bellO-/- cells retained susceptibility to various apoptotic stimuli in vivo 
and in vitro. However, surviving bcll 0-/- m ice were severely immunodeficient and bcll 0-/
lymphocytes are defective in antigen receptor or PMA/Ionomycin-induced activation. Early 
tyrosine phosphorylation, MAPK and AP-1 activation, and Ca2+ signaling were normal in 
mutant lymphocytes, but antigen receptor-induced NF-kappaB activation was absent. Thus, 
Bcll O functions as a positive regulator of lymphocyte proliferation that specifically connects 
antigen receptor signaling in B and T cells to NF-kappaB activation. 
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Recognition and signaling in Drosophila immunity 

Dan Hultmark 

U mea Centre for Molecular Pathogenesis (UCMP),By. 6L, Umea University 

S-90 1 87 U mea, Sweden 

The immune response in Drosophila and other insects has received much interest as a 

model for innate immune reactions (Hultmark 1993; Engstróm 1999; Imler and Hoffinann 

2000; Khush et aL 200 1). Severa! different signaling pathways are involved in the induction of 

the immune response in Drosophila. Best described are two pathways, both of which involve 

members of the ReVNF-KB family. One of them, Relish, mediates the induction of a bread 

range of antibacterial and antifungal peptides such as the cecropins, attacins, diptericins etc 

(Dushay et aL 1996; Hedengren et aL 1999). Relish is rapidly activated in response to Gram

negative and Gram-positive bacteria as well as by most fungi . Thus, the Relish pathway is the 

major mediator of the humoral antimicrobial response in Drosophila. A second pathway acts 

vi a the Rel factor Dif Activation of this pathway has a minor effect on the expression of most 

of the antimicrobial peptides and a major effect on one antifungal peptide, drosomycin 

(Rutschmann et aL 2000). In addition, Dif plays a role which is not yet well understood in the 

differentiation of blood cells. 

The Dif activating pathway shares many components, such as the membrane receptor Toll, 

with that of Dorsal activation in the embryo. In contras!, the mechanism for Relish activation 

has only recently become accessible for investigation. As an importan! step in its activation, 

Relish is very rapidly cleaved into two fragments, within 15 seconds after a bacteria! 

challenge. This cleavage is mediated by a novel signal-dependent endoproteolytic pathway 

which depends on the caspase Dredd and on a protein kinase related to human IKK (Stóven et 

al 2000; Silverman et aL 2000). We have now studied this reaction more in detail. We have 

also studied the upstream events in Relish activation. They are are so far unrelated to those of 

the Difpathway and do not depend on Toll . 

Thus, the Drosophila system includes three ReVNF-KB factors, Relish, Dif and Dorsal, at 

least two of which are mediators of immune responses. In addition, there is a single NF-AT 

homolog for which the function is less clear. The application of the power of Drosophila 

genetics on this relatively simple system is a fruitful way to address questions of general 

relevance for our understanding ofinnate immunity. 
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ROCK and NFKB-dependent activation of cyclooxygenase-2 by Rho 

GTPases: effects on tumor growth and therapeutic consequences 

Salvador Aznar Benitah, Pilar Fernandez Valeron and Juan Carlos Laca! 

Rho GTPases are overexpressed in a variety of human tumors contributing to the 
oncogenic and metastatic phenotype of the tumoral cells. These proteins integrate different 
pathways that lead to regulation of cell adhesion, cell growth and apoptosis, ce ll 
cytoarchitecture and transcriptional regulation, al! of which relate to neoplastic transformation 
( 1-4 ). Severa] studies ha ve described an essential role of transcri ptional regulation in Rho 
GTPases-induced oncogenesis (S-8). We have shown that oncogenic RhoA, Rae! and Cdc42 
promote the expression of inducible cyclooxygenase-2 in severa! cell lines at the 
transcriptional leve!. Furthermore, the endogenous leve] of COX-2 in human colorectal cell 
line HT29 is completely abolished by expression of dominan! negative mutant Cdc42. We 
further demonstrate that expression of COX-2 by Rho GTPases is dependen! on transcription 
factor NFkB (9). With respect to RhoA, this effect is dependen! at least on the ROCK, but not 
the PKN, effector pathway. Treatment of RhoA-transformed epithelial cells with Sulindac and 
NS-398, two well characterised Non Steroidal Anti-inflarnmatory Drugs (NSAIDs), leads to 
growth inhibition and apoptosis of RhoA-transformed cells as determined by proliferation 
studies and cell cytometry. Accordingly, tumor growth in syngeneic mice of oncogenic 
RhoA-expressing epithelial cells is strongly inhibited by NS-398 treatment. The inhibitory 
effect ofNSAIDs over RhoA-induced tumor growth is not exclusively dependen! on COX-2, 

since DNA-binding ofNFKB is also abolished upon NSAIDs treatrnent, resulting in complete 

loss of COX-2 expression. Thus, altogether these results describe a ROCK/NFKB-target gene 
in the context of Rho GTPases that contributes to tumor growth. At last, we provide evidence 
that inhibition of Cdc42 in HT29 cells significantly delays tumor growth in vivo. Thus, we 
suggest that treatment of human tumors that overexpress Rho GTPases with NSAIDs and/or 

drugs that target NFKB could constitute a valid antitumoral strategy. 
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IKBa and p65 regula te the cytoplasmic shuttling of nuclear corepressors: 

cross-talk between Notch and NFKB pathways 

Lluís Esp inosa, Julia lnglés-Esteve, Alex Robe11-Moreno and Anna Bigas 

Notch and NFKB pathways are key regulators of numerous cellular events such as 
proliferation, differentiation, or apoptosis. ln both pathways, association of effector proteins 
wi th nuclear corepressors is responsib le for their negative regulation. We have previously 
described that expression of a p65-NFkB mutant that lacks the transactivation domain 
(p65DT A) induces cytoplasmic translocation of N-CoR leading to a positive regulation of 
different promoters. We will present evidence that cytoplasmic sequestration of p65 by lKBa 
is sufficient to both translocate nuclear corepressors SMRT/N-CoR to the cytoplasm and 
upregulate transcription of Notch-dependent genes. Moreover, p65 and IKBa are able to 
directly bind SMRT and this interaction can be inhibited in adose dependen! manner by the 
CREB binding protein (CBP) coactivator, suggesting that corepressors and coactivators 
compete for p65 binding. In agreement with this, TNFa treatment results in downregulation 
ofthe Hesl gene. 

Finally, we present evidence on how this mechanism may inOuence cell differentiation 
in the 32D myeloid progenitor system. 
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Inherited disorders of the NF-KB signalling pathway and immunodeficiency 

in humans: the example of the anhydrotic ectodermal dysplasia with 

immunodeficiency (EDA-ID) and other related syndromes 

Marion Bonnet, Christine Bessia, Janine Rei chenbach, Capucine Picard, Rainer Doffinger; 

Asma Smahi, Arnold Munnich, Alain Israel, Gilles Courtois and Jean-Laurent Casanova 

NF-KB is a family of transcription factor playing an important role in the immunity, by 

regulating the expression of genes encoding cytokines, adhesion and effector molecules. NF

KB pathways are activated by a wide range of stimuli, including cytokines (TNFa, IL-1 ~' IL-

18) or microbial or viral products (LPS, PG, dsRNA, bacteria! DNA). Those stimuli lead to 

the activation of a high molecular weight complex that phosphorylates lKB, NF-KB 

cytoplasmic inhibitors, which contains two catalytic subunits, IKKa and IKK~ , and NEMO 

(IKKy), a structural and regulatory subunit with no catalytic activity. 

Anhydrotic ectodermal dysplasia with immunodeficiency (EDA-ID) is a rare complex 

syndrome in which the patient has no sweat glands, sparse scalp hair, and rare conical teeth, 

associated with severe primary immunodeficiency, exposing the patients to severe life

threatening infections. We and others described mutations in IKBKG, the gene encoding 

NEMO located on the X-chromosome, in maJe EDA-ID patients. Those patients present poor 

responses to LPS, IL-1 ~' IL-18, and TNFa with reduced IKBa degradation and NF-KB 
nuclear translocation. There is substantial allelic heterogeneity, which seems to correlate with 

clinical heterogeneity. 

However, IKBKG mutations have been excluded in severa! patients with EDA/ID. In 

addition, other patients without any developmental signs of EDA/ID are highly susceptible to 

a broad range of microbial infections, were shown to respond poorly to Toll-like receptors 

(TLR) ligands as well as IL-1 and IL-18 , suggesting that they may also be mutated in the NF

KB signalling pathway The molecular basis of EDA-ID in patients carrying a wild-type copy 

of NEMO and of severe bacteria! infections in patients without EDA-ID are currently under 

investigation. 
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The NF-KB pathway in endoglin promoter 

Luisa M. Botella, Ruth AJvarez, Tilman Sánchez-Elsner, Carmen Langa and 
Carmelo Bernabéu 

Centro de Investigaciones Biológicas, CSIC, Velázquez 144, Madrid 

Endoglin is an endothelial membrane glycoprotein involved in cardiovascular 
morphogenesis and vascular remodeling. It associates with transforming growth factor-~ 

(TGF-~) signaling receptors to bind TGF-~ family members, forming a functional receptor 
complex. The gene encoding endoglin is the target for the autosomal dorninant disorder 
known as Hereditary Hemorrhagic Telangiectasia (HHT) type l . Since the underlying 
mechanism for HHT l is endoglin haploinsufficiency, the study of the regulation of endoglin 
gene expression appears to be critica! to correct the disease. Endoglin has been reported to be 
increased after inflammatory processes but the reason for this remains unknown, hence the 
putative involvement of the NF-KB pathway in this regulation was assessed. When searching 
for consensus motifs of transcription factors within the endoglin promoter, we found two 
putative NF-KB consensus sites at -218 and +27. Reporter endoglin promoter constructs 
containing both putative NFKB sites, or just the most proximal, were activated by TNF-a, but 
inhibited by N-acetyl cysteine (NAC), when transfected in macrophages (cellline Raw 264.7) 
or in endothelial cells (HMEC-1). Mobility shift assays, using two different oligonucleotides 
encoding both NF-KB sites, revealed an atypical pattem containing just one band, with the 
same electrophoretic mobility as the p50/p50 homodimers. Furthermore, cotransfection 
experiments with expression vectors encoding different components of NF-KB farnily showed 
transactivation of the endoglin promoter by Bcl3; this latter being able to rescue the p50-
dependent inhibition of the promoter activity in Raw 264.7 ce lis. These results suggest that 
NF-KB may regulate the transcriptional activity of endoglin, but in a manner different from 
the typical way, the mechanism ofwhich remains to be elucidated. 
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Impaired lymph node organogenesis in NF-KB2-deficient mice 

Ramneek Johal, Damian Can-agher, Rav Suniara, Graham Anderson and Jorge H. Caamaño 

MRC Centre for Immune Regulation, University ofBirmingham Med. School , Birmingham. 
B 15 2TT England 

The development of the highly specialised structures of secondary lymphoid organs 

such as lymph nodes involves a series of cell-cell interactions between hemopoietic and non

hemopoietic stromal cells. The signals that are essentials in this cross talk are mediated by 

members of the Tumor Necrosis Factor family of ligands Lymphotoxin al p2 (Ltal P2), 

TRANCEIRANKL, Tumor Necrosis Factor a (TNF-a) and their receptors Lymphotoxin p R, 

TRANCE-R and TNF-RI respectively and the chemokine CXCL13/ BLC and its receptor 

CXCR5 . Interestingly, signalling through the LtpR, TRANCE-R, and the TNF-Rl converge in 

the activation of the NF-KB family of transcription factors. 

The Rel/NF-KB factors regulate the expression of a large number of genes in volved in 
immune and inflammatory reactions. Recent reports have shown that signals through the 

LtPR actívate the kinase NIK. and result in proteolytic cleavage of the precursor of NF-KB2 

plOO to its DNA binding subunit p52, thus increasing the formation ofp52 containing dimers. 

We and others have generated njkbT1
" mice and shown that NF-KB2 is required for proper 

spleen architecture and Follicular Dendritic Cell maturation. 

Here we present evidence that NF-KB2 is also required for Iymph node organogenesis 

and cell recruitment to the lymph node anlage. Lymph nodes are markedly reduced in size in 

the njkbT'· adult mice and their architecture is altered. Inguinal lymph nodes from njkbT'· 

neonates contained very few lymphoid cells. Using an in vitro assay for lymph node 

colonization we showed that njkbT'· lymphocytes are capable of colonizing ragr·'· lymph 

nodes similar to wild type cells. In contras!, lymphocytes from wild type mice are notable to 

repopulate njkb2·'· Iymfh nodes indicating that at Ieast part of the defect in lymph node 

organogenesis in njkbT · m ice resides in the stroma. 

Further studies on the identification of nfkb2-target genes in stromal cells ofthe lymph 

nodes will be discussed. 
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Characterization of Rel/NF-KB transcriptional factors and IKK complex in 

zebrafish 

Correa, R.G., Tergaonkar, V., Tiscomia, G. , Izpisua-Belmonte, J.C. , Yerma, !.M. 

Rel/NF-KB family members are cytoplasmic transcriptional factors that, after their 
respective activation (phosphorylation and degradation of associated IKB proteins), are 
translocated to the nucleus and then, regulate the expression of a large number of target genes 
involved with physiological processes like programrned cell death (apoptosis), 
embryogenesis, inflamrnatory response, cell growth and differentiation. 

Alterations of Rel/NF-KB expression have been correlated with hepatic degeneration 
by apoptosis and abnormalities from imrnune and hemopoietic systems in mamrnals. More 
recently, blocking NF-KB activity has been shown to cause neural tube defects and affect limb 
development, indicating a possible role of Rel/NF-KB transduction signaling on maturation 
and differentiation of germ layers like endoderm, responsible by organogenesis during 
embryonic development. 

Nowadays, genetic studies related to the experimental model zebrafish have been 
realized to get a better comprehension of the diverse events associated with vertebrate 
embryogenesis . Related to the conventional murine model (knock-out mice generation) , 
zebrafish has advantages like (i) small size, (ii) high reproduction capacity, (iii) low 
generation time (iv) easiness of observation and embryo manipulation in al! developmental 
stages and (v) low cost for breeding. 

Dueto the few number of studies focusing specifically the relationship of Rel/NF-KB 
factors and IKB kinase complex (IKK) with the gradative evolution of the germ layers during 
vertebrate development, here we describe sorne preliminary data that show the functional 
importance ofthese factors in organogenesis process, using zebrafish as a vertebrate model. 
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Pseudosubstrate regulation of the SCFbTrCP ubiquitin ligase by hnRNPU 

Matti Davis, Ada Hatzubai , Jens S. Andersen, Etti Ben-Shushan, Gregory Zvi Fisher, 
Avraham Yaron, Asne Bauskin, Frank Mercurio, Matthias Mann and Yinon Ben-Neriah 

NF-KB is a master transcription factor, which induces many genes under stress and 
inflammatory conditions and in recent years has also been shown to have anti-apoptotic 

function. Under normal conditions NF-KB is associated with its inhibitor IKB, which 
sequesters it to the cytop!asm. 

In order to activate NF-KB, IKB must first be degraded. This is achieved by a recently 
elucidated signa! transduction cascade involving phosphorylation by the IKK kinase and 
ubiquitination by the E3RS/b-TrCP SCF ubiquitin ligase. Ubiquitin-mediated degradation is a 
highly selective regulatory process with many different ligases conveying substrate 
specificity. Not much is known about how this specificity is achieved or how ligases are 
regulated. In the context of E3RS we are interested in its possible regulation by novel 
associated proteins and its subcel!ular compartmentalization. Understanding the regulation of 
E3RS might enable future development of therapeutic agents, which can block its action and 

compromise NF-KB activation. Such inhibition might be useful in cases of inflammatory 
disease and in augmenting chemotherapy by sensitizing cancer cells to apoptosis. Preliminary 
results have shown E3RS to be nuclear localized by association with the abundant nuclear 
protein hnRNP-U. 

hnRNP-U binds E3RS in a substrate-like manner and this binding can be abolished by 

piKB (phosphorylated IKB). Also, hnRNP-U can provide very efficient ubiquitin ligase 
activity through its association with E3RS. Our future plans are to try and explain the 
different localization of the ligase and its substrate and determine how when and where they 
meet and where the ubiquitination actually takes place. We also would like to determine how 
important is the binding ofhnRNP-U for E3RS function in vivo. 
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Glutathionylation of the p50 subunit of NF-KB: a mechanism for redox

induced inhibition of DNA-binding 

Estela Pineda-Malina and Santiago Lamas 

Departamento de Estructura y Función de Proteínas, Centro de Investigaciones Biológicas, 
C.S.I.C. , Instituto "Reina Sofia" de Investigaciones Nefrológicas y Centro Nacional de 

Investigaciones Cardiovasculares (CNIC), Madrid 

The response of the transcription factor NF-KB to perturbations in the redox 
homeostasis of cells may play an importan! role in modulating functions in which NF-KB is 
involved. p50 (structural componen! ofN F-KB) e ontains a e ysteine r esidue ( Cys 6 2) in i ts 
DNA binding domain whose reduced state is essential to allow the binding to DNA. In 
diverse oxidative stress models, different oxidants were shown to induce an inhibition in the 
p50 DNA binding activity by oxidation of reactive protein thiols, including the conserved Cys 
62. However the nature of these postranscriptional modifications remains unknown. The aim 
of this work was to identify oxidative modifications in Cys 62 that were involved in the redox 
regulation of p50. We observed that one of these modifications was the formation of a mixed 
disulfide with glutathione (S-glutathionylation). The S-glutathionylation of p50 occurs in 
response to oxidative changes in the redox pair GSH/GSSG and specifically targets to Cys 62. 
This modification is associated with an inhibition in its DNA-binding activity and is 
reversible. On the other hand, mass spectrometry studies (MALDI-TOF and nano ES QIT 
MS) show that other type of oxidative modifications (sulfenic, sulfinic and sulfonic acids) of 
one or more cysteine residues may co-exist. Structural simulations based on molecular 
modeling suggest the existence of specific electrostatic interactions between glutathione and 
p50 t hat e ould f acilitate t his S -glutathionylation. M oreo ver, by using cellular extracts from 
cells that have been exposed to oxidants it is possible to analyze the molecular modifications 
of a protein of interest. Accordingly, the use of bidimensional electrophoresis have allowed 
an optimal detection of different p50 species after an oxidant treatment of HeLa cells. The 
analysis of these species may permit the identification of oxidative modifications, including 
S-glutathionylation, involved in the redox regulation of p50. This modification could 
represent a mechanism by which oxidative stress signals could be transduced into gene 
expression changes. 

References: 

S-glutathionylation ofthe p50 subunit ofNF-KB: a mechanism for redox -induced inhibition ofDNA binding. 
Estela Pineda-Molina, Peter Klatt, Jesús Vázquez, Anabel Marina , Mario Garcia de Lacoba, Dolores Pérez
Sala and Santiago Lamas 
Biochemislly 40: 14134-14142, 200 l . 
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p38 MAPK promotes myogenesis by activating NF-KB in myoblast cells: 

analysis of the crosstalk between both pathways 

Baeza-Raja B and Muñoz-Cánoves P. 

Skeletal muscle differentiation is regulated by extracellular growth fac tors, such as 
insulin, what transmit largely unknown signals into the ce!ls. Sorne of these growth factors 
induce mitogen-activated protein kinase (MAPK) cascades within muscle cell s. It has been 
shown that insulin stimulates muscle differentiation with the concomitant acti vation of PI3 K 
and p38 MAPK. We have observed that constitutive expression of active MKK6, MKK6(E) 
(which selectives activates p38) into C2Cl 2 myoblasts, was able to promote myogenesis in 
the absence of insulin, while addition of specific p38 inhibitor, SB203580, to C2C 12-

MKK6(E) cells blocked this process. On the other hand, it has been reported that NF-KB is 
activated during insulin-induced differentiation. In this work, we show that concomitan! to the 

promotion of myogenic differentiation, overexpression of MKK6(E) induced NF-KB nuclear 

translocation, DNA binding and a NF-KB-driven luciferase activity, mimicking the insulin

induced effects on NF-KB activation. Furthermore, inhibition of p38 activity by SB203580 

blocked MKK6(E)-induced NF-KB activation. However, overexpresion of MKK6(E) had no 
effect on the transactivation poten tia! of p65 as assayed by transfection of the Gal4-65/pGa14-
luciferase plasmids followed by measurement of luciferase activity. The MKK6(E)-induced 

differentiation was also reversed by inhibition of NF-KB activation (using a dominan! 

negative form of IKBalpha), demonstrating the crosstalk between p38 MAPK and NF-KB 
signaling pathways during skeletal muscle differentiation. 

Finally, using DNA fragmentation assays, we have observed that these signaling 
pathways play also a role in myocyte survival during differentiation. Altogether, we show that 

activation of the p38 MAPK pathway activates NF-KB, mainly by increasing NF-KB-DNA 
binding, resulting in the promotion ofmyoblast differentiation and survival. 
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Age-related NF-KB activation in human microvascular endothelial cells 

A role of NF-KB in endothelial vascular dysfunction 

J. Nevado, S Vallejo, C. Peiró&, M. Giorgi, M. El-Assar, C. Sánchez-Ferrer& y L 
Rodríguez-Mañas 

Experimental evidence indicates that almost the totality of cardiovascular risk factors, 
such as aging and hypertension, are characterised by the presence of endothelial dysfunction, 
which is mainly induced by the production and release of oxygen-derived free radicals (ROS), 
which cause nitric oxide-breakdown (2.3). At molecular leve!, ROS can modulate the 
expression of certain number of redox-regulated genes in vascular cells. 

Among them, AP-1 and NF-KB that are possibly the best characterised . NF-KB appears 
to be over-expressed in severa! human diseases, particularly those characterised by a chronic 
inflammatory state. Current evidences suggesting a strong correlation between aging and 
over-expression of severa! intlammatory cytokines have been made (1). Our interest have 
been focused to evaluate this hypothesis, isolating and characterising severa! human micro
vascular endothelial culture cell lines obtained from the Omental tissue of surgical patients 
with different ages (from 23 to 81 years old). Our results clearly shown that NF-KB basal 
activity was significan! increased with patient's age. Analogously, severa! genes closely 
regulated by NF-KB, such as iNOS, COX-2, and severa! pro and inflammatory factors
mRNAs are also significantly increased with aging 

Taken together, all these effects on vascular gene expression can irútiate vascular 
remodel and inflammation processes in human endothelial cells that could explain at least 
partially, the age-related endothelial dysfunction observed experimentally. 

Rcfcrcnccs: 
l. Bruunsgaard H, Pedersen M, Pedersen BK. Curr. Opin. HematoL 2001 ;8: 131-36. 
2. Gryglewski RJ, Palmer RMJ, and Moneada S. Nature. 1986;320:454-56 . 
3. Katusic ZS and Vanhoutte PM. Am. J. PhysioL 1989; 257 :H33-37. 
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The transcription factor NF-KB at the cross-roads between nitric oxide and 

prostaglandin signaling pathways 

Eva Cernuda-Morollón and Dolores Pérez-Sala 

Departamento de Estructura y Función de Proteínas. Centro de Investigaciones Biológicas 

CSIC. Madrid, Spain 

The transcription factor NF-KB is key to the induction of numerous pro-inflammatory 

genes . Nitric oxide (NO) and prostaglandins (PG) are important inflammatory mediators. The 

increased generation of NO and PG that occurs during inflamrnation is due to the expression 

of inducible rutric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), two NF-KB target 

genes, which is triggered by pro-inflamrnatory stimuli . 

There is sigruficant cross-talk between NO and PG-mediated pathways. This is 

exemplified by the feed-back regulation ofboth iNOS and COX-2 by their products. We have 

observed that both NO and PG regulate the expression of iN OS and COX-2. NF-KB plays a 

central role in this regulation. NO and PG may modulate the signaling pathways leading to 

NF-KB activation by acting at multiple levels. In addition, severa! reactive rutrogen species 

(RNS) and prostaglandins with cyclopentenone structure (cyPG) may regulate NF-KB activity 

through the direct posttranslational modification of NF -KB suburuts. The covalent interaction 

between the pSO subunit and RNS or cyPG maps to a conserved cysteine residue located in 

the DNA binding domain (Cys 62 in human pSO), and results in the inhibition of DNA 

binding. The modification of pSO by cyPG appears to be irreversible. However, the ex1ent of 

this modification, and thus, of the cyPG-elicited inhibition of NF-KB-DNA binding, may 

depend on the cellular content of GSH and/or the occurrence of other oxidative modifications 

in the targeted cysteine residue. The covalent modification of pSO by cyPG occurs in intact 

ce lis and con tributes to the anti-inflammatory effects that these prostanoids, in particular 1 5-

deoxy-.112'14-PGh, display in severa! experimental systems, including HeLa and renal 

mesangial cells. 
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ls there a receptor for macrophage activation by eukaryotic antibiotic 

peptides? 

Guerrero Esther ! ; Vil a del Sol, Virgin ia2; AJldreu, David3; Fresno, Manuel2 ; Ri vas, Lui s 1 

We prev iously demonstrated that thc cecropin A-melittin hybrid peptide CA( 1-S)M( 1-
18) was capable to induce NOS2 expression in Raw 264.7 ce li s involving activati on of thc 
NF-KB pathway. We have extended thi s observation into a wide variety of natural and 
syntheti c eukatyotic anti biot ic peptides. Although the maximal induction for NOS2 was very 
similar for all the peptides tested , the peptide concentration needed to reach this maxim um 
was hi ghly dependen! on the respect ive peptide. 

Nevertheless there was a clear correlation between NOS induction with peptide 
damage to the plasma membrane. This NOS2 induction was abrogated by inhibitors of the 
purinergic P2X7 receptor, confi1med by EMSA experiments . Furthem1ore the peptide 
SYllergized with ex tracellular ATP. 

NOS2 induction was capable to kili intracellular Leishmania amastigotes, as it was 
inhibited by L-NMMA. Altogether, an universal mechanism among eukaryotic antibiotic 
peptide and macrophage activation was described; this mechanism is cytokine independent, 
and may represen! an early event of the innate immune response against macrophage invasion 
by intracellular pathogens. 

References: 
Velasco, M. et al (1997) J.lmmunol. 258:44 37-4443. 
Chicharro et al (200 1) Antimícrob. Ag. Chemother. 45: 2441-2449 . 
Andreu, L y Rivas, L. (2002) in "Peptide antibiotics : Discovery, Modes of Ac ti on and Applicati ons" pp 15-46. 
Eds C.J . Dutton, M.A. Haxe ll , H .A. I. , McArthu r, R.G Wax Maree] Dekker, New York. 

Supponed by Programa de Grupos Estratégicos de la CAM . 
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PKCI3 controls NF-x:B activation in B cells tbrough selective regulation of 

the Ix:B kinase a 

Kaoru Saijo, lngrid Mecklenbrauker, Angela Santana, Christian Schmedt, 
Alexander Tarakhovsky 

Laboratory ofLymphocyte Signaling 
Rockefeller University 

1230 York Avenue, 
New York, NY 1 0021 

USA 

Activation of the NF-KB transcription complex by signals derived from the surface 

expressed B cell antigen receptor controls B cell development, survival and antigenic 

responses. Activation of NF-KB is critically dependent on serine phosphorylation of the lKB 

protein by the multi-component lKB kinase (IKK) containing two catalytic subunits (IKKa 

and IKKS) and one regulatory subunit (IKKy) . Using mice deficient for protein kkinase C 

(PKC)S we show an essential role of PKCS in the phosphorylation of IKKa and the 

subsequent activation of NF-KB in B cells. Defective IKKa phosphorylation correlates with 

impaired B cell antigen receptor-mediated induction of the pro-survival protein Bcl-xL Lack 

ofiKKa phosphorylation and defective NF-KB induction in the absence ofPKCS explains the 

similarity in immunodefeciencies caused by PKCS or IKKa ablation in B cells. Furthermore, 

the well established functional cooperation between the protein tyrosine kinase Bruton ' s 

tyrosine kinase (Btk), which regulates the activity of NF-KB and PKCS suggests PKCS as a 

likel y serine/threonine kinase component of the Btk-dependent NF-KB activating signa] 
transduction chain. 
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Cell stress and MEKKl-mediated c-Jun activation modulate NFKB activity 

and cell viability 

Isabel Sánchez-Pérez, Salvador Aznar Benitah, Montserrat Martínez-Gomariz, Juan Carlos 
Laca! and Rosario Perona 

Chemotherapeutic agents such as cisplatin induce persisten! activation of N-tenninal 
c-Jun Kinase, who in tum mediates induction of apoptosis. By using a common MAPK 
Kinase, MEKKl, cisplatin also activates the survival transcription factor NFKB. We ha ve 
found a cross talk between c-Jun expression and NFKB transcriptional activation in response 
to cisplatin. 

Fibroblast derived from c-jun knock out mice are more resistant to cisplatin induced 
cell death, and this survival advantage is mediated by upregulation of NFKB dependent 
transcription and expression ol MIAP3. This process can be reverted by ectopic expression of 
c-Jun in c-jun-/- fibroblasts, which decreases p65 transcriptional activity back to normal 
levels. Negative regulation of NFKB dependent transcription by c-jun contributes to cisplatin 
induced cell death, which suggests that inhibition of NFKB may potentiate the antineoplastic 
effect of conventional chemotherapeutic agents. 
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NF-kappaB activation: Not only the usual suspects ! 

Svenja Stüven 

Signaling pathways leading to Rel/NF-kappaB factor acti vation are evolutionary 

conserved. Many of their components have homologues in severa] biological model 

organi sms. Striking similarities have emerged especially between NF-KB activation during 
innate immune responses in man and flies. At first glance the Drosophila imd-pathway 

(immune deficiency) appears to be a mirror-image of mammalian TNF receptor signaling. 

However, there are interesting differences: 
In a collaboration with Kathryn Andersons group/ New York we were able to identify a 

peptidoglycan recognition protein (PGRP) as the putative membrane receptor in the imd
pathway ( 1). PGRPs forrn a protein family with members in severa! insect and mammalian 

species, but they do not show homology to TNF receptors. 

The target NF-kappaB protein in the imd-pathway is Relish, a compound Re! protein 
like p!OS. As its mammalian counterpart, Relish is phosphorylated by an IKK complex (2) . 

But, unlike other NF-kappaB proteins the activation of Relish does not require the 
proteasome. Instead, the protein is split into the active NF-kappaB part and a stable IkappaB 
part by endoproteolysis (3). Moreover, this process requires the caspase-8 homologue Dredd, 
and we can now present evidence that Relish is indead cleaved by a caspase. These results 
demonstrate the variation in the imd-pathway compared to TNF receptor signaling, where 
caspase activity induces apoptosis. 

References: 
( 1) K.M. Choe et al. (2002), Science 296, 359-362 . 
(2) N. Silvennan et al. (2000), Genes & Development. 14, 2461-2471. 
(3) S. St6ven et al. (2000), EMBO Reports 1, 347-352 . 
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Physiologic and pathologic functions of the MAP3K Tpi2/Cot 

Michael Waterfield , Gutian Xiao, Edward Harhaj , and Shao-eon Sun 

Our s tudies i nvolve t he role o f t he p rotoncoprotein e ot in Human T -cell L eukemia 
Viru3 (HTLV) induced T -cell transformation . eot is a serine/threonine kinase that has been 
shown to activate multiple signalling pathways such as the mitogen activated protein kinase 
cascade (MAPK) and the c-jun N-terminal kinase (JNK) pathway. In addition, eot stimulates 
NFAT and NF-KB dependent transcription. Transgenic expression of a carboxy-terminal 
truncated formo fe ot has b een S hown t o induce T -celll ymphomas in m ice. Dueto e ot ' s 
ability to induce T-celllymphomas, its expression was examined in a panel oftumor celllines 
derived from patients with HTLV. All but one ofthe celllines was shown to overexpress eot 
at the protein and RNA leve!. To examine eot's possible role in cell transformation, transient 
transfection experiments were performed in Jurkat T-cells. eot was expressed alone and in 
conjunction with the Tax oncoprotein encoded by HTLV. Interestingly, eot and Tax 
synergize to enhance the transcription of multiple promoters and enhancers (IL-2, NF-KB, 
NFAT) involved in the regulation ofT-cell activation and proliferation. By luciferase assay, 
NF-KB dependent transcription was increased 1 O fold in jurkat cells that express both eot and 
Tax compared to those that express Tax alone. In addition, eot was shown to bind to Tax by 
coimmunoprecipitation. Our hypothesis is that Tax binding to eot causes it to enter a state of 
aberrant activation; similar to Tax binding NEMO. eurrently, my project is aimed at further 
elucidating the in vivo function of eot, finding the mechanism of Cot/Tax synergy, and 
determining if eot is required for HTL V induced T -cell transformation. 
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Institute of Science. 1 Herz1 Street, 76100 Rehovot (Israel). 
Tel. : 972 8 934 39 41. Fax: 972 8 934 31 65. E-mai1: 
David. Wal1ach@ wei zmann .ac. i 1 

Instituto Juan March (Madrid)



Salvador Aznar 
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Matti Dávis 
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Instituto de Investigaciones Biomédicas. Arturo Duperier 4, 
28029 Madrid (Spain). TeL : 34 91 585 46 17. Fax: 34 91 
585 45 87 . E-mail : saznar@iib.uam.es 

Ghent University-VIB, Dept ofMolecular Biomedical 
Research, Unit ofMolecular Signa! Transduction in 
Inflammation. Ledeganckstraat 35, 9000 Gent (Belgium) . 
TeL: 32 9 264 51 31. Fax: 32 9 264 53 48 . E-mail : 
rudi. beyaert@dmb .rug. ac. be 

lnstitut de Recerca Oncologica. Gran Via Km 2.7, 08907 
Hospitalet, Barcelona (Spain). TeL : 34 93 260 74 04. Fax: 
34 93 260 74 26. E-mail: abigas@iro.es 

Laboratory ofHuman Genetics oflnfectious Diseases. 
University ofParis René Descartes-INSERM U550, Necker
Enfants Malades Medica! SchooL 156 ruede Vaugirard, 
75015 Paris (France). TeL: 33 1 40 61 53 88. Fax: 33 1 40 
61 56 88 . E-mail: marion.bonnet@necker.fr 

Instituto de Bioquímica. Facultad de Farmacia. Univ. 
Complutense, 28040 Madrid (Spain). TeL: 34 91 394 18 53 . 
Fax: 34 91 394 17 82. E-mail: boscal@farm.ucm.es 

Centro de Investigaciones Biológicas, CSIC. Velázquez, 
144, 28006 Madrid (Spain). TeL : 34 91 561 18 OO. Fax: 34 
91 562 75 18. E-mail: cibluisa@cib.csic.es 

MRC Centre for Immune Regulation, The Medica! School, 
Univ. of Birmingham. Vincent Dr , Birmingham B 15 2TT 
(UK). TeL : 44 121 414 4077. Fax: 44 121 414 3599. E
mail: J.Caamano@bham.ac.uk 

Laboratory of Genetics. The Salk Instirute for Biological 
Studies. 10010 North Torrey Pines Road, La Jolla, CA. 
92037 (USA). TeL: 1 858 453 41 OO. Fax: 1 858 558 74 54. 
E-mail: correa@salk.edu 

Boehringer Ingelheim Austria GmbH. Dr. Boehringer-Gasse 
S-11 , 1121 Vienna (Austria). Te!: 43 1 801 OS 24 47. Fax: 
43 1 801 05 94 47. E-mail: pcz@vie.boehringer
ingelheim.com 

Lautenberg Center for lmmunology. Hebrew University. 
Haddassa Einkerem Hospital, 91120 Jerusalem (Israel) . 
TeL: 972 2 675 87 17. Fax: 972 2 642 46 53. E-mail: 
matti@md.huji .ac.il 
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Young-Joon Kim 

Santiago Lamas 
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Lab. ofGene Regulation and Signa! Transduction. Dept. of 
Pham1acology, University ofCalifornia San Diego. 9500 
Gi lman Orive, La Jolla, CA. 92093-0636 (USA). Tel.: 1 
858 534 6694. Fax: 1 858 534 8 158. E-mail: 
mdelhase@ucsd.edu 

Centro de Biología Molecular "Severo Ochoa". Uni versidad 
Autónoma, Canto Blanco, 28049 Madrid (Spain). Tel. : 34 
91 397 80 39. Fax : 34 9 1 397 80 87 . E-mail: tdi azmeco@ 
cbm.uam.es 

Centro Nacional de Bio tecnología. Campus Universidad 
Autónoma, 28049 Madrid (Spain). Tel. : 34 91 585 4503. 
Fax: 34 9 1 585 4506. E-mail: mesteban@cnb.uam.es 

Cell Press. 11 00 Massachusells A venue, Cambridge, MA. 
02138(USA). Tel. : 1 6 17 66 1 7057.Fax: 16176617061 

Fac. de Fannacia. Universidad Complutense, 28040 Madrid 
(Spain). Tel.: 34 9 1 394 18 53. Fax : 34 9 1 394 17 82. E
mai l: shortelano@cnic.es 

Department of Pathobio1ogy, University of Pennsylvania. 
3800 Spruce St. , Philadelphia, PA. 19 104 (USA). Tel.: 1 
215 573 77 72. Fax: 1 215 573 70 23 . E-mail: 
chunter@phl.vet. upenn.edu 

Nationa1 Creative Research Center for Genome Regulation. 
Dept. ofBiochemistry. Yonsei Universi ty. 134 Sinchon
dong, Seodaemoon-ku, Seoull20-749 (Korea). Tel.: 82 2 
312 8835 . Fax: 82 2 312 8834. E-mail: yjkim@yonsei.ac .kr 

Departamento de Estructura y Función de Proteínas, Centro 
de Investigaciones Bio lógicas. C.S.LC. Velázquez 144, 
28006 Madrid (Spain). Tel.: 34 9 1 564 45 62. Fax: 34 91 
562 75 18. E-mail : slamas@cib.csic.es 

Department ofBiochemistry & Molecular Biology. Merck 
Frosst Centre fo r Therapeutic Research. 167 11 Trans 
Canada Highway, Kirkland, Quebec H9H 3LI (Canada). 
Tel.: 1 5 14 428 35 72. Fax: 1 5 14 428 4939. E-mai l: 
constantin_makris@merck.com 

lnstitut de Recerca Oncologica. Hosp. Duran i Reynals. 
Autovía Castelldefels Km 2,7, 08907 Barcelona (Spain). 
Tel.: 34 93 260 74 02 . Fax : 34 93 260 74 26. E-mai l: 
pmunoz@iro.es 

Unidad de Investigac ión. Hospital Universitario de Getafe. 
Crta. de Toledo Km 12,5, 28905 Getafe, Madrid (Spain). 
Tel.: 34 9 1 683 93 60. Fax : 34 91 696 71 14. E-mai l: 
jne,·ado@hug.es 
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EMBL Mouse Biology Programme. via Ramarini 32, 000 16 
Monterotondo. Rome (Jtaly). Tel. : 39 06 90091 222. Fax: 
39 06 90091 272 . E-mail : pasparakis'§embl-monterotondo.it 

Viral Immunology. Mayo Clinic. 200 First Street SW, 
Rochester, MN. 55905 (USA) . TeL . l 507 284 3747 . Fax 1 
507 284 3757. E-mail: paya@mayo.edu 

Departamento de Estructura y Función de Proteínas. Centro 

de Investigaciones Biológicas. CSIC. Velázquez, 144, 
28006 Madrid (Spain). Tel. : 34 91 ~64 45 62 . Fax 34 91 
562 75 18. E-mail : dperezsala@cib .csic.es 

Centro de Investigaciones Biológicas, CSIC. Velázquez, 
144, 28006 Madrid (Spain). Tel.: 34 91 564 45 62. Fax: 34 
91 562 75 18. E-mail : luis_rivas@cib.csic.es 

Laboratory ofLymphocyte Signaling. Rockefeller 
University. 1230 York Avenue, New York, NY. 10021 
(USA). Tel.: 1 212 327 8265 . Fax 1 212 327 8258 . E-mail 
saijok@mail.rockefeller.edu 

Instituto de Investigaciones Biomédicas (CSIC). Arturo 
Duperier 4, 28029 Madrid (Spain). Tel.: 34 91 585 45 90. 
Fax: 34 91 585 45 87. E-mail : rnisanchez@iib.uam.es 

Centro Nacional de Biotecnología. Campus de Cantoblanco, 
28049 Madrid (Spain). Tel.: 34 91 585 47 02. Fax: 34 91 
372 04 93 . E-mail: mserrano@cnb.uam.es 

U mea Center for Molecular Pathogenesis. U mea University, 
901 87 Umea (Sweden). Tel. : 46 90 785 67 88 . Fax 46 90 
77 80 07. E-mail Svenja.Stoven@ucmp.umu.se 

Institute ofBiochernistry. Universitv ofLausanne. !53 
chernin des Boveresses, 1066 Epalinges (Switzerland). Tel. : 
41 21 692 57 37. Fax: 41 21 692 57 OS . E-mail : Margot. 
ThomeMiazza@ib.unil.ch 

Almirall Prodesfarma SA, Pare Cientific Barcelona. Josep 
Samitier, 1-5, 08028 Barcelona (Spain). Tel. : 34 93 403 
7297. Fax: 34 93 403 7298. E-mail: 
atugores@alrnirallprodesfarrna.com 

Department ofMicrobiology and lmmunology. Penn State 
University College ofMedicine. 500 University Orive, 
Hershey, PA. 17033 (USA) TeL . l 717 53! 4726. Fax 1 
717 531 4600. E-mail: mxw293 @psu.edu 
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Texts published in the 
SERIE UNIVERSITARIA 
by the 
FUNDACIÓN JUAN MARCH 
concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

* : Out of stock. 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez·A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA - Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. Garcia 
Barreno. 

*25 1 Lecture Course on Approaches to 
Plant Development. 
Organizers : P. Puigdomenech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. Garcia-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorin , M. Beato and A. 
A. Travers . 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A . F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortin . 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Cells. 
Organiz ers : N. Sonenberg and L . 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Peru cho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers: T . A. Springer and F. 
Sánchez-Madrid . 

*266 Workshop on lnnovations in Pro
teases and Their lnhibitors: Funda
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrales. 
Organizers: R. Baker and J. M. Delgado
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors 
Tell the Brain? 
Organizers: C. Belmonte and F. Cerveró. 

*2 Workshop on DNA Structure and 
Protein Recognition. 
Organizers: A. Klug and J. A. Subirana. 

*3 Lecture Course on Palaeobiology: Pre
paring for the Twenty-First Century. 
Organizers: F. Álvarez and S. Conway 
Morris. 

*4 Workshop on the Past and the Future 
of Zea Mays. 
Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. 

*5 Workshop on Structure of the Major 
Histocompatibility Complex. 
Organizers : A. Arnaiz -Villena and P. 
Parham. 

*6 Workshop on Behavioural Mech
anisms in Evolutionary Perspective. 
Organizers: P. Bateson and M. Gomendio. 

*7 Workshop on Transcription lnitiation 
in Prokaryotes 
Organizers: M. Salas and L. B. Rothman
Denes. 

*8 Workshop on the Diversity of the 
lmmunoglobulin Superfamily. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex
pression in Yeast. 
Organizers : C. Gancedo and J . M. 
Gancedo. 

*10 Workshop on Engineering Plants 
Against Pests and Pathogens. 
Organizers : G. Bruening , F. García
Oimedo and F. Ponz. 

11 Lecture Course on Conservation and 
Use of Genetic Resources. 
Organizers: N. Jouve and M. Pérez de la 
Vega. 

12 Workshop on Reverse Genetics of 
Negative Stranded ANA Viruses. 
Organizers : G. W. Wertz and J . A . 
Melero. 

*13 Workshop on Approaches to Plant 
Hormone Action 
Organizers: J. Carbonell and R. L. Jones. 

*14 Workshop on Frontiers of Alzheimer 
Dísease. 
Organizers: B. Frangione and J. Ávila. 

*15 Workshop on Sígnal Transductíon by 
Growth Factor Receptors wíth Tyro
síne Kínase Actívíty. 
Organizers: J. M. Mato andA. Ullrich. 

16 Workshop on lntra- and Extra-Cellular 
Sígnallíng in Hematopoíesís. 
Organizers: E. Donnall Thomas and A. 
Grañena. 

*17 Workshop on Cell Recognítíon Duríng 
Neuronal Development. 
Organizers: C. S. Goodman and F. 
Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

*19 Workshop on Viral Evasion 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 lnteractions. 
Organizers: K. R. Fax 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
gation Promoted by Plasmids. 
Organizers : C. M. Thomas , E. M. H. 
Willington , M. Espinosa and R. Díaz 
Orejas. 

*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles 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, Differentiation 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. 
Quintanilla. 

*29 Workshop on the Biochemistry and 
Regulation 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 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. 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. Querol. 

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

36 Workshop on Flower Development. 
Organizers: E. Caen , 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 
Biodegradation 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. Martinez
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. 
Modolell. 

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 ata 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. Jorcano. 

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

57 Workshop on NF-KB!IKB 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 Teto
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín andA. Villasante . 

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

60 Workshop on Abscisic Acid Signa! 
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-~ 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 Signar 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 lnternational 

Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 

Organizers: V. Malhotra and A. 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. 

Mico l. 

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 and A. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 

Organizers: A. Martínez Arias, J . Modolell 

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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90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers : J . A. Hoffmann , F. García
Oimedo and L. Rivas. 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso, J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers : P. Sassone-Corsi and J. R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers : E. M. De Robertis and J . 
Aréchaga. 

98 Workshop on Telomeres and Telome
rase: Cancer, Aging and Genetic 
lnstability. 
Organizer: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . L. Sos, J . C. Lacal and A. 
Hall. 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J . H. J . Hoeij
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa
tion. 
Organizers: E. Lanka and J. M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J . Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain: 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J. Schlessinger, G. Thomas, 
F. de Pablo and J . Mosca!. 

107 Workshop on Biochemistry and Mole
cular Biology of Gibberellins. 
Organizers: P. Hedden and J . L. García
Martínez. 

1 08 Workshop on lntegration of Transcrip
tional Regulation and Chromatin 
Structure. 
Organizers: J. T. Kadonaga, J. Ausió and 
E. Palacián. 

109 Workshop on Tumor Suppressor Net
works. 
Organizers: J . Massagué and M. Serrano. 

11 O Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. D. Burgoyne and G. Álva
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers : R. Yuste and S. A. Siegel
baum. 

112 Workshop on the Myc Network: Regu
lation of Cell Proliferation, Differen
tiation and Death. 
Organizers: R. N. Eisenman and J. León. 

113 Workshop on Regulation of Messenger 
ANA Processing. 
Organizers : W. Keller , J . Ortín and J . 
Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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115 Workshop on Chaperonins: Structure 
and Function. 
Organizers: W. Baumeister, J. L. Garras
cosa and J . M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers: J. J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches 
to Tuberculosis. 
Organizers: B. Gicquel and C. Martín. 

118 2000 Annual Report. 

119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers: D. R. Madden, W. Kühlbrandt 
and R. Serrano.om 

120 Workshop on Cmon Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics 
and Bioinformatics. 
Organ izers : B. Honig , B. Rost and A. 
Valencia. 

122 Workshop on Mechanisms of DNA
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers: J . S. Stamler, J . M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín, V. G. Corees, T. 
Kouzarides and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers: C. J . Tabin and J. C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning 
and Specification. 
Organizers: K. G. Storey and J . Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers: E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

;~· 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers: E. Blumwald and A. Rodríguez
Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers: V. Sundaresan and C. Gutié
rrez. 

130 Workshop on Molecular Basis of Hu
man Congenital Lymphocyte Disorders. 
Organizers: H. D. Ochs and J. R. Re
gueiro. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions: Encountered or Unified 
Views. 
Organizers: M. G. Parker and M. A. Val
verde . 

132 2001 Annual Aeport. 

133 Workshop on Stress in Yeast Cell Bio
logy ... and Beyond. 
Organizar: J. Ariño. 

134 Workshop on Leaf Development. 
Organizers: S. Hake and J. L. Micol. 

135 Workshop on Molecular Mechanisms 
of lmmune Modulation: Lessons from 
Viruses. 
Organizers: A. Alcami, U. H. Koszinowski 
and M. Del Val. 

136 Workshop on Channelopathies. 
Organizers: T. J . Jentsch , A. Ferrer
Montiel and J. Lerma. 

137 Workshop on Limb Development. 
Organizers: D. Duboule and M. A. Ros. 

138 Workshop on Regulation of Eukaryotic 
Genes in their Natural Chromatin 
Context. 
Organizers: K. S. Zaret and M. Beato. 

139 Workshop on Lipid Signalling: Cellular 
Events and their Biophysical Mecha
nisms. 
Organizers: E. A. Dennis, A. Alonso and l. 
Varela-Nieto. 

140 Workshop on Regulation and Functio
nallnsights in Cellular Polarity. 
Organizers: A. R. Horwitz and F. Sán
chez-Madrid. 
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1 

The Centre for Intemational Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones, 

a prívate foundation specialized in scientific activities 

which complements the cultural work 

of the Fundación Juan March. 

The Centre endeavours to actively and 

sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 

Courses, Seminars and Symposia. 

From 1989 through 2001, 
a total of 162 meetings, 

all dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 71h through the 91h of October, 2002, 
al the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

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


