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Introduction
Juan Miguel Redondo and Eric N. Olson



The calcium-regulated phosphatase Calcineurin is implicated in many programs of
gene activation, differentiation and development in eukaryotes. The discovery that this protein
is a principal target of the immunosuppressive drugs Cyclosporin A and FK-506 has
accelerated our understanding of ca®* signal transduction pathways. In particular, NFAT
transcription factors are major substrates of Calcineurin and have been extensively analysed.
NFAT proteins couple extracellular signals to the transcriptional activation of genes induced
in response to stimuli that mobilise extracellular Ca®. In the last few years, there has been a
substantial expansion in our understanding of the molecular mechanisms that underlie the
regulation and function of the Calcineurin/NFAT pathway. This pathway plays critical roles in
a diverse array of important biological processes that include the activation and development
of the immune system, the development and function of the nervous system, patterning of the
vasculature, morphogenesis of the heart valves, and muscle development. Two further
important areas where this signalling pathway has been implicated are cardiac and skeletal
muscle hypertrophy, and angiogenesis. Indeed, the effectiveness of immunosuppressive drugs
in blocking cardiac hypertrophy and angiogenesis in several animal models, together with the
major role that NFAT proteins play in immune regulation, provide strong evidence of the
critical role of these transcription factors in pathological conditions.

This workshop was held so that scientists working on different aspects of the
Calcium/Calcineurin/NFAT pathway could exchange information about the state of the field
in different biological systems, including yeast, Drosophila, mouse, and humans.
Presentations and discussions covered the regulation and function of calcineurins, the signal
transduction components and regulation of the pathway in different cell systems, and the
distinct roles of the different NFAT members during development. There were also a number
of contributions concerning the role of Calcineurin and NFAT in disease, and the
identification of components of the pathway as molecular targets in cardiac growth and in
muscle regeneration, size and function. Each presentation at the meeting stimulated intense
and excellent discussion: creating a unique forum for the exchange and integration of recent

findings, and clarifying the critical issues to be addressed in the regulation and function of the
Calcium/Calcineurin/NFAT pathway

Juan Miguel Redondo
Eric N Olson



Session 1: Regulation and function of calcineurin
Chair: Joseph Heitman
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Calcineurin-mediated coupling of Ca’* signaling and oxidative stress
C.B. Klee*, X. Wang* M. Ghosh*, H. Ren*, S. Li*, A. Samouilov” and J.L. Zweier”

* Laboratory of Biochemistry, NCI, National Institutes of Health, Bethesda, MD 20892 and "
EPR Labs. The Johns Hopkins University School of Medicine, Baltimore, MD 21224

The Ca**/calmodulin dependent protein phosphatase, calcineurin, modulates a wide
range of cellular processes in response to Ca2+-mobilizing signals. The calcium regulation of
calcineurin activity is mediated by two structurally similar but functionally distinct -
regulated proteins. ca® binding to calcineurin B, a regulatory subunit of the enzyme, tightly
associated with the catalytic subunit, calcineurin A (delO'13 M in the presence of EGTA), is
required for enzyme activity, calmodulin activation, and interaction with the
immunosuppressive drugs, FK506 and CsA. Ca** binding to calcineurin B is accompanied by
a conformational change of the regulatory domain of calcineurin A resulting in the exposure
of the calmodulin- and drug-binding domains. Binding of Ca**/calmodulin to calcineurin is
accompanied by a displacement of an inhibitory domain, exposure of the catalytic center, and
a more than 100-fold increase of the Viax of the enzyme. The highly cooperative, Ca®*-

P o ; : A 2+
dependent activation of calcineurin by calmodulin allows its rapid responses to narrow Ca
transients.

In crude extracts, calcineurin is also subject to a time- and temperature-dependent
inactivation upon exposure to calmodulin and concentrations of Ca®* found in stimulated cells
(5 x 107 M). The enzyme is protected against inactivation by the presence of the
autoinhibitory peptide and by superoxide dismutase but not by catalase. The inactivation is
readily reversed by treatment with ascorbate. Purified calcineurin that contains 0.9 mol of
iron and 0.8 mol of zinc per mol of enzyme with an electron paramagnetic resonance (EPR)
spectrum, characteristic of an Pzt enzyme, is inactive. Activation to the high specific
activity of the crude enzyme requires treatment with ascorbate, under anaerobic conditions,
and is accompanied by the disappearance of the characteristic Fe’*/zn*" EPR signal at g=4.3,

suggesting that the presence of one mol of Fe'" at the active site is required for the protein
phosphatase activity of calcineurin.

Thus, the displacement of the autoinhibitory domain induced by Ca”*/calmodulin
exposes Fe** in the catalytic center to oxidative damage by the superoxide anion. The
involvement of the redox state of iron in the regulation of calcineurin activity provides a

mechanism to desensitize the enzyme and to couple Ca2+-dependent protein
dephosphorylation to the redox state of the cell. The protection of calcineurin against



14

inactivation by superoxide adds a new aspect to the physiological roles of superoxide

dismutase, namely the modulation of Ca’ -dependcnt regulation of cellular processes by
protein phosphorylation.
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Ca*'/calcineurin-dependent signal transduction in yeast

Victoria Heath*, Kimberly Kafadar*, Sidney Shaw*, Heng Zhu”, Mike Snyder”,
Martha S. Cyert*

*Dept. Biological Sciences, Stanford University, 371 Serra Mall,
Stanford, CA 94305-5020, USA, "Depl. Mol. Cell. and Dev. Biology, Yale University,
New Haven, CT, USA

In Saccharomyces cerevisiae, the Ca®'/calmodulin regulated protein phosphatase,
calcineurin, is activated in response to specific types of environmental stress such as increases
in temperature, pH, or salinity. One role of calcineurin during stress is to regulate gene
expression. Calcineurin  dephosphorylates the transcription factor Crzlp/Tenlp, causing
Crzlp to translocate to the nucleus where it promotes gene transcription. The genes turned on
under these conditions encode proteins that participate in many functions including cell wall
synthesis, ion homeostasis, membrane trafficking and signal transduction.

Crzlp activation by calcineurin is both rapid and readily reversible, and a critical
component of Crzlp negative regulation is its phosphorylation by protein kinases. Using a
recently developed assay that employs protein chips', we tested 120 yeast kinases and
identified several candidate kinases that phosphorylate Crzlp in vitro. Hrr25p, a casein kinase
I homolog, phosphorylates and interacts with Crzlp both in vivo and in vitro. Hrr25p

antagonizes both Crzlp-dependent transcription and its Caz'/calcineurin-dependent nuclear
. 2
accumulation”.

Genetic evidence indicates that calcineurin performs additional functions in yeast. We
have recently identified a novel substrate of calcineurin, Hphlp. Together with the closely
related protein, Hph2p, Hphlp promotes calcineurin-dependent growth under conditions of
high pH. Hphlp functions independently of Crzlp and does not affect calcineurin/Crzlp-
dependent transcription. Hphlp and Hph2p are integral membrane proteins associated with
the ER, and Hph! distribution within the ER is regulated in a Ca®'/calcineurin-dependent
manner. The localization of these proteins suggests that they affect trafficking of membrane/
cell wall components through the secretory pathway. Thus, in response to environmental
stress, the calcineurin phosphatase may promote remodeling of the yeast cell surface through
both transcriptional and post-transcriptional mechanisms.

These studies were supported by NIH grant GM-48728

References:
'Zhu et al. (2000) Nat Genet 26: 283-9
“Kafadar et al (2003) Genes and Dev. (in press).
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Molecular determinants of fungal virulence as therapeutic targets
Joseph Heitman

Department of Molecular Genetics and Microbiology, 322 CARL Building, Research Drive,
Duke University Medical Center, Durham, NC 27710; heitm001@duke.edu

The incidence of fungal infection is increasing and yet available antifungal drugs are
limited, some are toxic, and drug resistant strains are emerging. We have elucidated a
conserved signal transduction cascade that controls virulence of Cryptococcus neoformans,
the leading cause of fungal meningitis. The central element of this virulence pathway is the
calcium-calmodulin activated protein phosphatase calcineurin, which is the molecular target
of the immunosuppressive antifungal drugs cyclosporin A and FK506. C. neoformans
mutants lacking either the catalytic A or the regulatory B subunit of calcineurin are inviable
at 37°C and other stress conditions and, as a consequence, are avirulent in animal models. In
recent studies we identified: 1) the calcineurin B regulatory subunit and calmodulin, 2) the
calcineurin binding protein (Cbp1) that is a conserved regulator or effector and the founding
member of a protein family conserved from fungi to humans, and 3) the novel C2 domain
protein Ctsl that functions coordinately with the calcineurin signaling pathway to promote
cell wall biogenesis and growth at 37°C. In parallel we discovered that calcineurin is required
for virulence of Candida albicans, the most common human fungal pathogen. C. albicans
cnbl/cnbl mutants lacking the calcineurin B regulatory subunit are severely attenuated in
animal models. Yet, in contrast to C. neoformans calcineurin is not required for growth of C.
albicans at 37°C. Instead, calcineurin is necessary for C. albicans to survive and proliferate
in serum. These studies illustrate how a conserved signaling cascade has been co-opted to
control virulence of two divergent fungal pathogens by unique molecular mechanisms.
Importantly, this pathway can be targeted for therapeutic intervention using non-

immunosuppressive calcineurin inhibitors that retain antifungal activity and synergistic drug
combinations.

References:
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Cruz, M.C., Goldstcin, A.L., Blankenship, J.R., Davis, D., Del Poeta, M., Cardenas, M.E., Perfect, J.R,,
McCusker, J.H., and Heitman, J. Calcineurin is essential for survival during membrane stress in
Candida albicans. EMBO J., 21: 546-559, 2002.

Blankenship. J.R.. Steinbach, W.J., Perfect, J.R., and Heitman, J. Teaching old drugs new tricks: reincarnating
immunosuppressants as antifungal drugs. Current ( Jpinion in Investigational Drugs. 4: 192-199, 2003.

Kraus, P.R., Fox, D.S., Cox. G.M.. and Hcitman. J. The (" neoformans MAP Kinase homolog Mpk 1 regulates
cell integrity in responsc to antifungal drugs and loss of calcineurin function. Mol. Micro, 48: 1377-87,
2003,

Blankenship, J.R., Wormley, F.L., Boyce, M.K., Schell, W.A., Filler, S.G., Perfect, J.R., and Heitman, J.

Calcineurin is essential for Candida albicans survival in serum and virulence, Euk. Cell, 2; 422-430,
2003.
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Stimulation and inhibition of calcineurin by RCNs

D. A. Gallagher, Z. Hilioti, S.T. Low-Nam, P. Ramaswamy, P. Gajer, T. J. Kingsbury, C. J.
Birchwood, A. Levchenko, and K. W. Cunningham

Department of Biology, Johns Hopkins University, Baltimore MD, USA.

RCNs are a conserved family of proteins in all fungi and animals that directly bind
and regulate calcineurin. Recombinant RCNs inhibit the phosphopeptide phosphatase activity
of calcineurin in vitro and overexpressed RCNs can inhibit calcineurin signaling in yeast and
mammalian cells. In contrast to these early studies, gene knockout experiments in yeast and
mouse indicated that RCNs can also stimulate calcineurin signaling. To investigate the
mechanism by which RCNs stimulate calcineurin, we isolated mutations in other genes that
mimmick the 7cn/ mutant phenotype of yeast. All the mutations mapped to the MCK/ gene,
which encodes a homolog of GSK-3 kinases conserved in all eukaryotes. The calcineurin-
deficient phenotypes of mck/ mutants and rcn/ mutants were not worsened in mckl renl
double mutants, suggesting yeast Mcklp and Rcnlp function in the same pathway to
stimulate calcineurin signaling. Purified Mck1p phosphorylated Renlp at a GSK-3 consensus
site that is 100% conserved among all fungal and animal RCNs. As is typical for GSK-3
kinases, phosphorylation of Renlp by Mck1p required prior phosphorylation at a nearby site
by a priming kinase. Mutation of the either the Mckl1p phosphorylation site or the priming
site of Renlp to non-phosphorylatable residues abolished the stimulation of calcineurin in
vivo but stimulated its ability to inhibit calcineurin signaling when overexpressed in vivo.
These findings suggest that Mcklp and an unknown priming kinase together phosphorylate
Renlp and convert it from an inhibitor to a stimulator of calcineurin signaling. The
mechanism of calcineurin stimulation by phospho-RCNs appears to be universal because
hRCN1 of humans (also termed DSCR1 and MCIP1) undergoes a similar priming-dependent
phosphorylation by GSK-3 in vitro and specifically loses its ability to stimulate yeast
calcineurin in vivo when these sites are mutated to non-phosphorylatable residues. A similar
mechanism has been described for regulation of type-1 protein phosphatase (PP 1) by a protein
known as Inhibitor-2 (Inh2) or Glc8p in yeast. Phosphorylation of Inh2/Glc8p by GSK-3
kinases converts it from an inhibitor to a stimulator of PP1 without dissociation of the
complex. Thus, Inh2/Glc8p appears to function as an allosteric regulator of PP1 that is
sensitive to conformational changes in response to phosphorylation and dephosphorylation.
Although phospho-RCNs have not yet been shown to stimulate calcineurin phosphatase
activity in vitro, computational modeling of RCN-calcineurin interactions based upon the
Inh2-PP1 mechanisms indicated that low concentrations of RCNs may stimulate calcineurin
signaling and high concentrations of calcineurin may inhibit calcineurin signaling in vivo.
Calcineurin induces expression of Renlp and hRCNI1, and thus RCNs may exist in both
positive and negative feedback loops with calcineurin. This regulatory circuit may also help
to explain the complex phenotypes of knockout mice that lack the ortholog of hRCNI.
Positive feedback may explain the large overexpression of hRCN1/DSCRI1 in brain of Down
syndrome individuals who carry one extra copy of this gene due to Trisomy 21.



Session 2: Signal transduction by Ca/ calcineurin
and NFAT
Chair: Gerald R. Crabtree
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The calcineurin-NFAT signalling pathway in lymphocytes
Anjana Rao

Department of Pathology, Harvard Medical School and the Centre for Blood Research, 200
Longwood Avenue, Boston, MA 021135

The NFAT family of transcription factors encompasses five proteins evolutionarily
related to the Rel/NFkB family'. The primordial family member is NFATS, the only NFAT-
related protein represented in the Drosophila genome; it is identical to TonEBP, a
transcription factor that regulates the response to osmotic stress’. The remaining four NFAT
proteins (NFATI1-4, also known as NFATcl-c4) are regulated by the Ca*"/ calmodulin-
dependent serine phosphatase calcineurin’. NFAT proteins are phosphorylated and reside in
the cytoplasm in resting cells; upon stimulation, they are dephosphorylated by calcineurin,
translocate to the nucleus and become transcriptionally active, thus providing a direct link
between intracellular Ca®" signalling and gene expression®. NFAT activity is further
modulated by additional inputs from diverse signalling pathways, which affect NFAT kinases
and nuclear partner proteins. Recent structural data emphasise the remarkable versatility of
NFAT binding to DNA™®  The primordial family member, NFATS/ TonEBP, binds as a
dimer similar to NFkB®. At composite NFAT:AP-1 elements found in the regulatory regions
of many target genes, NFAT proteins bind cooperatively with an unrelated transcription
factor, AP-1 (Fos-Jun)’. At DNA elements which resemble NFkB sites, NFAT proteins bind
DNA as dimers™®. In cooperation with Fos-Jun and other classes of DNA-binding partners,
NFAT activates transcription of a large number of genes during an effective immune
response”’. There is evidence that NFAT and NFAT-Fos-Jun complexes activate distinct
subsets of target genes in lymphocytes'’. Another novel aspect of gene regulation by NFAT
is that this transcription factor participates in an early phase of chromatin remodelling that
occurs at specific genetic loci in differentiating T cells'".
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Insights on NF-AT signaling from endogenous calcineurin inhibitors
Sandra Ryeom, Shidong Jia, Venkatesh Natarajan, and Frank McKeon

Department of Cell Biology, Harvard Medical School, Boston, MA 02115 USA

The NF-ATs transcription factors are represented by four gene products that share
nominally similar regulatory dynamics based on calcium-triggered nuclear import (Crabtree,
1999; Hogan et al., 2003). Each has a conserved, C-terminal Rel-like DNA domain and an N-
terminal domain that is thought to control cytoplasmic-nuclear translocation in a calcineurin-
dependent manner. This calcium-dependent translocation event is blocked by cyclosporin A,
an immunosuppressant that suppresses cytokine transactivation by inhibiting calcineurin. The
four NF-AT genes were likely to have different functions, a notion confirmed by mouse
knockout models (Ho and Glimcher, 2003). Intriguingly, mice lacking NF-ATc2 showed
enhanced lymphoproliferation, hyperactivation, and enhanced Th2 responses suggesting an
enhanced sensitivity to activation rather than the expected decrease. Similarly, NF-ATc3-
deficient mice appeared hyperresponsive to stimuli suggesting it too encoded an inhibitor or at
least a modifier of the cytokine transcriptional response. The combined loss of NF-ATc2 and
NF-ATc3 leads to massive lymphoproliferation and hyperactivation of the Th2 response,
suggesting an unleashed immune response. To date only the loss of NF-ATcl, in an Rag2-
null background, gives a T cell phenotype suggesting an activation deficit marked by reduced
proliferation and decreased 1L-4 production. NF-ATc4 has been even more enigmatic as it is
not expressed in T cells and the null mouse is without a defined phenotype. Thus an
overriding question is how are the NF-ATs coordinated to yield the cytokine transcriptional
profiles observed during T cell activation? Our concern for this question came by the indirect
route of seaching for additional calcineurin interacting proteins in the brain (Ryeom et al.,
2003). We generated a two-hybrid library from mouse hippocampal cDNAs and screened it
for calcineurin interactions. Two small, related cDNAs, DSCR1 and Zaki4 were isolated and
found to be homologous with a third gene, DSCRIL. Further analysis showed that the
expression of any of these cDNAs blocked calcium-activated NF-AT translocation by directly
interacting with calcineurin, and we therefore termed them the calcipressins. Our subsequent
generation of a mouse deficient in Cspl (please see Ryeom poster) yielded a hypersensitive
Th1 population that underwent apoptosis upon primary activation, a phenomenon we
attributed to premature Fas ligand expression. Upon detailed analysis of cytokine gene
expression, we noted that the loss of Cspl was associated with a generalized shift in the
activation thresholds of these genes, such that each was triggered at nominally lower T cell
receptor stimulation. Additionally, each gene appeared to have a peak of expression at a
unique level of TCR signaling, above which it was depressed. Thus in the simplest model
where the NF-ATs were solely responsible for these activation profiles, complex interactions
would be necessary. It is possible that inherent in the structure of the different NF-ATs is the
molecular basis of signal-dependent activation, as we observe distinct profiles of calcium
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dependent activation for each of the NF-ATs. Our long term goal of this work is to determine
how the molecular features of the NF-ATs and other transcription factors, together with
calcium and calcineurin activity, translate into exquisitely controlled cytokine genetic
programs, and how to intervene in this process to address human disease.
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Interaction of the transcription factor NFATS with calcineurin
Cristina Lopez-Rodriguez'?, Beatriz Morancho®, Anjana Rao® and José Aramburu’

"The Center for Genomic Regulation, Barcelona; > The Center for Blood Research and
Department of Pathology, Harvard Medical School, Boston; * Department of Experimental
Sciences and Health, Universitat Pompeu Fabra, Barcelona

NFATS differs from NFATc proteins in that it lacks their characteristic N-terminal
domain that contains the calcineurin docking site PxIXIT and clusters of regulatory
phosphoserines. However, NFATS displays a DNA binding specificity highly similar to that
of NFATc¢ and is induced in activated T cells in a calcineurin-dependent manner, suggesting
that it might participate in regulatory pathways that engage calcineurin and NFATc proteins,
We have investigated whether an interaction exists between NFATS and the calcineurin-
NFATc pathway. Our results show that calcineurin can bind to the DNA binding domain of
NFATS. This interaction is not compited by peptides comprising the PxIXIT calcineurin
docking site of NFATc proteins. Conversely, the DNA binding domain of NFATS does not
inhibit the binding and dephosphorylation of NFATI by calcineurin nor the enzyme’s
phosphatase activity. Expression of an NFATS construct lacking its C-terminal domain
potentiates the calcineurin-mediated dephosphorylation of NFATI] and its transcriptional
activity. These results indicate that NFATS, independently of its own transcriptional function,
might cooperate with NFAT]1 by facilitating its activation by calcineurin.
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Germline mutations that regulate calcium flux in B cells. Effects on B cell
development and signalling

Martin Turner

Laboratory of Lymphocyte Signalling and Development, Molecular Immunology Programme,
The Babraham Institute, Babraham, Cambridge CB2 4AT, United Kingdom

Signal transduction by membrane immunoglobulin (Ig), the B-cell receptor (BCR),
regulates the proliferation, differentiation, and survival of B-lymphocytes at several major
developmental checkpoints. We have been interested in signalling in immature B cells that
have newly formed functional membrane Ig on their surface. These immature B cells can
either be negatively selected to die following encounter of self-antigen or positively selected
to become mature B cells by unknown mechanisms which are BCR dependent. Signal

transduction by the BCR is mediated by kinases that associate with the non-polymorphic
subunits of membrane Ig (CD79).

Three classes of SH-2 domain containing tyrosine kinases propagate BCR signals.
The tyrosine kinase Syk has been shown to play an important role, particularly in immature B
cells that display an absolute requirement for this kinase in order to develop further. Gene
targeting experiments have shown the requirement for Src family kinases Lyn, Fyn and Blk
that individually play redundant roles in BCR signal initiation. Bruton’s tyrosine kinase (Btk)
is also crucial for proper B cell development, its mutation in humans leading to X-linked
agammaglobulinemia and in the mouse to X-linked immunodeficiency (xid). These kinases
are recruited to the BCR through their SH2-domains binding to the phosphorylated
immunoreceptor tyrosine based activation motifs (ITAMs) of 1g associated CD79¢. and B as
well as the adapter protein BLNK/SLP-65 (14). This latter protein is thought to serve as a
molecular scaffold that recruits further downstream effectors of BCR signalling such as
phosphatidylinositol 3-kinase (PI3-K), Btk, Vav proteins, and phospholipase C (PLC)-y.
Together these molecules have been proposed to form a macromolecular signalling machine
termed the “signalosome”. One feature of this model is the ability of BLNK/SLP-65 to bring
Btk into proximity with PLCy2, where it is thought Btk directly phosphorylates PLCy2 on
specific tyrosine residues thereby increasing its enzymatic activity towards its substrate
phosphatidylinositol 4,5 bisphosphate (PIP2). The hydrolysis of PIP2 liberates two further
signalling molecules, diacylglycerol (DAG) and inositol-3, 4, 5-trisphosphate (IP3). DAG
can contribute to the regulation of protein localisation or activity through direct binding while

IP3 binds to specific receptors on the endoplasmic reticulum and triggers the release of
calcium into the cytoplasm
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Mice lacking the p1108 catalytic subunit of PI3K (Clayton et. al. 2002) have reduced
numbers of Bl and marginal zone B cells, reduced levels of serum immunoglobulins, respond
poorly to immunisation with Type 11 thymus-independent antigen and are defective in their
primary and secondary responses to thymus-dependent (TD) antigen. pl1108™ B cells
proliferate poorly in response to BCR signals in vitro, fail to activate protein kinase B and are
prone to apoptosis. p1108 function is required for BCR-mediated calcium flux, activation of
PLCy2 and Bruton’s tyrosine kinase.

B-lymphocytes from mice lacking the guanine nucleotide exchange factors Vav-1 and
Vav-2 have defects in B cell receptor (BCR) mediated calcium mobilisation. These defects
are more severe in B cells lacking all three Vav proteins. However there is still some Vav-
independent ca flux. B cell responses initiated upon cross-linking of membrane
immunoglobulin (mlg) by antigen are modulated by coreceptors such as CD19. Optimal
activation of Ca®" flux following CD19 coligation with mlg requires Vav and PI3K function
and PI3K activation was Vav dependent. By contrast, when B cells lacking both Vav-1 and
Vav-2 are activated by mlg crosslinking through IgM, PI3K is activated normally and the
Ca®™ flux is partially PI3K and Vav independent. Our results show the p1103 catalytic
subunit and the p85a. regulatory subunit make an important contribution to the total PI3K

activity elicted by IgM and by mlg/CD19 co-ligation. However there importance depends on
the nature of the stimulus (antigen).

Mice lacking PLCy2 have few mature B cells and those that develop express lower
levels of the pro-survival protein Bcl-2. Introduction of a bcl-2 transgene restored the
numbers of marginal zone and follicular B cells in PLCy2-mutant mice. BCR stimulated
calcium flux was reduced in PLCy2 mutant B cells and was completely blocked by a PLC
inhibitor indicating a role for PLCy1 in BCR signalling. PLCy2 deficient B cells also showed
a defect in the activation of ERK and phosphorylation of IkBa.. Although the bc/-2 transgene
promoted development of PLCy2-mutant B cells it could not restore BCR induced Ca®" flux,
ERK and IkBo phosphorylation or proliferation. These data suggest PLCy2 performs a
critical role in B cell development through regulation of survival rather than differentiation.
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NFAT in physiological and pathological angiogenesis

Juan Miguel Redondo

Angiogenesis, or capillary sprouting from pre-existing vasculature, occurs under
physiological conditions during embryonic development and is required for wound repair and
reproduction in the adult. It is controlled via balance between pro- and anti-angiogenic
factors: the slightest disturbances in this balance trigger cell responses required for
angiogenesis (1). Although indispensable for physiological processes, angiogenesis is highly
regulated and persistence of angiogenesis in adult is tightly linked to human disease,
including cancer, chronic inflammatory disease, and diabetic retinopathy (2, 3). Induction of
the signaling pathways and molecular mediators involved in angiogenesis is common to all of
these. Both cancer cells and cells attracted to the sites of inflammation are able to produce
pro-angiogenic factors that cause endothelial cell recruitment and proliferation. Ample
evidence shows that angiogenesis blockade often relieves the severity of the disease. It is then
not surprising that angiogenesis has become the focus of intensive study aimed to develop
highly desirable anti-angiogenic compounds for therapeutic intervention.

Cyclooxygenase (COX) enzymes, the targets of non-steroidal anti-inflammatory drugs
(NSAIDs) that directly block their activity, are represented by COX-1 and COX-2. COX-2 is
thought to contribute to angiogenesis mainly by inducing the production of prostanoids
(prostaglandins and thromboxanes) that act by promoting expression of pro-angiogenic
proteins. A number of studies demonstrate that COX-2 inhibition by NSAIDs leads to
restricted angiogenesis and down-regulated production of pro-angiogenic factors such as
VEGF and bFGF in a range of cell types. All these findings point to COX enzymes as
important therapeutic targets in the treatment of pathological angiogenesis. We have
determined that VEGF regulates NFAT in endothelial cells (5), and that Cyclosporin A
(CsA), an immunosuppressive drug that inhibits the activity of transcription factors of the
NFAT (nuclear factor of activated T cells) family, inhibits migration of primary endothelial
cells and in vitro angiogenesis induced by vascular endothelial growth factor (VEGF); this
effect appears to be mediated through the inhibition of COX-2, the transcription of which is
activated by VEGF in primary endothelial cells. Consistent with this, we have shown that the
induction of Cox-2 gene expression by VEGF requires NFAT activation. In addittion, the in
vivo corneal angiogenesis induced by VEGF, but not by bFGF, was selectively inhibited in
mice treated with CsA systemically (6). We have also determined that COX-2 inhibitors also
blocked angiogenesis in vivo and this inhibition was similar to that displayed by CsA. Given
the role of VEGF and its receptors in ischemic retinopathies we have analyzed the role of
COX-2 and NFAT inhibitors in mice models of these diseases. Altogether, our findings point
to a role for NFAT in angiogenesis, and may provide a novel mechanism underlying the
beneficial effects of CsA in angiogenesis-related diseases.
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NFAT transcription factors in T cell apoptosis and cancerogenesis
Edgar Serfling, Askar Akimzhanov, Timm Schlegel, Sergei Chuvpilo and Alois Palmetshofer

Department of Molecular Pathology, Institute of Pathology, University of Wuerzburg,
D-97080 Wuerzburg (E-mail: serfling e@mail.uni-wuerzburg.de)

Several lines of evidence indicate that NFAT transcription factors control activation
induced cell death (AICD) and cancerogenesis of lymphocytes. When peripheral T
lymphocytes are stimulated by plate-bound aCD3 antibodies for 6 h or longer the majority of
cells undergoes AICD, as shown by annexin V staining. Only 50% of cells become apoptotic
when NFATc2-deficient T cells are stimulated (1), and less than 10% when T cells from mice
doubly-deficient for NFATc2 and ¢3 are used. On the same hand, infection of primary murine
T lymphocytes with retroviruses expressing NFATc2 or NFATcl/C, i.e. the long isoform of
NFATc] bearing a C-terminal domain of 250 amino acids, leads to an increase in number of
apoptotic cells after oCD3Ab stimulation. The C-terminal domains in NFATcl/C and
NFATc2 harbor a transactivation domain (designated TAD-B) which exerts both trans-acting
and trans-repressing activities (2). TAD-B appears to be involved in AICD since NFATcl/A,
the shortest isoform of NFATcl which is strongly induced upon activation of peripheral T
cells, lacks TAD-B and is unable to induce AICD in T cells (1). However, in BALM-14
Burkitt lymphoma cells, NFATc1/A can suppress AICD upon B cell receptor triggering while

NFATc2 — as in T cells — facilitates also AICD in these B tumor cells (Ref. 3 and E. Kondo,
personal comm.).

In several human lymphoid tumors, such as in Reed-Sternberg cells of Hodgkin
lymphomas and in diffuse large B-cell lymphomas, expression of NFATcI is suppressed. In
Hodgkin lymphomas, NFATc] repression is associated with hypermethylation of NFATcI
promoter DNA and histone H3 de-acetylation of NFATc] promoter chromatin. Retroviral
tagging experiments indicated the NFFATc/ (and NFATS) genes as frequent targets of proviral
insertions and, therefore, as cancer genes (2, 4). Infection of more than 500 mice deficient for
NFATc2 and/or NFATc3 with the tumor virus SL3-3 resulted in a more rapid formation of T
cell tumors in NFATc3-/- mice than wild type mice (Coll. with F. Pedersen, Aarhus)
indicating NFATc3 as a tumor suppressor for T cell tumors generated by SL3-3 infection.
These and further experimental results indicate an important role of NFAT factors in the
generation of lymphoid tumors. '
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Accumulation of NFAT mediates IL-2 expression in memory, but not naive
CD4" T cells

Troy Krah!', Karen A. Fortner', Sheri Eaton®, Sean Diehl', Colette Charland', Susan Swain’,
Ralph C. Budd', Diane Jaworski’, Laura Haynes’, Mercedes Rincon'

During an immune response, naive CD4" T cells are activated by specific antigens and
differentiate into effector T helper (Th) cells. Effector T cells rapidly perform their function
and contribute to the clearance of pathogens. Most effector CD4" T cells die after pathogen
clearance, but a few cells survive and become memory CD4" T cells. Memory cells are key
elements in the maintenance of long term immunological memory. They represent a unique
population that shares certain phenotypic and functional characteristics with naive cells, but
also shares specific features of effector cells. How can a given antigen rapidly induce the
expression of cytokine genes in memory CD4" T cells, but not naive cells? We propose an
additional mechanism for the enhanced cytokine gene expression in memory CD4" T cells.
Prior to stimulation, memory cells accumulate high levels of the transcription factors required
for the expression of the specific cytokine genes. We have shown that naive CD4" T cells
contain very low levels of NFAT transcription factors, while higher levels of NFATcl and
NFATc2 are present in memory CD4" T cells. In correlation, using reporter transgenic mice
we demonstrated that NFAT-mediated transcription is more rapidly induced in memory CD4’
T cells than in naive cells. We have generated transgenic mice expressing a dominant
negative mutant of NFAT specifically in T cells. Consistent with the slow activation of NFAT
in naive CD4" T cells, inhibition of NFAT does not affect IL-2 production in naive CD4" T
cells. In contrast, expression of IL-2 in memory CD4" T cells requires NFAT activation.
Thus, accumulation of specific transcription factors such as NFAT in memory CD4" T cells
contributes to their rapid cytokine gene expression in response to antigen stimulation. This is

the first time that the regulation and function of NFAT in memory CD4™ T cells has been
addressed.
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Phosphorylation dependent regulation of NFAT-transcription
Manuel Fresno

Centro de Biologia Molecular, CSIC-UAM, Universidad Autonoma de Madrid, Cantoblanco
28049 Madrid, Spain

It is well known that NFAT is located in the cytoplasm in an inactive form. After
activation of calcium signals, calcineurin (Cn) is activated and dephosphorylates NFAT
allowing its translocation to the nucleus where it activates gene transcription. However, a
second level of regulation exists that modulates the intrinsic transactivating activity of NFAT,
once it is translocated to the nucleus. Thus, we have found that two independent signal
transduction pathways regulate the intrinsic transactivating activity. One is depending on Cn,
whereas the other one represents is a new pathway that involves activation of Cot/Tpl-2 and
protein kinase C (PK-C)C, two serine-threonine kinases. The region of NFAT tranactivation
domain responsible for Cn inducing activity maps to N terminal aa 1-144. On the other hand,
we have found that activation allows the association of Cot with PK-C{ resulting in the
activation of this kinase. This leads to PK-C( interaction and subsequent phosphorylation of
NFAT in the transactivation domain (aa 1-57) and a strong increase in their transactivating
activity. Other Ser/Thr kinases from the MAPK kinase family are unable to activate this
pathway. Moreover, this Cot/PK-C{ pathway cooperates with that induced by calcium/Cn.

This pathway is involved in the activation of several genes important for T cell activation as
IL-2 or cyclooxygenase 2.
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NFAT mediation of neurotrophin-induced synaptic plasticity
Rachel D Groth and Paul G Mermelstein

Department of Neuroscience, University of Minnesota, 321 Church St SE, Minneapolis MN
55455 USA

Neurotrophins regulate neuronal survival and differentiation during development.
Within the adult brain, neurotrophins are also important in neuronal adaptive processes,
including activity-dependent plasticity (Huang and Reichardt, Annu Rev Neurosci (24) 2001;
Poo, Nat Rev Neurosci (2) 2001). These long-term changes in neuronal excitability and
function rely heavily upon alterations in gene expression (Deisseroth et al,, Curr Opin
Neurobiol (13) 2003). Yet, many of the mechanisms by which neurotrophins influence
transcriptional and translational processes remain unknown. Of importance, the highest
concentrations of the neurotrophin BDNF are found within the hippocampus (Ayer-LeLievre
et al, Science (240) 1988), a brain region where neuronal plasticity underlies learning and
memory. Recently, the transcription factor NFATc4 was found expressed within rodent
hippocampal neurons (Graef et al., Nature (401) 1999). Interestingly, NFATc4 is particularly
sensitive to the second messenger systems activated by BDNF. Thus, we hypothesized that

NFAT-dependent transcription may be an important mediator of neurotrophin-induced
plasticity.

In cultured rat CA3-CAl hippocampal neurons, BDNF activated NFAT-dependent
transcription via TrkB receptors. Inhibition of calcineurin (CaN) blocked BDNF-induced
nuclear translocation of NFATc4, thus preventing transcription. Further, phospholipase C
(PLC) was a critical signaling intermediate between BDNF activation of TrkB and the
initiation of NFAT-dependent transcription. Both inositol 1,4,5-triphosphate (IP3)-mediated
release of calcium from intracellular stores and activation of protein kinase C (PKC), were
required for BDNF-induced NFAT-dependent transcription. Finally, increased expression of
IP;R1 and BDNF following neuronal exposure to BDNF was linked to NFAT-dependent
transcription. These results suggest that NFATc4 plays a crucial role in neurotrophin-
mediated synaptic plasticity.
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Calcium signaling modules regulating chromatin remodeling and
transcription

Jun O. Liu

The second messenger calcium plays a pivotal role in thymocyte apoptosis. Calcium
signaling leads to the transcriptional activation of a family of pro-apoptotic genes including
Nur77 "*. We have been focusing on how calcium signal is transduced from the cytosol into
the nucleus to activate transcription of the Nur77 gene. Earlier work by Winoto and
colleagues revealed that the primary calcium-responsive elements on the Nur77 promoter
correspond to the binding sites for myocyte enhancer factor (MEF)-2 *. Our work in this area
began with the identification of an endogenous calcineurin inhibitor named Cabinl/cain ™.
As Cabinl is a large protein and calcineurin-binding domain only occupies a small segment of
Cabinl, it was reasoned that Cabinl must have additional functions through interactions with
proteins other than calcineurin. Using the yeast two-hybrid screen, MEF2 was identified as a
Cabinl interacting protein °. Subsequent investigation revealed that Cabinl is a repressor of
the transactivation activity of MEF2, silencing the Nur77 promoter in the absence of calcium
signaling.  The question then became what is the mechanism by which Cabinl represses
MEF2 activity. It was found that Cabinl represses MEF2 by recruiting histone deacetylases :
In order for MEF2 to be activated during calcium signaling, the Cabinl-HDAC complex has
to be removed from MEF2. It was found that calmodulin is capable of binding to Cabinl,
removing Cabinl and its associated HDACs from MEF2, providing an unprecedented
mechanism of calcium signaling directly impinging on the association of a chromatin
remodeling complex with MEF2 °. This mechanism of calcium-dependent derepression
appears to be true for other MEF2 transcriptional repressors including HDAC4, 5, 7 and 9 *.
In addition to the MEF2-Cabinl-HDAC signaling module, the calcieurin-NFAT signaling
module was also shown to be required for TCR-mediated Nur77 expression, as it is sensitive
to inhibition by CsA and FKS06. The calcineurin-NFAT signaling module was found to be
integrated with MEF2-Cabinl-HDAC signaling module through the interaction between
NFAT and MEF2, which synergistically recruit the transcriptional coactivator p300, leading
to full activation of Nur77 and thymocyte apoptosis .
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“Steering” axons to their targets with NFAT signaling
Isabella Graef, Fan Wang, Marc Tessier Lavigne and Gerald R. Crabtree

Departments of Pathology, Developmental Biology and Biology, Stanford University
Stanford CA 94305

Studies of axonal guidance have indicated the rate of advance of the growing axonal
tip is a fundamental characteristic of a neuron established at the time of neural determination.
However we find that mice lacking NFATc2/c3 and c4 as well as calcineurin Blare unable to
respond to axonal guidance cues with an increase in the rate of axonal outgrowth (Greaf et al
Cell 2003). As a result critical morphologic features of the vertebrate nervous system such as
midline crossing of commissural neurons and axonal splitting at the dorsal funiculus do not
occur. We have investigated the mechanism underlying the role of NFAT signaling in
controlling the rate of advance of the axonal tip by defining the target genes of NFATc,
calcineurin and cyclosporin using transcript arrays. Our studies of both the phenotypes (Graef
et al Cell 2001 and Graef et al Cell 2003) and the genes whose expression is modified in mice
lacking calcineurin, NFATc2/c3/c4 or treated with cyclosporin indicate that CsA is specific
for calcineurin and in turn calcineurin is highly specific for NFATc. We find that NFAT
transcription complexes regulate the activation of genes essential for control of the
cytoskeleton at the axonal tip. These genes include three categories, those regulating
microtubule nucleation in the growth cone, those regulating actin nucleation and dynamics at
the tips of the growing axons and those that control the processing of membrane necessary for
advance of the growth cone. Our studies suggest a new concept in axonal guidance: that
guidance factors, in addition to stimulating the tips of growth cones to induce turning, must
also control the rate of advance of the growth cone. By controlling the rate of advance of the
axonal tip, NFAT signaling allows the growth cone to meet developmental “windows of
opportunity” where it must split, send off collaterals or engage in other morphogenic events.
We speculate that this means of control emerged in vertebrates in response to the larger body
size and longer paths traversed by axons in vertebrates.
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Requirement of transcription factor NFAT in developing myocardium

William Schubert, XiaoYong Yang, Teddy T.C. Yang, Stephen M. Factor, Michael P. Lisanti,
Jeffery D. Molkentin, Mercedes Rincén, and Chi-Wing Chow

Nuclear factor of activated T cell (NFAT) is a ubiquitous regulator involved in
multiple biological processes. We have demonstrated that NFAT is temporally required in the
developing atrial myocardium between embryonic day E14 and PO (birth) [J. Cell Biol. 161,
p861]. Inhibition of NFAT activity by conditional expression of dominant-negative NFAT
causes thinning of the atrial myocardium. The thin myocardium exhibits severe sarcomere
disorganization and reduced expression of cardiac troponin-I and cardiac troponin-T.
Promoter analysis indicates that NFAT binds to and regulates transcription of the cardiac
troponin-I and the cardiac troponin-T genes. Thus, regulation of cytoskeletal proteins gene
expression by NFAT may be important for the structural architecture of the developing atrial

myocardium. Recent data indicating that inhibition of NFAT leads to additional heart defects
will also be presented.
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Calcineurin-NFAT signaling in the development and function of the

nervous system

Gerald R. Crabtree, Fang Wang, Joel Neilson, Richard Tsien, Marc Tessier Lavigne,

Isabella Graef

Stanford University, Howard Hughes Medical Institute

Signaling through calcineurin and NFAT plays critical roles in the function of cortical
and hippocampal neurons where synaptic activity results in Ca®" influx through L-type
channels and NMDA receptors leading to rapid dephosphorylation and nuclear import of the
cytoplasmic subunits (NFATc family) of NFAT transcription complexes (Graef et al Nature
1999:401:703). This role is likely to be critical to short term memory (Cell. 2001, 104: 675,
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Cell. 2001;107:617) and may play a role in human schizophrenia
(PNAS 100, 8993, 2003). To investigate the role of NFAT signaling
in neural development we have prepared mice lacking NFATc2, ¢3
and c4 as well as mice with conditional inactivation of the CnBI
regulatory subunit in the nervous system. We find the calcineurin
NFAT signaling is critical for extension of axons in response to
many guidance factors including neurotrophins and netrins (Graef et
al Cell 113:657 2003). Remarkably, NFAT signaling does not
appear to be necessary for the survival functions of neurotrophins
indicating a specific role of this pathway in transducing signals from
guidance factors. In addition, calcineurin-NFAT signaling was not

required for the expression of a variety of differentiation markers in the developing CNS.
Studies using the highly specific calcineurin inhibitors FK506 and Cyclosporin A indicate that
calcineurin-NFAT signaling controls the rate of axonal extension. Our studies indicate that
guidance factors control not only the turning of an axon growth cone, but also use Cn/NFAT
to control the rate of extension. This notion of “axonal steering” contrast with the prevailing
notion that the rate of axonal extension is an intrinsic characteristic of a neuron.



46

Elucidating calcineurin functions during Drosophila development
Robert A. Schulz

Department of Biochemistry and Molecular Biology, The University of Texas M. D.
Anderson Cancer Center, 1515 Holcombe Boulevard, Houston, Texas, 77030, USA

Calcineurin subunit genes are conserved among animal species, with the Drosophila
genome containing three cna and two cnb genes that are highly homologous to their
vertebrate relatives (1). Given these strong sequence identities, it made sense to investigate
the possible conservation of the calcineurin/NFAT pathway in Drosophila and determine
what functions this signaling cassette might assume during fly development and life
processes. NFAT proteins contain a DNA-binding domain of the rel class and comparative
evolutionary studies, based on the sequencing of numerous animal genomes, has led to the
categorization of Rel family proteins (2). Surprisingly, while the fly genome encodes proteins
like Dorsal, Dif, and Relish that are related to the vertebrate transforming protein Rel and
NFxB family, calcium-responsive Rel proteins such as the NFAT group are present only in
vertebrates. That is, while certain Drosophila genes may encode the conserved DNA-binding
domain, they do not possess sequences encoding a calcium/calcineurin-responsive domain
that defines the calcium-dependent NFAT proteins. Thus given the strong conservation of
calcineurin genes, and the absence of NFATc proteins from the fly, challenging questions
arise as to the developmental functions and effectors of calcineurin signaling in Drosophila.

We are investigating the requirements for calcineurin function in two developmental
contexts in Drosophila, blood cell production during embryogenesis and indirect flight
muscle (IFM) formation in the adult. Relevant to the former, hematopoiesis is a complex
developmental process that involves stem cell generation, followed by the commitment of
multipotent progenitors and the differentiation of mature blood cells within distinct lineages.
Seminal to these events is the coordinated regulation of hematopoietic transcription factors
that function combinatorially to direct lineage-specific gene expression. In vertebrates, many
of these factors have been identified based on their role as trans-regulators of blood cell
expressed genes or their characterization as loci that are chromosomally rearranged in specific
leukemias. A hematopoietic system exists in Drosophila and recent studies have
demonstrated that genes essential for blood cell development in the fly represent functional
homologues of certain hematopoictic factors found in higher cukaryotes.  Concerning
transcriptional regulators, the utilization of fly genetics has allowed for the functional analysis
of the GATA factor Serpent, Friend of GATA factor U-shaped, and Runx-related protein
Lozenge in blood cell specification and differentiation (3-6). We are characterizing the
specialized roles of Serpent, U-shaped, and Lozenge in the distinct cellular events of
embryonic and larval hematopoiesis, and conducting a genome-wide screen for genes that
function in crystal cell specification and differentiation. Our screen has uncovered three
interesting phenotypes thus far: vast overproduction of blood cells, strong diminution of
hemocyte populations, and abnormally located blood cells. Mutations in calcineurin pathway

genes result in the latter phenotype and we plan to elucidate the specific functions of these
genes in crystal cell formation and behavior.



47

We are also deciphering calcineurin’s function in adult IFM formation. An analysis of
strong mutations in the canB2 subunit gene showed the gene is essential for normal
Drosophila development, with mutants dying at a late larval/early pupal stage (1). However,
genetic combinations involving weaker alleles result in adult escapers that are flightless with
wings positioned at abnormal angles (7). This phenotype was suggestive of irregularities
among IFM groups located in the thorax. The dorsal longitudinal muscle (DLM) subgroup
develops from three pairs of larval oblique muscles that fail to histolyze during
metamorphosis within the pupal period. These persistent muscles split into six pairs that
serve as a framework for DLM formation, with muscle growth occurring due to the ordered
fusion of Twist-expressing adult myoblasts onto the templates. When formed, the six central
DLM pairs and seven flanking pairs of dorsal ventral indirect flight muscles (DVM) fill the
adult thorax. The analysis of IFM structure in canB2 mutant pupae and adults revealed two
reproducible phenotypes (7). In animals that were able to eclose as adults, abnormalities were
observed in the DLM pattern with most muscle pairs absent from anterior thoracic sections
and disorganized muscle masses present in posterior sections. It was concluded this
phenotype was not a result of the lack of larval muscle templates or initial muscle formation,
but due to the displacement of most DLM to the posterior of the thorax. Presumably,
sufficient IFM integrity exists in these animals so as to facilitate movement out of the pupal
case. A more severe phenotype was observed when IFM formation was followed in living
pupae using a sensitive MHC-GFP transgene muscle marker. In animals that progressed only
to the pharate adult stage, a complete retraction of all IFM to a posterior thoracic position was
observed. It is likely such animals are unable to eclose due to thoracic compression and/or
insufficient IFM contraction, resulting in lethality. IFM retraction in canB2 animals is
reminiscent of the hypercontracted phenotype found in certain myosin heavy chain and
troponin I gene mutants (8, 9). It is possible that calcineurin activity is required for the
modification of a myogenic transcription factor, whose function is needed for the regulation
of specific IFM contractile protein genes. Focused genetic screens are ongoing to identify the
transcriptional regulator that serves as the target of calcineurin phosphatase activity and the
muscle structural genes controlled by such a factor. Consistent with the muscle phenotypes
observed in mutant pupae and adults, canB2 and the cna gene Pp2B-14D are expressed in
forming IFM, as well as in the central nervous system (7). In contrast, calcineurin subunit
genes are not expressed in developing embryonic muscles, indicating a clear specificity in
calcineurin’s myogenic function during Drosophila development.
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Control of cardiac growth and remodeling by calcium-dependent
transcription

Eric N. Olson

Dept of Molecular Biology, University of Texas Southwestern Medical Center,
Dallas, TX 75235

The adult heart responds to a stress signals by hypertrophic growth, which is
accompanied by reprogramming of cardiomyocyte gene expression and activation of fetal
cardiac genes. We have shown that calcineurin and CaM kinase transduce hypertrophic
stimuli to the MEF2 transcription factor, which regulates stress-responsive and fetal cardiac
genes. The activity of MEF2 is governed by class II histone deacetylases (HDACs), which
act as transcriptional repressors. Signaling by calcineurin, CaMK, and other stress-responsive
kinases leads to phosphorylation of two conserved serines in class IT HDACs.
Phosphorylation of these sites triggers the dissociation of HDACs from MEF2 and their
export from the nucleus to the cytoplasm, with resulting activation of MEF2-dependent genes.
Signal-resistant HDAC mutants lacking these sites are refractory to hypertrophic signaling
and act as dominant suppressors of cardiomyocyte hypertrophy. Conversely, mutant mice
lacking HDACs 5 or 9 are supersensitive to hypertrophic signals and develop cardiomegaly in
response to stress. These findings identify class II HDACs as nuclear integrators of
hypertrophic signaling cascades and signal-responsive suppressors of cardiac hypertrophy.

The actions of calcineurin on cardiac muscle cells are dependent on an array of
effector proteins that influence its enzymatic activity, subcellular distribution, and stability.
Additional proteins transmit calcineurin-dependent signals to the nucleus with consequent
changes in gene transcription. While many of its effectors are ubiquitous, others are restricted
to cardiac (and skeletal) muscle, providing muscle-specificity to calcineurin signaling. The
diversity of calcineurin effectors provides entry points into the signaling pathways that govern
cardiac growth and function and provides opportunities for pharmacological and genetic
modification of these processes. Strategies for modulating the activity of calcineurin and its
effectors in the setting of heart disease will be discussed.
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Role of calcineurin isoforms in muscle regeneration
Nadia Rosenthal

Mouse Biology Programme
European Molecular Biology Laboratory
Monterotondo (Rome)

ITALY

The remarkable potential of certain mammalian tissues to rebuild themselves has been
linked to mounting evidence for populations of adult mammalian progenitor cells, perhaps set
aside during gestation. These regenerator cells can contribute to multiple tissue types under
appropriate experimental conditions and in response to damage. Lack of a sufficiently robust
regenerator cell population may explain why some organs do not regenerate as well as others,
and may underlie the decreased regenerative capacity of aging tissues. Studies on
regeneration in lower vertebrates provide an alternate mechanism whereby the rebuilding of
damaged tissue could couple acute response to injury with activation of cell dedifferentiation
and plasticity in surrounding tissues, providing a local source of regenerator cell pools.

We previously reported that regeneration was enhanced in transgenic mouse muscle
expressing a local isoform of Insulin-like Growth Factor 1 (mIGF-1), which induces
hypertrophy and maintains tissue integrity during aging "* enhances healing following injury

or exercise °, and counters muscle decline in degenerative disease *. In more recent studies
we have documented an increase in regenerator cell markers in injured mIGF-1 muscles.
Elevated recruitment of proliferating bone marrow cells to sites of muscle regeneration in
mIGF-1 transgenic mice was accompanied by increased bone marrow stem cell production,
revealing an unexpected humoral response to distal trauma. Damaged mIGF-1 transgenic
muscles also activated novel genes implicated in urodele amphibian regeneration, suggesting
that enhanced regenerative capacity of these animals may involve local responses as well.

To further explore the molecular basis of muscle regeneration, we examined the role
of calcineurin-mediated signalling, which in skeletal muscle cultures is activated by mIGF-1
in association with NFATcl and GATA-2 °. The calcineurin family includes multiple
isoforms of the CnA and CnB subunits. Differential expression patterns of calcineurin A and
B isoforms in muscle during aging, neurodegenerative disease, and injury included a dramatic
isoform switch in CnAbeta isoforms during the regeneration process, enhanced by mIGF-1.
Over-expression of native CnA genes in skeletal muscle cultures revealed surprising
differences in isoform activity. Preliminary analysis of mice over-expressing a muscle-
specific, full-length CnAalpha transgene revealed novel physiological effects distinct from
those of the truncated, active variant of CnAalpha, in resting, exercising or regenerating
muscles. These observations implicate diverse calcineurin signalling pathways in normal and
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pathological skeletal muscle functions, and reveal potential roles for specific calcineurin
isoforms in both distal and local regenerative responses.
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Calcineurin/NFAT signaling sustains long-term pathologic, but not
physiologic cardiac hypertrophy

Benjamin J. Wilkins, Yan-Shan Dai, Orlando F. Bueno, Stephanie A. Parsons, David M.
Plank, Fred Jones, Thomas R. Kimball, and Jeffery D. Molkentin

Calcineurin (PP2B) is a calcium-calmodulin activated, serine-threonine phosphatase
that transmits signals to the nucleus through the dephosphorylation and translocation of
nuclear factor of activated T cell (NFAT) transcription factors. While calcineurin-NFAT
signaling has been implicated in regulating the hypertrophic growth of the myocardium,
considerable controversy persists as to its role in maintaining versus initiating hypertrophy, its
role in pathologic versus physiologic hypertrophy, and its role in heart failure. To address
these issues we report the generation and characterization of NFAT-luciferase reporter
transgenic mice. These mice show robust and calcineurin-specific activation in the heart that
is inhibited with cyclosporine A. In the adult heart, NFAT-luciferase activity is upregulated in
a delayed, but sustained manner throughout eight weeks of pathologic cardiac hypertrophy
induced by pressure-overload, or more dramatically following myocardial infarction-induced
heart failure. In contrast, physiologic hypertrophy as produced in two separate models of
exercise training failed to show calcineurin-NFAT signaling in the heart at multiple time
points, despite measurable increases in heart-to-body-weight ratios. Moreover, stimulation of
hypertrophy with growth hormone-insulin-like growth factor-1 (GH-IGF-1) failed to activate
calcineurin-NFAT signaling in the heart or in a culture-based model, despite hypertrophy,
activation of Akt, and activation of p70 S6K. Lastly, exercise- or GH-IGF-1-induced cardiac
growth failed to show induction of hypertrophic marker gene expression compared with
pressure-overloaded animals. These results suggest that separable signaling pathways regulate
pathological versus physiological hypertrophic growth of the myocardium, with calcineurin-
NFAT functioning as a sustained mediator of maladaptive hypertrophy and heart failure.
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NFAT is a nerve activity sensor and controls the fast/slow phenotype in

skeletal muscle

S. Schiaffino, K. McCullagh, E. Calabria, G. Pallafacchina, S. Ciciliot, A.L. Serrano

Department of Biomedical Sciences, University of Padova; Venetian Institute of Molecular

Medicine, Padova, Italy

We are interested in identifying the signal transduction pathways that mediate the effect of
nerve activity on the muscle phenotype. Using pharmacological approaches and in vivo
transfection (by intramuscular plasmid injection) with DNAs coding for constitutively active
or inhibitory factors, we have previously shown that calcineurin controls nerve activity-
dependent fiber type specification but not muscle growth (Serrano et al., 2001). The
transcription factor NFAT is a well-known target of calcineurin in different cell systems.
However, the role of NFAT as a calcineurin downstream effector in skeletal muscle is

controversial. We have used multiple approaches to determine the role of NFAT in skeletal
muscle in vivo.

1l

2

First we used a constitutively active form of NFAT and showed that it has a
constitutive nuclear localization and activates a co-transfected NFAT-dependent
reporter following transfection in vivo. Constitutively active NFAT was found to
induce the expression of slow myosin heavy chain (MyHC) in denervated regenerating
rat soleus muscle (that normally shows a default fast phenotype), thus reproducing the
effect of slow motor neuron activity.

To block selectively the activation of NFAT by calcineurin, we used the NFAT
peptide inhibitor VIVIT linked to GFP. VIVIT-GFP blocks the expression of MyHC-
slow but not the increase in fiber size in regenerating innervated soleus muscle. In the
adult soleus muscle, VIVIT-GFP inhibits the expression of MyHC-slow transcripts
and the activity of a MyHC-slow promoter.

Two NFAT-dependent reporters, derived from the DSCR1/MCIP1 and IL-4 promoter,
were used to monitor NFAT transcriptional activity in vivo. NFAT activity is higher in
muscles expressing a slow phenotype compared to muscles with a fast phenotype and
is blocked by VIVIT-GFP and by the calcineurin inhibitor cain/cabinl. Furthermore,
NFAT activity is decreased by denervation in adult slow muscles and is increased by
electrostimulation of denervated muscles with a low frequency impulse pattern,
mimicking the firing pattern of slow motor neurons, but not with a high frequency
pattern typical of fast motor neurons.

Transfection in vivo with NFATcl-GFP was used to follow the intracellular
localization of NFAT in response to electrostimulation with specific activity patterns.
In resting muscles, as well as muscles stimulated with high frequency trains of
impulses (fast-like pattern), NFATc1-GFP has a cytoplasmic localization. In contrast,
stimulation with low frequency trains of impulses (slow-like pattern) rapidly induces
nuclear translocation of NFATc1-GFP.
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These results demonstrate that NFAT is a nerve activity sensor in skeletal muscle in vivo
and controls electrical activity-dependent fibre type specification.

References:
Serrano A.L., Murgia M., Pallafacchina G., Calabria E., Coniglio P., Lomo T., Schiaffino S. (2001) Calcineurin

controls nerve activity-dependent specification of slow skeletal muscle fibers but not muscle growth. Proc. Nat.
Acad. Sci. USA, 98:13108-13.




57

Cell fusion in skeletal muscle: Central role of NFATC2 in regulating muscle
cell size

Grace K. Pavlath

Department of Pharmacology
Emory University School of Medicine
Atlanta, GA. 30322

Skeletal muscle formation and growth require the fusion of myoblasts to form
multinucleated myofibers or myotubes. Studies of the calcium activated transcription factor
NFATC2 demonstrate that cell fusion during myogenesis occurs in two distinctly regulated
phases. NFATC2 controls myoblast fusion after the initial formation of a myotube and is
necessary for further cell growth. Recently we have shown that following myotube formation,
myotubes recruit myoblast fusion by secretion of IL-4 and prostaglandin F2a. Molecules that
control muscle cell fusion are of great interest from a therapeutic standpoint to enhance
growth of muscle after injury or to alleviate the loss of muscle mass found in disease or aging.
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Characterization of the calcium/calcineurin-mediated response in yeast
under alkaline pH stress

Raquel Serrano, Laia Viladevall, Amparo Ruiz, Anna Barcel6 and Joaquin Arifio

Exposure of the yeast Succharomyces cerevisiae to an alkaline environment represents
a situation of stress. In response to such situation, these cells modulate their transcriptional
program, which result in induction or repression of a number of genes (1,2). We have
observed that, in some cases, the transcriptional response derived from exposure to alkali
depends, in full or in part, of the integrity of the calcineurin pathway (2). This suggest that
exposure to alkali could trigger a burst of intracellular calcium as primary response. Our
current efforts are focused in the characterization of the nature of this calcium burst. In
addition, by using DNA microarray technology we seek to evaluate at the genome level the
extent of the calcium-mediated transcriptional response to alkaline stress.
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Phosphorylation at the FLISPP motif of calcipressin 1 affects calcineurin
inhibition and calcipressin 1 stabilization

Lali GENESCA, Anna AUBAREDA., Juan J. FUENTES, Xavier ESTIVILL, Susana DE LA
LUNA, and Merce PEREZ-RIBA

Calcipressin 1 is a member of the calcipressin family, which are endogenous inhibitors
of calcineurin. Calcipressin 1 is encoded by the human chromosome 21 DSCRI gene. It
consists of seven exons, exons 1 to 4 being alternative first exons in isoforms 1 to 4. We
demonstrate that the N-terminal region of the isoform 1 is longer than the one previously
described generating a new polypeptide of 252 amino acids. This polypeptide can interact in
vivo with calcineurin A and B and inhibits NF-AT-mediated transcriptional activation.
Calcipressin 1 is a phosphoprotein and phosphorylation takes place at the two serine residues
of the FLISPP motif, which is the signature of the calcipressin family, and at least at one site
outside this motif, visible upon two-dimensional gel electrophoresis analysis, also indicating
that the site outside the motif is independent of the FLISPP phosphorylation state. The
functional implications of the phosphorylation at the FLISPP motif are an increase in the
capacity to inhibit calcineurin and proteasome-dependent degradation of calcipressin 1. We
suggest that phosphorylation of calcipressin 1 is involved in the regulation of the phosphatase

activity of calcineurin and therefore has the capacity to modulate calcineurin dependent
cellular pathways.



63

Calsarcin-1, a sarcomeric protein that modulates calcineurin activity

T. Barrientosl, N. Frey2, J.M. Shelton3, P. Tannous3, J.A. Richardson3, J.A. Hill3, and E.N.
Olsonl

I Department of Molecular Biology, 3Internal Medicine, University of Texas Southwestern
Medical Center, Dallas, TX 75390, USA. 2Department of Cardiology, University of
Heidelberg, 69120, Germany

Calsarcins represent a novel protein family that are localized to the sarcomere and
interact with several other Z-disc-proteins including alpha-actinin, gamma-filamin, telethonin
and ZASP/Cypher/oracle. Interestingly, calsarcins also interact with the calcium-/calmodulin
dependent phosphatase calcineurin, suggesting that they may serve as a site of integration for
sarcomeric and signaling proteins. Previously, calcineurin has been implicated in the

development of cardiac hypertrophy as well as the control of the fiber type specification in
skeletal muscle.

In the adult, calsarcin-1 is specifically expressed in cardiac and slow-twitch skeletal
muscle, while calsarcin-2 and 3 are only expressed in fast-twitch skeletal muscle. /n vitro,
calsarcin-1 acts as a modulator of calcineurin activity by slightly activating calcineurin at low
concentrations, while inhibiting calcineurin activity at higher concentrations. In order to study
the function of calsarcins in vivo, we generated mice with targeted ablation of the calsarcin-1
gene. Calsarcin-1-deficient mice are viable and display no overt defects in cardiac or skeletal
muscle. Careful analysis, however, revealed that skeletal muscle of calsarcin-1 null mice
shows an increase in the number of slow-twitch muscle fibers. Moreover, cardiomyocytes of
calsarcin-1-/- hearts are smaller than those from wild type hearts. Calsarcin-1-/- hearts also
exhibit an increased expression of hypertrophic markers, such as Atrial Natriuretic Factor,
beta-Myosin Heavy Chain and Brain Natriuretic Peptide. Electron microscopy of the hearts of
calsarcin-1-/- mice shows wider and “fuzzier” Z bands compared to wild type hearts. We
performed thoracic aortic banding on the calsarcin-1-/- mice to subject them to increased
biomechanical stress. Interestingly, we observed an exaggerated hypertrophic response in
calsarcin-1-/- mice compared to wild type mice. Similarly, when calsarcin-1-/- mice were
crossed with transgenic mice that expressed activated calcineurin in the heart (Cna-tg), those
animals displayed massive hypertrophy and died before four weeks of age. Morphometric
analysis revealed an increase in cardiomyocyte size in the calsarcin-1-/-/Cna-tg transgenic
mice compared to calcineurin transgenic mice alone.

Taken together, our data show that the absence of calsarcin-1 sensitizes the heart to
pathological signals leading to hypertrophy. These findings suggest that calsarcin-1

negatively regulates cardiac hypertrophy in vivo and that this effect might be mediated by
modulation of calcineurin activity.
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Normal B-1a cell development requires B cell-intrinsic NFAT2 activity

Robert Berland and Henry H. Wortis

B-1a cells, an anatomically, phenotypically, and functionally distinct subset of B cells
that produce the bulk of natural serum IgM and much of gut-associated IgA, are an important
component of the early response to pathogens (reviewed in 1). Because the induced
expression of CDS5, a hallmark of B-1a cells, requires an NFAT-dependent enhancer (2), we
examined the role of NFAT transcription factors in B-1a development.

Here we show that the B-la compartment is normal in mice lacking NFAT1 but
essentially absent in mice lacking NFAT2. Loss of NFAT2 affects both peritoneal and splenic
B-1a cells. Since there is a loss of B-1 cells defined by markers other than CD5, NFAT? is not
required simply for CDS5 expression on B-la cells. Using mixed allotype chimeras and
retroviral-mediated gene transduction we show that the requirement for NFAT2 is B cell
intrinsic. We also demonstrate that NFAT2 protein expression is elevated about five fold in
B-1a cells compared to B-2 cells. This is the first definitive demonstration of a B cell intrinsic
function for an NFAT family transcription factor.

References:

1.Berland R, Wortis HH. Origins and functions of B-1 cells with notes on the role of CD5.Annu Rev Immunol.
2002;20:253-300.

2.Berland R, Wortis HH. An NFAT-dependent enhancer is necessary for anti-IgM-mediated induction of murine
CD5 expression in primary splenic B cells. J Immunol. 1998 Jul 1;161(1):277-85.



65

The role of Candida albicans calcineurin for virulence and survival in
serum

Jill R. Blankenship, Floyd L. Wormley, Wiley A. Schell, John R. Perfect, Joseph Heitman

The protein phosphatase calcineurin, which controls the nuclear import of the
transcription factor NF-AT (1, 6) in humans and Crzl (7) in the fungus Saccharomyces
cerevisiae, is important for stress response (temperature, pH, and cations) in fungi (3-5, 8).
Calcineurin is essential for the virulence of the human fungal pathogen Cryptococcus
neoformans because it is required for growth at temperatures higher than 37° C (4, 5).
Calcineurin also enables the human fungal pathogen Candida albicans to survive in the host
environment. C. albicans is the most common cause of invasive fungal infection in humans,
affecting both immunocompetent and immunocompromised patients. Interestingly,
calcineurin is not important for survival during temperature stress in this fungus but is
essential for survival in serum(2). This survival defect of the calcineurin mutant strains in the
bloodstream prevents the establishment of a lethal systemic infection in the murine tail-vein
injection model of candidiasis. Biochemical and genetic studies are in progress to establish
calcineurin’s role in protecting C. albicans in serum. Biochemical analysis of serum has
revealed a small molecular weight (<3 kD) and proteinase K insensitive component is toxic to
calcineurin mutant strains. Genetic studies have revealed spontaneous mutants of calcineurin
mutant strains containing suppressors that partially restore survival in serum, and genomic
analysis has revealed potential targets for calcineurin activity under serum stress. This study
has the potential to reveal novel aspects of innate immunity as well as gain a greater
understanding of calcineurin signalling pathways in fungi.
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Inhibition of NFAT dependent transcription. A new pharmacological effect
of salicylates

Garcia-Rodriguez, C., Aceves, M., Dueiias, A., Gémez Lucio, C., Sanchez Crespo, M.

The anti-inflammatory effects of salicylates, originally attributed to inhibition of
cyclooxygenase activity, are now associated to other mechanisms. In this study we have
investigated the possible involvement of NFAT-mediated transcription in those drugs effects.
Transactivation ~ experiments performed with different reporters showed that
trifluoromethylated salicylate derivatives strongly inhibited NFAT-dependent transcription at
therapeutically relevant concentrations, whereas sodium salicylate and aspirin required
concentrations as high as 2-5 mM. RNase protection assays (RPA) showed that salicylate
derivatives inhibited mRNA expression of several NFAT-containing and cyclosporin A
(CsA)-sensitive genes in a dose-dependent manner. In Jurkat cells, inhibition of IL-3 and
GM-CSF and partial inhibition of TNF-a, TGF-bl, IL-2, lymphotactin (Ltn), macrophage
inflammatory protein (MIP)-1a, MIP-1b and IL-8 were observed. In monocytic cell lines,
partial inhibition of M-CSF, G-CSF, stem cell factor, IFN-g, TGF-bl, lymphotoxin-bl, MIP-
la, MIP-1b, and IL-8 was observed. Sodium salicylate and aspirin only showed significant
effect above therapeutical concentrations. When a T-cell specific enhancer in the IL-3 locus,
which contains NFAT/Oct sites, and a GM-CSF full promoter were used, inhibition of
transcriptional activity by salicylate and derivatives was also observed. In summary, these
data provide the first evidence of inhibition of NFAT-dependent transcription as a new
pharmacological property of salicylates.
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Regulation of NFATs by multiple phosphorylation sites

Thomas Héfer, Carlos Salazar

NFAT transcription factors are activated through dephosphorylation by the
phosphatase calcineurin. Experimental data show that thirteen conserved phosphorylation
sites conspire to control the transition between an active and an inactive conformation. We
propose a quantitative model of the underlying molecular mechanisms that may generally
apply to multiply phosphorylated proteins. Mathematical analysis shows that multiple
phosphorylation sites can create a threshold for protein activation. Properties that favor such a
threshold are a multi-hit mechanism of phosphate processing and cooperativity between the
individual sites, and the modeling suggests experimental approaches to probe for these
features. The sharpness of the threshold increases with the number of phosphorylation sites,
thus providing a rationale for the involvement of the large number of serines in NFAT
activation. An extension of the model including the nuclear import and export processes
reproduces experimental data on the NFAT activation kinetics by different types of calcium
signals. Studying the impact of NFAT kinases on activation, we find that the effect of nuclear
n.nases is generally larger than that of cytoplasmic kinases.
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Selective inhibition of calcineurin-NFAT signalling by small nonpeptide
inhibitors

Sunghyun Kang, Michael H. A. Roehrl, Jose Aramburu, Gerhard Wagner, and Patrick G
Hogan

The Center for Blood Research, the Department of Biological Chemistry and Molecular
Pharmacology, and the Department of Pathology, Harvard Medical School, Boston,
Massachusetts 02115, USA

The calcineurin-NFAT pathway is a critical link between the T cell receptor and
cytokine gene expression, and participates in the genetic programs of muscle fiber-type
specialization, osteoclast differentiation, and myocardial hypertrophy. This pathway is of
major clinical interest, since the effectiveness of the immunosuppressive compounds
cyclosporin A (CsA) and FK506 is correlated with their inhibition of calcineurin enzymatic
activity. The toxicity of these calcineurin enzyme inhibitors is due in part to the fact that
calcineurin controls many downstream effectors including transcription factors, enzymes, ion
transporters, transmembrane ion channels, and proteins involved in apoptosis. Inhibition of
calcineurin-NFAT signalling would be an attractive method of treating asthma, inflammatory
and autoimmune diseases, and conceivably pathological cardiac hypertrophy, if the serious
side effects of CsA and FK506 could be minimized.

The existence of diverse mechanisms for targeting calcineurin to its cellular substrates
raises the possibility of designing substrate-selective inhibitors of calcineurin that do not
block enzyme activity per se, but rather interfere with recognition of one or more of its
substrates. We previously showed that the efficiency and specificity of calcineurin-NFAT
signalling depends on docking of NFAT-family proteins to a recognition site in calcineurin,
and that calcineurin-NFAT signalling in cells can be selectively inhibited by intracellular
delivery of a peptide that competes at the recognition site. We have extended this approach by
screening a library of small organic molecules to identify compounds that inhibit calcineurin-
NFAT docking. We selected a few compounds for more detailed characterization, and showed
that they block NFAT dephosphorylation in vitro, and prevent activation of NFAT and
induction of NFAT-dependent cytokine mRNAs in T cells. These findings highlight the

promising new strategy of blocking intracellular signalling pathways by interfering with
specific protein-protein interactions.
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Regulation of cyclooxygenase-2 expression in human T lymphocytes by
glucocorticoids: An essential role of the nuclear factor of activated T cells

iﬁigucz M.A., Cacheiro C., Punzén C., Herméndez G.L., Redondo J.M. and Fresno M.

Cyclooxygenase (COX) is the enzyme responsible for the conversion of arachidonic
acid to prostaglandin (PG)-H2, the main step in the prostanoids synthesis pathway. Two
isoforms of this enzyme, named COX-1 and COX-2, have been shown to be expressed in
mammalian tissues. COX-2 isoform is induced by several stimuli including cytokines and
mitogens and its induction is inhibited by glucocorticoids. It is thought to be the responsible
for the increased production of PGs in pathologic processes (reviewed in 1). We have
previously reported that transcriptional induction of COX-2 occurs early after T cell receptor
triggering, suggesting functional implications of COX-2 activity in this process (2). Here, we
show that glucocorticoids block COX-2 induction and prostaglandin synthesis in T cells
activated by anti-CD3 plus anti-CD28 agonist antibodies or by phorbol ester plus calcium
ionophore. COX-2 inhibition by glucocorticoids occurs mainly at the transcriptional level,
since this drug inhibited COX-2 promoter induction. We have recently identified two NFAT
sites in the COX-2 promoter required for glucocorticoid-mediated inhibition (3).
Glucocorticoid treatment did not inhibit NFAT translocation to the nucleus but diminished its
binding to DNA. It also prevented induction of the transactivation function of Gal4-NFAT
deletion constructs containing the N-terminal transactivation domain of human NFATc2 (4).
These effects are dependent on the presence of the glucocorticoid receptor. Evenmore, an
activation-deficient glucocorticoid receptor mutant is as effective as the wild-type receptor in
repression of NFAT transactivation (5). These results could explain some of the anti-
inflammatory properties of glucocorticoids through their ability to interfere with the signal
transduction pathways leading to activation of NFAT transactivation and induction of
proinflammatory genes as COX-2 in activated human T cells.
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Role of peroxynitrite in endothelial damage mediated by Cyclosporine A
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The calcineurin inhibitor Cyclosporine A (CsA) is a potent immunosuppresant widely
employed in the clinical setting. Its use is not devoid of side effects, among which vascular
injury and nephrotoxicity are significant. These effects have been related in part to the pro-
oxidative action of CsA. We have been studying the basis of endothelial dysfunction
associated to CsA. While endothelial cells (EC) exposed to CsA for long periods of time
produce more nitric oxide (NO) due to the transcriptional activation of eNOS, EC incubated
for 2 h with CsA generate reactive oxygen and nitrogen intermediates (ROI and RNI). With
the use of several fluorescent probes (dihydroethidium-DHE, diaminofluorescein/diacetate-
DAF-2/DA, dihydrorhodamine 123-DHR 123), electron spin resonance with the spin trap
DMPO, ozone chemilumiscence and nitrotyrosine immunocytochemistry we were able to
show that a) CsA promotes the generation of peroxynitrite (OONO-) b) this generation leads
to an increased tyrosine nitration which is N-acetylcysteine sensitive and is reflected in the
nitration of proteins crucial in the balance of the redox state such as Mn-SOD and c)
superoxide anion (O2-) is the limiting factor in the formation of ONOO-. Mice treated with
CsA for 2 h showed an increased presence of nitrotyrosine in the vascular wall as developed
by immunocytochemistry staining of aortic rings with antinitrotyrosine antibodies. Thus, it is
possible that ONOO- and nitrotyrosine formation in EC may represent underlying
pathophysiological mechanisms for CsA-associated vascular injury.
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Convergence of calcineurin and ERK1/2 signaling on insulin gene
transcription

Michael Lawrence, Kathleen McGlynn, Don Arnette, Tara Beers-Gibson and
Melanie Cobb

The insulin promoter is both positively and negatively regulated in response to
conditions to which beta-cells are exposed. In the short term, elevated glucose results in an
enhancement in the rate of insulin gene transcription. In contrast, chronic exposure of beta-
cells to supraphysiological conditions of glucose or free fatty acids results in a desensitization
of its glucose-responsiveness. We have previously shown that ERK1/2 activation by glucose
is calcineurin-dependent. Here, we describe a mechanism whereby calcineurin influences the
insulin gene promoter via NFAT and the ERK 1/2-dependent activation of trans-acting factors,
MafA and C/EBP-beta. Treatment of INS-1 clonal beta-cells with glucose for 30min resulted
in NFAT-MafA cooperative binding to the glucose-responsive A2-C1 element of the insulin
gene promoter. This complex was disrupted by C/EBP-beta in cells chronically cultured in
high (11mM) glucose conditions. Formation of NFAT-MafA and NFAT-C/EBP-beta
complexes was sensitive to MEK1/2 and calcineurin inhibitors. Moreover, exposure of INS-1
cells to glucose for more than 24hrs resulted in the repression of the insulin promoter activity
to levels below basal insulin gene transcription. The repression of promoter activity could be
restored to basal levels by treatment with MEK1/2 inhibitor, U0126 (10uM). The calcineurin
inhibitor, FK506 (100nM), completely blocked insulin gene transcription in all cases. These
results indicate that calcineurin can activate the insulin promoter by at least two distinct
converging signals: 1) the direct modulation of NFAT and 2) the positive regulation of the
ERK1/2 pathway. The ERK1/2 pathway can in turn modulate partners of NFAT which can

either stimulate or repress insulin gene transcription during stimulatory and chronic exposure
to glucose, respectively.
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The transcription factor NFATS facilitates the activation of NFAT1 by
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NFATS differs from NFATc proteins in that it lacks their characteristic N-terminal
domain that contains the calcineurin docking site PXIXIT and regulatory phosphorylation sites.
However, NFATS displays a DNA binding specificity highly similar to that of NFATc and is
induced in activated T cells in a calcineurin-dependent manner, suggesting that it might
participate in regulatory pathways that engage calcineurin and NFATc proteins. We have
investigated whether an interaction exists between NFATS and the calcineurin-NFATc
pathway. Our results show that calcineurin can bind to the DNA binding domain of NFATS.
This interaction is not compited by peptides comprising the PXIXIT calcineurin docking site of
NFATc nor by the N-terminal domain of NFAT1. Conversely, the DNA binding domain of
NFATS does not inhibit the binding and dephosphorylation of NFAT1 by calcineurin nor the
enzyme’s phosphatase activity. In addition, NFATS interacts with the phosphorylated form of
NFAT1 but not with the dephosphorylated protein. The region of NFATS involved in binding
to NFATI spans its N-terminal and DNA binding domains but not its large C-terminal
transactivation domain. Expression of and NFATS construct lacking its C-terminal domain
potentiates the calcineurin-mediated dephosphorylation of NFAT1 and its transcriptional
activity. These results indicate that NFATS, independently of its own transcriptional function,
might cooperate with NFAT1 by facilitating its activation by calcineurin.
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Superoxide targets calcineurin in vascular endothelium

Namgaladze D., Shcherbyna I., Hofer H.W., Ullrich V.

Vascular endothelium is subjected to oxidative stress under a variety of
pathophysiological conditions, such as ischemia/reperfusion, hypercholesteremia or diabetes.
Elucidation of molecular targets of reactive oxygen species (ROS) in endothelial cells is
critical for understanding the mechanisms leading to endothelial dysfunction in these disease
states. Superoxide is the primary ROS formed by univalent reduction of molecular oxygen,
and multiple superoxide sources were identified in the endothelium. We have shown
previously that low concentrations of superoxide efficiently inhibit phosphatase activity of
calcineurin (CaN) by oxidizing Fe2+ at the enzyme’s active site. In this study we investigated
whether CaN and signaling downstream thereof are affected by superoxide in cultured
endothelial cells. We used a redox cycling agent, DMNQ, as an intracellular superoxide
source. Incubation of bovine aorta endothelial cells (BAEC) or human umbilical vein
endothelial cells (HUVEC) with DMNQ led to dose-dependent inhibition of CaN activity in
cell lysates. Similar effects had inhibition of intracellular Cu, Zn-superoxide dismutase
(SOD1) with diethyldithiocarbamate (DDC).

Pre-incubation with SODI, in contrast, prevented DMNQ-induced inhibition of CaN
activity. We also investigated the effects of DMNQ upon CaN-NFAT pathway in endothelial
cells. NFAT is a family of CaN-activated transcription factors, which also participate in the
regulation of endothelial gene expression. DMNQ inhibited calcium ionophore-induced
NFAT! dephosphorylation as well as NFAT nuclear translocation in HUVEC. The effect of
DMNQ could be prevented by SOD1 or by superoxide scavenger Tiron. In addition,
transcriptional activity of NFAT was sensitive to superoxide as judged by luciferase reporter
assays. Thus, the calcineurin-NFAT signaling pathway appears to be a critical target of
superoxide in vascular endothelium.
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Modulatory calcineurin-interacting proteins (MCIPs): Balancing
calcineurin signaling in skeletal muscle and heart

Victoria Copeland, Erik Bush, Christine Mantis, Joseph A. Hill, and Beverly A. Rothermel

Modulatory calcineurin-interacting proteins (MCIPs), also known as the Down
syndrome critical region 1 (DSCRI1) and DSCRI-like proteins, are a family of small,
structurally related proteins that bind to and inhibit calcineurin, a serine/threonine protein
phosphatase that is an important transducer of intracellular calcium signals. Transcription of
the mammalian MCIP1 gene is induced by calcineurin, suggesting that it functions as an
endogenous feedback regulator of calcineurin activity, protecting cells from potentially
deleterious effects of unrestrained calcineurin signaling. This transcriptional feedback loop
between MCIP and calcineurin is conserved from yeast to humans indicating that it is a
fundamental regulatory process. Using an antibody specific for MCIP1, we have verified that
the protein is most abundant in brain, heart, and skeletal muscle, tissues that experience
frequent fluxuations in calcium levels. In skeletal muscle, MCIP1 is a cytoplasmic protein
with three primary isoforms that migrate around 36, 32 and 25 kD on SDS-PAGE. These
isoforms differ in their stability and muscle fiber type expression. The 36 kD isoform is
abundant in all muscle types and is very stable. The 32 kD isoform is characteristic of fast
fiber-rich glycolytic muscles, while the 25 kD calcineurin-induced isoform is specific to
highly oxidative muscles that are rich in slow fibers. Numerous cellular stresses, including
hypoxia, result in accumulation of the 25 kD protein. The 25 kD protein is turned over rapidly
via the proteasome with an apparent T1/2 of less than 5 minutes. Calcineurin activity
stabilizes this isoform, substantially slowing the rate of protein turnover. We have examined
the role of MCIP1 phosphorylation and calcineurin activity on degradation of this 25 kD
species. We propose a model for the calcineurin/MCIP regulatory loop in which equilibrium
is established between calcineurin activity and MCIP protein levels. Furthermore, we

speculate perturbation of this equilibrium contributes to the multiple pathologies observed in
Down syndrome.
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Calcipressin 1 regulates the pattern of calcineurin-dependent gene
expression

Sandra Ryeom*, Rebecca Greenwald+, Arlene Sharpe+, Frank McKeon*

Calcineurin links calcium signaling to transcriptional responses in the immune,
nervous and cardiovascular systems. To determine the function of the calcipressins (Csps), a
family of putative calcineurin inhibitors, the calcineurin-dependent process of T cell
activation was assessed in mice engineered to lack the Cspl gene. We demonstrate that Cspl
regulates calcineurin in vivo, and show that genes triggered in an immune response display
unique transactivation thresholds for T cell receptor (TCR) stimulation. In the absence of
Cspl, the apparent transactivation thresholds for all of these genes are shifted due to enhanced
calcineurin activity. This unregulated calcineurin activity drives Fas ligand expression which
normally requires high TCR stimulation and results in the premature death of the T helper 1
cells. Thus, calcipressins modulate the pattern of calcineurin-dependent transcription, and

may influence calcineurin activity beyond calcium to integrate a broad array of signals into
the cellular response.
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Vav cooperates with calcineurin to activate JNK in T cells

Sandra Kaminski, Amnon Altman and Martin Villalba

Vav, the 95-kDa product of the vav protooncogene, is a member of the Dbl family
which is expressed exclusively in hematopoietic cells and becomes phosphorylated on
tyrosine in response to antigen receptor ligation. Although Vav was found to act as a Rac-
specific guanine nucleotide exchange factor (GEF) and a c-Jun N-terminal kinase (INK)
activator in vitro and in ectopic expression systems using non-hematopoietic cells, it is not
known whether these activities represent its physiological function in cells that normally
express it, e.g., in lymphocytes. Here, we studied the role of Vav in JNK activation in T cells.
Although Vav caused significant activation of JNK in non-hematopoietic COS and 293 cells,
it barely activated JNK in Jurkat T lymphocytes. In contrast, an active Rac mutant efficiently
stimulated JNK under the same conditions. The failure of Vav to activate JNK did not
represent a general lack of activity of Vav in T cells since Vav clearly stimulated the activity
of a nuclear factor of activated T cells (NFAT) reporter plasmid in the same cells. However,
Vav cooperated with calcineurin (Cn) to induce JNK activation (and enhance NFAT activity)
in T cells. This cooperation was cell type-specific since it was not observed in COS or 293
cells. Furthermore, Vav did not stimulate the activity of two other mitogen-activated protein
(MAP) kinases, i.e., ERK2 and p38, in T cells either alone or in combination with Cn. These
findings demonstrate that Vav, which is a poor JNK activator in T cells, cooperates with Cn to

activate JNK, and emphasize the importance of studying the physiological functions of Vav in
hematopoietic cells
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Workshop on Tolerance: Mechanisms
and Implications.
Organizers: P. Marrack and C. Martinez-A.

Workshop on Pathogenesis-related
Proteins in Plants.

Organizers: V. Conejero and L. C. Van
Loon.

Course on DNA - Protein Interaction.
M. Beato.

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

Lecture Course on Approaches to
Plant Development.

Organizers: P. Puigdoménech and T.
Nelson.

Curso Experimental de Electroforesis
Bidimensional de Alta Resolucion.
Organizer: Juan F. Santarén.

Workshop on Genome Expression
and Pathogenesis of Plant RNA
Viruses.

Organizers: F. Garcia-Arenal and P.
Palukaitis.

Advanced Course on Biochemistry
and Genetics of Yeast.

Organizers: C. Gancedo, J. M. Gancedo,
M. A. Delgado and I. L. Calderon.

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

Workshop on Chromatin Structure
and Gene Expression.

Organizers: F. Azorin, M. Beato and A.
A. Travers.
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*258

*259

*260

261

*263

*264
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Lecture Course on Polyamines as
Modulators of Plant Development.
Organizers: A. W. Galston and A. F.
Tiburcio.

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

Workshop on Transcription and
Replication of Negative Strand RNA
Viruses.

Organizers: D. Kolakofsky and J. Ortin.

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

Workshop on Regulation of
Translation in Animal Virus-Infected
Cells.

Organizers: N. Sonenberg and L.
Carrasco.

Lecture Course on the Polymerase
Chain Reaction.
Organizers: M. Perucho and E.
Martinez-Salas.

Workshop on Yeast Transport and
Energetics.
Organizers: A. Rodriguez-Navarro and
R. Lagunas.

Workshop on Adhesion Receptors in
the Immune System.

Organizers: T. A. Springer and F.
Sanchez-Madrid.

Workshop on Innovations in Pro-
teases and Their Inhibitors: Funda-
mental and Applied Aspects.
Organizer: F. X. Avilés.



267 Workshop on Role of Glycosyl-

Phosphatidylinositol in Cell Signalling.
Organizers: J. M. Mato and J. Larner.

268 Workshop on Salt Tolerance in

Microorganisms and Plants: Physio-
logical and Molecular Aspects.

269

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

Workshop on Neural Control of
Movement in Vertebrates.

Organizers: R. Baker and J. M. Delgado-
Garcia.
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Workshop on What do Nociceptors
Tell the Brain?
Organizers: C. Belmonte and F. Cervero.

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

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

Workshop on the Past and the Future
of Zea Mays.

Organizers: B. Burr, L. Herrera-Estrella
and P. Puigdomeénech.

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

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

Workshop on Transcription Initiation
in Prokaryotes

Organizers: M. Salas and L. B. Rothman-
Denes.

Workshop on the Diversity of the
Immunoglobulin Superfamily.
Organizers: A. N. Barclay and J. Vives.

Workshop on Control of Gene Ex-
pression in Yeast.

Organizers: C. Gancedo and J. M.
Gancedo.
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*14

*15

16

"7

Workshop on Engineering Plants
Against Pests and Pathogens.
Organizers: G. Bruening, F. Garcia-
Olmedo and F. Ponz.

Lecture Course on Conservation and
Use of Genetic Resources.

Organizers: N. Jouve and M. Pérez de la
Vega.

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

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

Workshop on Frontiers of Alzheimer
Disease. )
Organizers: B. Frangione and J. Avila.

Workshop on Signal Transduction by
Growth Factor Receptors with Tyro-
sine Kinase Activity.

Organizers: J. M. Mato and A. Ullrich.

Workshop on Intra- and Extra-Cellular
Signalling in Hematopoiesis.
Organizers: E. Donnall Thomas and A.
Granena.

Workshop on Cell Recognition During
Neuronal Development.

Organizers: C. S. Goodman and F.
Jiménez.
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*25

26

27

*28

*29

Workshop on Molecular Mechanisms
of Macrophage Activation.
Organizers: C. Nathan and A. Celada.

Workshop on Viral Evasion of Host
Defense Mechanisms.

Organizers: M. B. Mathews and M.
Esteban.

Workshop on Genomic Fingerprinting.
Organizers: M. McClelland and X. Estivill.

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

Workshop on Molecular Bases of lon
Channel Function.

Organizers: R. W. Aldrich and J. Lépez-
Barneo.

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. Diaz
Orejas.

Workshop on Deterioration, Stability
and Regeneration of the Brain During
Normal Aging.

Organizers: P. D. Coleman, F. Mora and
M. Nieto-Sampedro.

Workshop on Genetic Recombination
and Defective Interfering Particles in
RNA Viruses.
Organizers: J. J. Bujarski, S. Schlesinger
and J. Romero.

Workshop on Cellular Interactions in
the Early Development of the Nervous
System of Drosophila.

Organizers: J. Modolell and P. Simpson.

Workshop on Ras, Differentiation and
Development.

Organizers: J. Downward, E. Santos and
D. Martin-Zanca.

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

Workshop on the Biochemistry and
Regulation of Programmed Cell Death.
Organizers: J. A. Cidlowski, R. H. Horvitz,
A. Lépez-Rivas and C. Martinez-A.
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*34

35

36

*37

38

39

*40

Workshop on Resistance to Viral
Infection.

Organizers: L. Enjuanes and M. M. C.
Lai.

Workshop on Roles of Growth and
Cell Survival Factors in Vertebrate
Development.

Organizers: M. C. Raff and F. de Pablo.

Workshop on Chromatin Structure
and Gene Expression.

Organizers: F. Azorin, M. Beato and A. P.
Wolffe.

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

Workshop on Computational Approa-
ches in the Analysis and Engineering
of Proteins.

Organizers: F. S. Avilés, M. Billeter and
E. Querol.

Workshop on Signal Transduction
Pathways Essential for Yeast Morpho-
genesis and Cell Integrity.

Organizers: M. Snyder and C. Nombela.

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

Workshop on Cellular and Molecular
Mechanism in Behaviour.

Organizers: M. Heisenberg and A.
Ferrus.

Workshop on Immunodeficiencies of
Genetic Origin.

Organizers: A. Fischer and A. Arnaiz-
Villena.

Workshop on Molecular Basis for
Biodegradation of Poliutants.
Organizers: K. N. Timmis and J. L.
Ramos.

Workshop on Nuclear Oncogenes and
Transcription Factors in Hemato-
poietic Cells.

Organizers: J. Ledn and R. Eisenman.
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47
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50

51

Workshop on Three-Dimensional
Structure of Biological Macromole-
cules.

Organizers: T. L Blundell, M. Martinez-
Ripoll, M. Rico and J. M. Mato.

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

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

Workshop on Selective Gene Activa-
tion by Cell Type Specific Transcription
Factors.

Organizers: M. Karin, R. Di Lauro, P.
Santisteban and J. L. Castrillo.

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

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

Workshop on Switching Transcription
in Development.

Organizers: B. Lewin, M. Beato and J.
Modolell.

Workshop on G-Proteins: Structural
Features and Their Involvement in the
Regulation of Cell Growth.

Organizers: B. F. C. Clark and J. C. Lacal.

Workshop on Transcriptional Regula-
tion at a Distance.

Organizers: W. Schaffner, V. de Lorenzo
and J. Pérez-Martin.

Workshop on From Transcript to
Protein: mRNA Processing, Transport
and Translation.

Organizers: |. W. Mattaj, J. Ortin and J.
Valcarcel.

Workshop on Mechanisms of Ex-
pression and Function of MHC Class Il
Molecules.

Organizers: B. Mach and A. Celada.
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54

55

56

57

58

59

60

61

62
63

64

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

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

Workshop on Cytokines in Infectious
Diseases.

Organizers: A. Sher, M. Fresno and L.
Rivas.

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

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

Workshop on NF-xB/IkB Proteins. Their
Role in Cell Growth, Differentiation and
Development.

Organizers: R. Bravo and P. S. Lazo.

Workshop on Chromosome Behaviour:
The Structure and Function of Telo-
tneres and Centromeres.

Organizers: B. J. Trask, C. Tyler-Smith, F.
Azorin and A. Villasante.

Workshop on RNA Viral Quasispecies.
Organizers: S. Wain-Hobson, E. Domingo
and C. Lopez Galindez.

Workshop on Abscisic Acid Signal
Transduction in Plants.

Organizers: R. S. Quatrano and M.
Pages.

Workshop on Oxygen Regulation of
lon Channels and Gene Expression.
Organizers: E. K. Weir and J. Lépez-
Barneo.

1996 Annual Report

Workshop on TGF-B Signalling in
Development and Cell Cycle Control.
Organizers: J. Massagué and C. Bemabéu.

Workshop on Novel Biocatalysts.
Organizers: S. J. Benkovic and A. Ba-
llesteros.
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66

67

68

69

70
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72

73

*74

75
76

77

Workshop on Signal Transduction in
Neuronal Development and Recogni-
tion.

Organizers: M. Barbacid and D. Pulido.

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

Workshop on Membrane Fusion.
Organizers: V. Malhotra and A. Velasco.

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

Advanced course on Biochemistry and
Molecular Biology of Non-Conventional
Yeasts.

Organizers: C. Gancedo, J. M. Siverio and
J. M. Cregg.

Workshop on Principles of Neural
Integration.

Organizers: C. D. Gilbert, G. Gasic and C.
Acuna.

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

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

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

Workshop on Plant Viroids and Viroid-
Like Satellite RNAs from Plants,
Animals and Fungi.

Organizers: R. Flores and H. L. Sanger.

1997 Annual Report.

Workshop on Initiation of Replication
in Prokaryotic Extrachromosomal
Elements.

Organizers: M. Espinosa, R. Diaz-Orejas,
D. K. Chattoraj and E. G. H. Wagner.

Workshop on Mechanisms Involved in
Visual Perception.
Organizers: J. Cudeiro and A. M. Sillito.

78

79

80

81

82

83

84

85

86

87

88

89

Workshop on Notch/Lin-12 Signalling.
Organizers: A. Martinez Arias, J. Modolell
and S. Campuzano.

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

Workshop on Plasmodesmata and
Transport of Plant Viruses and Plant
Macromolecules.

Organizers: F. Garcia-Arenal, K. J.
Oparka and P.Palukaitis.

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

Workshop on Wiring the Brain: Mecha-
nisms that Control the Generation of
Neural Specificity.

Organizers: C. S. Goodman and R.
Gallego.

Workshop on Bacterial Transcription
Factors Involved in Global Regulation.
Organizers: A. Ishihama, R. Kolter and M.
Vicente.

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

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.

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

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

Workshop on Structure and Mecha-
nisms of lon Channels.

Organizers: J. Lerma, N. Unwin and R.
MacKinnon.

Workshop on Protein Folding.
Organizers: A. R. Fersht, M. Rico and L.
Serrano.



90 1998 Annual Report.

91 Workshop on Eukaryotic Antibiotic
Peptides.
Organizers: J. A. Hoffmann, F. Garcia-
Olmedo 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. Casadesus,
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
Instability.

Organizer: M. A. Blasco.

99 Workshop on Specificity in Ras and
Rho-Mediated Signalling Events.
Organizers: J. L. Bos, 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. Rodriguez 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. Moscat.

107 Workshop on Biochemistry and Mole-
cular Biology of Gibberellins.
Organizers: P. Hedden and J. L. Garcia-
Martinez.

108 Workshop on Integration of Transcrip-
tional Regulation and Chromatin
Structure.

Organizers: J. T. Kadonaga, J. Ausié and
E. Palacian.

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

110 Workshop on Regulated Exocytosis
and the Vesicle Cycle. )
Organizers: R. D. Burgoyne and G. Alva-
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. Ledn.

113 Workshop on Regulation of Messenger
RNA Processing.
Organizers: W. Keller, J. Ortin and J.
Valcarcel.

114 Workshop on Genetic Factors that
Control Cell Birth, Cell Allocation and
Migration in the Developing Forebrain.
Organizers: P. Rakic, E. Soriano and A.
Alvarez-Buylla.



115 Workshop on Chaperonins: Structure
and Function.
Organizers: W. Baumeister, J. L. Carras-
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. Martin.

118 2000 Annual Report.

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

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

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

122 Workshop on Mechanisms of DNA-
Bound Proteins in Prokaryotes.
Organizers: R. Schleif, M. Coll and G. dei
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. Azorin, V. G. Corces, T.
Kouzarides and C. L. Peterson.

125 Workshop on Left-Right Asymmetry.
Organizers: C. J. Tabin and J. C. Izpisua
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. Ferrus.

128 Workshop on Molecular Basis of lonic
Homeostasis and Salt Tolerance in
Plants.

Organizers: E. Blumwald and A.
Rodriguez-Navarro.

129 Workshop on Cross Talk Between Cell
Division Cycle and Development in
Plants.

Organizers: V. Sundaresan and C.
Gutiérrez.

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.
Valverde.

132 2001 Annual Report.

133 Workshop on Stress in Yeast Cell
Biology... and Beyond.
Organizer: J. Arifo.

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

135 Workshop on Molecular Mechanisms of
Immune 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 .
Varela-Nieto.

140 Workshop on Regulation and Functio-
nal Insights in Cellular Polarity.
Organizers: A. R. Horwitz and F.
Sanchez-Madrid.



141 Workshop on The Structure of the
Cortical Microcircuit.
Organizers: R. Yuste, E. M. Callaway and
H. Markram.

142 Workshop on Control of NF-kB Signal
Transduction in Inflammation and
Innate Immunity.

Organizers: M. Karin, I. M. Verma and J.
Moscat.

143 Workshop on Engineering RNA Virus
Genomes as Biosafe Vectors.
Organizers: C. M. Rice, W. J. M. Spaan
and L. Enjuanes.

144 Workshop on Exchange Factors.
Organizers: X. R. Bustelo, J. S. Gutkind
and P. Crespo.

145 Workshop on the Ubiquitin-Proteasome
System.
Organizers: A. Ciechanover, D. Finley, T.
Sommer and C. Mezquita.

146 Workshop on Manufacturing Bacteria:
Design, Production and Assembly of
Cell Division Components.

Organizers: P. de Boer, J. Errington and
M. Vicente.

147 2002. Annual Report.

148 Workshop on Membranes, Trafficking
and Signalling during Animal Development.
Organizers: K. Simons, M. Zerial and M.
Gonzalez-Gaitan.

149 Workshop on Synaptic Dysfunction
and Schizophrenia.
Organizers: P. Levitt, D. A. Lewis and J.
DeFelipe.

150 Workshop on Plasticity in Piant
Morphogenesis.
Organizers: G. Coupland, C. Fankhauser
and M. A. Blazquez.

151 Workshop on Wnt Genes and Wnt
Signalling.
Organizers: J. F. de Celis, J. C. Izpisua
Belmonte and R. Nusse.

152 Workshop on Molecular and Genetic
Basis of Autoimmune Diseases: SLE
and RA.

Organizers: A. Coutinho, W. Haas and C.
Martinez-A.

*: Out of Stock.

153 Workshop on The Dynamics of
Morphogenesis: Regulation of Cell and
Tissue Movements in Development.
Organizers: C. D. Stern and M. A. Nieto.

154 Workshop on Developmental Mecha-
nisms in Vertebrate Organogenesis.

Organizers: G. Oliver and M. Torres.

155 Workshop on Neuronal Degeneration
and Novel Therapeutic Approaches in
Parkinson’s Disease.

Organizers: C. W. Olanow, J. A. Obeso
and R. Moratalla.

156 Workshop on Dendritic Cells: Biology
and Therapeutic Applications.
Organizers: R. M. Steinman, |. Melero and
A. L. Corbi.

157 Workshop on Finding the Way Out:
Protein Traffic in Bacteria.
Organizers: A. P. Pugsley and V. De
Lorenzo.



The Centre for International Meetings on Biology
was created within the
Instituto Juan March de Estudios e Investigaciones,
a private foundation specialized in scientific activities
which complements the cultural work
of the Fundacion 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 2002,
atotal of 176 meetings,
all dealing with a wide range of
subjects of biological interest,
were organized within the
scope of the Centre.
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