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Understanding how organisms develop, differentiate and maintain
homeostasis remains one of the foremost problems In the biological sciences.
Recent appreciation by the scientific community thal apoptosis or
programmed cell death plays & major role in these tundamental processes
has stimulated great interest and excitement in understanding the
mechanism, biology and control of the apoptotic process.

Often referred to as programmed cell dcath, apoptosis has been
extensively reported in the scientific literature during the last 5 years through
morphologic studies in many tissues where death was taking place as a
consequence of a physiological phenomenon. In these studies the presence
of scattered single cells with highly condensed chromatin has been one of the
parameters indicating the presence of apoptotic cell death. In & later phase
the chromatin appears distributed into sub-celluiar structures called apoptotic

bodies.

However, apoptosis has not only been observed in the balanced
situation of physiological tissue turnover but also in the elimination of specific
cell subsets that occurs in embryogenesis. Apoptosis has also been
implicated as the mechanism of cell elimination during tissue regression in
metamorphosis and during tumour growth &nd regression

Because apoptotic cells are rapidly, and specifically, engulfed in vivo
by neighbouring cells in order to keep cell debris 1o a minimum and to allow
shrinkage of a tissue without distruption of its basic architecture, these
morphological tissue sludies probably greatly underestimate the number of
deaths occuring. Indeed, it has been proposed that many cells in the nhormal
animal are undergoing apoptosls, and that those which fail to enter this cell
death program are rescued by essential "survival factors".
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In contrast to our appreciation of cell proliferation, our understanding of
the mechanism of apoptosis is still rudimentary. The alm of this meeting has
been to bring together for the first time the leading scientists to present and
debate recent progress in the study of programmed cell death. The workshop
held in Madrid has highlighted studies on apoptosis in diverse model systems
ranging from nematodes to man. This unique comparative approach has
helped to define both common and cell type specific features of the apoptotic
process and extended our understanding of its relevance in development,
differentiation and disease. In the meeting the mechanisms of activation and
suppression of apoptosis were presented in term of both signal transduction
and molecular biology of efector molecules. Other speakers analysed the
tissue specific control mechanisms and recent findings of genes critical to
programimed cell death. Furthermore, the aspects of the role of apoptosis in
cancer, autoimmunity and AIDS were covered and discussed.

Finally, in the name of all participants we would like to thank Andrés
Gonzalez and the Fundacion Juan March for their invaluable support in the
organization of this superb meeting.



Genes and Gene Products Implicated in

Programmed Cell Death
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Fas ligand and Fas; a Death Factor and its Receptor

Shigekazu Nagata, Osaka Bioscience Institute,
Suita, Osaka 565, Japan

Homeostasis in vertebrates is tightly regulated by cell death as well as by
cell proliferation. The death of cells during embryogenesis, metamorphosis,
endocrine-dependent tissue atrophy, and normal tissue turnover are
"programmed cell death", which are mediated by a process called "apoptosis".

The anti-human Fas antibody has a cytolytic activity against human cell
line expressing the Fas antigen (Fas). Molecular cloning of human Fas cDNA
indicated that Fas is a cell surface protein of 45 kDa belonging to the TNF/NGF
receptor family, and it mediates apoptosis (1). A domain of about 80 amino
acids homologous to the TNF type I receptor in the cytoplasmic region of Fas is
responsible for the apoptotic signal transduction (2). We have recently
identified the natural Fas ligand in a cytotoxic T cell line (3). The Fas ligand is
a type I membrane protein and a member of TNF family. The Fas ligand is
expressed some CTL cell lines and activated splenocytes suggesting an
involvement of the Fas system in CTL-mediated cytotoxicity.

Chromosomal mapping and genetic analysis of mouse Fas and Fas ligand
genes indicated that mouse lymphoproliferation mutation (/pr) and
generalized lymphoproliferative disease (gld) are mutations in the Fas and Fas
ligand genes, respectively (4-6). In one allele of Ipr, an early transposable
element (ETn) is inserted in intron 2 of Fas gene, which causes premature
termination and aberrant splicing of Fas mRNA (5). In other allele of lpr, a
point mutation causes a replacement of amino acid in the cytoplasmic region
of Fas, and abolishes the activity to transduce the apoptotic signal (4). On the
other hand, in gld, a point mutation in the receptor-binding domain of the Fas
ligand inactivates its activity (6). Since mice homozygous at Ipr or gld locus
develop lymphadenopathy, and suffer from autoimmune disease, it is likely
that the Fas system plays an important role in development of T cells.

In addition to thymocytes, the Fas mRNA is expressed in the liver, heart,
lung and ovary (7). Administration of agonistic anti-mouse Fas antibody into
mice induced apoptosis in the liver, and quickly killed the mice causing a liver
damage (8). These findings suggest an important role of the Fas system in
programmed cell death in the liver, and a possible involvement of Fas in
pathological tissue damage such as fulminant hepatitis.
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APO-1 MEDIATED APOPTOSIS IN NORMAL AND
MALIGNANT LYMPHOCYTES.
P.H.Krammer

In the context of negative growth regulation of normal and
malignant lyﬁ;)hocytes, the monoclonal antibody anti-APO-1 was
raised. Anti-APO-1 induced programmed cell death, apoptosis.
Anti-APO-1 defined the novel cell surface molecule APO-1,
identical to the Fas antigen. The APO-1 antigen was purified to
homogeneity and found to be a transmembrane glycoprotein of 48
kD relative molecular weight, identical to the Fas antigen. Peptides
of the purified APO-1 molecule were sequenced and the APO-1
c¢DNA was cloned. The APO-1 molecule is a novel member of the
TNF receptor superfamily. The APO-1 mediated apoptosis signal
re&uired crosslinking of the APO-1 antigen. Two requirements for
induction of apoptosis in the APO-I system were identified:
expression of the APO-1 antigen and an intact 3pogtosis siﬁnalling
pathway. In human Operipheral blood T an lympho
expression of the APO-1 antigen and susceptibility to anti-APO-1
induced apoptosis were dependent on the stage of activation and
differentiation. APO-1 mediated apoptosis was found to be an
essential mechanism of peripheral T and B lymphocyte deletion and
tolerance.
Heterogenous APO-1 expression was found on a variety of human
tumor cell lines in vitro and on cells from various tumors taken
directly from patients. These malignancies include pre-T-ALL, pre-
B-ALL, CLL, various other tumors of the lymphoid series, B
lymphablastoid cell lines, glioblastomas, mammary carcinomas,
colon carcinomas and soft tissue tumors. Susceptibility of
corresponding in vitro cell lines to induction of anti-APO-1 mediated
apoptosis was heterogenous. In contrast, cells obtained directly from
ATL patients were almost completely sensitive. Resistance to APO-
1 mediated apoptosis may be determined, at least in part, by a bcl-2
independent anti-apoptotic program.
These data may help to understand programmed cell death,
apoptosis, on the molecular level, to assess the role of APO-1
expression in diagnosis and prognosis, and to test apoptosis as a
concept of a rational intervention strategy in various diseases.

Tumorimmunology Program, Division of Immunogenetics, German Cancer
Research Center, INF 280, 69120 Heidelberg, FRG.
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Regulation of Cell Death by Bcl-2 and Bcl-x.
Gabriel Nufez.
Department of Pathology, The University of Michigan Medical School. Ann Arbor,
Michigan.

Most examples of cell death in animals are controlled by a genetic program that is
activated within the dying cell. The apoptotic process is further regulated by a set of genes that
acts as repressors of cell death. Of these, bcl-2 is expressed in a variety of embryonic and
postnatal tissues which suggests a critical role for bel-2 in organogenesis and tissue homeostasis.
Within lymphoid tissues, Bcl-2 is highly expressed in the earliest stages of lymphoid maturation
(pro-B cells and CD4-CD8 " thymocytes), downregulated at the pre-B/IgM+IgD- and CD4+CD8+
stages and upregulated in mature B and T cells. Similarly, the expression of Bcl-2 is
downregulated in B cells of the GC, a site associated with extensive apoptosis and selection of B-
cells. Together these findings indicate that diminished expression of Bcl-2 is a common feature
of those developmental stages characterized by extensive apoptosis and clonal selection. Thus,
diminished Bcl-2 expression may facilitate the demise of lymphocytes after a death signal.
Consistent with this is the finding that susceptibility to glucocorticoid-induced cell death in
developing B cells correlates with the amount of endogenous Bcl-2 protein expresssed by the
cells. Thus, developmental regulation of Bcl-2 may serve as a mechanism to modulate the
susceptibility to cell death and ensure appropiate lymphoid selection during development.

Bcl-x is a new member of the bcl-2 gene family which was recently isolated from gene
libraries by hybridization with a bcl-2 probe and by expression cloning using brain cDNA
libraries transfected into death-susceptible B cells (Gonzélez-Garcfa et al. unpublished). Two
bel-x cDNAs, bel-x, and bel-xs, were isolated in the human. The predicted Bcl-xv. protein displays
high level amino acid and structural homology to Bcl-2. As with Bcl-2, transfection of bcl-x; into
IL-3-dependent cells prevented their apoptotic cell death following growth factor deprivation.
The predicted bcl-xs protein differs from Bcl-2 in that an internal region of 63 amino acids
displaying the greatest homology to Bcl-2 has been deleted by alternatively splicing of the
primary bcl-x mRNA transcript. Although transfection of bcl-x; failed to inhibit cell death, it in
fact, facilitated PCD by inhibiting the death suppresor activity of Bcl-2. Bel-x mRNA is
expressed in a variety of tissues in the chicken. Importantly, the expression of the bcl-x, and bcl-
x5 forms appears differentially regulated in human tissues. In order to further assess the role of
bcl-x, the murine bel-x homolog has been isolated and characterized. Expression analysis have
shown that bcl-x, is the major bcl-x mRNA form expressed during embryonic and postnatal
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development when compared to other bcl-x mRNA species. In addition to bel-x, another form of
bcl-x (termed bcl-xg ) is expressed in murine tissues. Bcl-xgresults from an unspliced bcl-x
transcript and its predicted product lacks the hydrophobic C-terminal domain present in Bel-x,
and Bcl-xs. The function of Bcl-xp is unknown. Both murine bcl-x, and bcl-xg are highly
expressed in bone marrow and thymus but downregulated in spleen and lymph nodes. Electron
microscopic studies indicate that the bulk of the Bcl-x, protein, like Bcl-2 localizes to the
periphery of mitochondria which suggest that both proteins function in a similar manner to
prevent cell death. Bcl-x, is expressed at higher levels than bcl-2 during embryonic development
which offers a plausible explanation to account for the normal development of mice with targeted
disruption of the bcl-2 gene.

The mechanism whereby Bcl-2 and Bel-x, inhibit cell death is poorly understood. One
possibility is that Bel-2 directly or indirectly interferes with the function or activation of proteins
involved in the delivery of cell death signals. One of the putative effector proteins is the product
of the tumor suppressor gene p53. Wild-type pS3 is required for some forms of PCD in
thymocytes, and its expression in transfected cells triggers PCD or cell-cycle arrest. Interestingly,
we find that Bcl-2 can inhibit p53-mediated apoptosis. Cells co-expressing wild-type p53 and
Bcl-2 remain viable but are arrested throught the cell cycle. Expression of c-myc rescued the
cells from cell cycle arrest and allowed cell proliferation. Interestingly, Bcl-2 and c-myc
expression interfered with the nuclear localization of p53 during a critical period of the G1 phase
of the cell cycle when cells are susceptible to p5S3-induced cell death.
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Fas, Ras, Apoptosis, and Immune Homeostasis

Douglas R. Green, Reid Bissonnette, Erich Gulbins, Rona Mogil, Artin Mahboubi,
Cynthia Byrd, Richard Kolesnick, and Amnon Altman

La Jolla Institute for Allergy and Immunology, La Jolla, CA 92037

Apoptosis induced by ligation of the CD95 molecule has been implicated in
function of some cytotoxic T cells, and is likely to play roles in the maintenance of
immune homeostasis. The latter is based on the consequences of mutations affecting the
function of this receptor or its ligand. Despite the probable importance of CD95, the
signal ransduction events mediating the induction of apoptosis have not been elucidated.
Further, the effects of the lpr mutation in CD95 on immune regulation in vivo have not
beerr examined in detail. Both of these problems will be addressed.

Based on considerations regarding the role of oncogenes in driving apoptosis
versus proliferation of cells (e.g., Myc), we speculated that the Ras pathway might
function in signal transduction events lcading to apoptosis in some cases. Therefore we
examined the effects of CD95 ligation on Ras activation. Ras and MAP kinase are
activated within minutes of exposing Jurkat cells to anti-Fas antibody. The activation of
Ras was found to be critical for subsequent Fas-induced apoptosis. This was
demonstrated using several techniques including transient expression of a dominant
negative Ras protein (RasAsnl7), electroporation of a neutralizing anti-Ras antibody, and
microinjection of either RasAsn17 protein or the anti-Ras mAb. In all cases, inhibition of
Ras function significantly inhibited apoptosis induced by ligation of CD95.

Activation of Ras by CD95 may occur via the activation of a fguanine nucleotide
cxchange factor, Vav, Ligation of CD95 causes a rapid activation of Vav activity, in a
manner that does not appear to involve a role for tyrosine kinases. One mechanism
whereby Vav can be activated without tyrosine phosphorylation is via lipid mediators
such as ceramide.

We therefore examined ceramide release following ligation of Fas, and found a
simultaneous release of ceramide and depletion of sphingomyclin, as expected if
sphingomyelinase is activated. Further we found that synthetic ceramides induce Vav,
Ras, and apoptosis in Jurkat cells. Finally, we observed that apoptosis induced by
exposure of Jurkat cells to ceramides or to sphingomyelinasc is dependent upon Ras
activation.

To address the possible roles for CDI95 in immune homeostasis we examined
central and peripheral deletion of T cells in rcsponse to in vivo administration of a
superantigen, SEB. We employed young (4-6 week old) Ipr/lpr mice that displayed no
obvious immune abnormalities and in which mature T cells were fully responsive to in
vitro challenge. While we could find no effect of the lpr mutation on SEB-induccd
negative sclection in the thymus, we found a dramatic effect on SEB-induced deletion of
marture T cells in the periphery. That is, responsive cells expanded as in +/+ controls, but
the subsequent drop in cell number was profoundly delayed in the Ipr mice. This decline
in cell number was associated with apoptosis in the T cells from +/+ mice, which was
absent in the cells from SEB-injected Ipr animals. Thus, CD95 is likely to play an
important role in the homeostatic process of periphersl delztion.
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INTEGRATION OF CELL PROLIFERATION AND PROGRAMMED CELL
DEATH (APOPTOSIS) BY C-MYC

G. L Evan, E. A. Harrington, A. Fanidi and M. R. Bennett. Biochemistry of the Cell
Nucleus Laboratory, Imperial Cancer Research Fund, 44 Lincoln's Inn Fields,
London WC2A 3PX, UK.

Regulation of multicellular architecture involves a dynamic equilibrium
between cell proliferation, differentiation with consequent growth arrest, and cell
death. Apoptosis is a form of active cell death characterised by destruction of
chromatin, cellular blebbing and condensation, and vesicularisation of internal
components.

The ¢-myc proto-oncogene encodes an essential component of the ceil’s
proliferative machinery and its deregulated expression occurs in most neoplasms.
Intriguingly, c-myc is also a potent inducer of apoptosis in cells deprived of growth
factors or forcibly arrested with cytostatic drugs. Myc-induced apoptosis is
dependent upon the level at which it is expressed and deletion mapping shows that
regions of c-Myc required for apoptosis overlap with regions necessary for co-
transformation, autoregulation, inhibition of differentiation, transcriptional
activation and sequence-specific DNA binding. Moreover, induction of apoptosis by
c-Myc requires association with c-Myc's heterologous partner, Max. All of this
strongly implies that c-Myc drives apoptosis through the transcriptional modulation
of target genes.

Two simple models can be invoked to explain the induction of apoptosis by c-
Myc. In one, death arises from a conflict in growth signals that is generated by the
inappropriate or unscheduled expression of c-Myc under conditions that would
normally promote growth arrest. In this “Conflict” model, induction of apoptosis is
a not a normal function of ¢-Myc but a pathological manifestation of its
deregulation. The other model holds that induction of apoptosis is a normal obligate
function of c-Myc that is usually suppressed by the action of specific survival factors.
We show that c-Myc-induced apoptosis in fibroblasts is suppressed by the insulin-
like growth factors and PDGF independently of cell cycle or whether apoptosis is
triggered by low serum or by DNA damage. In the case of serum deprivation, death
proceeds by a p53-independent mechanism.
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ONCOGENE EXPRESSION IN THE CONTROL OF APOPTOSIS IN
TUMOUR CELLS.

TG Cotter, A McGahon, J] McCarthy *D Green & S Verhaegen Dept. of
Biology, St. Patrick's College, Maynooth, Co. Kildare, Ireland, * La Jolla
Institute for Allergy and Immunology, La Jolla, CA, USA.

Cancer has generally been thought of as a disease that results from a
perturbation of cell proliferation rates. However, recent evidence has
indicated that abnormalities in cell death, particularly via apoptosis, may
also be a major contributory factor in the genesis of malignant disease. In
this regard we have identified two oncogenes c-myc and c-abl, which have
a regulatory role to play in apoptosis. Elevated expression of myc
enhances apoptosis, whereas increased levels of abl inhibit apoptosis in
tumour cells. In relation to abl an increased drug resistance and
prolonged life-span was seen in the CML cell line K562 which over-
expresses this gene. Both characteristics being reversed, when expression
of the gene was down-regulated with antisense oligonucleotides. CML cells
from newly diagnosed patients showed a similar drug resistance and
prolonged life-span pattern. These data indicated that aberrant expression
of genes which regulate apoptosis may lead to tumour development and
affect the outcome of chemotherapy.
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Anti-Apoptosis Genes and Prostate Cancer

Ralph Buttyan, Ph.D.

Metastatic prostate cancer is treated by castration. This therapy is initially useful
because most prostate cancer cells are dependent on male (androgenic) steroids and will die
by means of apoptosis. Unfortunately, a fraction of the cancer cells inevitably survive this
therapy and it is these hormone-refractory cancer cells that must be recognized and targeted
for novel therapies to reactivate the apoptosis pathway. In the past, androgen-dependency
was believed to be a simple matter of the androgen receptor content of the cancer cell. With
the advent of useful antibody probes for detecting and measuring androgen receptors, there is
no simple correlation can be established between receptor content and hormone-dependence of
prostate cancer. Rather, in this overview, evidence will be presented that escape from
hormone-dependence occurs through genetic mechanisms involving direct alterations in the
expression or function of gene products that directly suppress apoptosis. This hypothesis
derives from a number of studies of gene activity associated with prostate regression in the rat
as well as studies of primary specimens of human ptostate cancets. Moreover, the use of a
prostate cancer cell line, LNCaP, has enabled us to establish an in vitro model to study
prostate cell apoptosis and test the effects of individual gene products oh the apoptotic
response.
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MECHANISM OF PROGRAMMED DEATH OF NON-PROLIFERATING ANDROGEN-
INDEPENDENT PROSTATIC CANCER CELLS INDUCED BY THAPSIGARGIN., Yuzo
Furuya and John T. Isaacs, Baltimore, MD

Although lethal in metastatic patients, <5% of androgen
independent prostatic cancer (PC) cells proliferate/day waking
anti-proliferating cytotoxic therapy of limited valua. Methods for
inducing the death of non-proliferating androgen independent PC
cells are urgently naedad. One approach is to activate the pathway
for cellular suicide, termed programmed cell death (PCD) within
these cells. For example, Thapsigargin (TG), a sesquiterpene y-
lactone, is a cell permeable, potent inhibitor (IC;, = 30nM) of
endoplasmic reticulum (ER) Ca’* pumps within androgen-independent
PC cells. TG treatment thus depletes the ER pool of Ca®* resulting
within minutes in a 2-3 fold elevation in intracellular free Ca®*
(ca,) which generates a diffusible messenger increasing
permeability of the plasma membrane allowing influx of
extracellular Ca?* gustaining elevation in Ca; for hrs. This leads
to morphological changes and new protein synthesis within 6-12 hr.
Within 24 hr, cells arrest in G, and irreversibly lose
proliferative ability. puring the next 24-48 hr, the cells
fragment their DNA and undergo fragmentation into apoptotic bodies.
To determine whether induction of PCD by TG is due to depletion of
ER pools of Ca’* or elevation in Ca;, calbindin-D gene, encoding a
28Kd calcium binding protein, was transfected into PC cells.
calbindin-D expressing clones, confirmed by immunohisto-chemical
and Western analyses, were isolated. Exposure of parental and
control transfectants to 500nM TG for 36 hr results in a 3-4 fold
clevation in Ca, and in >50% of cells undergoing PCD even when
subsequently maintained in TG free media. In contrast, 36 hr TG
treatment of calbindin-D expressing transfectants produces less
than a 2 fold increase in Ca, and >60% inhibition of the number of
cells undergoing PCD. If calbindin-D transfectants are exposed to
TG for > 48 hr, however, this protection is lost, consistent with
influx of extracellular Ca?* aevaentually excaeding the binding
capacity of intracellular calbindin-D thus sufficiently elevating
Ca; in these calbindin transfectants to activate PCD.In conclusion,
TG can sustain an elavation in Ca, derived from the extracellular
ca? activating PCD in non-proliferat-ing androgen independent PC
cells.
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PROGRAMMED CELL DEATH (APOPTOSIS) AND AIDS PATHOGENESIS

JC Ameisen, J Estaquier, T Idziorek, F De Bels
INSERM U415, Institut Pasteur, Lille, France

We have proposed!:2 that the pathogenesis of AIDS may be related to the inappropriate
induction of PCD in various cell populations, including CD4* T cells and neurons, as a
consequence of indirect interference of HIV with inter- and intracellular signaling; and that
modulation of cell signaling may therefore have therapeutic implications in HIV-infected
persons. Experimental support for this model has been provided by in vitro observations from
several laboratories including ours, indicating that CD4* and CD8" T cells from HIV-infected
" persons are abnormally programmed for PCD3-6; that the cytopathic effect of HIV in CD4+ T
cells is related to PCD?8; that HTV envelope-mediated CD4 crosslinking can induce PCD in
uninfected CD4*+ T cellsé9-11; and that HIV-mediated PCD induction in immature T cells!2
and in hematopoietic progenitors!3 may prevent the renewal of mature peripheral T cells!C.
Using pathogenic and non pathogenic models of primate lentiviral infections, we have
addressed the question of the significance of CD4* and CD8* T-cell PCD to AIDS
pathogenesis. Primates explored included HIV-1 infected chimpanzees; STVagm-infected
african green monkeys; rhesus monkeys infected with the nonpathogenic molecular clone
SIVmac251, that do not develop disease; and rhesus monkeys infected with the pathogenic
wild type SIVmac251 strain that induces an AIDS-related disease. CD8* T-cell PCD was
observed both in pathogenic and non pathogenic models of chronic lentiviral infection. In
contrast, CD4+ T-cell PCD was only detected in rhesus monkeys infected with the pathogenic
strain of SIV, as in HIV-1 infected humans, suggesting that abnormal priming of CD4+
T cells for PCD during chronic lentiviral infection is closely related to AIDS pathogenesis!4.
We initially proposed!.2 that abnormal priming of CD4* T cells for PCD may be related either
to envelope-mediated CD4 crosslinking, or to an inhibitory effect of HIV on the capacity of
accessory cells, such as monocytes, to provide effective cosignals to activated T cells. Several
laboratories including ours have reported that PCD induction in normal mature T cells can be
regulated by accessory cells and various cytokines!5-18. Since a switch from the type 1 to type
2 cytokine profile has been recently proposed to be involved in AIDS progression!9:20, we
have addressed the question of the possible relationship between typel/type 2 cytokines and
activation-induced T-cell PCD in HIV-infected persons.

Our results suggest that, in HIV-infected persons, the progressive loss of CD4% THi-cell
function is not related to a TH1 to TH2 switch, but to the fact that activation of the CD4+ TH1
cells results in their rapid deletion by PCD. T-cell PCD induction involves an abnormal
susceptibility of the TH1 cells to normal (very low) levels of the type 2 cytokines IL-10 and
IL-4, that may be related to a defect of the type 1 cytokine IL-12 by accessory cells;
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accordingly, PCD of T cells from HIV-infected persons is prevented by the addition of either
IL-12 or anti-IL-10 and anti-IL~4 antibodies?!.

Our findings have two implications. The first one is that cytokine-mediated PCD may play a
general role in TH1/TH2 regulation, type 1 or type 2 cytokines contributing to TH1 or TH2
expansion by inducing PCD in the converse TH CD4 cell population. The second implication
directly relates to AIDS pathogenesis. If accessory cell dysfunction represents, as we initially
proposed, a major pathological feature in HIV-infected persons, it is tempting to speculate that
accessory cells may secrete the cytokines or express the cell surface molecules that normally
play an essential role in TH1 PCD induction during an efficient process of TH1 to TH2 switch
in the absence of cytokines that normally allow the concomitant expansion of the TH2 CD4*
cells. Accordingly, a progressive loss of THI CD4* cells would occur in HIV-infected
persons in the absence of a compensatory expansion of TH2 CD4 cells. In such a conceptual
framework, an abortive TH1/TH2 switch could at least partly account for both the progressive
CD4+ T-cell dysfumction and depletion that lead to AIDS.

Analysis of the lentiviral, and cellular genes involved in the control of T-cell PCD may
contribute to the understanding of AIDS pathogenesis, and to the delineation of therapeutic
strategies aimed at the prevention of the disease.
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CELL DEATH IN DEVELOPMENT AND DISEASE
H. Robert Horvitz, Howard Hughes Medical Institute,
Department of Biology, MIT, Cambridge, MA 02139 USA

Like the processes of cell division, cell
differentiation and morphogenesis, the process of cell
death constitutes a fundamental aspect of animal
development.  Naturally-occurring or programmed cell
death is a normal and often major feature of the
development of a wide diversity of cell and tissue types.
In general, cell death appears to be an active process on
the part of the cell that dies, involving continuing gene
expression and alterations in the set of genes expressed.
Specific genes have been identified that are causally
involved in the process of cell death and that function
within cells that die to cause cell death. The
misregulation of programmed cell death seems likely to
be involved in a variety of human diseases. For example,
the cellular increase associated with the cancerous
growth in follicular lymphoma can result from blocks in
programmed cell death. By contrast, the cellular loss
associated with neurogenerative disorders and with AIDS
might result from too much programmed cell death.
Thus, an understanding of programmed cell death should
provide new routes toward the discovery of
pharmaceutical agents that might be used to treat such
diseases. The molecular mechanisms responsible for
programmed cell death appear to be highly conserved,
with comparable genes and proteins functioning in
animals as diverse as nematodes and humans. Studies of
the biology of cell death in different animals should be
complementary and promise to reveal a pathway for
programmed cell death that might well be universal
among animals.
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SOCIAL CONTROLS ON CELL SURVIVAL AND DEATH
M.C. Raff, B. Barres, J. Burne, H. Coles, M. Jacobson and Y. Ishizaki,

MRC Laboratory for Molecular Cell Biology and the Biology Department,
University College London, London WCIE 6BT, United Kingdom

We have been exploring the possibility that all vertebrate cells are
programmed to kill themselves unless they are continuously signalled by
other cells not to do so. Some cells clearly operate in this way, but it is
uncertain how general this death-by-default mechanism is.

Oligodendrocytes and their precursors work in this way. They need
signalling molecules secreted by other cells to avoid programmed cell death
(PCD) in vitro. About 50% of newly formed oligodendrocytes normally die in
the developing rat optic nerve, and this death can be inhibited by the
experimental delivery of exogenous survival factors, suggesting that it may
reflect a competition for limiting amounts of survival factors.

There is large-scale cell death in the normal developing rat kidney and
much of it can be inhibited by treatment with either EGF or IGF-1, suggesting
that it may reflect a lack of adequate survival factors.

Rat lens epithelial cells and chondrocytes can both survive for weeks
when cultured at high density in the absence of exogenous signalling
molecules, but they undergo PCD when cultured at low density. Conditioned
medium from high-density cultures promotes the survival of the cells in low-
density cultures, suggesting that these cells depend on signals from other cells
of the same type to avoid PCD.

A variety of cell types, including anucleate cytoplasts, undergo PCD
when treated with a high concentration of staurosporine, even in the presence
of protein synthesis inhibitors, suggesting that in most cells all the protein
components of the death program are in place. Blastomeres seem to be an
important exception: they do not need signals from other cells to survive and
they do not undergo PCD in response to staurosporine.

It seems then that cell survival, like cell proliferation, requires signals
from other cells. Such "social controls" ensure that our cells only survive when
and where they are needed and only divide when new cells are requirad.



Programmed Cell Death in Development
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GENETIC CONTROL OF PROGRAMMED CELL DEATH IN THE
NEMATODE CAENORHABDITIS ELEGANS

H. Robert Horvitz, Howard Hughes Medical Institute,
Department of Biology, MIT, Cambridge, MA 02139 USA

Of the 1090 nuclei generated during normal
development of the Caenorhabditis elegans
hermaphrodite, 131 undergo programmed cell death. We
have characterized developmentally, genetically and to
some extent molecularly the roles of 11 genes that
function in all 131 of these programmed cell deaths.
Three of these genes control the onset of the death
process, seven act in the phagocytosis of dying cells by
their neighbors, and one functions in the digestion of the
DNA of cell corpses. Three additional genes specify which
cells will or will not express this cell death program.
Some of these genes show structural and functional
similarities to genes that act in cell death in vertebrates.
For example, the nematode gene ced-9, which protects
against programmed cell death in C. elegans, is similar to
the human oncogene bcl-2, which also protects against
cell death. The nematode gene ced-3, which causes cell
death in C. elegans, is similar to the human gene that
encodes the enzyme interleukin 1-beta converting
enzyme, which can cause the programmed death of
mammalian cells. These findings suggest that molecular
mechanisms responsible for programmed cell death are
broadly conserved among organisms as diverse as
nematodes and humans.

Hengartner et al.,, Nature 356, 494-499, 1992.
Yuan et al., Cell 75, 641-652, 1993.
Hengartner and Horvitz, Cell 76, 665-676, 1994.
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THE GENES THAT CONTROL PROGRAMMED CELL DEATH: FROM WORM TO
MAMMAL

Junying Yuan,

Cardiovascular Research Center, CNY-4,Massachusetts General Hospital-east,
Charlestown, MA 02129; Dcpartment of Medicine, Harvard Medical School,

Boston, MA 02115.

Tel: (617) 726-4339. Fax: (617) 726-5806

Cell death is a common aspect of normal animal development, tissue homeostasis and
pathogenesis. More and more evidence indicates that cells possess a suicide mechanism.
Qur goal is to isolate vertebrate genes that might act in the process of programmed cell
death. One approach is to isolate vertebrate homologs of C. elegans cell death genes. Two
genes, ced-3 and ced-4, have been isolated that function in controlling the onset of
programmed cell death in C. elegans. The C. elegans gene ced-3 is horologous to the
mammalian interleukin-1P converting enzyme (ICE). We have shown that overexpression
of ICE induced rat-1 fibroblasts to undergo programmed cell death. Expression of cowpox
virus gene crmA, a specific inhibitor of ICE, protected the death of chicken dorsal root
ganglia neurons induced by nerve growth factor deprivation. Thus, the genes in ICE/Ced-
3 family may mediate cell death during vertebrate neuronal development. The other
approach is to identify directly the vertebrate genes that might be involved in controlling
programmed cell death. The model we are using is the interdigital cell death during chicken
limb morphogenesis. Seventeen monoclonal antibodies have been isolated in this
laboratory that recognize specifically those interdigital cells undergoing programmed cell
death. These antibodies recognize not only the interdigital dying cells but also dying cells
everywhere in the embryos. These antibodies are excellent markers for cells that are
undergoing programmed cell death. Experiments are on going in this laboratory using
these monoclonal antibodies to examine cell death under different conditions to address the
question whether mechanism of programmed cell death is involved in these cell deaths.
These experiments will lead to a better understanding of the mechanisms of programmed
cell death in vertebrates.



CLONING AND CHARACTERIZING PUTATIVE CELL DEATH GENES FROM
MOTHS AND MICE

Lawrence M. Schwartz and Barbara Osbomne’
Department of Biology and ‘Department of Veterinary and Animal Science
University of Massachusetts
Ambherst, Massachusetts 01003

In the 1960's, several laboratories demonstrated that the programmed death of cells in
developing animals could be delayed or prevented, by judicious treatment with inhibitors of
RNA or protein synthesis. These observations were interpreted as suggesting that
programmed cell death (PCD) requires de novo gene expression. Subsequent experiments by
Horvitz and colleagues ' elegantly demonstrated the existence and importance of such genes.
Many laboratories, including ours, are now actively trying to cione and characterize putative
cell death genes from a wide variety of organisms. We have focused our studies
predominantly on two PCD model systems: metamorphosis in moths and negative selection of
T cells in mouse.

Working with the tobacco hawkmoth Manduca sexta, we have been examining the
death of the intersegmental muscles (ISMs) and the motor neurons that innervate them.
These cells die in response to a defined hormonal trigger following the emergence of the
adult moth®. The ISMs are composed of sheets of giant cells (each cell approximately Smm
long and 1mm in diameter) that can be easily removed from the animal for study. In vivo
labeling experiments with *S-methionine, followed by 2D PAGE analysis, suggests that 9 the
expression of 9 genes is repressed and an additional 29 are up-regulated at the time of cell
death. Using a variety of screening protocols, we have cloned or identified 3 of the repressed
genes (actin, myosin heavy chain®, and a 28kD subunit of the multicatalytic proteinase
(MCP)) and ten of the up-regulated genes (polyubiquitin *and apolipoprotein III ). Levels of
ubiquitin mRNA and protein increase greater than ten fold during the first few hours of death.
As well, the enzymatic pathway that utilizes ubiquitin for tagging and degrading cellular
proteins is likewise increased. We have examined ISM MCP and found that there is a
dramatic increase in its proteolytic activity. Correlated with these changes is the appearance
of four new subunits within the moiety. These data suggest that ubiquitin-dependent
proteolysis plays a major role in the death of the ISMs.

Many of the genes isolated from the ISMs have predicted protein sequences that are
not readily identifiable. We have generated polyclonal antibodies against these proteins and
have found that they label dying neurons and muscles in Manduca. In order to extend these
studies, we have begun to search for mammalian homologs of these genes. Using PCR and
library screening, we have isolated a mouse homolog for the 18-56 gene. The mouse gene
shares 91% identity with the moth sequence. Another clone, 18-44a, shares 55% identity with
an expressed sequence tag (EST) from the human brain. We plan to use these genes to study
PCD during mouse development.
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Recently, we have begun to examine the death of T cells in the mouse thymus during
negative selection. Using a T cell Receptor (TCR) transgenic mouse, we have isolated
several genes that are either activated or repressed during the apoptotic death of these cells.
One of the up-regulated genes encodes nur77, an immediate early gene of the steroid/thyroid
receptor super family®. Both cell death and nur77 expression are initiated with treatments that
mimic TCR engagement. When nur77 activity is blocked by antisense, cell death in a
substantial number of the cells is prevented.

- A second gene whose expression is up-regulated with TCR-induced death is apt-4.
Transcripts for this gene appear about 4 hours after triggering cell death. We do not currently
know the identity of the protein product for apt-4. Nevertheless, we are very interested in
this gene since its blockade with antisense prevents T cell hybrid death in response to not
only TCR engagement, but also glucocorticoid and irradiation. These data suggest that apt-4
acts downstream in the cell death pathway as an essential gene in the apoptosis program of
these cells.

It is our hope that the identification and characterization of these various cell death
associated genes will provide insight into the molecular mechanisms that mediate cell death.

1. Ellis, R, J. Yuan and H. R. Horvitz (1991) Mechanisms and functions of cell death. Ann.
Rev. in Cell Biol. 7, 663-698.

2. Schwartz, L.M. and Truman, J.W. (1983) Ecdysteroid Control of Rates of Metamorphic
Development in the Tobacco Homworm Manduca sexta. Developmental Biology
99:103-114.

3. Schwartz, L.M., Jones, M.E.E., Kosz, L., and Kuah, K. (1993) Selective repression of
actin and myosin expression during the programmed death of insect skeletal muscle.
Developmental Biology 158:448-455.

4. Fahrbach, S. and Schwartz, L.M. (1994) Localization of Immunoreactive Ubiquitin in the
Moth Nervous System: Nuclei, Neurosecretory Cells and Death. Journal of
Comparative Neurology, 343:464-482.
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Different Types of Programmed Cell Death in thc Developing Spinal Cord

Ronald W. Oppenheim, Ph.D.

Programmed cell death (PCD) of neurons in the developing nervous systcm has previously been
thought to represent a common and uniform type of dcgeneration known as naturally occurring or
target-dependent neuronal death. In this typc of PCD post-mitotic neurons arc thought to undergo
considerable differentiation, including innervation of targets, prior to degeneration. And the neurons
that die are thought to do so as a result of failing to obtain sufficient trophic support from their synaptic
targels. Although it is true that this is a common and widcspread form of PCD, it is becoming clear
that there are also other different forms of PCD in the nervous system. For example, it has long been
know that precursor cclls in the early forming neural plate and neural folds undergo PCD during
morphogenetic events such as invagination, evagination, neural tube closure, etc., and that this death
occurs prior to diflerentiation and target innervation. Wc have recently examined two additional forms
of ccll death in the spinal cord that also appear to differ from the naturally occurring, target-dependent
type of degeneration. One of thesc occurs shortly after neural tube closure and involves both
proliferating precursors as well as early post-mitotic cells and occurs independent of interactions with
targets. The other type involves a discrete population of motoneurons in the cervical (non-limb)
segments of the spinal cord whose death differs in several respects from the later, target-dependent
death of motoneurons in other spinal cord regions. In vitro and in vivo studies will be presented
comparing the similarities and differences in three of the above categories of spinal cord PCD: (1)
Target-dependent motoneuron death; (2) Target-independent motoneuron death; and (3) Early death

following neural tube closurc.
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POSSIBLE MECHANISMS OF PROGRAMMED CELL DEATH AND BCL-2
PROTECTION

Michael D. Jacobson, Julia F. Burne and Martin C. Raff. MRC-Laboratory for
Molecular Cell Biology, University College London, Gower St., London WCIE 6BT

The mechanism of programmed ccll death (PCD) is unknown. An important clue
is tgrovidcd by the Bc¢l-2 protein, which can protect many cell types from PCD,
although it is not known where or how Bcl-2 acts. We have investigated the
involvement of mitochondrial respiration , the nucleus, oxygen, and mitotic cyclin-
dependent kinases in PCD, and find that none of these is required for the execution of
the cell death programme, or for the ability of Bcl-2 to protect against PCD.

Mitochondrial respiration was excluded by inducing PCD in a cell line that lacks
mitochondrial DNA (called rho-0 cells), and thus contains a defective respiratory
chain. The nucleus was excluded by removing nuclei from a human fibroblast line, a
rat oligodendroglial line, and subclones of these lines overexpressing bel-2 and then
inducing PCD either by treatment with the protein kinase inhibitor staurosporine or
by withdrawal of survival factors. Death was assayed by timc-lapsc vidco recording,
electron microscopy, loss of mitochondrial function, and late loss of plasma
membrane integrity. We find that, like intact cells, enucleated cells (cytoplasts)
undergo PCD and are saved by Bel-2. These findings suggest that PCD is
orchestrated by a cytosolic regulator, which has multiple intracellular targets.

To sudy the role of oxidation in PCD, we treated cells grown in anaerobic culture
conditions (<40ppm O2), including rho-0 cells, with various PCD inducers. Under

these conditions, cells were resistant to tumour necrosis factor-o but not to
staurosporine-induced PCD. These findings suggest that reactive oxygen species may
not play a central role in the effector mechanism of PCD. We also show that
staurosporine induces an active form of cdc2 kinase, with a time-couse that parallels
induction of PCD. Evidence will be presented which suggests that cdc2 kinase is not
required for PCD, but may modulate sensitivity to inducers of PCD.



The Role of Programmed Cell Death in the

Immune System
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REGULATION OF APOPTOSIS IN THE IMMUNE SYSTEM. J. John Cohen, Department
of Immunology, University of Colorado Medical School, Denver, Colorado 80262, USA.

Apoptosis is the physiological mechanism by which cells die when it is appropriate or desirable
that they should do so [1]. It is particularly evident in the immune system, which regulates itself
by clonal expansion, activation and elimination. There are a great many situations in the course
of the development and function of the immune system in which cells may die [2]. For T cells,
this probably begins in the thymus when the cell first rearranges its genes for the T cell receptor
for antigen (TCR). Perhaps 2 times out of 3, the rearrangement will be out of the correct reading
frame and the cell will be unable to transcribe that gene. If the other allele also suffers that fate,
the cell cannot mature to become a T cell and dies by apoptosis. If the rearrangement is
successful, the TCR is displayed on the surface. Cells that chance to have a TCR which reacts
with self-MHC (either with or without a peptide in the antigen-binding cleft) at high avidity are
eliminated; the process, negative selection, involves apoptosis [3]. Cells with no affinity for self-
MHC are of no use to the immune system; they also die, by apoptosis that is probably induced
by endogenous glucocorticoids [4,5]. In the periphery, self-reactive cells undergo apoptosis, in
this case via a process that probably involves the surface receptor APO-1/Fas [6]. After antigenic
stimulation, excess cells die when the level of growth factors falls below a certain limit [7];
others may die by an APO-1/Fas mechanism [8]. All lymphocytes are extremely sensitive to
damage or incorrect signaling, and will invoke the apoptotic response instead of repair in most
circumstances [9,10].

Studies of the biochemical mechanisms of apoptosis reveal a final common pathway involving
cell shrinkage, DNA damage, and membrane changes that lead to recognition by nearby
phagocytic cells. But there are cell-specific triggering pathways, and these are connected to
different biochemical transducers. We are studying similarities and differences between
apoptosis as induced by different agents in different cell types. One prevalent but not inevitable
mechanism involves the activation of the calcium-dependent proteinase, calpain [11]. We are
determining how this enzyme becomes activated and what its relevant substrates are. Calpain is
involved in induction [12] mechanisms, which require new protein synthesis for apoptosis, as
well as release [13] mechanisms in which apoptosis occurs when protein synthesis is blocked. It
is not, however, involved in transduction mechanisms, which depend entirely of preformed
molecules for apoptosis. Cytotoxic T cells and the Fas ligand are two examples of transducers.
From these results we can tentatively construct a model for apoptosis signaling, but there are
many holes left in this puzzle.
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PROGRAMMED CELL DEATH DURING SELECTION OF IMMATURE T CELLS IN

THE THYMUS.

John J.T. Owen, Kim Anderson, Graham Anderson, Nel Moore and

Eric J. Jenkinson.

Department of Anatomy
The Medical School
University of Birmingham

Edgbaston, Birmingham, U.K.

The thymus is the site of generation of immature T cells
expressing a wide range of T cell receptor (TCK)
specificities. These immature T cells are characterised by
the expression of both CD4 and CD8 antigens (i.e. they are
'double positive'). They are exposed to intense selection
within the thymus so that potentially auto-reactive cells are
induced to undergo programmed cell death (negative
selection) [1] whereas cells with the potential to recognise
foreign peptides in the context of self MHC molecules are
induced to mature into single positive CD4% or CD8% T cells
(positive selection)lz]. These observations raise interesting
questions as to what determines these very different resnonses
through the same receptor complex and what is the nature of
the signalling pathways involved.

Before returning to these questions, it is important to

recognise that CD4%8% thymocytes: .normally have a 13-4 rday
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lifespan within the thymus during which they are subject to
selection. However if they are removed from the thymic
environment thymocytes die rapidly, suggesting that all cells,
irrespective of receptor specificity, receive signals from the
thymic stroma which maintain their viability. We have
evidence that this is the casel3] and that cells released from
the thymic stroma behave differently in response to signals
compared to cells within the thymus. Hence studies directed
at determining the nature of the signals involved in either
positive or negative selection should be carried out on
thymocytes which retain their normal contacts with thymic
stromal cells.

We have developed various in vitro protocols to maintain
thymocyte - stromal cell interactions. These involve either
organ cultures of mouse embryo thymus or tissue slices of
thymus derived from newborn mice. In addition, in order to
analyse specific interactions between particular stromal cell
types and thymocytes, we have established systems for
purifying stromal cell components and reaggregating them with
thymocyte populations(4].  Using these approaches, we have
shown that, in part, the different responses of programmed
cell death or cell maturation depend upon interaction of
thymocytes with specific stromal cell types, suggesting that
co-stimulatory signals imparted by stromal cells modulate
responses through the T cell receptor. In addition, we have
initiated studies aimed at determining the nature of the
signalling pathways involved using both assays of
phosphoinositol hydrolysis and inhibitors of specific

signalling molecules.
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SIGNALS THAT CAN RESCUE B CELLS FROM ANTIGEN-INDUCED
APOPTOTIC DEATH

Tasuku Honjo
Department of Medical Chemistry
Kyoto University Faculty of Medicine
Yoshida, Sakyo-ku Kyoto 606 Japan

Apoptosis (programmed cell death) has been suggested to be involved in clonal
elimination of self-reactive lymphocytes for the normal function of the immune
system. By crosslinking the antigen receptor (surface immunoglobulin; slg)
on WEHI2381 B lymphoma cells, we found that B lymphoma cells underwent
apaptosis. Such antigen-induced apoptosis of WEHI231 was completely blocked
by simultaneous stimulation of CD40 on B cells®”’, Similarly, we found that
strong crosslinking of sIg of the peritoneal and spleen B cells of normal mice
induced apoptosis of mature B cells in vitro as well as in vivo, suggesting that
interaction with membrane-bound self-antigens may eliminate self-reactive
mature B cells by apoptosis. Antigen receptor-meidated B cell apoptosis is also
blocked when a signal is transduced via the CD40 molecule on the B cell
surface, Rescuing effects of CD40 stimulation is blocked by the inhibition of
transcription. To understand the molecular mechanizm by which CD40
stimulation prevents cell death, genes induced by CD40 stimulation is being
isolated. Since the ligand of CD40 (CD40L) is expressed on activated T helper
cells, B cells may escape from apoptosis and are activated when the immune
system interact with foreign antigens, which normally able to activate T helper
cells. Moreover, slg crosslinking fails to induce apoptosis of both bcl-2-
transgenic mice and autoimmune disease-prone New Zealand mice®™®. In
these mice, defect in slg-mediated apoptosis of mature B cells may allow
generation of self-reactive B cells, resulting in the pathogenic consequences.
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APOPTOSIS DURING B CELL DEVELOPMENT AND ACTIVATION
C. Martinez-A., Centro Nacional de Biotecnologia, CSIC, Universidad Autonoma de
Madrid;, Campus de Cantoblanco, 28049 Madrid

Apoptosis or programmed cell death (PCD), is an important physiological
mechanism for elimination of B and T cell populations at various stages during
their development. The hallmarks morphological changes associated with apoptosis
include: membrane blebbing, cytoplasmic and nuclear condensation, disruption of
the cytoskelton, and DNA fragmentation. For apoptosis to occur, it is accepted that
an extracellular ligand is required to initiate a cascade of signaling in the cell that
couples to gene regulatory changes that ultimately lead to cell death. The complex
regulation:of apoptosis and cell survival involves particular combination of signals
and therefore, a number of extracellular stimuli, artificial inducers and inhibitors of
signal ' transduction and metabolism, may enhance or diminish apoptosis in
lymphocytes. An increasing number of gene products such as FAS/APO-1, TNE-R,
and NGE-R, as well as transcription factors like steroid receptors, c-myc, and p53, are
now known to be involved in cell death. Other proteins, including intracellular
molectiles i.e. Bcl-2, and Bcl-x as well as membrane receptors like CD40 and CD20
are involved in rescue from cell death.

Cell death plays a pivotal role in sorting of B lymphocytes during cell
maturation. The developmental program is tightly regulated since it has to promote
the generafion of functional B lymphocytes but at the same time, the demise of non-
functional as well as self-reactive B cells. By using either B cell lines at different
stages of development, Pre-B cells and immature B cells, or mature peripheral B
cells, we have characterized the role of Bd-2 and Egr-1 in preventing the apoptosis
induced: under different experimental conditions. Furthermore, since B cell
differentiation is also assodiated with differential expression of cell surface receptors,
we have!analyzed the role of some of those molecules in preventing apoptosis, with
special emphasis in the role that CD2 might have, by signaling B lymphocytes.

Finally, the characterization of a number of compounds for their ability to
block apoptosis in B cells, based on the fact that inhibition of PCD can occur at four
different levels: (1) functional antagonismn to an PCD inducer stimulus; (2)
interception of a PCD-inducing stimulus; (3) interferences with a signal fransduction
cascadeiand (4) blockade of catalytic enzymes participating in cellular suicide will be
discuss.
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R-ras and other proteins that associate with Bel-2.
J. Bischoff, M. Spaargaren, A. Williams, L. Wu and M. J. Fernandez-Sarabia .
ONYX Phamaceuticals, 3031 Research Drive, Ricmond CA 94806. USA.

We have isolated mammalian ¢cDNAs encoding proteins that associate with
Bcel-2. We have identified one of these proteins as the ras-related protein R-
ras p23 (Fernandez-Sarabia and Bischoff, 1993). R-ras p23, a non-
transforming member of the superfamily of ras proteins, interacts with Bcl-2 in
the two-hybrid system, and co-precipitates with Bcl-2 from mammalian cell
extracts (Fernandez Sarabia and Bischoff, 1993). The association is
dependent on the nucleotide state of R-ras p283, only the nucleotide depleted
form of R-ras p23 will associate with Bcl-2. We are currently analysing the
biological significance of this asociation with respect to programmed cell
death, as well as identifying eifectors of R-ras p23. Towards this goal, we
have observed that R-ras p23 is able to interact with the Raf-1 protein kinase,
an effector of H-ras p21, in 2 GTP-dependent manner (Spaargaren et al.,
1994), and studies to determine the functional outcome of this association are
in progress.

Other proteins that also interact specifically with Bel-2 and R-ras will be
presented.

Fernandez Sarabia, M. J. and J. Bischoff, 1993. Nature 366, 274.
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ROLE OF THE INTERFERON-INDUCED HUMAN PROTEIN KINASE (p68) IN THE
INDUCTION OF APOPTOSIS.

Mariano Esteban and Seang Bong Lee. Centro Nacional de Biotecnologia,
CSIC, Campus Universidad Auténoma de Madrid, 28049 Madrid, and Department
of Microbiology and Immunology, SUNY Health Science Center at Brooklyn, New
York 112083.

Apoptosis ( also called programmed cell death ) occurs during embryonic
development, synaptogenesis of neurons, elimination of self-reactive Band T
lymphocytes, cytotoxic killing of target cells, and homeostasis in developing and
adult organisms (1). Only few genes have been implicated in apoptosis, like the
tumor suppressor p53 and the proto-oncogenes c-myc and c-rel. The observations
that the tumor suppressor and the proto-oncogenes are involved in the control of
apoptosis underscore the importance of apoptosis in carcinogenesis. In addition,
apoptosis can also play an important role in the control of viral infections by
eliminating the infected cells. To learn about the mechanism of induction of
apoptosis, we have investigated whether an interferon-inducible gene, the ds-RNA
dependent protein kinase (p68), implicated in antitumor and antiviral effects of
interferon could have a role in apoptosis. The human p68 kinase is a
serine/threonine kinase that is autophosphorylated upon binding to dsRNA and in
the presence of ATP. The activated kinase then phosphorylates the alpha subunit
of the initiation factor elF-2, leading to inhibition of the translation of the initiation
process.To stuy the role of p68 kinase in vivo, an inducible vaccinia virus
expression system was developed. Upon expression of wild type p68 kinase, a
severe inhibition of protein synthesis was observed (2). Inhibition of protein
synthesis correlated temporally with autophosphorylation of p68 kinase. As a result
of this translational block, vaccinia virus production was drastically reduced by
about 100-fold (3). In addition, expression of p68 kinase resulted in a rapid cell
death with characteristics of apoptosis (4). Expression of catalyticaly inactive p68
kinase did not result in apoptosis, demonstrating that a functional kinase is
required for this process. Moreover, infection of HelLa cells with a mutant of
vaccinia virus lacking the E3L gene, which encodes a dsRNA binding protein that
acts as an inhibitor of p68 kinase, also resulted in apoptosis. Our findings
demonstrate that p68 kinase functions as a key mediator of apoptosis and, this in
turn, contributes to the antiviral and antitumor effects of interferon.
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VITAL ASSAY FOR NEURONAL CELL DEATH IN ORGANOTYPIC
CULTURES Richard Adams1”, Zoltan Molndr2, Matthew Nesbit 2 and Colin
Blakemore1,.2 MRC Research Centre in Brain and Behaviour! and University
Laboratory of Physiology2, Parks Road, Oxford OX1 3PT, UK.

Cell death is an important feature of the development of the nervous system.
We have been investigating methods of assaying cell mortality. Our aim was to
find a vital assay that can be used to map pattems of cell death and to use this to
follow natural events as well as the effects of experimental manipulations.
Acridine orange is a vital dye that crosses the plasma membrane and stains the
nucleus with a green emission on excitation with light of 488nm. Propidium
iodide also binds to chromatin but differs from acridine orange in two respects: it
cannot cross the plasma membrane at normal resting membrane potentials and
it has a longer Stoke's shift, giving a red emission of light when excited by the
blue 488nm laser line. Thus, a short staining of tissue with a mixture of these
dyes produces green fluorescence in all cell nuclei with an additional red
fluorescence of the nuclei of those cells that are at a depolarized potential —
largely indicative of dead or dying neurons in culture. We use confocal
microscopy to image the 3-D distribution of stained nuclei within organotypic
cortical and thalamic cultures and thalamo-cortical co-cuttures stained for 30-60
minutes with 10pg/mi of each of these dyes. The red and green emissions
were separated and collected simult-aneously by two photomuitiplier channels
and the two 3-D datasets were reconstructed into a two-colour projection.

In slices of PO rat cortex kept in culture for several days we see occasional
dead cells throughout the depth of the tissue but a predominance of such cells
within the subplate and marginal zone - regions of transient cells known to be
lost at this stage of development (Luskin and Shatz, 1985 J. Neurosci
5:1062). Second, we have compared the survival of thalamic neurons in slices
of E16 and P2 thalamus cultured with and without cortex in the same dish.
Preliminary results are consistent with the idea that the cortex provides a
soluble trophic component that prolongs the survival of neurons within the slice
of thalamus (Cunningham et al. 1987 Dev. Brain Res. 37:133).
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APOPTOSIS INDUCTION RESULTS FROM UNCOORDINATED CELL
CYCLE REGULATION.

Urszula Hibner! and Antonio Coutinho?

IInstitut de Génétique Moléculaire, CNRS UMR 9942, 1919 route de Mende,
34033 Montpellier, Cedex 1, France

2Unité d'Immunobiologie, Institut Pasteur, 25 rue de Dr. Roux, 75015 Paris,
France

The unfolding of the developmental program and the organization of multi
cellular organisms require that cell numbers in differentiating and
differentiated tissues are regulated. This is done by two distinct processes :
control of cell proliferation and differentiation to a post-mitotic stage and
control of cell survival or their elimination by apoptosis.

Transformed cells, in addition to defects in cell cycle regulation, appear
highly susceptible to induction of programmed cell death. Moreover, several
genes have been identified as implicated in the control of both proliferation
and apoptosis.

We have studied the expression of the c-myc oncogene following
apoptosis induction by surface IgM crosslinking of WEHI 231 B lymphoma
cells. Contrary to some experimental systems, sustained c-myc induction
correlates with survival rather than apoptosis of the WEHI 231 cells.
Moreover, anti-IgM treatment of both WEHI 231 wild type cells and two
mutant cell lines resistant to apotosis, induce expression of genes associated
with growth arrest (the gadd gene family), suggesting that ligation of surface
IgM is a growth arrest signal in these cells. Intersestingly, the patterns of
expression of different gadd family members differ in apoptosis sensitive and
resistant cells.

The analysis of our results as well as data from the literature lead us to
propose a model for control of apoptosis induction. We propose that apoptosis
can arise in cycling cells or in resting cells submitted to proliferative signalling
through antonymy of signalling pathways, i.e. a situation where a cell
simultaneously engages into incompatible pathways of proliferation and cell
cycle arrest. Antonymy arises in cells incapable of integration of contradictory
signals, i.e. cells irreversibly commited to either proliferation or arrest and
responding to a contradictory signal. In turn, the irreversible commitment
arises by uncoupling of signal transduction from coordinated pathways (as in
transformed cells with constitutive expression of growth associated genes or in
terminally differentiated post-mitotic cells).



Signals Implicated in Apoptosis
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RECENT STUDIES OF SIGNAL TRANSDUCTION IN LYMPHOCYTE
APOPTOSIS

S. Orrenius, Institute of Environmental Medicine, Karolinska Institutet, Stockholm,

Sweden

A variety of agents and treatments can trigger apoptosis in thymocytes and T
lymphocytes by signal transduction mechanisms, which are either unknown or only
partly identified. In some instances, these pathways appear to share common
components. Thus, the p53 protein has been found to play an important role in
thymocyte apoptosis triggered by DNA damage (1,2), and intracellular Ca™
elevation appears to mediate apoptosis in several experimental models, including
TCR/CD3-mediated apoptosis in thymocytes, activated T lymphocytes, and T cell
hybridoma (3,4). In activated T cells and T cell hybridoma, but not in immature
thymocytes, the Ca® requirement has been linked to the involvement of calcineurin
in the signalling pathway leading to apoptosis. Further, the apoptotic killing of
thymocytes by various immunotoxicants has also been found to involve a sustained

elevation of intracellular Ca® (5,6).

Subpopulations of thymocytes and T lymphocytes exhibit different sensitivity to
apoptosis-inducing agents. Although the immature CD4°CD8’ thymocytes are highly
sensitive to apoptosis induced by glucocorticoids and radiation, they are less
sensitive than peripheral T lymphocytes to apoptosis triggered by intracellular Zn**
chelation (7). Moreover, the immature CD4'CD8" thymocytes, which are more
resistant than the CD4'CD8" cells to glucocorticoid-, radiation-, and thapsigargin-
induced apoptosis, are highly sensitive to apoptosis induced by topoisomerase 11
inhibitors. Thus, the relative sensitivity of various lymphocyte populations to

apoptosis varies with the agent used to trigger apoptosis.

The possible relationship between oxidative stress and apoptosis has attracted

increased interest recently, Thus, a large number of studies have indicated that
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prooxidants can trigger, and antioxidants can prevent, apoptosis in different
experimental models (8) In recent studies we have found that induction of apoptosis
in thymocytes by various agents is associated with decreased intracellular levels of
antioxidants (GSH, vitamin E) and, conversely, that various oxygen radical spin
traps (DMPO, TMPO, TEMPO) can inhibit apoptosis in thymocytes. This protective
effect is observed with different inducers of apoptosis (methylprednisolone,
etoposide, thapsigargin, TPEN), suggesting that redox modulation may play a
central role in the regulation of apoptosis. The level at which redox modulation of
. apoptosis may occur is not known, although the recently discovered sensitivity of
various transcription factors to redox regulation offers an attractive possibility

which, however, has to be tested experimentally.
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DNA DEGRADATION DURING APOPTOSIS: ENZYMES AND REGULATION BY SIGNALS.
John A. Cidlowski, Jennifer W. Montague, Francis M. Hughes, Carl D. Bortner,
Rose B. Evans, and Nicklas B. Oldenburg.
Departments of Physiology, Biochemistry, and Biophysics, Lineberger Cancer Research Center,
The University of North Carolina at Chapel Hill, Chapel Hill, NC USA.

Apoptosis is a form of programmed cell death that occurs under numerous developmental and
physiological conditions which require the selective elimination of cells from tissues and organs without
the production of an inflammatory response. The initiation of apoptosis is now well recognized to be
regulated by a diverse group of compounds and signals including steroids, hormones, ions, growth
factors, oncogenes, and drugs. The apoptotic phenotype in response to these agents includes reduction
of volume, compaction of intracellular organelles, DNA degradation and generation of apoptotic bodies
which leads to cell suicide without an inflammatory response. We have conducted studies to decipher
the biochemical mechanisms that mediate glucocorticoid and immunosuppressant-induced cell death in
mouse and rat lymphoid cells.

Our research has focused on the DNA degradation component of the apoptotic process in
lymphocytes since this step appears to comprise the point of irreversible commitment to cell death in
these cells. The goal of our work has been to identify, purify, and clone the gene(s) for the nuclease(s)
responsible for DNA degradation during the process of apoptosis. To facilitate these efforts we have
developed assays to quantitate total nuclease activity, high molecular weight DNA fragmentation, and
internucleosomal DNA degradation activity. Using these assays and other genetic approaches we have
now identified a novel low molecular weight nuclease (NUC 18) whose activation correlates
temporally with DNA degradation in apoptotic lymphocytes in response to several kinds of apoptotic
stimuli.

NUC 18 requires Ca*+ and Mg** for optimal activity in vitro and is inhibited by divalent cation
sequestering agents. Moreover, known inhibitors of apoptosis such as Zn** and aurintricarboxylic acid
completely inhibit this nuclease activity. This enzyme has now been purified to apparent homogeneity
and specific high affinity antibodics have becn prepared against this protein. Partial amino acid
sequence analysis of the purified protein reveals that this nuclease is a novel nuclear member of the
cyclophilin family of proteins. Human recombinant cyclophilin A, prepared in bacteria, has biochemical
and pharmacological properties identical to native NUC 18. Mechanistic studies on the regulation of
this nuclease activity suggest that this enzyme is a constitutive nuclear protein that is "activated”, but not
induced, by apoptotic signals. Supported by DR 32078 from the National Institutes of Health.
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Intracellular Signal Transduction in Apoptosis
Alan Eastman, Department of Pharmacology, Dartmouth Medical School,
Hanover, NH 03755, USA

Although there are many genes and drugs that can either cause or prevent
apoptosis, there is little understanding of the signals required to induce the
morphological and biochemical changes that characterize this mode of cell death.
Experiments in this laboratory were designed to identify an endonuclease that causes the
DNA digestion associated with apoptosis, determine how it is regulated, and thereby
begin to characterize the signal transduction pathways involved.

For a number of years, it was generally accepted that the endonuclease involved
in apoptosis was Ca2+/Mg2+-dependent, and was activated by increases in intracellular
Ca2+, However, there are many exceptions in which cells exhibit no increases in
intracellular Ca2* or do not contain this endonuclease. Many endonucleases exist which
could potentially be involved in the process, and one identified by this laboratory is
deoxyribonuclease II (DNase II) (1). DNase II is activated by decreasing intracellular
pH rather than increases in intracellular Ca2+. We have investigated intracellular pH
changes in human HL-60 cells undergoing apoptosis induced by cytotoxic agents and
have observed intracellular acidification of close to 1 pH unit below extracellular pH
(2,3). Cells were sorted on the basis of their intracellular pH and only the acidic cells
demonstrated the morphology and DNA digestion of apoptosis. The intracellular
acidification is due to selective inhibition of pH regulation while the cells retain an
electrochemical gradient across their membrane. A possible explanation for these
results is dephosphorylation and thereby inactivation of the Na*/H* antiporter and other
pH regulators.

To investigate the significance of acidification further, we investigated the
intracellular pH following removal of IL2 from an IL2-dependent cytotoxic T
lymphocyte cell line CTLL-2. These cells also underwent acidification, and this
correlated with the appearance of digested DNA (4). Growth factors presumably keep
cells alive by activating an intracellular kinase cascade, but which protein
phosphorylations are important for survival are unknown. One protein that is
phosphorylated as a consequence of growth factor stimulation is the Na*/H* antiporter.
This is consistent with withdrawal of the growth factor leading to dephosphorylation of
the antiporter and hence intracellular acidification.

Do these results confirm the involvement of DNase II in apoptosis? We have
attempted to prevent activation of DNase II by incubating CTLL-2 cells at pH 8.0 so
that acidification would only result in a neutral pH. Upon withdrawal of IL2, the cells
underwent acidification to pH 7.2 as expected. This should be inadequate to activate
DNase II, yet the cells still digested their DNA suggesting that DNase II may not be
involved in this model. If the pH change is not inducing DNA digestion, what is? We
have always observed pH shifts during apoptosis consistent with the possibility that
phosphatases are activated during the process. We have also been able to prevent DNA
digestion by incubation of cells with phosphatase inhibitors. Hence, our current



67

hypothesis is that activation of phosphatases may be important for apoptosis, but that
antiports may be only one target for the dephosphorylation; other targets may be more
critical for survival. Proof of which endonucleases are involved in apoptosis will have
to wait until genetically manipulated cells are produced that express only specified
endonucleases.

1. Barry, M.A. and Eastman, A. Identification of deoxyribonuclease II as an
endonuclease involved in apoptosis. Arch. Biochem. Biophys., 300: 440-450, 1993.

2. Barry, M.A. and Eastman, A. Endonuclease activation during apoptosis: the role of
cytosolic Ca2+ and pH. Biochem. Biophys. Res. Commun., 166:782-789, 1992.

3. Barry, M.A,, Reynolds, J.E., and Eastman, A. Etoposide-induced apoptosis in
human HL-60 cells is associated with intracellular acidification. Cancer Res., 53:
2349-2357, 1993.

4. Li, J. and Eastman, A. Apoptosis in an IL-2-dependent cytotoxic T lymphocyte cell
line correlates with intracellular acidification, submitted.
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Regulation of the apoptotic response to DNA damage by oncogenes
and cytokines.

Mary K.L. Collins, Chester Beatty Laboratories, London.

Apoptosis induced by a variety of DNA damaging treatments in
the murine bone marrow-derived cell line, BAF3, can be inhibited by
interleukin 3, interleukin 4, or insulin-like growth factor 1. The
extent of DNA damage and its rate of repair is not affected by
cytokines; rather they allow cells to pass a checkpoint where
apoptosis occurs. Using cell lines expressing mutant interleukin-2
receptor B chains, we can demonstrate that tyrosine kinase
stimulation and optimal MAP kinase activation are not required for
cytokine protection against DNA damage. Over-expression of the Bcl-
2 gene product also protects cells against apoptosis induced by DNA
damage. In this case, cells do not proliferate but arrest and become
refractory to cytokine stimulation, due to specific inhibition of the
MAP kinase signalling pathway. Constitutive c-Myc over-expression
in these cells renders them unable to survive in sub-optimal
cytokine and more sensitive to DNA damage, without affecting their
rate of cell cycle progression. When apoptosis is triggered in BAF3
cells by a variety of conditions, the first irreversible event occurs
close to the time at which DNA cleavage is detected. We have
therefore purified and characterised a nuclease capable of
fragmenting chromatin in response to physiological signals.
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MECHANISM OF INDUCTION OF APOPTOSIS BY CYTOTOXIC AGENTS.

Abelardo Lépez-Rivas, J. Oliver, R. Ascaso, G. Rodriguez-Tarduchy and M.K.L. Collins®. Instituto de
Parasitologia y Biomedicina, CSIC, Granada, Spain. *‘Chester Beatty Laboratories, London,
England.

A wide variety of cells have been shown to undergo apoptosis in vitro and in vivo when
deprived of essential growth/survival factors. In cultures of bone marrow-derived haemopoietic cells
removal of interleukin-3 leads after several hours to the initiation of a process of apoptosis with
condensation of chromatin, degradation of DNA into oligonucleosome-length fragments, decrease
in nuclear and cellular volume and cell death. Unlike other cells of haemopoietic origin such as T and
B cells in which changes in calcium metabolism appears to play an important role in apoptosis, in
these haemopoietic precursor cells programmed cell death takes place even in the absence of
extracellular calcium and alterations in the intracellular calcium content elicited by ionophores do not
induce apoptosis. Furthermore, elevation of cellular calcium inhibits apoptosis and maintain the cells
in a viable noncycling state.

A number of antineoplastic drugs and treatments exert their cytotoxic effect by inducing
apoptosis and the drug and radiation resistence of many tumors could be ascribed to the failure of
certain cancer cells to commit apoptosis due to deregulation of bcl-2 expression or mutations in p53
anti-oncogene. Inhibitors of DNA precursor synthesis are very effective as cytotoxic agents against
tumour cells and an imbalance in deoxynucleotides pools have been suggested to be a crucial event
leading to cell death after certain treatments. Dihydrofolate reductase (DHFR) and ribonucleotide
reductase (RR) catalyse key steps in the novo production of deoxynucleosides triphosphate and
their activities may limit the ability of the cell to synthesise or repair DNA. Therefore inhibitors of these
enzymes, such as methotrexate and hydroxyurea, have been used in the therapy of neoplasias. We
have used these inhibitors to perturb deoxynucleotides metabolism in the haemopoietic cell line
BAF3 and study the effect of deoxynucleotides imbalance in apoptosis in these cells. Treatment of
BAF3 cells with either of these inhibitors in the continuous presence of IL3. causes cell death after
15 hours. Analysis of DNA revealed that after 8 hours there is activation of endogenous
endonuclease that produces the ladder pattern characteristic of apoptosis. The study of
deoxynucleosides triphosphate pools indicates that the inhibitors produce an imbalance situation
and in the case of methotrexate, there is a rapid decrease in the dTTP pool whereas dATP remains
normal. Since the previous experiments were performed in the presence of IL3, these results
indicate that apoptosis can be directly induced in BAF3 by blocking dNTP de novo synthesis and
perturbing dNTP balance, even in the presence of other signals from the IL3 receptor.

In the present study we describe changes in dNTP pools that precede chromatin
fragmentation in a model of apoptosis driven by deprivation of the cytokine IL3. in BAF3 cells, IL3
withdrawal leads to a rapid decrease in the size of dATP, dTTP and dGTP pools without affecting the
dCTP levels. This imbalance in dNTP pool precedes DNA fragmentation and is mainly caused by a
loss of ribonucleotide reductase (RNR) activity and a decrease in precursor uptake through the
salvage pathway. Readdition of IL3 leads in the short term to a rapid restoration of normal dNTP pools
through a protein synthesis-independent mechanism by increasing precursor incorporation through
the salvage pathway, without an increase in RNR activity. This study suggests that dNTP pool
imbalance after IL3 deprivation could be responsible for nucleotides misincorporation during DNA
synthesis and repair and may therefore serve as a signal to the cell to initiate a death program to
prevent the accumulation of mutations. Removal of IL3 from BAF3 cells overexpressing bcl-2 or
treatment of these cells with dNTP synthesis inhibitors also results in the loss of dNTP without DNA
fragmentation, indicating that bcl-2 can inhibit apoptosis despite dNTP imbalance.
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Bcl-2 MEDIATES THE NEUROTROPHIN SURVIVAL RESPONSE

T. ALLSOPP
School of Biological and Medical Sciences
Bute Medical Building. University of St. Andrews
St. Andrews, Fife Ky (U.K.)

Developing neurons undergo apoptosis if they fail to obtain an adequate supply of
neurotrophins from their targets. How neurotrophins suppress apoptosis is unknown. As
experimental over-expression of exogenous bcl-2 prevents apoptosis in cultured neurons
deprived of NGF-related neurotrophins (NGF, BDNF and NT-3) we investigated a role for
endogenous bcl-2 in mediating the action of neurotrophins. Expression of antisense but not
sense bcl-2 RNA in BDNF-dependent neurons killed these neurons in the presence of BDNF.
Ciliary neurons, which are not rescued by bcl-2 overexpression following withdrawal of
ciliary neurotrophic factor (CNTF) were unaffected by antisense bcl-2 RNA. BDNF caused a
transient elevation of bc/-2 mRNA expression in BDNF-dependent neurons, but neither
CNTF nor the related factor GPA affected bcl-2 mRNA expression in ciliary neurons. Our
findings indicate that neurotrophins can regulate neuronal viability via the expression of
the well-characterised cell death-suppressor bcl2 and substantiate the hypothesis that
different molecular mechanisms control apoptosis in different neuronal types.
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IL-7 INDUCES CD25 EXPRESSION AND RESCUES HUMAN
ACTIVATED T CELLS FROM APOPTOSIS INDUCED BY
GLUCOCORTICOIDS.

T. Hernandez-Caselles, M. Martinez-Esparza, D. Sancho
Madrid, G. Rubio, P. Aparicio. Departamento de
Bioquimica y Biologia Molecular (B) e Inmunologia.
Facultad de Medicina. Universidad de Murcia.

Glucocorticoids are among the most potent and widely
~used anti-inflammatory and immunosuppresive drugs which
induce apoptosis in activated mature T cells, cortical
thymocytes and a number of tumor T cells.
Glucocorticoid-induced T cell death can be abrogated by
IL-2. Although IL-7 is also a potent growth factor for
T cells, its role in rescuing T cells from
glucocorticoid-induced apoptosis has not yet been
tested. To reach this aim, we analyzed the viability
and expression of CD25 antigen on human PHA-activated T
cell or different isolated human T cell clones in the
presence or absence of IL-2, IL-4 or IL-7 and
dexamethasone. Our in vitro results indicated that
treatment with all three lymphokines increased the
number of living PHA-activated T cells in the presence

of dexamethasone. When off or y8 T cell clones were
tested, only IL-2 and IL-7 were able to augment
viability of the cultures and to prevent
glucocorticoid-induced apoptosis. CD25 expression was
increased in all cell types when treated with IL-2 or
IL-7 in the presence of dexamethasone, while IL-4 had
little or no effect. The highest levels of CD25+ cells
were found in IL-7 + dexamethasone treated cultures.
Exogenously added IL-2 had no synergy with IL-7 on
inducing CD25 expression. Anti-IL-2 mAb did not inhibit
IL-7-induced CD25 indicating that IL-7 effect is not
dependent on endogenously produced IL-2. Our results
indicate that IL-7 may be an important lymphokine
involved in the rescue of activated T cells from
apoptosis induced by glucocorticoids.
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c-Myc-induced apoptosis in fibroblasts is inhibited by specific cytokines
Elizabeth A. Harrington, Martin R. Bennett, Abdallah Fanidi and Gerard I. Evan

Biochemistry of the Cell Nucleus Laboratory,
Imperial Cancer Research Fund Laboratories,
PO Box 123,

44 Lincoln’s Inn Fields,

London,

WC2A 3PX,

UK.

We have investigated the mechanism by which deregulated expression
of c-Myc induces death by apoptosis in serum-deprived fibroblasts. We
demonstrate that Myc-induced apoptosis in low serum is inhibited by a
restricted group of cytokines, principally the insulin-like growth factors and
PDGF. Cytokine-mediated protection from apoptosis is not linked to the
cytokines’ abilities to promote growth, and is evident both in the G; pre-
commitment (mitogen-dependent) and the post-commitment (mitogen-
independent) S/G2/M phases of the cell cycle and also when apoptosis is
induced by cytotoxic drugs. We conclude that c-Myc-induced apoptosis does
not result from a simple conflict of growth signals but appears to be a normal
physiological aspect of c-Myc function that is regulated by the environmental
context in which the cell exists.
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THY-1 TRIGGERS MOUSE THYMOCYTE APOPTOSIS
THROUGH A bcl-2-RESISTANT MECHANISM.

Anne-Odile Hueber, Graga Raposo, Michel Pierres, and Hai-Tao He

Centre d’Immunologie INSERM-CNRS de Marseille Luminy, Case 906, 13288
Marseille Cedex 9, France

Programmed cell death (PCD) plays an important role during thymocyte development,
since a vast majority (97%) of mouse cortical thymocytes die in thymus, while only 3%
of these cells are rescued from cell death and positively selected. Although it seems well
established that thymocyte fate depends upon appropriate surface-expressed TCR, little is
known about the molecular mechanim(s) responsible for the massive thymocyte
elimination occuring in thymus. We report here that Thy-1 is capable of triggering mouse
thymocyte death in vitro through a bcl-2-resistant mechanism. We have previously shown
that Thy-1 is involved in mouse thymocyte adhesion to thymic stroma through interaction
with an epithelial cell ligand. To examine the Thy-1 signalling functions in thymocytes,
we have mimicked its interaction with stromal cells by culturing mouse thymocytes onto
tissue culture plates coated with mAb directed at distinct Thy-1 epitope regions. MAb
recognizing determinants in a defined Thy-1 structural domain, but not others, were
found to induce marked thymocyte apoptosis as evidenced by morphological and
biochemical data. Use of a quantitative DNA blot assay indicated that Thy-1-mediated
thymocyte apoptosis was not blocked by RNA or protein synthesis inhibitors, EGTA nor
by cyclosporin A, and differed, therefore, from "activation-driven cell death" (ADCD).
Moreover, Thy-1*-transfected, but not wild-type AKR1 (Thy-1-d) thymoma cells
underwent apoptosis following ligation with apoptosis-inducing, Thy-1-specific mAb. In
contrast to thymocytes, the latter event was inhibitable by RNA and protein synthesis
inhibitors, an indication that thymocytes, but not thymoma cells, contain the molecular
components necessary for Thy-1-driven apoptosis. We further showed that Thy-1-
triggered thymocyte death is a developmentally regulated process operative in fetal
thymocytes from day 17 of gestation, but not in peripheral T cells. Finally, it is of major
interest that Thy-1-mediated apoptosis, which was found to be readily detectable in
thymocytes from bcl-2-transgenic mice, represents a so far unique experimental system
for studying bcl-2-resistant thymocyte death mechanism(s).
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Fas and Diethylmaleate Induce Apoptosis by Different Pathways

Hubert Hug, Masato Enari, Naoto Itoh and Shigekazu Nagata
Osaka Bioscience Institute, Suita, Osaka 565, Japan

Apoptosis can be induced by various substances. Fas and TNF
receptor (TNF-R) are cell surface proteins which trigger apoptosis either
by stimulation with the corresponding ligand or specific monoclonal
antibodies. Diethylmaleate (DEM) reduces cellular stores of glutathione
by forming a thioether conjugate in a reaction catalyzed by glutathione-
S-transferase, and induces apoptosis. Here, we examined whether
glutathione plays a role in Fas or TNF-R-mediated apoptosis.

Mouse L929 fibroblasts overexpressing human Fas were
incubated with several substances known for their anti-oxidant activity,
followed by treatment with apoptosis-inducing agents: anti-human Fas
antibody murine TNF or DEM. The following antioxidants were tested for
their ability to block apoptosis: y-glutamyl-cysteinylglycylethyl ester
that can be transported into cells and is split intracellularly to
glutathione; reduced y-L-Glu-L-Cys which has been shown to be a
substrate for microsomal glutathione transferase; deferoxamine which is
an inhibitor of ferrochelatase; o-Tocopherol that breaks lipid
peroxidation chain reactions.

All antioxidants mentioned above inhibited the DEM-induced
apoptosis in the Fas-overexpressing L929 cells. On the other hand, these
antioxidants could not inhibit the apoptosis induced by anti-Fas
antibody or TNF. These results indicate that reactive oxygen
intermediates do not play a major role in Fas- or TNF-R-mediated
apoptosis, and the apoptotic signal transduction mechanism by Fas or
TNF-R is different from that involved in DEM-mediated apoptosis.
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Regulation and Function of bcl-2 During B Cell Development.
Ramén Merino, Liyung Ding and Gabriel Nufiez
Department of Pathology, The University of Michigan Medical School, Ann Arbor, Michigan.

Homeostasis in the central and peripheral B cell pools is controlled by a continous
production of B cell precursors in the bone marrow, as well as by the rate of survival and
death of B cells. The high rate of cell death during B cell development is due, in part, to a
selection process by which B cells that fail to display surface IgM or those that express
antigen receptors for self are clonally eliminated by apoptosis. The intracellular signals that
control the survival of developing B cells are largely unknown. A clear candidate for such a
role is the bcl-2 proto-oncogene, whose product promotes cell survival by inhibiting apoptotic
cell death. The physiological role of the endogenous Bcl-2 protein is unclear because its
expression in developing B cells and its ability to modulate apoptosis are undetermined. We
have studied in detail the expression of Bcl-2 during B cell development by three-color flow
cytometric analysis. Our results shown a striking developmental regulation of the Bcl-2
protein in B lymphocytes. Bcl-2 is highly expressed in pro-B and mature B cells but
downregulated at the pre-B and immature B cell stages of development. Importantly,
expression of Bcl-2 perfectly correlates with susceptibility to apoptosis mediated by
dexamethasone in vivo. Targeting of Bcl-2 to pre-B cells and immature B cells rescued the
cells from dexamethasone-induced apoptosis. In order to assess Bcl-2 in the process of
clonal deletion of self-reactive immature B cell precursors, neonatal C57BL/6 mice were
injected intraperitoneally with F(ab')2 goat anti-mouse IgM polyclonal antibody which
mimmics the delection process. Two days following injection, there was a selective
elimination of IgM+IgD- immature B cells expressing low levels of Bcl-2. In contrast, Bcl-2high
IgM+IgD" immature B cells and IgM*IgD+ mature B cells largely survived anti-lgM treatment.
Importantly, overexpression of a bcl-2 transgene in Bcl-2dull igM+IgD- immature B cells failed
to prevent their anti-lgM-induced cell death. These results strongly suggest that
downregulation of Bcl-2 at the pre-B and immature B cells stages facilitates appropriate
selection of developing B cells following physiological cell death signals. Yet, clonal deletion
at the immature B cell stage but not glucocorticoid-induced apoptosis is independent of Bcl-2.
After or during clonal selection, Bcl-2 is upregulated in mature B cells and maintains
peripheral B cell survival.
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A CALCIUM-DEPENDENT NUCLEASE FROM APOPTOTIC RAT THYMOCYTES
IS HOMOLOGOUS WITH CYCLOPHILIN: RECOMBINANT CYCLOPHILINS A,B
AND C HAVE NUCLEASE ACTIVITY

Jenifer Walter Montague

Apoptosis is an important physiological process that involves the deletion of
specific cells in a controlled and timely manner. A biochemical hallmark typifying
apoptosis is cleavage of DNA by a calcium-dependent nuclease. We have identified
and purified an 18 kD nuclease (NUC18) whose activity is associated with this
apoptotic DNA fragmentation in glucocorticoid-treated rat thymocytes. Two
peptides resulting from trypsin digestion of NUC18 were sequenced and found to
have remarkable similarity to rat cyclophilin A (CypA) and other members of the
Cyp family. Cyps are peptidyl-prolyl cis-trans isomerases first identified by their
high-affinity binding to the immunosuppressant drug Cyclosporin A (CsA).
Cyclophilins have been identified in many diverse species, including mammals,
yeast, bacteria, Drosophila, and Neurospora. Peptide #1 of NUC18 (TVVFGK)
corresponds to residues 125-130 of rat CypA (HVVFGK), with the exception of the
His/Thr mismatch, and peptide #2 corresponds exactly to the first 16 residues of rat
CypA (VNPTVFFDITADGEPL). Western blot analyses were performed with
antibodies (Abs) directed against CypA and NUC18. Bceth sets of Abs recognize
CypA and an 18 kD nuclear protein produced in thymocytes of glucocorticoid-
treated rats. The cross-reactivity of the Abs indicates the two proteins are
immunologically similar, as well as sequentially similar.

Because the isolation scheme of NUC18 was based on its ability to degrade
DNA, we decided to next examine the immunologically related Cyp for possible
nuclease activity. CypA cDNA was introduced into bacterial cells so that
production of the resulting 18 kD protein could be induced by adding IPTG. This
18 kD protein was tested for nuclease activity by electrophoresis through an SDS-
polyacrylamide gel impregnated with 32P-labeled DNA. The SDS is removed and
the nuclease is activated by Ca2* and Mg2* at 37 ©C. The gel is dried down and
exposed to film. Nuclease activity is detected by the appearance of "holes" (sites of
labeled DNA loss) in an otherwise black autoradiograph. This assay demonstrates
that the induced Cyp protein is capable of degrading DNA. Additional assays reveal
that Cyp nuclease activity requires Ca2* for activation and is inhibited by Zn?* and
aurintricarboxylic acid, two known inhibitors of nucleases. Cyp shows the same
response to activators and inhibitors as NUC18.

We obtained purified Cyps A, B and C (18 kD, 21 kD, and 22 kD,
respectively) to examine the possibility that the nuclease activity observed with our
genetic approach resulted from a bacterial contaminant and not the induced CypA.
The nuclease activity in the radioactive gel nuclease assay corresponds exactly to the
size of the Cyp protein in that lane. Additionally, resolubilized CypA crystals were
tested in this same manner to ensure that a contaminant was not responsible for the
apparent nuclease assay. The samples of resolubilized CypA crystals also display a
Ca2?+*-dependent nuclease activity.
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A classical means of testing Cyps for nuclease activity is a method in which
Cyp is directly incubated with excess substrate DNA (linearized pUC18) in the
presence or absence of ions. With this assay all three forms of Cyp again
demonstrate the ability to degrade DNA, as detected by an increase in low
molecular weight DNA with a concomitant decrease in the amount of substrate
DNA in an EtBr-stained agarose gel. Cyps B and C could produce low molecular
weight DNA within one hour of incubation, a time frame that corresponds with the
apppearance of DNA degradation during apoptosis. To further demonstrate that
the DNA degradation results from the Cyp itself, we added to these assays the high-
affinity ligand for Cyp, CsA. This drug is known to inhibit the peptidyl-prolyl
isomerase activity of Cyp, but appears to actually enhance the nuclease activity of
Cyp.

In summary, we have shown that an apoptotic nuclease, NUC18, has
sequence homology with CypA and other members of the Cyp family, and that
NUCI18 and CypA are immunologically related. Further, we have shown that Cyps
demonstrate the ability to degrade DNA in a time frame that corresponds to
apoptotic DNA degradation and that this nuclease activity of Cyps can be enhanced
by the high-affinity ligand CsA. We are continuing with genetic and biochemical
studies to determine the involvement of Cyp proteins in apoptosis.
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A DECREASE IN THE DEOXYRIBONUCLEOQTIDE POOLS IS AN EARLY EVENT IN APOPTOSIS
INDUCED BY INTERLEUKIN-3 REMOVAL

E. J. Oliver, J. Marvel, M. K. L. Collins and A. Lépez-Rivas

Instituto de Parasitologia y Biomedicina, CSIC, Granada, Spain. Institute of Cancer Research,
London, U.K.

Apoptosis or programmed cell death is a physiological proccess of cell homeostasis by
which unwanted cells are triggered to die. This homeostatic function is exerted in relation to
tissue dinamics specially in continuosly renewing tissues, as the hematopoietic system,
where the steady state is achieved by a balance between cell death and cell division.
Activation of an endonuclease activity has been proposed to be a necessary event in the onset
of apoptosis, although a model to explain the cascade of events leading to such activation
remains elusive. Differents antineoplastic agents, acting on their target cells by inhibiting
de novo synthesis of dNTPs, have been reported to kill cells by a mechanism involving
apoptosis.

Methods:BAF3 cells were cultured in RPMI with 10% fetal bovine serum and 10%
conditioned medium from the IL-3-producing cell line Wehi-3B; dNTP were determined
enzymatically by DNA polymerase; ribonucleotide reductase activity was measured by the
Dowex-1-borate column method.

Results and discussion: Previous results from our laboratory have shown that inhibition of
the enzyme thymidilate synthase with 5'-fluor-2'-deoxyuridine, to perturb
deoxyribonucleotides metabolism, drives the hematopoietic precursor cell line BAF3 to an
apoptotic programm, even in the presence of interleukin-3 (IL-3). In the present study
we show that IL-3 withdrawal leads to a rapid decrease in the size of dATP and dTTP pools,
that precedes DNA fragmentation. This is accompained by a dramatic loss of ribonucleotide
reductase activity. Removal of IL-3 from BAF3 cells overexpressing the protooncogene
BCL-2 also result in the loss of dNTPs, although with a slower kinetic. Readdition of IL3
restores normal dNTP pools even in the absence of protein synthesis, without a parallel
increase in ribonucleotide reductase activity. We are now studying the putative short term
modifications affecting at different steps of dNTP metabolism. In conclussion, this provides a
novel mechanism to understand the initiation of apoptosis following growth factor removal
and suggest that an unbalance of dNTP pool is an essential switch for commiting the cells to
apoptosis in this model of cell death.
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CELLULAR SUSCEPTIBILITY TQ APOPTQSIS BY THE ElA
ONCOGENE REQUIRES BINDING ~TO p105-rb/p107/p60 and
p300 CEILLUL AR PROTEINS.

Sanchez R, Marchetti E, Dominguez C, Lacal JC, Dotto GP and
Ramén y Cajal S. Clinica Puerta de Hierro, 28035 Madrid and
Mass General Hospital, Boston, MA 02129.

The mechanisms of cellular resistance to anticancer drugs and
radiation are multiple and may depend on specific oncogenic alterations,
induction of apoptosis or other factors. The oncogene Ela confers
susceptibility to apoptosis induced by DNA damaging agents and pS3
protein mediation is required for efficent execution of the death program.

In order to test if the apoptosis of Ela transformed cells requires
binding to the retinoblastoma gene product (p105) and other cellular
proteins, p60. p107 and p300, we studied the effect of cisplatin ((P) and
ionizing radiation on murine keratinocytes (PAM 212) transfected by
several Ela mutants that bind to different subset of proteins. Gll
viability and dose response assays were evaluated by the crystal violet
method, thymidine uptake and flow cytometry.

Keratinocytes transfected by the wild type Ela oncogene or the
mutant d1787N (which binds to p60. p105. p107. and p300) showed a
lethality to (P (10 ug/ml) 4 times higher than controls and 3 times to
radiation (5 grays) while the keratinocytes carrying the mutants NTd 1598
(binding to p105, p107 and p60) and d1922 (binding only to p300)
showed similar sensitivity to DNA damage agents of the control cells
carrying only the G418 resistant gene. Apoptosis (after 24 hours) studied
by DNA fragmentation was only observed in the cells carrying the wild
type Ela or the mutant d1787N and not with the keratinocytes
transfected with the other mutants. P53 protein expression, revealed by
western-blotting, showed strong positivity in the wild type Ela expressing
cells and mutants that bind to all four proteins together. Intermediate
levels, between the cells carrying an intact Ela gene and the neo-control
keratinocytes, were observed with the other mutants From these results,
we oonclude that cell sensitivity to anticancer drugs and radiation induced
by the Ela oncogene requires binding to a specific set of proteins, and that
mutants which do not bind to p105, p107 or p300 do not undergo
apoptosis after treatment with DNA damaging agents.
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CELL KILLING MEDIATED BY THE TNF RECEPTOR AND APO-1/Fas DOES
NOT FOLLOW THE SAME PATHWAY
Klaus Schulze-Osthoff and Wulf Droge, Division of Immunochemistry,

Deutsches Krebsforschungszentrum, D-69120 Heidelberg, FRG

Tumor necrosis factor (TNF) receptors and the APO-1/Fas cell surface molecule are
members of the tumor necrosis factor/nerve growth factor (NGF) receptor superfamily
which have been implicated in induction of cell death in various cells. In this study we
compared the killing pathways mediated by both receptor molecules in TNF-sensitive
L929 cells stably transfected with APO-1/Fas cDNA. Morphologically, TNF-induced cell
death resembled necrosis. In contrast, APO-1/Fas-mediated cell Killing followed an
apoptotic pattern as shown by the appearance of membrane blebbing, nuclear
condensation and nonrandom DNA degradation. Experiments with several inhibitors
revealed that the mechanism of TNF- and APO-1/Fas-mediated cell Kkilling was
substantially different. TNF cytotoxicity was mediated by reactive oxygen intermediates
(ROI) generated during mitochondrial respiration. However, APO-1/Fas-induced cell
killing did not reveal any involvement of mitochondria or ROI because neither
mitochondrial inhibitors nor antioxidants exerted a protecting effect. Moreover, several
inhibitors of calcium metabolism, ADP ribosylation and phospholipase action inhibited
TNF cytotoxicity, but failed to protect against APO-1/Fas-mediated apoptosis. These data
suggest that the mechanism of TNF receptor and APO-1/Fas-mediated cell death may be
different in a single cell type. Hence, cells may undergo different cell death programs

depending on the activating stimulus.



CELL NUCLEUS AND DNA FRAGMENTATION NOT REQUIRED FOR APOPTOSIS
Klaus Schulze-Osthoff 1), Henning Walczak 2), Wulf Drége 1) and Peter H. Krammer 2)
Division of Immunochemistry 1) and Division of Immunogenetics 2),

Deutsches Krebsforschungszentrum, D-69120 Heidelberg, FRG

Apoptotic cell death is characterized by a sequence of cytological alterations including
membrane blebbing and nuclear and cytoplasmic condensation. Activation of an
end;)nuclease which cleaves genomic DNA into internucleosomal DNA fragments is
considered to be the hallmark of apoptosis. However, no clear evidence exists that DNA
degradation plays a primary and causative role in apoptotic cell death. Here we show that
L929 cells enucleated with cytochalasin B still undergo apoptosis either induced by
treatment with menadione, an oxidant quinone compound, or by triggering APO-1/Fas, a
cell surface molecule involved in physiological cell death. Incubation of enucleated cells
with the agonistic monoclonal anti-APO-1 antibody revealed the key morphological
features of apoptosis. Moreover, in non-enucleated cells inhibitors of endonuclease blocked
DNA fragmentation, but not cell death induced by anti-APO-1. These data suggest that

DNA degradation and nuclear signaling are not required for apoptotic cell death.



List of Invited Speakers

Instituto Juan March (Madrid)



J.C. Ameisen

R. Buttyan

J.A. Cidlowski

J.J. Cohen

M.K.L. Collins

T.G. Cotter

A. Eastman

D.R. Green

87

Workshop on

THE BIOCHEMISTRY AND REGULATION OF
PROGRAMMED CELL DEATH

List of Invited Speakers

Departement de Pathogenese du Sida et des Infections a Tropisme
Immunitaire et Nerveux, INSERM U415, Institut Pasteur, LILLE
(France).

Tel.: 33 20 87 77 87

FAX : 3320 87 78 88

Department of Urology, Columbia University, 630 W. 168th St. New
York, NY. 10032 (USA).

Tel.: 1212 305 15 91

Fax : 1212 305 76 38

Departments of Physiology, Biochemistry and Biophysics, Lineberger
Cancer Research Center, The University of North Carolina at Chapel
Hill, Chapel Hill, NC. (USA).

Tel.: 1919 966 52 41

Fax : 1919 966 69 27

Department of Immunology, University of Colorado Medical School,
4200 East Ninth Avenue, Denver, CO. 80262 (USA).

Tel.: 1 303 270 88 98

Fax : 1303 270 67 85

Chester Beatty Laboratories, 237 Fulham Road, London SW3 6JB
(U.K.).
Tel.: 44 071 35297 72
Fax : 44 071 35232 99 or
8133

Department of Biology, St. Patrick’s College, Maynooth, Co. Kildare
(Ireland).

Tel.: 353 1 628 52 22

Fax : 353 1 708 38 45

Department of Pharmacology, Dartmouth Medical School, 7650
Remsen, Hanover, NH 03755 (USA).

Tel.: 1 603 650 16 67

Fax : 1 603 650 11 29

La Jolla Institute for Allergy and Immunology, 11149 North Torrey
Pines Road, La Jolla, CA. 92037 (USA).

Tel.: 1 619 558 35 00

Fax : 1 619 558 35 25



T. Honjo

H.R. Horvitz

J.T. Isaacs

P.H. Krammer

A. Lépez-Rivas

C. Martinez-A.

S. Nagata

G. Nuiiez

R.W. Oppenheim

S. Orrenius

88

Department of Medical Chemistry, Kyoto University Faculty of
Medicine, Yoshida, Sakyo-ku, Kyoto 606 (Japan).

Tel.: 81 75 753 43 71

Fax : 81 75 753 43 88

Howard Hughes Medical Institute, Department of Biology, MIT,
Cambridge, MA. 02139 (USA).

Tel.: 1617 253 46 71

Fax : 1 617 253 81 26

Department of Urology. Johns Hopkins School of Medicine, 422 N.
Bond Street, Baltimore, MD. 21205 (USA).

Tel.: 1410 955 77 77

Fax : 1 410 955 08 40

Tumorimmunology Program, Division of Immunogenetics, German
Cancer Research Center, INF 280, 69120 Heidelberg (Germany).
Fax : 49 06221 41 17 15

Instituto de Parasitologia y Biomedicina, CSIC, Ventanilla, 11, 18001
Granada (Spain).

Tel.: 34 58 20 38 02

Fax ; 34 58 20 33 23

Centro Nacional de Biotecnologia, CSIC, Universidad Auténoma,
Campus de Cantoblanco, 28049 Madrid (Spain).

Tel.: 34 1 585 45 00

Fax : 34 1 585 45 06

Osaka Bioscience Institute, Suita, Osaka 565 (Japan).
Tel.: 81 6 872 48 14
Fax : 81 6 871 66 86

Department of Pathology, The University of Michigan Medical School,
1301 Catherine Road, Ann Arbor, MI. 48109-0602 (USA).

Tel.: 1 313 764 74 41

Fax : 1313 763 64 76

Department of Neurobiology and Anatomy, Bowman Gray School of
Medicine, Wake Forest University, Medical Center Boulevard,
Winston-Salem, NC. 27157-1010 (USA).

Tel.: 1 910 716 43 68

Fax : 1910 716 45 34

Institute of Environmental Medicine, Karolinska Institutet, Stockholm
(Sweden).

Tel.: 46 8 728 64 00

Fax : 46 8 32 90 41



J.J.T. Owen

M.C. Raff

L.M. Schwartz

J. Yuan

89

Department of Anatomy, The Medical School, University of
Birmingham, Edgbaston, Birmingham B15 2TT (U.K.).

Tel.: 44 021 414 68 14

Fax : 44 021 414 68 15

MRC Developmental Neurobiology Programme, Biology Department,
University College London, London WCIE 6BT (U.K.).

Tel.: 44 071 380 70 16

Fax : 44 071 380 78 05

Department of Biology, University of Massachusetts, Amherst, MA.
01003 (USA).

Tel.: 1 413 545 24 35

Fax : 1413 545 16 96

Cardiovascular Research Center, CNY-4, Massachusetts General
Hospital-east, Charlestown, MA. 02129 and Department of Medicine,
Harvard Medical School, Boston, MA. 02115 (USA).

Tel.: 1 617 726 43 39

Fax : 1 617 726 58 06



List of Participants

Instituto Juan March (Madrid)



93

Workshop on

THE BIOCHEMISTRY AND REGULATION OF

T. Allsopp

P. Aparicio

L. Bergeron

J.A. Brieva

C. Cabanas

M. Esteban

E.G. Fernandez-
Malavé

M.J. Fernandez-
Sarabia

PROGRAMMED CELL DEATH
List of Participants

School of Biological and Medical Sciences, Bute Medical
Building, University of St. Andrews, St. Andrews, Fife KY16
9AJ (U.K.).

Tel.: 44 0334 76 161 Ext. 3281

Fax : 44 0334 63 600

Departamento de Bioquimica y Biologia Molecular (B) e
Inmunologia, Facultad de Medicina, Universidad de Murcia,
Campus de Espinardo, 30100 Murcia (Spain).

Tel.: 34 68 36 39 58

Fax : 34 68 83 09 50

Cardiovascular Research Center, Massachusetts General Hospital,
149 13th Street, Charlestown, MA. 02129 (USA).

Tel.: 1 617 726 43 25

Fax : 1 617 726 58 06

Hospital Puerta del Mar, Servicio de Inmunologia, Avda. Ana de
Viya, 21, 11009 Cddiz (Spain).
Tel.: 34 56 24 21 00 Ext. 2155

Departamento de Bioquimica, Facultad de Medicina, Universidad
Complutense, Ciudad Universitaria, 28040 Madrid (Spain).
Tel.: 34 1394 16 78

Fax : 34 1 394 16 91

Centro Nacional de Biotecnologia, CSIC. Campus Universidad
Auténoma, Cantoblanco, 28049 Madrid (Spain).

Tel.: 34 1 585 45 07

Fax : 34 1 585 45 06

Centro de Biologia Molecular "Severo Ochoa", CSIC, Facultad
de Ciencias, Universidad Auténoma, 28049 Madrid (Spain)
Tel.: 34 1 397 80 76

Fax : 34 1 397 83 44

ONYX Pharmaceuticals, 3031 Research Drive, Bldg.A,
Richmond, CA. 94806-5206 (USA).

Tel.: 1 51022297 00

Fax : 1 510 222 97 58



G. Gasic

E.A. Harrington

U. Hibner

A.-O. Hueber

H. Hug

M.D. Jacobson

J. Merino-Pérez

R. Merino-Pérez

Z. Molnir

F. Mollinedo

94

Cell Editorial Offices, 50 Cturch Street, Cambridge, MA. 02138
(USA).

Tel.: 1 617 661 70 57

Fax : 1 617 661 70 61

Imperial Cancer Research Fund, Biochemistry of the Cell Nucleus
Laboratory, P.O. Box No 123, 44 Lincoln’s Inn Fields, London
WC2A 3PX (U.K.).

Tel.: 44 071 242 02 00

Fax : 44 071 269 34 79

Institut de Génétique Moléculaire, CNRS UMR 9942, 1919 route
de Mende, 34033 Montpellier, Cedex 1 (France).

Tel.: 33 67 61 36 55

Fax : 33 67 04 02 45 / 31

Centre d’Immunonologie INSERM-CNRS de Marseille-Luminy,
Parc Scientifique de Luminy, Case 906, 13288 Marseille Cedex
9 (France).

Tel.: 33 91 26 94 57

Fax : 33 91 26 94 30

First Department (Molecular Biology), Osaka Bioscience Institute,
6-2-4 Furuedai, Suita, Osaka 565 (Japan).

Tel.: 081 6 872 48 50

Fax : 081 6 871 66 86

MRC LMCB, University College London, Gower Street, London
WCIE 6BT (U.K.).

Tel.: 44 71 380 78 06

Fax : 44 71 380 78 05

Seccién Inmunologia, Hospital Marqués de Valdecilla, Avda. de
Valdecilla, s/n°, 39008 Santander (Spain).

Tel.: 34 42 20 25 20 Ext. 73225

Fax : 34 42 20 26 55

Department of Pathology, The University of Michigan Medical
School, 1201 Catherine Road, Ann Arbor, MI. 48109 (USA).
Fax : 1313 763 64 76

University of Oxford, University Laboratory of Physiology, Parks
Road, Oxford OX1 3PT (U.K.).

Tel.: 44 865 28 21 60

Fax : 44 865 27 24 88

Centro de Investigaciones Bioldgicas, CSIC, c/Veldzquez 144,
28006 Madrid (Spain).

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18



J.W. Montague

J.R. Naranjo

F.J. Oliver

S. Ramén y Cajal

J. Renart

Y. Revilla

K. Schulze-Ostoff

C. Stauber

95

The School of Medicine, Department of Physiology, The
University of North Carolina at Chapel Hill, CB# 7545, Medical
Sciences Research Bldg., Chapel Hill, NC. 27599-7545 (USA).
Tel.: 1 919 966 52 41
Fax : 1 919 966 69 27

Instituto Cajal, CSIC, Avda. Dr. Arce 37, 28002 Madrid (Spain).
Tel.: 34 1 585 47 50
Fax : 34 1 585 47 54

Instituto de Parasitologia y Biomedicina, CSIC, Ventanilla 11,
18001 Granada (Spain).

Tel.: 34 58 20 38 02

Fax : 34 58 20 33 23

Departamento de Anatomia Patoldgica, Clinica Puerta de Hierro,
c/San Martin de Porres 4, 28035 Madrid (Spain).

Tel.: 34 1 316 30 40

Fax : 34 137305 35

Instituto de Investigaciones Biomédicas, CSIC, Arturo Duperier
4, 28029 Madrid (Spain).

Tel.: 34 1 585 46 28

Fax : 34 1 585 45 87

Centro de Biologia Molecular "Severo Ochoa", CSIC, Universidad
Auténoma, Campus de Cantoblanco, 28049 Madrid (Spain).
Tel.: 34 1 397 84 86

Fax : 34 1 397 47 99

Deutsches Krebsforschungszentrum, Division of
Immunochemistry, Im Neuenheimer Feld 280, D-69120
Heidelberg (Germany).

Tel.: 49 6221 423 737 or 423 716

Fax : 49 6221 423 746 or 411 715

Centro Nacional de Biotecnologia, Lab. 118, Universidad
Auténoma, Campus de Cantoblanco, 28049 Madrid (Spain).
Tel.: 34 1 585 45 37

Fax : 34 1 585 45 06



Texts published in the

SERIE UNIVERSITARIA

by the

FUNDACION JUAN MARCH

concerning workshops and courses organized within the
Plan for International Meetings on Biology (1989-1991)

246 Workshop on Tolerance: Mechanisms
and implications.
Organized by P. Marrack and C. Marti-
nez-A. Lectures by H. von Boehmer, J.
W. Kappler, C. Martinez-A., H. Wald-
mann, N. Le Douarin, J. Sprent, P. Mat-
zinger, R. H. Schwartz, M. Weigert, A.
Coutinho, C. C. Goodnow, A. L. DeFran-
co and P. Marrack.

247 Workshop on Pathogenesis-related
Proteins in Plants.
Organized by V. Conejero and L. C. Van
Loon. Lectures by L. C. Van Loon, R. Fra-
ser, J. F. Antoniw, M. Legrand, Y. Ohashi,
F. Meins, T. Boller, V. Conejero, C. A.
Ryan, D. F. Klessig, J. F. Bol, A. Leyva
and F. Garcia-Olmedo.

248 Beato, M.:
Course on DNA - Protein Interaction.

249 Workshop on Molecular Diagnosis of
Cancer.
Organized by M. Perucho and P. Garcia
Barreno. Lectures by F. McCormick, A.
Pellicer, J. L. Bos, M. Perucho, R. A.
Weinberg, E. Harlow, E. R. Fearon, M.
Schwab, F. W. Alt, R. Dalla Favera, P. E.
Reddy, E. M. de Villiers, D. Slamon, |. B.
Roninson, J. Groffen and M. Barbacid.

251 Lecture Course on Approaches to Plant
Development.
Organized by P. Puigdoménech and
T. Nelson. Lectures by |. Sussex, R. S.
Poethig, M. Delseny, M. Freeling, S. C. de
Vries, J. H. Rothman, J. Modolell, F. Sala-
mini, M. A. Estelle, J. M. Martinez Zapater,
A. Spena, P. J. J. Hooykaas, T. Nelson,
P. Puigdoménech and M. Pages.

252 Curso Experimental de Electroforesis
Bidimensional de Alta Resolucién.
Organizado por Juan F. Santarén. Semi-
narios por Julio E. Celis, James |. Garrels,

253

254

255

256

Joél Vandekerckhove, Juan F. Santarén
y Rosa Assiego. .

Workshop on Genome Expression and
Pathogenesis of Plant RNA Viruses.

Organized by F. Garcia-Arenal and P. Pa-
lukaitis. Lectures by D. Baulcome, R. N.
Beachy, G. Boccardo, J. Bol, G. Bruening,
J. Burgyan, J. R. Diaz Ruiz, W. G. Dou-
gherty, F. Garcia-Arenal, W. L. Gerlach,
A. L. Haenni, E. M. J. Jaspars, D. L. Nuss,
P. Palukaitis, Y. Watanabe and M. Zaitlin.

Advanced Course on Biochemistry and
Genetics of Yeast.

Organized by C. Gancedo, J. M. Gance-
do, M. A. Delgado and . L Calderon.

Workshop on The Reference Points in
Evolution.

Organized by P. Alberch and G. A. Dover.
Lectures by P. Alberch, P. Bateson, R. J.
Britten, B. C. Clarke, S. Conway Morris,
G. A. Dover, G. M. Edelman, R. Flavell,
A. Fontdevila, A. Garcia-Bellido, G. L. G.
Miklos, C. Milstein, A. Moya, G. B. Mller,
G. Oster, M. De Renzi, A. Seilacher,
S. Stearns, E. S. Vrba, G. P Wagner,
D. B. Wake and A. Wilson.

Workshop on Chromatin Structure and
Gene Expression.

Organized by F. Azorin, M. Beato and
A. A. Travers. Lectures by F. Azorin, M.
Beato, H. Cedar, R. Chalkley, M. E. A.
Churchill, D. Clark, C. Crane-Robinson,
J. A. Daban, S. C. R. Elgin, M. Grunstein,
G. L. Hager, W. Horz, T. Koller, U. K.
Laemmli, E. Di Mauro, D. Rhodes, T. J.
Richmond, A. Ruiz-Carrillo, R. T. Simpson,
A. E. Sippel, J. M. Sogo, F. Thoma, A. A.
Travers, J. Workman, O. Wrange and
C. Wu.



257

258

259

260

261

263

Lecture Course on Polyamines as mo-
dulators of Plant Development.
Organized by A. W. Galston and A. F. Ti-
burcio. Lectures by N. Bagni, J. A. Creus,
E. B. Dumbroff, H. E. Flores, A. W. Galston,
J. Martin-Tanguy, D. Serafini-Fracassini,
R. D. Slocum, T. A. Smith and A. F. Tibur-
cio.

Workshop on Flower Development.
Organized by H. Saedler, J. P. Beltran and
J. Paz Ares. Lectures by P. Albersheim,
J. P. Beltran, E. Coen, G. W. Haughn, J.
Leemans, E. Lifschitz, C. Martin, J. M.
Martinez-Zapater, E. M. Meyerowitz, J.
Paz-Ares, H. Saedler, C. P. Scutt, H.
Sommer, R. D. Thompson and K. Tran
Thahn Van.

Workshop on Transcription and Repli-
cation of Negative Strand RNA Viruses.
Organized by D. Kolakofsky and J. Ortin.
Lectures by A. K. Banerjee, M. A. Billeter,
P. Collins, M. T. Franze-Fernandez, A. J.
Hay, A. Ishihama, D. Kolakofsky, R. M:
Krug, J. A. Melero, S. A. Moyer, J. Ortin,
P. Palese, R. G. Paterson, A. Portela, M.
Schubert, D. F. Summers, N. Tordo and
G. W. Wertz.

Lecture Course Molecular Biology of
the Rhizobium-Legume Symbiosis.
Organized by T. Ruiz-Argiieso. Lectures
by T. Bisseling, P. Boistard, J. A. Downie,
D. W. Emerich, J. Kijne, J. Olivares,
T. Ruiz-Argueso, F. Sanchez and H. P.
Spaink.

Workshop The Regulation of Transla-
tion in Animal Virus-Infected Cells.
Organized by N. Sonenberg and L. Ca-
rrasco. Lectures by V. Agol, R. Bablanian,
L. Carrasco , M. J. Clemens, E. Ehrenfeld,
D. Etchison, R. F. Garry, J. W. B. Hershey,
A. G. Hovanessian, R. J. Jackson, M. G.
Katze, M. B. Mathews, W. C. Merrick, D.
J. Rowlands, P. Sarnow, R. J. Schneider,
A. J. Shatkin, N. Sonenberg, H. O. Voor-
ma and E. Wimmer.

Lecture Course on the Polymerase
Chain Reaction.
Organized by M. Perucho and E. Martinez-

264

265

266

267

268

Salas. Lectures by D. Gelfand, K. Hayashi,
H. H. Kazazian, E. Martinez-Salas, M. Mc
Clelland, K. B. Muliis, C. Oste, M. Perucho
and J. Sninsky.

Workshop on Yeast Transport and
Energetics.

Organized by A. Rodriguez-Navarro and
R. Lagunas. Lectures by M. R. Chevallier,
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A.
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz,
R. Lagunas, C. Ledo, L. A. Okorokov, A.
Pefa, J. Ramos, A. Rodriguez-Navarro,
W. A. Scheffers and J. M. Thevelein

Workshop on Adhesion Receptors in
the Immune System.

Organized by T. A. Springer and F. San-
chez-Madrid. Lectures by S. J. Burakoff,
A. L. Corbi-Lopez, C. Figdor, B. Furie, J.
C. Gutiérrez-Ramos, A. Hamann, N. Hogg,
L. Lasky, R. R. Lobb, J. A. Lopez de Cas-
tro, B. Malissen, P. Moingeon, K. Okumu-
ra, J. C. Paulson, F. Sanchez-Madrid, S.
Shaw, T. A. Springer, T. F. Tedder and A.
F. Williams.

Workshop on Innovations on Protea-
ses and their Inhibitors: Fundamental
and Applied Aspects.

Organized by F. X. Avilés. Lectures by T.
L. Blundell, W. Bode, P. Carbonero, R.
W.Carrell, C. S. Craik, T. E. Creighton, E.
W. Davie, L. D. Fricker, H. Fritz, R. Huber,
J. Kenny, H. Neurath, A. Puigserver, C.
A. Ryan, J. J. Sanchez-Serrano, S. Shal-
tiel, R. L. Stevens, K. Suzuki, V. Turk, J.
Vendrell and K. Wiithrich.

Workshop on Role of Glycosyl-Phos-
phatidylinositol in Cell Signalling.
Organized by J. M. Mato and J. Larner.
Lectures by M. V. Chao, R. V. Farese, J.
E. Feliu, G. N. Gaulton, H. U. Héring, C.
Jacquemin, J. Larner, M. G. Low, M. Mar-
tin Lomas, J. M. Mato, E. Rodriguez-
Boulan, G. Romero, G. Rougon, A. R.
Saltiel, P. Strélfors and I. Varela-Nieto.

Workshop on Salt Tolerance in Mi-
croorganisms and Plants: Physiological
and Molecular Aspects.

Organized by R. Serrano and J. A. Pintor-



Toro. Lectures by L. Adler, E. Blumwald,
V. Conejero, W. Epstein, R. F. Gaber, P.
M. Hasegawa, C. F. Higgins, C. J. Lamb,
A. LAuchli, U. Littge, E. Padan, M. Pagés,
U. Pick, J. A. Pintor-Toro, R. S. Quatrano,
L. Reinhold, A. Rodriguez-Navarro, R.
Serrano and R. G. Wyn Jones.

Organized by R. Baker and J. M. Delgado-
Garcia. Lectures by C. Acuia, R. Baker,
A. H. Bass, A. Berthoz, A. L. Bianchi, J.
R. Bloedel, W. Burio, R. E. Burke, R. Ca-
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Lecture Course on Palaeobiology: Pre-
paring for the Twenty-First Century.
Organized by F. Alvarez and S. Conway
Morris. Lectures by F. Alvarez, S. Conway
Morris, B. Runnegar, A. Seilacher and R.
A. Spicer.

Workshop on The Past and the Future
of Zea Mays.

Organized by B. Burr, L. Herrera-Estrella
and P. Puigdoménech. Lectures by P.
Arruda, J. L. Bennetzen, S. P. Briggs, B.
Burr, J. Doebley, H. K. Dooner, M. Fromm,
G. Gavazzi, C. Gigot, S. Hake, L. Herrera-
Estrella, D. A. Hoisington, J. Kermicle, M.
Motto, T. Nelson, G. Neuhaus, P. Puigdo-
menech, H. Saedler, V. Szabo and A. Viotti.

~

tocompatibility complex.

Organized by A. Arnaiz-Villena and P. Par-
ham. Lectures by A. Arnaiz-Villena, R. E.
Bontrop, F. M. Brodsky, R. D. Campbell,
E. J. Collins, P. Cresswell, M. Edidin, H.
Erlich, L. Flaherty, F. Garrido, R. Germain,
T. H. Hansen, G. J. Hammerling, J. Klein,
J. A. Lopez de Castro, A. McMichael, P.
Parham, P. Stastny, P. Travers and J.
Trowsdale.

Workshop on Behavioural Mechanisms
in Evolutionary Perspective.

Organized by P. Bateson and M. Gomendio.
Lectures by J. R. Alberts, G. W. Barlow,
P. Bateson, T. R. Birkhead, J. Carranza, C.
ten Cate, F. Colmenares, N. B. Davies, R.
|. M. Dunbar, J. A. Endler, M. Gomendio,
T. Guilford, F. Huntingford, A. Kacelnik, J.
Krebs, J. Maynard Smith, A. P. Maller, J.
Moreno, G. A. Parker, T. Redondo, D. I.
Rubenstein, M. J. Ryan, F. Trillmich and J.
C. Wingfield.

Workshop on Transcription Initiation in
Prokaryotes.

Organized by M. Salas and L. B. Rothman-
Denes. Lectures by S. Adhya, H. Bujard,
S. Busby, M. J. Chamberlin, R. H. Ebright,
M. Espinosa, E. P. Geiduschek, R. L. Gour-
se, C. A. Gross, S. Kustu, J. Roberts, L. B.
Rothman-Denes, M. Salas, R. Schleif, P.
Stragier and W. C. Suh.



8

10

1

12

13

Workshop on the Diversity of the Immu-
noglobulin Superfamily.

Organized by A. N. Barclay and J. Vives.
Lectures by A. N. Barclay, H. G. Boman, |.
D. Campbell, C. Chothia, F. Diaz de Espada,
I. Faye, L. Garcia Alonso, P. R. Kolatkar,
B. Malissen, C. Milstein, R. Paolini, P. Par-
ham, R. J. Poljak, J. V. Ravetch, J. Salzer,
N. E. Simister, J. Trinick, J. Vives, B. Wes-
termark and W. Zimmermann.

Workshop on Control of Gene Expression
in Yeast.

Organized by C. Gancedo and J. M. Gan-
cedo. Lectures by T. G. Cooper, T. F. Do-
nahue, K=D. Entian, J. M. Gancedo, C. P.
Hollenberg, S. Holmberg, W. Hérz, M.
Johnston, J. Mellor, F. Messenguy, F. Mo-
reno, B. Pifa, A. Sentenac, K. Struhl, G.
Thireos and R. S. Zitomer.
Workshop on Engineering Plants
Against Pests and Pathogens.
Organized by G. Bruening, F. Garcia-Ol-
medo and F. Ponz. Lectures by R. N. Bea-
chy, J. F. Bol, T. Boller, G. Bruening, P.
Carbonero, J. Dangl, R. de Feyter, F. Gar-
cia-Olmedo, L. Herrera-Estrella, V. A. Hil-
der, J. M. Jaynes, F. Meins, F. Ponz, J.
Ryals, J. Schell, J. van Rie, P. Zabel and
M. Zaitlin.

Lecture Course on Conservation and
Use of Genetic Resources.

Organized by N. Jouve and M. Pérez de la
Vega. Lectures by R. P. Adams, R. W. Allard,
T. Benitez, J. I. Cubero, J. T. Esquinas-
Alcazar, G. Fedak, B. V. Ford-Lloyd, C. Go6-
mez-Campo, V. H. Heywood, T. Hodgkin,
L. Navarro, F. Orozco, M. Pérez de la Vega,
C. O. Qualset, J. W. Snape and D. Zohary.

Workshop on Reverse Genetics of Ne-
gative Stranded RNA Viruses.

Organized by G. W. Wertz and J. A. Melero.
Lectures by G. M. Air, L. A. Ball, G. G.
Brownlee, R. Cattaneo, P. Collins, R. W.
Compans, R. M. Elliott, H.-D. Klenk, D. Ko-
lakofsky, J. A. Melero, J. Ortin, P. Palese,
R. F. Pettersson, A. Portela, C. R. Pringle,
J. K. Rose and G. W. Wertz.

Workshop on Approaches to Plant Hor-
mone Action.

Organized by J. Carbonell and R. L. Jones.
Lectures by J. P. Beltran, A. B. Bleecker,
J. Carbonell, R. Fischer, D. Grierson, T.
Guilfoyle, A. Jones, R. L. Jones, M. Koorn-
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15

16

17

18

neef, J. Mundy, M. Pageés, R. S. Quatrano,
J. I. Schroeder, A. Spena, D. Van Der
Straeten and M. A. Venis.

Workshop on Frontiers of Alzheimer Di-
sease.

Organized by B. Frangione and J. Avila.
Lectures by J. Avila, K. Beyreuther, D. D.
Cunningham, A. Delacourte, B. Frangione,
C. Gajdusek, M. Goedert, Y. Ihara, K. Igbal,
K. S. Kosik, C. Milstein, D. L. Price, A.
Probst, N. K. Robakis, A. D. Roses, S. S.
Sisodia, C. J. Smith, W. G. Turnell and H.
M. Wisniewski.

Workshop on Signal Transduction by
Growth Factor Receptors with Tyrosine
Kinase Activity.

Organized by J. M. Mato and A. Ullrich.
Lectures by M. Barbacid, A. Bernstein, J. B.
Bolen, J. Cooper, J. E. Dixon, H. U. Héring,
C.- H. Heldin, H. R. Horvitz, T. Hunter, J.
Martin-Pérez, D. Martin-Zanca, J. M. Mato,
T. Pawson, A. Rodriguez-Tébar, J. Schles-
singer, S. I. Taylor, A. Ullrich, M. D. Water-
field and M. F. White.

Workshop on Intra- and Extra-Cellular
Signalling in Hematopoiesis.

Organized by E. Donnall Thomas and A.
Grafena. Lectures by M. A. Brach, D. Can-
trell, L. Coulombel, E. Donnall Thomas, M.
Hernandez-Bronchud, T. Hirano, L. H.
Hoefsloot, N. N. Iscove, P. M. Lansdorp,
J. J. Nemunaitis, N. A. Nicola, R. J. O'Rei-
lly, D. Orlic, L. S. Park, R. M. Perimutter, P.
J. Quesenberry, R. D. Schreiber, J. W. Sin-
ger and B. Torok-Storb.

Workshop on Cell Recognition During
Neuronal Development.

Organized by C. S. Goodman and F. Jimé-
nez. Lectures by J. Bolz, P. Bovolenta, H.
Fujisawa, C. S. Goodman, M. E. Hatten, E.
Hedgecock, F. Jiménez, H. Keshishian, J.
Y. Kuwada, L. Landmesser, D. D. M. O’Lea-
ry, D. Pulido, J. Raper, L. F. Reichardt, M.
Schachner, M. E. Schwab, C. J. Shatz, M.
Tessier-Lavigne, F. S. Walsh and J. Walter.

Workshop on Molecular Mechanisms of
Macrophage Activation.

Organized by C. Nathan and A. Celada.
Lectures by D. O. Adams, M. Aguet, C.
Bogdan, A. Celada, J. R. David, A. Ding,
R. M. Fauve, D. Gemsa, S. Gordon, J. A.
M. Langermans, B. Mach, R. Maki, J. Mauél,
C. Nathan, M. Réllinghoff, F. Sanchez-Ma-
drid, C. Schindler, A. Sher and Q.-w. Xie.
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21

22

23

Workshop on Viral Evasion of Host De-
fense Mechanisms.

Organized by M. B. Mathews and M. Este-
ban. Lectures by E. Domingo, L. Enjuanes,
M. Esteban, B. N. Fields, B. Fleckenstein, L.
Gooding, M. S. Horwitz, A. G. Hovanes-sian,
M. G. Katze, |. M. Kerr, E. Kieff, M. B.
Mathews, G. McFadden, B. Moss, J. Pavio-
vic. P. M. Pitha, J. F. Rodriguez, R. P. Ric-
ciardi, R. H. Silverman, J. J. Skehel, G. L.
Smith, P. Staeheli, A. J. van der Eb, S. Wain-
Hobson, B. R. G. Williams and W. Wold.

Workshop on Genomic Fingerprinting.
Organized by McClelland and X. Estivill.
Lectures by G. Baranton, D. E. Berg, X.
Estivill, J. L. Guénet, K. Hayashi, H. S. Kwan,
P. Liang, M. McClelland, J. H. Nadeau, D. L.
Nelson, M. Perucho, W. Powell, J. A.
Rafalski, O. A. Ryder, R. Sederoff, A. J. G.
Simpson, J. Welsh and H. Zischler.

Workshop on DNA-Drug Interactions.
Organized by K. R. Fox and J. Portugal.
Lectures by J. B. Chaires, W. A. Denny, R.
E. Dickerson, K. R. Fox, F. Gago, T.
Garestier, |. H. Goldberg, T. R. Krugh, J.
W. Lown, L. A. Marky, S. Neidle, D. J.
Patel, J. Portugal, A. Rich, L. P. G.
Wakelin, M. J. Waring and C. Zimmer.

Workshop on Molecular Bases of lon
Channel Function.

Organized by R. W. Aldrich and J. Lépez-
Barneo. Lectures by R. W. Aldrich, C. M.
Armstrong, P. Ascher, K. G. Beam, F.
Bezanilla, S. C. Cannon, A. Castellano, D.
Clapham, A. Ferrus, T. Hoshi, A. Konnerth,
R. Latorre, J. Lerma, J. Lépez-Bamneo, R.
MacKinnon, G. Mandel, A. Marty, C. Miller,
B. Sakmann, B. Soria, W. Stihmer and W.
N. Zagotta.

Workshop on Molecular Biology and
Ecology of Gene Transfer and Propa-
gation Promoted by Plasmids.
Organized by C. M. Thomas, E. M. H.
Wellington, M. Espinosa and R. Diaz
Orejas. Lectures by J. C. Alonso, F.
Baquero, P. A. Battaglia, P. Courvalin, F.
de la Cruz, D. K. Chattoraj, E. Diaz, R.
Diaz Orejas, M. Espinosa, J. C. Fry, K.
Gerdes, D. R. Helinski, B. Hohn, E. Lanka,
V. de Lorenzo, S. Molin, K. Nordstrém, R.
W. Pickup, C. M. Thomas, J. D. van Elsas,
E. M. H. Wellington and B. Wilkins.
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27

28

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

Organized by P. D. Coleman, F. Mora and
M. Nieto-Sampedro. Lectures by J. Avila,
Y.-A. Barde, P. D. Coleman, C. W.
Cotman, Y. Lamour, M. P. Mattson, A.
Matus, E. G. McGeer, B. S. Meldrum, J.
Miquel, F. Mora, M. Nieto-Sampedro, V. H.
Perry, M. P. Rathbone, G. S. Roth, R. R.
Sturrock, H. B. M. Uylings and M. J. West.

Workshop on Genetic Recombination
and Defective Interfering Particles in
RNA Viruses.

Organized by J. J. Bujarski, S. Schlesinger
and J. Romero. Lectures by V. Agol, P.
Ahlquist, J. J. Bujarski, J. Burgyan, E.
Domingo, L. Enjuanes, S. P. Goff, T. C.
Hall, A. S. Huang, K. Kirkegaard, M. M. C.
Lai, T. J. Morris, R. F. Ramig, D. J.
Robinson, J. Romero, L. Roux, S.
Schlesinger, A. E. Simon, W. J. M. Spaan,
E. G. Strauss and S. Wain-Hobson.

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

Organized by J. Modolell and P. Simpson.
Lectures by S. Artavanis-Tsakonas, J.
A. Campos-Ortega, S. B. Carroll, C.
Dambly-Chaudiére, C. Q. Doe, R. G.
Fehon, M. Freeman, A. Ghysen, V.
Hartenstein, D. Hartley, Y. N. Jan, C.
Klambt, E. Knust, A. Martinez-Arias, M.
Mlodzik, J. Modolell, M. A. T. Mus-
kavitch, B.- Z. Shilo, P. Simpson, G.
M. Technau, D. van Vactor and C.
Zuker.

Workshop on Ras, Differentiation and
Development

Organized by J. Downward, E. Santos and
D. Martin-Zanca. Lectures by A. Balmain,
G. Bollag, J. Downward, J. Erickson, L.
A. Feig, F. Giraldez, F. Karim, K.
Kornfeld, J. C. Lacal, A. Levitzki, D. R.
Lowy, C. J. Marshall, J. Martin-Pérez,
D. Martin-Zanca, J. Moscat, A. Pellicer,
M. Perucho, E. Santos, J. Settleman,
E. J. Taparowsky and M. Yamamoto.

Human and Experimental Skin Carci-
nogenesis

Organized by A. J. P. Klein-Szanto and M.
Quintanilla. Lectures by A. Balmain, F. F.
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