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PROGRAMMED CELL DEATH IN DROSOPHILA

Hermann Steller, Julie Agapite, Cerinda Carboy-Newcomb, Alba
I. Cid, Florence Davidson, Megan Grether, Anne-Francoise
Lamblin, Kim Mejia, Zhiwei Song, Jan Tittel, Chia-Lin Wei, and
Kristin White!l, Howard Hughes Medical Institute, Depts. of
Brain and Cognitive Sciences and Biology, Massachusetts
Institute of Technology, Cambridge, MA 02139, 1Massachusetts
General Hospital, Charlestown, MA 02129.

During Drosophila development, large numbers of cells undergo
apoptotic cell death. The onset of these deaths is controlled by
many different intra- and extracellular signals that may either
promote or suppress apoptosis. We have surveyed a large
fraction of the Drosophila genome for genes that are required for
programmed cell death and identified two genes, reaper and
head  involution defective (hid), which play a central control
function for the activation of apoptosis in Drosophila. A small
deletion that includes both genes protects against apoptosis in
response to many different death-inducing signals. During
embryogenesis, the reaper gene is specifically expressed in cells
that are doomed to die, and its expression precedes the first
morphological signs of apoptosis by 1 to 2 hours. Expression of
either reaper or hid is sufficient to induce apoptosis in cells that
would normally survive. These ectopic deaths can be prevented
by co-expression of the anti-apoptotic baculovirus p35 protein,
indicating that p35 acts downstream from these genes. Our
results suggest that multiple signalling pathways for the
activation of apoptosis converge onto a common cell death
pathway that is controlled by the activity of reaper and hid.




GENETIC CONTROL OF PROGRAMMED CELL DEATH IN
DROSOPHILA. J. Agapite, F. Davidson, K. Mejia, A. I. Cid, A.
Newberg and H. Steller. Dept. of Biology and Dept. of Brain
and Cognitive Science, MIT, Cambridge, MA

Programmed cell death plays an important role in
development and tissue homeostasis in virtually all
organisms. At least some components of the programmed cell
death pathway(s) are conserved from C. elegans to mammals.
We are exploiting Drosophila genetics to gain further insight
into the cell death process. Previously two Drosophila genes,
reaper and head involution defective (hid), were isolated and
both appear to be involved in programmed cell death. Both
genes can induce ectopic cell deaths when overexpressed and
each can do so in the absence of the other. Targeted expression
of either gene in the developing compound eye results in a
reduced, rough eye phenotype. This eye phenotype can be
suppressed by coexpression of the baculovirus p35 gene which
can inhibit cell death in C. elegans, Drosophila, and mammals
indicating that the eye phenotype results from an excess of cell
death and that this death occurs via a conserved pathway.

In order to identify genes which function downstream
of reaper and/or hid, a deficiency collection representing ~65%
of the Drosophila genome was screened for dominant
modifiers (suppressors and enhancers) of the reduced, rough
eye phenotype caused by overexpressing reaper or hid.
Deficiencies were identified that specifically modify only the
reaper or only the hid dependent eye phenotype. Other
deficiencies were identified that modify both phenotypes.
These results suggest that reaper and hid function in parallel
pathways which eventually converge. The modifiers identified
in the deficiency screen are currently being analyzed further. In
addition, a screen for chemically induced mutations that
dominantly modify the reaper dependent reduced, rough eye
phenotype is underway. A lethal P-element collection is also
being screened. The results of these screens will be presented.
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IDENTIFICATION OF CELL DEATH EFFECTORS IN
DROSOPHILA

Michal Reichman-Fried, Phani Kurada, Elvan Tahaoglu, and Kristin
White CBRC, Massachusetts General Hospital, Harvard Medical
School

The active elimination of cells by programmed cell death, or
apoptosis, is a fundamental aspect of normal development and
homeostasis of many organisms. The long term goal of our
research is to understand the molecular mechanisms underlying
this process. By using the powerful genetic and molecular
techniques available in Drosophila we hope to identify and
characterize some of the genes involved in apoptosis. In our initial
studies we identified a gene, reaper (rpr), which appears to encode a
key control function in the initiation of the cell death program.

Our previous work has shown that the rpr gene acts upstream of
the effectors of cell death. These effectors are responsible for the
stereotyped changes in the cell which are typical of apoptosis. We
hope to identify such effectors in a genetic screen, as suppressers of
ectopically induced cell death. The ideal genetic tool with which to
conduct such a screen would be flies with an easily identified
phenotype associated with excess cell death, which is sensitive to
changes in levels of activity. Transgenic flies which express rpr
ectopically in the eye have these characteristics (pGMRrpr). These
flies show phenotypes ranging from a normal eye, to a very rough
eye, to an almost eyeless fly with increasing gene dosage.
Therefore, a slight reduction in cell death due to the decrease in the
dose of an effector gene should be easily visible, as a return of the
eye to a more normal appearance. A collection of fly strains
carrying previously characterized deletions has been tested for
dominant interactions with pGMRrpr, and a number of suppressers
have been identified. Some of these suppressers can also be shown
to suppress the effect of ectopic rpr expression in other tissues, and
to have effects on the levels of endogenous cell death, indicating
that these deletions contain genes which act as general suppressers
of rpr function. Using this strategy we expect to identify a number
of the effector molecules which are involved in apoptosis in this
organism, and possibly other organisms as well.




CED-3 IS A CYSTEINE PROTEASE THAT CONTROLS
PROGRAMMED CELL DEATH IN C. ELEGANS

Ding Xue and H. Robert Horvitz, HHMI, Dept. Biology, MIT, Cambridge,
MA 02139, USA

The gene ced-3 is required cell-autonomously for cells to die by
programmed cell death in the nematode Caenorhabditis elegans. ced-3
encodes a protein similar to mammalian interleukin-18 converting enzyme
(ICE), a cysteine protease that has been implicated in programmed cell
death in mammals. Three additional mammalian proteins (NEDD-2/ICH-
1, CPP32 and TX) have sequence similarity to CED-3 and can initiate
programmed cell death in mammalian cells. These findings indicate that a
cysteine protease family may be involved in regulating programmed cell
death in many different species.

We found that CED-3 protein expressed in E. coli undergoes
autocleavage. This activity is abolished when a completely conserved
cysteine at the active site is mutated. The activity is also inhibited by
iodoacetic acid, a cysteine protease inhibitor, but not by other protease
inhibitors. In addition, ced-3 alleles of different severity affect ced-3 in
vivo cell death activities and CED-3 in vitro protease activities in parallel.
These results indicate that CED-3 is a cysteine protease and suggest that its
protease activity is responsible for its role in programmed cell death.

To examine how cysteine proteases regulate programmed cell
death, we have developed a general method for the purification of this class
of proteases from bacteria. Three active proteases (CED-3, ICE and
NEDD-2/ICH-1) have been purified to homogeneity. All three proteases
autocleave in bacteria and produce similar protease complexes composed
of heterodimers: CED-3(p13/p17), ICE(p10/p20) and NEDD-2/ICH-
1(p12/p18). Although these proteases all cleave exclusively after Asp
residues and before small amino acids (Gly, Ala and Ser), they have
different substrate specificities: NEDD-2/ICH-1 cleaves only the NEDD-
2/ICH-1 precursor; ICE cleaves the ICE and interleukin-18 precursors
most efficiently; CED-3 cleaves the CED-3 and NEDD-2/ICH-1 precursors
best. These differences in substrate specificities may reflect different roles
for or mechanisms of these proteases in mediating programmed cell death.
These purified active proteases can now be used to seek proteins that
modulate or are cleaved by their protease activities. We are now testing
whether CED-4 (a novel protein) and CED-9 (a Bcl-2 homologue), both of
which are important in controlling programmed céll death in C. elegans,
can affect the activity of the CED-3 protease in vitro. We are also using the
yeast two-hybrid system to screen for proteins that interact with CED-3.




PROGRAMMED CELL DEATH IN THE GERMLINE
Tina Gumienny?, Erika Hartwieg2, Bob Horvitz2, and Michael
Hengartner1

1Program in Genetics at SUNY Stony Brook and Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY 11724, USA

2HHMI, Department of Biology, MIT, Cambridge, MA 02139, USA

Germ cells in C. elegans can either remain mitotic stem cells or
enter meiosis and undergo spermatogenesis or oogenesis. We are
exploring observations of another germ cell fate: programmed cell
death (PCD). Our results suggest that PCD occurs extensively in
the germ line as a part of or as a by-product of oogenesis.

Most mutations that affect PCD in the soma also affect germ cell
deaths. ced-9, shown to be necessary to protect cells that should
live from dying, is also required in the germ line; many more germ
cells undergo PCD in ced-9(If) mutants than in N2 animals, which
may explain the partial sterility of ced-9(If) mutants. However,
the gain-of-function mutation ced-9(n1950), while blocking somatic
cell deaths entirely, has little or no effect on germ cell deaths.
ced-3 and ced-4, necessary for somatic cell deaths, are also required
for germ cell deaths; we found no corpses in the germline of ced-3 or
ced-4 mutants. Mutations in the engulfment genes ced-1, -2, -5, -6,
-7, and -10, which prevent efficient engulfment of dying somatic
cells by adjacent cells, also obstruct engulfment of dying germ cells
by the somatic sheath cells. From the number of accumulated germ
cell corpses in these mutants, we estimate that over a third of all
possible oocytes undergo PCD.

The germ cells function as nurse cells before becoming oocytes. We
suggest that the number of nurse cells generated exceeds the number
of oocytes that can be accommodated, and that the superfluent
nurse cells are removed through PCD. As evidence, we see corpses
in the meiotic part of the gonad soon after oogenesis begins, but
identify few to no corpses in larvae and males. In addition,
feminized males with oocytes (fog-1(4253) and gld-1(q126)) show
cell corpses and XX animals that do not initiate cogenesis
(mog-1(q223), gld-1(g485), and glp-4(bn2)) display no germline
corpses. In other sex determination mutants, cell death is observed
only when oogenesis occurs.

We are currently screening for suppressors of PCD in the gonad
using a ced-1 engulfment mutant. Mutants should suppress cell
death and thereby reduce the number of corpses retained in the
gonad.




BACULOVIRUS INTERACTION WITH HOST APOPTOTIC
PATHWAYS

Lois K. Miller , Somasekar Seshagiri, Domagoj Vucic, Alex Harvey and
Jeanne McLachlin. The University of Georgia, Athens, GA, 30602.

Baculoviruses use two different classes of genes to prevent their
host cell from undergoing apoptosis during infection: inhibitor(s) of
apoptosis (iaps) and p35 (1,2). Both of these viral genes can prevent
apoptosis in the absence of other viral gene products (3). In the case of
viruses lacking p35 and iap, infected cells can successfully mount an
apoptotic response which limits virus replication and results in an
abortive infection at both the cellular and organismal levels (4). The p35
of Autographa californica nuclear polyhedrosis virus (AcMNPV) is
essential for productive AcMNPYV infection of most cells of the species
Spodoptera frugiperda (eg. SF-21 cells) but not Trichoplusia ni (eg. TN-
368 cells. In collaboration with BASF Bioresearch Corp., we have
found that p35 interacts directly with cysteine proteases of the ICE
family and is able to block ICE-induced apoptosis in both SF-21 and
TN-368 cell lines (5). Our laboratory is continuing to explore the
mechanisms by which p35 and iap interact with the apoptotic pathway
of insect cells. We have found that the Drosophila melanogaster reaper
gene (rpr) induces apoptosis in SF-21 cells upon transfection and that
both p35 and iap can block rpr-induced apoptosis. However, iaps are
unable to block ICE-induced apoptosis, thus placing the point of iap
action upstream of cysteine protease activation. Differential display
PCR analysis indicates that expression of an anti-apoptotic iap in SF-21
cells, either transiently or stably, affects the expression of a host gene.
We are also further defining the apoptotic pathway by transfecting
various combinations of mammalian activators and inhibitors of
apoptosis into SF-21 or TN-368 cells; this system may prove useful in
unraveling mammalian as well as invertebrate apoptotic pathways.

1. Clem, R.J., M. Fechheimer, and L.K. Miller, Prevention of apoptosis by a
baculovirus gene during infection of insect cells. Science, 1991. 254: 1388-1390.
2. Crook, N.E., R.J. Clem, and LK. Miller, An apoptosis-inhibiting baculovirus
gene with a zinc finger-like motif J. Virol., 1993. 67: 2168-2174.
3. Clem, R.J. and L.K. Miller, Control of programmed cell death by the baculovirus
.genes p35 and iap. Mol Cell Biol, 1994. 14: 5212-5222.
4. Clem, R.J. and LK. Miller, Apoptosis reduces both the in vitro replication and
the in vivo infectivity of a baculovirus. J. Virol., 1993. 67: 3730-3738.
5. Bump, N.J., M. Hackett, M. Hugunin, et al., Baculovirus anti-apoptosis protein
P35 inhibits the interleukin-18 converting enzyme and its homolog Ich-2, 1995,
submitted.




A NEW, HIGHLY CONSERVED FAMILY OF APOPTOTIC CELL
DEATH REGULATORS. Colin S. Duckett, Jennifer Van Dongen
and Craig B. Thompson. Gwen Knapp Center for Lupus and
Immunology Research, Howard Hughes Medical Institute,
Department of Medicine, The University of Chicago.

Relatively little is known about the mechanisms of
regulation of apoptotic cell death in Drosophila. Only one gene
has been reported, reaper, which appears to be involved in the
regulation of apotosis in this organism. Reaper exhibits limited
homology to the death domains of the Fas and TNF receptor
molecules, but its function is not well understood.

‘We now describe the molecular cloning of a new cellular
gene family, designated ilp, whose products are involved in the
regulation of apoptotic cell death. We have cloned the
Drosophila and human forms of this gene. They are closely related
and appear to be widely expressed in most tissues. Although ILP
is unrelated to any cellular genes known to be involved in
apoptosis, comparison of the putative peptide sequences with the
available sequence databases reveals a strong homology to the
baculoviral apoptosis inhibitor protein, IAP. The amino terminus
contains three of the previously described baculoviral inhibitory
repeats (BIRs). The carboxy terminus contains a RING form of zinc
finger, which has been found in several proteins involved in
cellular growth and development. Unlike the baculoviral proteins,
however, the cellular BIRs are separated from the RING domain
by a region of ~160 amino acids which, while similar in predicted
structure, are divergent between the Drosophila and human forms.
Preliminary results suggest that overexpression of ILP in the
interleukin-3 dependent cell line FL5.12 can potentiate the rate of
apoptotic cell death induced by growth factor withdrawal.
However, ILP appears to have no effect on death induced by
staurosporine treatment or irradiation. We conclude that a) the
high degree of conservation between the Drosophila and human
genes implies a pivotal role for ILP in the regulation of apoptotic
cell death, and b) that the baculoviral IAP genes are probably
derived from cellular counterparts, with mutations or deletions
which may have led to a trans-dominant phenotype.




APOPTOSIS IN A UNICELLULAR EUKARYOTE:

REGULATION OF CELL PROLIFERATION AND DIFFERENTIATION
AS AN EVOLUTIONARY CONSERVED ROLE OF PROGRAMMED
CELL DEATH

JC Ameisen, T Idziorek, O Billaut-Mulot, M Loyens, MA Ouaissi.
INSERM U415, Institut Pasteur, 59019 Lille, France.

The origin of programmed cell death (PCD) is generally linked to the
emergence of multicellular organisms. We have explored the hypothesis
that PCD may also be operational and fulfill a physiological role in
unicellular eukaryotes.

Trypanosoma cruzi is a protozoan unicellular eukaryote parasite whose
lifecycle requires 2 different hosts (a haematophage insect vector and a
mammalian host, including humans, in which it causes Chagas Disease),
and involves 3 distinct differentiation stages (epimastigote, trypomastigote,
and amastigote). The strictly extracellular epimastigotes proliferate in the
intestine of the insect vector and later differentiate into the G0/G1 arrested
trypomastigotes, that are excreted by the insect and penetrate the blood of a
mammalian host. The trypomastigotes enter cells, differentiate into
amastigotes that proliferate in the cells, come out of the cells as
trypomastigotes and either re-enter other cells, or become ingested by the
vector in which they differentiate into epimastigotes. Differentiation can be
achieved in vitro by culturing epimastigotes at the temperature of the vector
intestine in a cell-free defined medium. In these conditions, the
epimastigotes proliferate during 3 weeks, and then differentiate into
trypomastigotes, that are able to enter mammalian cells if the temperature is
switched to 37°C.

After 3 weeks of epimastigote culture, at the time of differentiation into
trypomastigote, we observed the onset of massive epimastigote-cell death.
Transmission and scanning electron microsopy analysis showed typical
cytoplasmic and nuclear morphological features of apoptosis, that were
associated with DNA fragmentation in multiples of 200 bp. Epimastigote
apoptosis could also be rapidely induced, prior to differentiation into
trypomastigote, in particular by culturing parasites at low density and/or in
nonconditionned medium, or by raising the temperature to 37°C.

These data indicate that, as in cells from multicellular organisms, the
prevention of the induction of PCD is a prerequisite for proliferation and
differentiation to proceed. Such a process may have evolved in unicellular
organisms in order to achieve optimal adaptation of a given differentiation
stage to its particular environment, and to avoid, through a mutual
exclusion process, a competition between a differentiation stage endowed
with proliferative capacity (the epimastigote), and a G0/G1 arrested stage
(the trypomastigote).




FAS-MEDIATED APOPTOSIS )
Shigekazu Nagata Osaka Bioscience Institute, Suita, Osaka 565,
Japan

Fas is a cell surface protein belonging to the TNF/NGF receptor
family, and it mediates apoptosis. A domain (death domain) of
about 80 amino acids homologous to the TNF type | receptor in the
Fas cytoplasmic region is responsible for the apoptotic signal
transduction. The Fas-mediated apoptosis can be inhibited by
crmA (serpin family of protease inhibitor) or non-cleavable
substrate for ICE (interleukin-1b-converting enzyme), suggesting
that this process involves ICE or its related protease. The cytosolic
fraction from the Fas-activated cells induces a typical
morphological change of apoptosis in nuclei from normal liver, and
causes DNA degradation in an apoptotic fashion .

The Fas ligand (FasL) is a member of the TNF family, and exists
as a type Il membrane protein as well as a soluble cytokine. The
soluble FasL is a trimer, and binding of FasL to Fas rapidly
induces apoptosis in the Fas-baring cells. FasL is expressed in
activated T cells, and works as an effector of cytotoxic T cells.

Mouse lymphoproliferation mutation (Jpr) and generalized
lymphoproliferative disease (gld) which causes lymphadenopathy
and autoimmune disease are mutations in the Fas and FasL
genes, respectively. The Fas/FasL system is involved in the
activation-induced suicide of T celis, or peripheral clonal deletion.
Since the abnormal T cells accumulated in Ipr or gld mice
constitutively express FasL mRNA, it seems that these cells are
once activated or chronically activated mature T cells. The Fas
mRNA is abundantly expressed in the liver, heart, lung and ovary.
Administration of agonistic anti-mouse Fas antibody into mice
induced apoptosis in the liver, and quickly killed the mice causing
a liver damage. These findings suggest a role of the Fas system in
programmed cell death in the liver, and a possible involvement of
Fas in pathological tissue damage in CTL-mediated autoimmune
disease such as fulminant hepatitis.




THE HODGKIN DISEASE ANTIGEN CD30 IS CRUCIAL FOR
ANTIGEN INDUCED DEATH OF DEVELOPING T CELLS

Ryuichi Amakawal,2 Josef Penningerl.2 Tak W,
Mak!1,2 Anne Hakeml:2 Tohifumi Matsuyamal,2 Drew
Wakeham1:2 Emma Timms1.2. Hans-Willi
Mittrueckerl-2 Arda Shahinianl.2 Hiroaki Takimotol,2
Thomas Kundig2, and Pamela Ohashi2. l1Amgen

Institute, 2Qntario Cancer Institute, and Departments
of Medical Biophysics and Immunology, University of
Toronto

The Hodgkin's disease antigen CD30 is normally
expressed on activated T and B cells in lymphoid
tissues, and in the thymus medula. CD30 is also
expressed on T cells implicated in HIV pathogenesis.
We have generated CD30 gene deficient mice to
investigate its role in vivo. In homozygous mutant
mice the thymus contains increased numbers of
thymocytes; and activation induced cell death in
response to CD3 crosslinking in vitro is defective, while
dexamethason and fv-irraditation induced cell death
. were normal. oaf- and y3-TCR transgenic mouse strains
were separately crossed into the CD30 mutant
background. In both models negative selection in the
thymus was defective while positive selection
remained unaltered. This is the first evidence of a
receptor that regulates negative selection in the
thymus. These findings suggest that CD30, like TNF-R
and FAS are involved in cell death and may play a role
in HIV infections, measle virus infections, allergic
responses, autoimmune diseases and the pathogenesis
of Hodgkin's and non-Hodgkin's lymphomas.
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STUDYING THE ROLE OF P53 IN THYMOCYTE APOPTOSIS,
Mariana Nacht, Yvonne Chan, and Tyler Jacks, Howard Hughes
Medical Institue, Center for Cancer Research Department of Biology,
Massachusetts Institute of Technology, Cambridge, MA 02139

We are investigating the role ol p53 in apoptosis using cells
derived from mice carrying a germline disruption in the p53 gene.
Mouse thymocytes undergo apoptosis in response to ionizing radiation
in a p53-dependent manner, while maintaining a p53-independent res-
ponse to phorpol esters and calcium ionophores. In addition, mice
which lack p53 develop thymic tumors at a very high frequency.
Several studies have suggested a causal relationship between resistance
to apoptosis and oncogenesis. Together these data support a model that
in normal mice cells with damaged DNA are eliminated through a p53-
dependent apoptotic pathway, whereas thymic lymphomas develop in
the genetically altered mice because this activity is lacking.

To test the hypothesis that mice which lack p53 develop thymic
tumors because they are unable to eliminate, through apoptosis, cells
which have incurred DNA damage, we are combining the p53 mutation
with mutations that affect thymic development. By crossing pS3-
disrupted mice with mice that carry the scid mutation or 2 mutation in
either the RAG-1 or RAG-2 locus, we can examine the effects of
changes in the quality or frequency of T-cell receptor gene
rearrangements on the development of lymphomas. We would predict
that decreased rearrangement in the Rag-deficient animals will reduce the
tumor incidence since the source for potential mutations has been
eliminated. Conversely, we predict that the combination of scid and p53
mutations will lead to an increase in tumorigenesis since scid mice
sustain large genomic deletions and have the potential for harmful
recombinations. The results of the scidp53-/- double mutant animals are
consitent with our model ; they develop thymic tumors 2 to 3 months
earlier than the p53-/- animals. However, the Rag-deficient animals are
not suppressing the development of thymic lymphomas in mice that also
lack the p53 gene. Unexpectedly, preliminary results show thatin a
p53-deficient background the two Rag mutations are phenotypically
different. Specifically, the Rag mutations show differences in early
thymoctye development and the age of onset of thymic tumors,
suggesting that RAG-1 and RAG-2 may have unique functions.
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CD28 COSTIMULATION BLOCKS A FAS-INDEPENDENT
MECHANISM OF T CELL DEATH.

Lawrence H. Boise, Patricia J. Noel and Craig B. Thompson. Gwen
Knapp Center for Lupus and Immunology Research, Department of
Medicine and Howard Hughes Medical Institute, University of Chicago,
Chicago, Illinois.

Activation of a T cell through the TCR/CD3 complex in the absence
of costimulation leads to anergy or apoptosis. A costimulatory molecule
which can prevent these fates for the T cell is CD28. CD28 interacts with
members of the B7 family of counter-receptors present on antigen
presenting cells. Previously, we have demonstrated that CD28
costimulation can enhance the survival of purified human T cells following
treatment with y-irradiation. The enhanced survival attributed to CD28
costimulation is associated with increased production of the extrinsic
survival factor IL-2 and augmented expression of the intrinsic survival
factor Bel-xp. Through the use of unseparated murine lymph node cells we
now present data suggesting that B7 signaling through CD28 is the primary
means by which T cells increase their resistance to apoptotic stimuli ypon
initial activation. Following in vitro activation of T cells, present in
unseparated lymph node cells, with anti-CD3, survival at 72 hrs is greater
than 60% of total cells. This survival can be increased to 80% by the
addition of monoclonal antibodies to CD28. Addition of CTLA4Ig, a
soluble protein that can block CD28/B7 interactions, leads to a viability of
only 20%. When similar studies are performed with cells from CD28-
deficient mice, activation with anti-CD?3 also results in a 72 hr viability of
20%. In both the CTLA4Ig treated Iymphocytes or cells from CD28-
deficient mice, expression of Bel-x, is significantly lower than in activated
cells, while Bcl-2 expression remains unchanged. These data confirm that
CD28 costimulation enhances the survival of T cells upon initial activation at
Ieast in part through the upregulation of Bel-x..

Overexpression of Bel-xy, in Jurkat T cells leads to a near complete
inhibition of anti-Fas-induced cell death. To determine if the cell death that
is blocked by CD28 costimulation is induced by Fas, lymphocytes from Ipr
mice were activated in the presence and absence of CTLL.A4Ig and viability
assessed. Over a 72 hr period of stimulation, no difference in viability was
observed between wild type and Jpr lymphocytes, regardless of stimulation.
These data suggest that the cell death seen in T cells activated in the absence
of CD28 costimulation occurs through a mechanism other than Fas.
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RIP: A NOVEL FAS-INTERACTING PROTEIN WITH KINASE
AND DEATH DOMAINS THAT INDUCES CELL DEATH

Ben Z. Stangerl.2, Emily Kim?3, Brian Seed2.3, and Philip
Lederl.2, I1Howard Hughes Medical Institute, 2Department of
Genetics, Harvard Medical School, and 3Department of
Molecular Biology, Massachusetts General Hospital.

Ligation of the extracellular domain of the cell surface
receptor Fas/APO-1 (CD95) elicits a characteristic programmed
death response in susceptible cells; its signaling mechanism is
largely unknown. Using a yeast method for identifying protein-
protein interactions, we have identified two gene products that
associate with the intracellular domain of Fas: Fas itself, and a
novel 74 kDa protein we have named RIP, for receptor
interacting protein.

RIP interacts weakly with the p55 tumor necrosis factor
receptor (TNFR1) intracellular domain, but not with a mutant

version of Fas corresponding to the murine Ipr§ mutation. The
interaction with Fas occurs in a domain corresponding to the
region required for transmission of a death signal. RIP contains
an N-terminal region with homology to protein kinases and a C-
terminal region containing a cytoplasmic motif ("death
domain") present in the Fas and TNFR1 intracellular domains.

RIP is expressed at low levels in all mouse tissues, and is
slightly upregulated in splenocytes treated with ConA. Its
transient overexpression causes transfected cells to undergo the
morphologic changes characteristic of apoptosis. A deletion
variant lacking the C-terminal half of RIP (including the death
domain) is unable to induce cell death, while a variant missing
part of the kinase domain retains some killing activity. The
ability to associate with Fas/APO-1, and to induce apoptotic
changes in transfected cells, suggests that RIP represents a new
form of apoptosis-inducing nonreceptor kinase.
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BCL-2 AND FAS/APO-1 REGULATE DISTINCT PATHWAYS
TO LYMPHOCYTE APOPTOSIS A Strasser*, A W Harris*, D C S

Huang*, P H Krammer™ and S Cory*. *The Walter and Eliza Hall Institute
of Medical Research, PO Royal Meibourne Hospital, Victoria 3050,

Australia and +Tumor Immunology Program, Division of Immunogenetics,
German Cancer Research Center, Im Neuenheimer Feld 280, D-69120
Heidelberg, Germany.

Apoptosis is an evolutionarily conserved physiologic death
mechanism responsible for the removal of unwanted cells. Genetic studies
on the nematode C. elegans have provided insight into its regulation. Cells
fated to die during development of this organism do so only if they express
two genes, ced-3 and ced-4 and cell survival requires expression of ced-9.
A homologous process operates in vertebrates since ced-3 encodes a protein
homologous to a family of mammalian cytoplasmic cysteine proteases and
ced-9 is homologous to the human proto-oncogene bcl-2, which inhibits
killing by diverse cytotoxic agents.

In contrast to Ced-9, which blocks all programmed cell deaths in C.
elegans, Bcl-2 blocks some but not all physiologic forms of cell death in
vertebrates, since bcl-2 transgene expression has only minimal effects on
the deletion of autoreactive B and T cells. This provides evidence for a
pathway to cell death which can override the action of Bcl-2.*

Induction of apoptosis by activation of Fas/APO-1 (CD95) and other
members of the TNF receptor family plays an important role in
immunoregulation. We have found that Bcl-2 provides little protection
against Fas/APO-1 transduced apoptosis in B lymphoid cell lines,
thymocytes and activated T cells. Signaling through Fas/APO-1 did not
downregulate Bcl-2 or induce its antagonists Bax and Bcl-x§. In
Fas/APO-1 deficient Ipr mice, Bcl-2 transgenes markedly augmented the

survival of antigen-activated T cells and the abnormal accumulation of

lymphocytes. In contrast, the cowpox virus protein CrmA, which
specifically inhibits ICE but not other cysteine proteases, blocked Fas/APO-
1 transduced apoptosis, but did not affect cell death induced by vy-radiation
or growth factor deprivation. These data provide evidence that Bcl-2 and
Fas/APO-1 are regulators of distinct pathways to lymphocyte apoptosis.
Different stimuli may activate distinct cysteine proteases and Bcl-2 only
inhibit the activation of some of these cell death effectors.
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THE ORPHAN RECEPTOR Nur77/N10 INDUCES
APOPTOSIS OF THYMOCYTES IN TRANSGENIC MICE
Falk Weih, Rolf-Peter Ryseck, Lihong Chen, Sergio Lira, and
Rodrigo Bravo

Department of Molecular Oncology, Bristol-Myers Squibb
Pharmaceutical Research Institute, P.O. Box 4000, Princeton,
New Jersey 08543-4000, USA

We are studying the function of transcription factors encoded by
immediate-early genes like Jun, Fos, Rel/NF-xB and zinc finger
proteins. One of these growth-factor induced genes, nur77/N10,
shows significant homology to members of the steroid/thyroid
hormone receptor superfamily. The gene products of this family
are characterized by a highly conserved DNA-binding domain
containing two zinc fingers. The transcriptional activity of these
factors is often ligand dependent, although so far none could be
identified for Nur77/N10. nur77/N10 mRNA is expressed in
mouse thymus and recently the nur77/N10 gene product has
been involved in the apoptosis of T cell hybridomas.

To further characterize the role this gene plays during T
cell development and programmed cell death, we established
several transgenic mouse lines expressing the wild-type
nur77/N10 gene under the control of T cell-specific regulatory
sequences (lck promoter and CD2 locus control region).
Thymocytes isolated from these transgenic mice show strongly
increased DNA binding activity for Nur77/N10. Lines
expressing high levels of Nur77/N10 have thymic atrophy
coinciding with a dramatically reduced population of CD4+CD8+,
CD4+CD8-, and CD4-CD8t thymocytes whereas early CD25/IL-
2Ro-positive cells are not affected as demonstrated by FACS
analysis. As a result, the spleen contains no mature T cells.
The reduction in the number of thymocytes is due to an
increased and early onset of apoptosis. Interestingly, in
thymocytes of the transgenic lines overexpressing Nur77/N10 we
find an increase in the expression of FAS ligand (FasL/APO-1-L),
a molecule implicated in the apoptosis of peripheral T cells. In
conrast, basal level expression of the Fas receptor (APO-1/
CD95) is not altered, suggesting that Nur77/N10 induces
apoptosis in double-positive thymocytes by upregulating the
expression of FasL and thereby increasing signaling through
Fas.
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NUR77 TRANSCRIPTION FACTOR AS A REGULATOR OF
APOPTOSIS IN NEGATIVE SELECTION OF THYMOCYTES AND T
CELL HYBRIDOMAS

Astar Winoto, Barbara Calnan, John Woronicz, Francis Chan

Department of Molecular and Cell Biology, 469 LSA,

University of California, Berkeley

Berkeley, CA 94720-3200

Signalling through the T cell antigen receptor (TCR) mediates positive and
negative selection of thymocytes. Positive selection promotes
differentiation and maturation of thymocytes, whereas negative selection
results in apoptosis. T cell hybridomas stimulated through the TCR also
result in apoptosis in addition to a G1 cell cycle arrest. The transcription
factor Nur77, an orphan member of the steroid receptor family, is highly
induced during T cell receptor signalled apoptosis. and is transiently
expressed in response to growth and differentiation stimuli. Dominant
negative Nur77 blocks apoptosis in T cell hybridomas.

We have generated two sets of transgenic mice, one in which the dominant
negative Nur77 is expressed in developing thymocytes and another set in

which the wild-type Nur77 protein is constitutively expressed. We report .

that the dominant-negative Nur77 protein perturbed T cell development and
inhibited antigen-induced negative selection of thymocytes. Constitutively
expressed wild-type. Nur77 protein induced apoptosis in developing
thymocytes, resulting in a decrease in the number of thymocytes that
matured. Those T cells that mature also die in an age-dependent manner.
These data suggest that Nur77 plays a crucidl role in the downstream events
in antigen-induced negative selection. A model for Nur77 function during
apoptosis versus proliferation will be presented. Its regulation by a novel
CsA sensitve protein and the cell cycle machinery through the p19ink4d
inhibitor protein will also be presented.

16

TTTTA T T T

Ry .



AXOTOMIZED NEURONS IN THE LATERAL GENICULATE
NUCLEUS (LGN) OF THE RAT ARE PROTECTED FROM DYING
BY BRAIN DERIVED AND CILIARY NEUROTROPHIC FACTORS
(BDNF AND CNTF) AND BASIC FIBROBLAST GROWTH FACTOR
(BFGF).

Agarwala. S., Kalil, R.E., and Luehring, J.L. Center for Neuroscience
and Dept. of Ophthalmology and Visual Sciences, University of
Wisconsin, Madison, WI 53706.

Many in vitro studies have shown that neurotrophic factors can be
essential in sustaining neurons in the central (CNS) and peripheral
nervous system. While relatively few examples have been reported in the
mammalian CNS, there is evidence that trophic factors can slow the rate
and/or extent of neural degeneration in vivo. The present experiments
extend this evidence by showing that three neurotrophic factors, BDNF,
bFGF and CNTF can reduce the rate and extent of cell death following
axotomy of neurons in the LGN.

The axons of LGN neurons were cut by making a unilateral lesion of
visual cortex in adult rats. A gelatin sponge soaked in BDNF, bFGF,
CNTF or saline (controls) was placed on the surface of the lesion and the
animals survived for periods that ranged from 1 to 12 weeks. The animals
then were perfused and serial sections through the LGN were stained with
cresyl violet. The number of surviving LGN neurons and their mean
cross-sectional areas in treated and control rats were compared with the
number and size of LGN neurons in normal animals.

BDNF, bFGF and CNTF have little, if any, effect on the sizes of
axotomized LGN neurons. In contrast, each of these neurotrophic factors
promotes a significant increase in the number of LGN neurons that
survive damage to visual cortex. At 1 week postoperatively, treated
animals displayed an improvement in neuronal survival that ranged from
65% to more than 100% compared to controls. Remarkably, a marked
increase (>100%) in the number of survivhg LGN neurons was seen up to
4 weeks postoperatively in rats treated with CNTF. These results indicate
that neurotrophic factors drawn from 3 distinctly different gene families
can be effective neuroprotectants for axotomized neurons in the LGN
when administered affer the axotomy. Moreover, after a single
administration neuroprotective effects are evident as early as 1 week after
axotomy and persist for at least 8 weeks.
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FIBROBLAST GROWTH FACTOR ACTIVITY RESCUES
DIFFERENTIATED TERA-2 CELLS FROM APOPTOSIS IN
COLLAGEN GEL

T. Alanko, J. Tienari, E. Lehtonen and O. Saksela

Departments of Virology and Pathology, Haartman Institute, University of
Helsinki, Finland

Tera-2 is a pluripotent human embryonal carcinoma cell line. Retinoic acid
(RA) induces the cells to differentiate into quiescent cells that express
neuronal markers. According to our previous results differentiating Tera-2
cells become dependent on exogenous fibroblast growth factor (FGF)
activity when grown on or inside a collagen (type I) gel. Under these
conditions the cells die within a few days after addition of RA. Their
survival can be dramatically improved by adding physiological quantities of
FGF-2 to the culture medium. In contrast with this, differentiating cells
grown on a conventional cell culture plate or cells covered with collagen but
in contact with the plate surface survive for several weeks but cease to
divide. During differentiation on cell culture dish, FGF-4-mRNA becomes
non-detectable while the expression of FGF-2 is only slightly down
regulated. However, upon differentiation on a collagen gel, both FGF-2
and FGF-4 become almost non-detectable. Morphological changes
characteristic of apoptotic cell death can be detected in differentiating Tera-2
cells in the absence of FGF on collagen gel. DNA staining reveals that the
nuclear chromatin becomes dense and in 4 days most of the cells are
fragmented into vesicles containing both cytoplasm and parts of the
nucleus. Even before this, fragmentation of the genomic DNA into 50 kbp
fragments can be detected by pulsed field electrophoresis. This data
indicates that in our model a change in the composition of the ECM alters
the growth factor expression and requirements of the differentiated cells. In
the absence of FGF stimulation, a change in the ECM induces apoptosis in
the differentiating cells.
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PROGRAMMED CELL DEATH IN SYMPATHETIC NEURONS:
A STUDY BY 2D PAGE WITH COMPUTER ANALYSIS.

B Amess and A M Tolkovsky, Dept Biochemistry, University of
Cambridge, Tennis Court Road, Cambridge CB2 1QW UK

During the development of the vertebrate nervous system many
neurons die by programmed cell death (PCD). The survival of
sympathetic neurons during this process is dependent on the trophic
factor nerve growth factor (NGF), which is produced in limiting amounts
by the tissues which these neurons innervate. This dependence on NGF
for survival is retained by neonatal rat sympathetic neurons cultured in
vitro and therefore serves as a suitable model for the study of the
mechanism of PCD.

The technique of two-dimensional polyacrylamide gel
electrophoresis (2D PAGE) coupled with computer image analysis was
used in this study to examine changes in protein synthesis occuring
during the onset of programmed cell death (PCD) in rat sympathetic
neurons from superior cervical ganglia of Pg.; Wistar rats, following
withdrawal of NGF [1]. Proteins were metabolically labelled with [35S]-
L-methionine for 2 h at the onset of PCD and compared to control
neurons maintained in the presence of NGF. Analysis of proteins by 2D
PAGE was performed using immobilised pH gradient gel strips (IPG
strips) in the first dimension and a custom built electrophoresis system
capable of running up to 6 SDS PAGE slab gels in a vertical
configuration with temperature control, for the second dimension.
Resolved proteins were visualised using storage phosphor technology
and the digitised images subjected to rigorous analysis using the QUEST
II software system (obtained under license from Cold Spring Harbor
Laboratories, NY, USA). Proteins were located whose relative synthesis
either decreased, or increased, significantly upon withdrawal of NGF. .
Further work aims to identify these proteins and also to locate, by
Western blotting and 32P labelling of phosphoproteins, components of
signalling pathways stimulated by NGF withdrawal and NGF re-addition.

[1] B Amess and A M Tolkovsky, Electrophoresis 16 (1995) in press.

This work was supported by a grant from the Medical Research Council,
UK.
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STUDIES ON THE ROLE OF ICE/CED3-RELATED PROTEASES
IN FAS-INDUCED JURKAT CELL DEATH
R.C. Armstrong, T.J. Aja, X. Bai, L.C. Fritz, S. Gaur, K.D. Hoang,
D.S. Karanewsky, J.R. Krebs, K.J. Tomaselli, IDUN Pharmaceuticals, Inc.
3050 Science Park Road, Suite 200, San Diego, CA 92121

Stimulation of cell death by antibody-mediated ligation of the Fas
antigen was studied in the human T-cell line, Jurkat. An anti-Fas
monoclonal antibody, CH-11, stimulated rapid, apoptotic cell death that
was substantially reduced in cells stably transfected with the bcl-2 proto-
oncogene. The possible roles of members of the interleukin-1-beta
convertase (ICE)/Ced3 protease family in Fas-induced Jurkat cell death
was examined. Jurkat cells were shown by PCR to express ICE, ICH-1
and CPP32 RNA’s. In order to inhibit the proteolytic activities of these
proteases in Jurkat cells, small peptide inhibitors of aspartate-directed,
cysteine proteases were synthesized and characterized with regard to
their abilities to inhibit the proteolytic activities of bacterially expressed
human ICE, ICH-1 and CPP32. These inhibitors were then tested for
inhibition of Fas-mediated Jurkat cell death. Two inhibitors, ZVAD-
ﬂuoron}'ethylketone and DEVD-aldehyde substantially inhibited Jurkat
cell death induced during a 24 hour incubation with antibody CH-11. Of
the two, ZVAD-fluoromethylketone was more potent, exhibiting an 1C50
of about 2 UM. Both active inhibitors were potent inhibitors of
recombinant ICE proteolytic activity in vitro, consistent with a role for
ICE in Fas-induced Jurkat cell death. In order to further study ICE/Ced
3-related proteases in Fas-mediated cell death, extracts of cells treated
with antibody CH-11 were prepared by Dounce homogenization and
centrifugation. Addition of Fas-stimulated extracts to normal rat liver
nuclei produced chromatin condensation and margination, as judged by
Hoechst dye no. 33342 and DAPI immunofluorescent staining. These
“apoptotic” extracts are currently being evaluated for ICE/Ced 3 -
related protease activity
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TH1 CD4+ LYMPHOCYTES DELETE ACTIVATED
MACROPHAGES THROUGH THE FAS/APO-1 PATHWAY. Dalit
Ashany, Xin Song, Elizabeth Lacy, Janko Nikolic-Zugic, Steven M.
Friedman, Keith B Elkon. SCOR in SLE, Hospital for Special
Surgery-CUMC, New York, NY; Immunology and Molecular
Biology Programs, Memorial Sloan-Kettering Cancer Center, New
York, NY.

The APO-1/Fas cytotoxic pathway plays an important role in the
regulation of peripheral immunity. Recent evidence indicates that
this regulatory function operates through deletion of activated T
and B lymphocytes by CD4+ T cells expressing the Fas ligand.
Since macrophages play a key role in peripheral immunity, we
asked whether Fas was involved in T cell-macrophage
interactions.

Two color flow cytometry revealed that Fas was expressed on
resting murine peritoneal macrophages. Fas receptor expression
was upregulated following activation of macrophages with
cytokines (IFN-y, TNF-o, IL-4) or LPS although only TNF-a
rendered macrophages sensitive to anti-Fas antibody mediated
death. To determine the consequence of antigen presentation by
macrophages to CD4+ T cells, macrophages were pulsed with
antigen and then incubated with either Th1 or Th2 cell lines or
clones. Th1, Fas ligand (+), but not Th2, Fas ligand (-), T cells
induced lysis of 60-80% of normal macrophages whereas
macrophages obtained from MRUMpJ-lpriipr or
CBA/K1Ims/lpr/ipr® mice with mutations in the Fas receptor were
totally resistant to Th1 mediated cytotoxicity. Macrophage
cytotoxicity was dependant upon specific antigen recognition by T
cells and was MHC restricted.

These findings indicate that, in addition to deletion of activated
lymphocytes, Fas plays an important role in deletion of activated
macrophages following antigen presentation to Th1 CD4+ T cells.
Failure to delete macrophages that constitutively present self
antigens may contribute to the expression of autoimmunity in Fas
receptor (/pr) and Fas ligand (g/d) deficient mice.
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GENETIC ANALYSIS OF THYMOCYTE APOPTOSIS: CROSS- R
RESISTANCE OF APT" WEHI7.2 CELLS TO DEXAMETHASONE, A
CERAMIDE, STAUROSPORINE, FAS AND CD3/TCR STIMULATION b

David Askew', Tom Brunner, Doug Green?, Roger Miesfeld’ 1 o, o
1. Molecular and Cellular Biology Dept., Univ. of Arizona, Tucson, AZ. T
2. La Jolla Institute of Allergy and Immunology, La Jolla, CA. ] e O

During maturation thymocytes undergo a selection process which :
allows only cells with functional antigen binding and T-Cell Receptor i
(TCR) signaling activity to live (positive selection) and eliminates cells :

§
2

with inappropriate antigenicity against self (negative selection). Current
models employ two distinct cellular signaling components, the CD3/TCR
complex and the Glucocorticoid Receptor (GR), in this selection system.
Activation of either of these components alone leads to apoptosis in
immature thymocytes. However, moderate activation of both signaling 5 80°
components antagonizes apoptosis induction, resulting in positive e
selection and survival of maturing thymocytes. The GR target genes and "
specific events downstream of CD3/TCR activation responsible for
apoptosis have not been identified. Additionally, the molecular 1
mechanism of cross-signaling between these two pathways has not been g
clearly elucidated. . :

Previously, a set of immature thymocyte cell lines, resistant to !
glucocorticoids and containing functional GR, were described (Flomerfelt ]
and Miesfeld, 1994, J. Cell Biol. 127:1729.). The Apt cell lines were !
found to be cross-resistant to gamma irradiation and cAMP suggesting b,
that some gene functions are shared between these induction pathways. "B -
We are now using five dex-resistant, Apt cell lines, representing distinct ;'; '
complementation groups, to examine the induction of apoptosis initiated
by ceramide, staurosporine, Fas stimulation, and CD3/TCR activation.

Using propidium iodide staining and flow cytometry, we have found
that the WEHI?7.2 cell line undergoes apoptosis in the presence of 10 nM
Dexamethasone (Dex), 30 pM ceramide (C-2), 30 nM staurosporine, or
Fas stimulation. Another cell line, which over expresses the Bcl-2 protein,
WHD.12, is sensitive to Fas stimulation but shows no increase of
apoptosis following 24 hr Dex, ceramide, or staurosporine treatments.
Preliminary data suggests that at least one of the Apt™ lines is ceramide-
resistant. Sensitivity to staurosporine, Fas stimulation and CD3/TCR
activation is being investigated in all five Apt” cell lines.

mu77 gene expression is required for apoptosis induction by
CD3/TCR stimulation. We show that GR activation antagonizes W= 8o
TPA /ionomycin-stimulated nur77 gene expression in WEHI7.2 cells. The e e
induction of nur77 and this cross-signaling interaction is also being o
analyzed in the five Apt cell lines.
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INHIBITION OF P53 INDUCED GROWTH ARREST AND
APOPTOSIS BY HUMAN PAPILLOMAVIRUS PROTEINS.
Lawrence Banks, David Pim, Paola Massimi and
Miranda Thomas. )

International Centre for Genetic Engineering and
Biotechnology, Padriciano 99, I-34012 Trieste, Italy.

The Human Papillomavirus (HPV) E6 and E7
oncogenes cooperate to induce immortalisation of
primary human cells. We have been interested in the
effects of these two oncogenes on p53 function. A
mutational analysis of HPV-18 E6 identified three
regions of the protein which are important for
association with p53. The ability of E6 to inhibit p53
transcriptional activity was also shown to be
independent of the ability of E6 to target p53 for
ubiquitin mediated degradation. We are now
investigating the effects of these activities of E6 upon
the biological functions of p53. We have been able to
demonstrate that inhibition of p53 growth suppressor
activity is performed equally well by both E6 and E7.
Abolition of E7 binding to pRb removes its ability to
inhibit p53 suppression of cell growth. However, E7
has no effect on p53 inhibition of cell transformation
whereas this is strongly suppressed by E6. Mutants of
E6 which fail to target p53 for ubiquitin mediated
degradation are defective in inhibiting p53
suppression of cell transformation. In addition, the
ability of p53 to suppress transformation appears to
correlate with its ability to induce apoptosis. Thus, E6's
ability to abolish p53 induced apoptosis appears to
correlate with its ability to label p53 for ubiquitin
mediated degradation.
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INHIBITION OF THE GROWTH AND INDUCTION OF APOPTOSIS
IN GLIOBASTOMAS BY CGP 41251 Martin Begemann', Sharafadeen
A Kashimawo?, Yu-jeong A. Chof’, Susan Kim®, Kim M. Christiansen*,
Gregg Duigou®, Marcel Mueller’, Ira Schieren®, Subrata Ghosh®, Doriano
Fabbro®, Nina M. Lampen®, Peter B. Schiff?, Jeffrey N. Bruce?®, I. Bernard
Weinstein?;, 'Columbia-Presbyterian Cancer Center, *Department of
Radiation Oncology, *Department of Neurological Surgery, “Department
of Genetics and Development, Columbia-Presbyterian Medical Center,
New York, NY 10032, *Department of Oncology-Virology, Ciba-Geigy,
CH-4002 Basel, Switzerland, “Department of Electron Microscopy,
Memorial Sloan-Kettering Cancer Center, New York, New York 10021.

Protein kinase C (PKC) plays a central role in growth control and might
be an appropriate target for the chemotherapy of human brain tumors.
The staurosporine derivative CGP 41251, a potent and selective inhibitor
of PKC, markedly inhibited cell proliferation in 9 cell lines derived from
primary human brain tumors (5 glioblastoma multiforme, one gliosarcoma
and glioblastoma and 2 astrocytomas and one choroid plexus carcinoma).
BrdU incorporation studies show that CGP 41251 leads fo suppression
of DNA synthesis. As shown by growth curves with drug reversal and
clonogenicity assays, CGP 41251 suppresses growth in a partially
reversible/ irreversible fashion, suggesting that CGP 41251 acts through
combined cytostatic/ cytocidal mechanisms. Cultures treated with CGP
41251 displayed an increase in the fraction of cells in the G,/M-phase of
the cell cycle, a decrease of cells in the S-phase, and no consistent effect
on the G,/G, phase. Immunohistochemical analyses demonstrated that
growth inhibition by CGP 41251 was associated with the formation of
giant nuclei with extensive fragmentation and apoptotic bodies. These
effects of CGP 41251 were abrogated by withdrawal of serum from the
medium or by exposure of these cells to aphidicolin, actinomycin D,
cycloheximide or TPA. Thus CGP 41215 is a powerful inducer of
apoptosis in glioblastoma cell cultures and might be a useful agent for the
clinical treatment of gliomas. 2
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IRF-1 AND IRF-2 EXPRESSION IN RAT THYMOCYTES
UNDERGOING APOPTOTIC CELL DEATH OR CELL
PROLIFERATION

Enrica Bellesia, Emanuela Grassilli, *Livia Manzella, Paolo Salomoni,
Francesca Benatti, *Angelo Messina and Claudio Franceschi. Department of
Biomedical Sciences, Section of General Pathology, University of Modena
and * Institute of General Pathology, University of Catania, ITALY

Previous data from- our laboratory suggest that an intriguing
relationship exists between cell proliferation and cell death and that similar
molecular mechanisms are involved in the early steps of both processes.
Indeed, we observed that GO-G1 progression genes (like c-fos, c-jun, c-myc,
c-myb, ODC) and transcription factors (AP-1, NF-kB) involved in cellular
proliferation are induced also in thymocytes undergoing apoptosis
(Grassilli et al, BBRC, 188: 1261, 1992; Sikora et al, BBRC, 192: 386, 1993;
Sikora et al, BBRC, 197: 709, 1993; Desiderio et al, CGD, 6: 505, 1995).
Interferon Regulatory Factor-1 (IRF-1) and its mutual antagonist IRF-2,
originally characterized as regulators of transcription of IFNa and f genes
and IFN-inducible genes, has been shown to be involved also in the
regulation of ODC expression. Moreover, it has recently been reported that
IRF-1 might be involved in apoptosis. Since we observed an early ODC
induction either in proliferating or in apoptotic thymocytes, we decided to
assess, by Northern blot analysis, IRF-1 and IRF-2 expression in rat
thymocytes undergoing apoptosis upon dexamethasone (Dex) addition or
stimulated to proliferate by concanavalin A (Con A) treatment. Low levels
of IRF-1 mRNA were detectable in untreated thymocytes but underwent a
precocious (0.5 h) upregulation in Dex-treated cells and then gradually
declined starting from 1 h, to finally disappear after 4 h. Also IRF-2 mRNA
was present in untreated thymocytes and rapidly accumulated peaking at
0.5 h after Dex addition. IRF-2 mRNA levels. decreased thereadfter
remaining quite high and constant until 4 h, then disappeared at 8 h. In
Con A-stimulated thymocytes both IRF-1 and IRF-2 showed a biphasic
kinetic characterized by an early peak, in correspondence to the GO-G1
transition, followed by a second later increase preceding the entry into the
S-phase. Thus, the kinetics of IRF-1 and IRF-2 induction preceded ODC
early peaks of mRNA accumulation either in apoptotic or proliferating
thymocytes while followed the later ODC mRNA increase in proliferating
cells, suggesting that IRF-1 might be involved in the regulation of early
ODC expression. Moreover, our data suggest for the first time an
involvement of these two transcription factors in lymphoid cells apoptosis.
It is noteworthy that IRF-1 and IRF-2 showed similar kinetics “of
precocious expression in Con A- and in Dex-treated cells reinforcing the
hypothesis that the early phases of cell proliferation and apoptosis share the
same molecular events.

This work has been supported by AIRC




POLYAMINE CHANGES IN RAT THYMOCYTES UNDERGOING
APOPTOSIS BY DIFFERENT STIMULI

Francesca Benatti, Emanuela Grassilli, ¥Maria Alfonsina Desiderio, Enrica
Bellesia, Paolo Salomoni, #Lucia Piredda, #Mauro Piacentini & Claudio
Franceschi. Department of Biomedical Sciences, Section of General
Pathology, University of Modena; *Institute of General Pathology,
University of Milan & CNR, Center for Research on Cell Pathology and
#Department of Biology, University of Rome, Tor Vergata, Rome, ITALY .

We previously reported that a rapid and reversible expression
(mRNA and enzymatic activity) of ornithine decarboxylase (ODC), the rate
limiting enzyme of polyamine biosynthesis, occurred in thymocytes
undergoing apoptosis upon dexamethasone (dex) treatment. However,
polyamine levels did not increase but rapidly decreased starting from 1 h
after dex addition, and reached very low levels between 4 and 8 hs.
Spermine depletion was observed at 12 hs. The decrease of intracellular
polyamines (putrescine, spermidine, spermine) preceded the onset of DNA
fragmentation. The addition of exogenous spermine to dex-treated
thymocytes rescued them from cell death. Therefore, we hypothesized that
polyamine depletion could be a critical signal for the cell to undergo the
apoptotic process, at least in this model (Desiderio et al., Cell Growth Diff.
6, 505, 1995). In order to assess whether cellular polyamine decrease might
be a general feature of apoptosis, we examined polyamine levels in
thymocytes undergoing apoptosis upon heat shock treatment or y
irradiation. In these models too we found that, despite ODC activation,
polyamine levels decreased before the appearance of DNA laddering, being
strongly diminished 4-8 hs after the application of the apoptotic stimuli.
We then decided to investigate the mechanisms responsible for the
reduction of polyamines using dex-treated thymocytes as a representative
model of apoptosis in which the decrease of polyamines occurs. Since
polyamines are known to be substrates for tissue transglutaminase (tTG), an
enzyme activated in many models of apoptotic death, we examined tTG
mRNA and enzyme activity in dex-treated thymocytes. mRNA
accumulation (1-4 hs) preceded the enzyme activation (4-8 hs) that was,
however, only 3-4 fold. Thus, the tTG induction and activation we
demonstrated can contribute to, but is probably not the only mechanism
responsible for the polyamine decrease observed in dex-treated
thymocytes. Other possible mechanisms accounting for polyamine
depletion, such as polyamine excretion and oxydative catabolism are
currently under investigation.

This work has been supported by AIRC
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NEURONAL ACIDOSIS: A POTENTIAL STIMULUS FOR
APOPTOSIS IIN CEREBRAL ISCHEMIA

P. Bergold}, J. Chanl, I.S. Kass!, $.B. Lee2, M. Esteban?, R. Lil, T.-S,
Liul, B. Mukherjee34, and H.]J. Federoff34; Departments of
Pharmacology! and Biochemistry?2, State University of New York
-Health Science Center at Brooklyn, NY, NY 11203; Departments of
Neurology34 and Medicine4, University of Rochester School of
Medicine, Rochester, NY, 14642

Cerebral ischemia rapidly induces anoxia, hypoglycemia
and acidosis that results in both necrotic and apoptotic neuronal
loss. A central question is how these early and transient metabolic
insults induce apoptosis. We report that intracellular acidification
of similar extent as during ischemia induces neuronal loss in
cultured hippocampal slices. Analysis of neuronal loss by TUNEL
staining and DNA fragmentation suggests that acidosis induces
apoptosis. Apoptosis was blocked by infecting slice cultures with
recombinant vaccinia virus vectors that inducibly express the bcl-2
gene. Apoptosis is not blocked when bel-2 is not induced or when
cultures are transduced with vectors that express E. Coli B-
galactosidase. Apoptosis is blocked by a-tocopherol, N-acetyl
cysteine and desferrioxamine suggesting that acidosis generates
reactive oxygen species, perhaps by a Fenton-like reaction. RNA
synthesis and protein synthesis inhibitors also block apoptosis
suggesting that reactive oxygen species may act by altering
neuronal gene expression. Similar mechanisms induced by
acidosis may contribute to apoptosis following cerebral ischemia.
Supported by HD 31300.




CLUSTERING OF APOPTOTIC CELLS IN IMMUNE TISSUES SHOWN BY
A HIGH SENSITIVITY in situ END-LABELING TECHNIQUE

Anne J, Blaschke, Kristina Staley, and Jerold J. M. Chun. Department of
Pharmacology, School of Medicine, University of California, San Diego, La
Jolla, CA 92093-0636.

Although suspected for many years, it was not until recently that
direct evidence for the death of immature thymocytes within the thymus was
provided (Nature (1994) 372, 100-103). This was accomplished by an in
situ end-labeling technique which allows detection of dying cells by virtue of
the fragmented DNA within their nuclei. Apoptotic cells were found to be
dispersed throughout the thymic cortex, and to represent a small but
significant proportion of mononuclear cells. Here we have used a more
sensitive modification of in situ end-labeling, termed ISEL+, which reveals a
higher prevalence of apoptosis in the thymus than previously reported. In
addition, ISEL+ shows that in the thymus as well as the fetal liver (a
developing B-cell compartment) apoptotic cclls are not randomly distributed,
but form well-defined clusters.

ISEL+ was developed by systematically evaluating procedural
variables, including tissue preparation, DNA polymerase, labeled nucleotide,
and visualization system. ISEL+ uses frozen tissue prepared for RNA in situ
hybridization, Terminal deoxynucleotidal Transferase (TdT), [digoxigenin]-
dUTP, and visualization by an extended antibody incubation before alkaline
phosphatase histochemistry. The resulting technique specifically identifies
dying cells in known models of programmed cell death, and is approximately
10X more sensitive than previous techniques. In addition, using a tissue-
scraping procedure that we developed, DNA end-labeled in situ by ISEL+ in
sections of dexamethasone-treated thymus was shown to be in the form of
apoptotic nucleosomal ladders.

In sections of postnatal mouse thymus, ISEL+ shows clustered cells
within the cortex; the medulla is sparsely labeled. Circular clusters of 30-
50um in diameter are distfibuted throughout the cortex, and consist of
approximately 10-20 cells each. They are rcgularly spaced, and separated by
regions of unlabeled cells. A similar pattern of apoptotic cells is seen in the
fetal liver, although the clusters are bigger, more irregularly shaped, and
involve a larger percentage of the tissue. One possibie explanation for these
observations is that the groups of dying cclls identified by ISEL+ are clonal.
Apoptosis in both T-cell and B-cell compartments is known to involve the
deletion of clones of self-reactive immunocytes, but this process has yet to be
directily observed in site. If the clusters of cells observed by ISEL+ are
indeed clonally related, patterns of labeling shown here may be visual
evidence for clonal selection in the immune sysiem. {supported by the
Klingenstein Fund, the UC Tobacco-Related Discase Research Program, and
NIH/NIGMS GM07178}
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WIDESPREAD PROGRAMMED CELL DEATH IN MITOTIC AND
POSTMITOTIC ZONES OF THE EMBRYONIC CEREBRAL
CORTEX

Anne J. Blaschke, Kristina Staley, and Jerold J. M. Chun. Department
of Pharmacology, School of Medicine, University of California, San
Diego, La Jolla, CA 92093-0636.

Neurons of the mammalian cerebral cortex are generated and begin their
differentiation during embryonic life, arising in mitotic zones surrounding
the lateral ventricles, then migrating to more superficial zones to
differentiate postmitotically. Details of this development have been
revealed in many previous studies which have examined birthdates,
migration patterns, and lineage relationships of neuronal cohorts. An
important mechanism that functions in other developing systems and that
could alter the numbers and types of neurons, as well as other cells,
during embryonic cortical development is programmed cell death (PCD).
Previous studies, however, have not reported, nor generally considered
the existence of PCD during this period. In this study, in sit« end-
labeling (ISEL) was used to determine the presence of PCD in the
embryonic cerebral cortex of the mouse, during the period surrounding
cortical neurogenesis, embryonic days 10-18 (E10-E18).

Tissue sections of Balb/c embryo cortices were labeled by ISEL, and
compared to adult cortex. Few dying cells were seen in the cortex at E10
or in the adult (less than 1%), however from E12-E18, many dying cells
(averaging over 50%) were observed throughout the cerebral wall. The
peak of PCD was at E14, when over 70% of the cells appeared to be
dying. Cells undergoing PCD were observed throughout the cerebral
cortex, but a surprising majority were found within mitotic rather than
postmitotic regions. Since the young neurons in these mitotic regions do
not make synaptic connections, PCD here suggests that non-synaptic
mechanisms must regulate cell death in these regions. The overall extent
of embryonic PCD indicates that it is an important variable to consider in
studies of cortical development. PCD could significantly alter the number
and composition of cell cohorts, perhaps allowing the selection of
desirable cell phenotypes that survive into postnatal life. [supported by
the Klingenstein Fund, the UC Tobacco-Related Disease Research
Program and NIH/NIGMS GM07198]
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EXTENSIVEAPOPTOSISINDUCTAL CARCINOMA
IN SITU OF THE BREAST

Stephan Bodisl’z, Kalliopi P. Siziopikou3, Stuart J.
Schnitt3 ,Jav R. Harrisz, and David E. Fisherl

1Division of Pediatric Oncology, DanaFarber Cancer
Institute & Harvard Medical School, 44 Binney St.,

Boston, MA 02115; ZJ oint Center for Radiation Therapy
& Harvard Medical School, 50 Binney St., Boston, MA

02115; 3Department of Pathology, Beth Israel Hospital
& Harvard Medical School, Boston, MA 02115

Greater than 50% of breast ductal carcinoma in
situ (DCIS) cases contain histologic areas of "necrosis,"
the biological significance of which is unclear. Clinical
studies have suggested that the presence of prominent
intraductal "necrosis" is associated with a higher rate of
recurrence and progression to invasive cancer. 25
untreated DCIS cases were examined for apoptosis
using the two criteria of morphology and terminal
transferase (TUNEL) staining. All 19 cases with
intraductal "necrosis" were found to contain massive
apoptosis which was present within all "necrotic" zones.
The p53 gene has been shown to modulate apoptosis by
a number of triggers and may be important in breast
cancer. However, immunohistochemistry revealed no
correlation between p53 overexpression and apoptosis
in DCIS. Thus the extensive intraductal "necrosis" in
DCIS appears to represent apoptosis, and this apoptosis
is likely mediated by a p53-independent pathway.
Analysis of tumors containing both DCIS and adjacent
invasive cancer suggest that spontaneous apoptosis is
lost concurrently with invasive transformation.
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THE INVOLVEMENT OF FAS-FAS LIGAND INTERACTIONS IN
MODELS OF APOPTOSIS IN HUMAN T LYMPHOCYTES.
Martina Boshell, Julie Mcleod, Nicolas Hall and David Sansom. Bath
Institute for Rheumatic Diseases and the University of Bath, Bath BA1
1HD, England.

Apoptosis is a form of programmed cell death that plays an
important role in diverse biological systems. An apoptotic cell
undergoes a specific program of events that apparently depends on
active metabolism and leads to its own destruction. There is strong
evidence to suggest that apoptosis plays a vital role in shaping and
maintaining the thymic and peripheral T cell repetoire.

This death has been shown to be mediated partly through
signalling via Fas- Fas ligand (Fas-L) interactions. Fas-L has been
found expressed on some cytotoxic T cells which would implicate Fas-
Fas-L interactions in T cell cytotoxicity.

We are interested in exploring the role of Fas-Fas-L interactions
in apoptosis of human T lymphocytes. Therefore we have developed
two models of apoptosis : 1) using PHA we have induced apoptosis in
Jurkats , a buman T cell line and 2) using the superantigen
Staphylococcal Enterotoxin B(SEB) apoptotic death was induced in
SEB responsive T cell blasts. We have shown time and dose dependent
death in both these systems.

Apoptosis induced in Jurkats using PHA was not blocked by
cyclosporin A and may proceed via a Fas-independent pathway. In
contrast SEB - induced death appears to be Ca-dependent and we have
also shown that SEB induced cytotoxicity is dependent on Fas-Fas-L
interactions by inhibiting this cytotoxicity using an anti-Fas blocking
antibody and Fas-Fc, a chimaeric construct combining the extracellular
region of human Fas and the Fc portion of a mouse immunoglobulin
molecule. We are now investigating the induction of Fas L expression
in these systems using RT PCR and have demonstrated induction of
Fas-L in human PBMCs and T cell blasts using various stimuli.

Hopefully, these models will provide useful tools for unravelling
the importance of apoptosis in the maintenance of the balance between
T cell tolerance and autoimmunity.
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INDUCTION OF PROGRAMMED CELL DEATH BY C-JUN
Ella_Bossy-Wetzel, Latifa Bakiri, Peter Davies*, and Moshe Yaniv.
Institute Pasteur, Paris, Oncogenic Viruses Unit, Department of
Biotechnology; *University of Texas, Houston, Medical School,
Department of Pharmacology.

Members of the AP-1 transcriptional complex, such as c-Jun, are
selectively up-regulated during several cases of programmed cell death. To
establish a functional link between c-Jun induction and programmed cell
death, an estrogen-inducible system has been generated by fusion of the
mouse c-jun gene with the hormone binding domain of the human
estrogen receptor (ER). Activation of the c-Jun-ER fusion protein in
NIH3T3 fibroblasts lead to the induction of apoptotic cell death,
displaying features such as cytoplasmic shrinkage, chromatin
condensation, and DNA fragmentation, demonstrated by TUNEL positive
cell labeling. Cell death by c¢-Jun occurred in high serum, however was
enhanced in serum deprived cultures. Apoptosis took place in a c-Jun
dose-dependent manner. Stable clones expressing high level of the fusion
protein died faster than low expressing clones. Cells, which became
resistant to the induction of apoptosis, lost the expression of the c-Jun-ER
fusion protein. The cell death by c-Jun was not accompanied by an
increase in proliferation. Flow cytometry analysis showed that c-Jun
induction had no effect on the distribution of cell cycle phases, but
resulted in an increase of cells with sub-2n DNA content, a characteristic
of apoptotic cells. c-Jun mutants carrying deletions in the transcriptional
activation domain or the leucine zipper region were defective in their
ability to induce apoptosis. Interestingly, v-Jun, the oncogenic version of
c-Jun, showed also reduced cytotoxicity. These observations imply that c-
Jun is inducing apoptosis through transcriptional activation of target
genes. In fact, the expression of tissue transglutaminase (¢7G), a gene
coding for an enzyme thought to be involved in the assembly of apoptotic
bodies, became increased during c-Jun-induced cell death. Transient
transfections using CAT reporter plasmids demonstrated that c-Jun is
regulating the tTG gene promoter. Ectopic expression of bcl-2 delayed
the cell death by c-Jun. The possibility of c-Jun modulating the expression
level of Bcl-2 related proteins will be discussed.
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IMPLICATIONS FOR A ROLE OF GAS2 IN REGULATING CELL
SHAPE CHANGES DURING APOPTOSIS.
Claudio Brancolini Mauro Benedetti and Claudio Schneider.

L.N.C.I.B. Laboratorio Nazionale Consorzio Interuniversitario
Biotecnologie AREA Science Park - Padriciano 99 34142 Trieste
ITALY, and Dipartimento di Scienze ¢ Tecnologie Biomediche, Sezione
di Biologia - Universita' di Udine. p.le Kolbe 4 - 33100 Udine ITALY.

Cell death by apoptosis is characterized by dramatic alterations of cell
shape. Activation of proteolytic enzymes plays an important role in
regulating apoptosis. We have found that Gas2, a component of the
microfilament system highly expressed in growth arrested fibroblasts
and in various human and mouse tissues, is cleaved during apoptosis.

By using antibodies specific for the carboxy or amino-terminal ends of
Gas2 we demonstrate that during the course of apoptosis Gas2 carboxy-
terminal is removed.

When overexpressed in different cell types only the artificially carboxy-
terminal truncated forms of Gas2 (A236-314 and A276-314) are able to
trigger dramatic alterations in the microfilament system and in the cell
shape. Overexpression of the Gas2wt completely lacks such an effect.
Comparison of the electrophoretic mobility of the apoptotic processed
form of Gas2 with those of the different artificially carboxy-terminal
deleted derivatives indicates that the apoptotic induced cleavage site
within Gas2 should lie very close to aminoacid 276.

The sequence from aa 278 to 280, Val-Asp-Gly, corresponds to a
consensus site for the ICE family of proteolytic enzymes. These results
suggest a regulated function of Gas2 during apoptosis that is
functionally associated with changes in cell architecture.




APQPTOTIC-LIKE PHENOTYPE INDUCED BY GAS3/PMP22
OVEREXPRESSION RELATES TO THE MODE OF
INHERITANCE ASSOCIATED WITH CMT1A POINT MUTANTS.
Claudio Brancolini Elsa Fabbretti Paolo Edomi and Claudio Schneider.

L.N.C.I.B. Laboratorio Nazionale Consorzio Interuniversitario
Biotecnologie AREA Science Park - Padriciano 99 34142 Trieste
ITALY, and Dipartimento di Scienze e Tecnologie Biomediche,
Sezione di Biologia - Universita' di Udine. p.le Kolbe 4 - 33100 Udine
ITALY.

Gas3, originally isolated from NIH 3T3 for its growth arrest dependent
expression, has been subsequently characterized as a major component
of the peripheral nerve myelin and named accordingly as Peripheral
Myelin Protein. We shown that gas3/PMP22 overexpression in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>