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The classical type of programmed cell death is
characterized by its dependence on de nove RNA and
protein synthesis and ical features of apoptosis.
We confirmed that stimulated 2B4.11 (a murine T-cell
hybridoma) and interleukin-3 (IL-3)-deprived LyD9 (a
murine haematopoietic progenitor cell line) died by the
classical type of programmed cell death. Assuming that
common biochemical pathways might be involved in the
deaths of 2B4.11 and LyD9, we isolated the PD-1 gene,
a novel member of the immunoglobulin gene superfamily,
by using subtractive hybridization technique. The
predicted PD-1 protein has a variant form of the
consensus sequence found in cytoplasmic tails of signal
transducing polypeptides associated with immune
recognition receptors. The PD-1 gene was activated in
both stimulated 2B4.11 and IL-3-deprived LyD9 cells,
but not in other death-induced cell lines that did not show
the characteristic features of the classical programmed
cell death. Expression of the PD-1 mRNA in mouse was
restricted to the thymus and increased when thymocyte
death was augmented by in vivo injection of anti-CD3
antibody. These results suggest that activation of the PD-1
gene may be involved in the classical type of programmed
cell death.

Key words: apoptosis/growth factor deprivation/immuno-
globulin superfamily/programmed cell death/subtractive
hybridization

of actinomycin D or cycloheximide on the death of nerve
growth factor (NGF)-deprived rat neurons (Martin et al.,
1988) and that of mouse thymocytes induced by gluco-
corticoids (Cohen and Duke, 1984) or by an endogencus
superantigen (MacDonald and Lees, 1990). These facts
suggest that at least a few genes, if not specific ones, must

be expressed to cause programmed cell death.

The term “apoptosis’, on the other hand, is used to describe
the morphological characteristics of a class of cell death
(Kerr and Harmon, 1991). In cells dying by apoptosis, the
chromatin condenses around the periphery of the nucleus
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while the mitochondria and other organelles are unaffect
A unique biochemical feature of apoptotic cells incly
fragmentation of DNA into oligonucleosomal pied
Apoptosis is often associated with programmed cell dej
but some of the cells undergoing programmed dd
apparently do not show the characteristic features
apoptosis (Lockshin and Zakeri, 1991). In addition, th
are apoptotic cell deaths that can be induced in the abse
of any macromolecular synthesis (Golstein et al., 199
Thus, it is important to note that apoptosis is not synonym
with programmed cell death.

Here we refer to the apoptotic cell death that is depend
on de novo synthesis of RNA and protein as the class
type of programmed cell death. A well-known case incl
in this type is the death of self-reactive immaturg
lymphocytes (Smith er al., 1989; MacDonald and Lg
1990). Cells triggered for the classical type of programn
death are likely to determine their fate by turning
‘death-inducing’ genes. In order to isolate such genes,
essential to establish the experimental system in wh

the classical type of programmed cell death can be ea

Introduction

Developmentally and physiologically controlled cell deaths
can be observed in almost all tissues of various animals
(Truman, 1984; Ellis et al., 1991; Golstein er al., 1991;
Oppenheim, 1991). Such cell deaths are generally considered
“‘programmed’ and distinguished from ‘accidental” deaths that
occur by pathological mechanisms (Lockshin and Zakeri,
1991). Most of the cells undergoing programmed death have
been shown to require de nove synthesis of RNA and
protein. Examples are: the death of the intersegmental
muscle of the moth Manduca sexta after its metamorphosis
(Schwartz et al., 1990), the metamorphotic cell death in the
tadpole tail (Tata, 1966) and the neuronal death in the chick
embryo (Oppenheim ef al., 1990). In all of these cases, cell
death can be blocked by the inhibitors of macromolecular
synthesis, such as actinomycin D or cycloheximide. There
are also the in vitro experiments showing the inhibitory effect

© Oxford University Press

T 75 SHmUIAed Wit 1S COEmale amigen (-E~ + pigeon
cytochrome c) or with a combination of jonomycin and
phorbol 12-myristate 13-acetate (PMA) (Ucker er af., 1989).
An immature B-cell line WEHI-231 (Lanier and Warner,
1981) can be induced to die when its surface IgM molecules
are crosslinked by anti-IgM antibodies (Benhamou er al.,
1990; Hasbold and Klaus, 1990). A lymphoid/myeloid
progenitor cell line LyD9 (Palacios er al., 1987; Kinashi
et al., 1988) and a cytotoxic T-cell line CTLL-2 (Gillis and
Smith, 1977) require interleukin-3 (IL-3) and interleukin-2
(IL-2), respectively, for their survival and proliferation, and
the two cell lines die upon deprivation of the growth factors
from the culture.

In this report, we examined whether de nove RNA
synthesis is required for the apoptotic cell deaths of the
above four cell lines and confirmed that it is required for
the deaths of 2B4.11 and LyD9, but for that of WEHI-231
or CTLL-2. Assuming that common biochemical pathways
might be involved in the classical programmed deaths of

3887

induced. Four murine cell lines shown below, which b=
die by apoptosis upon stimulation, are good candidates to
be used for the purpose. Like immature T lymphocytes, a
T-cell hybridoma 2B4.11 (Ashwell er al., 1987) dies when
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Programmed Cell Death 1 Receptor

An inhibitory T-lymphocyte receptor that has specificity for CD274 ANTIGEN and PROGRAMMED CELL DEATH
1 LIGAND 2 PROTEIN. Signaling by the receptor limits T cell proliferation and INTERFERON GAMMA
synthesis. The receptor also may play an essential role in the regulatory pathway that induces PERIPHERAL
TOLERANCE.

Year introduced: 2012
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WE Unspecified e
Cl COM, MAN
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Absolute stereochemistry.
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Viable offspring derived from
fetal and adult mammalian

cells

1. Wilmut, A. E. Schnieke*, J. McWhir, A. J. Kind*

& K. H. S. Campbell

Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, UK
* PPL Therapeutics, Roslin, Midlothian EH25 9PF, UK

Fertilization of mammalian eggs is followed by successive cell
divisions and progressive differentiation, first into the early
embryo and subsequently into all of the cell types that make up
the adult animal. Transfer of a single nucleus at a specific stage of
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development, to an enucleated u
opportunity to investigate whethe
that stage involved irreversible ger
offspring to develop from a differe]
nuclear transfer from an embryo-d¢
induced to become quiescent'. Using
report the birth of live lambs from
established from adult mammary gl
fact that a lamb was derived from
differentiation of that cell did not i

- - - - -
iBratiom nf oonotic satorial socassis

letters to nature

ewe with the Scottish Blackface ewe which was the recipient.

Table 2 Delivery of lambs developing from embryos derived by nuclear
transfer from three different donor cells types, showing gestation length
and birth weight

Duration of Birth
Bresd of Lamib pregrnancy weight
Cell type lamb identity (days)* (kg)
Mammary Finn Dorset G6LL3 148 6.6
epithelium
Fetal Black Weish GLLY 152 5.6
fibroblast Black Welsh B6LLS 149 2.8
Black Welsh 6LLItT 158 31
Embryo- Poll Dorset BLL1 149 8.6
derived Poll Darset Blizt 152 6.2
Paoll Dorset GLLS 148 4.2

Poll Dorset BLLE+ 152 53
* Breed averages are 143,147 and 145 days, respactively for the three genotypes Finn Dorset,
Black \Welsh Maountain and Poll Dorset,
¥ This lamb died within a few minutes of birth
fThese lambs were delivered by caesarian section. Owerall the nature of the assistance
provided by the veterinary surgeon was similar to that expected in a commercial flock.

Figure 2 Lamb number 6LL3 derived from the mammary gland of a Finn Darset
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