
Caspase-2 deficiency prevents programmed germ cell
death resulting from cytokine insufficiency but not meiotic
defects caused by loss of ataxia telangiectasia-mutated
(Atm) gene function

Y Morita1,2,6, DV Maravei1,6, L Bergeron3, S Wang3,

GI Perez1, O Tsutsumi2, Y Taketani2, M Asano4,

R Horai4, SJ Korsmeyer5, Y Iwakura4, J Yuan3 and

JL Tilly*,1

1 Vincent Center for Reproductive Biology, Department of Obstetrics and
Gynecology, Massachusetts General Hospital/Harvard Medical School,
Boston, Massachusetts 02114, USA

2 Department of Obstetrics and Gynecology, University of Tokyo, Faculty of
Medicine, Tokyo 113-8655, Japan

3 Department of Cell Biology, Harvard Medical School, Boston, Massachusetts
02115, USA

4 Center for Experimental Medicine, Institute of Medical Science, University of
Tokyo, Tokyo 108-8639, Japan

5 Department of Cancer Immunology and AIDS, Dana-Farber Cancer Institute,
and Departments of Pathology and Medicine, Harvard Medical School, Boston,
Massachusetts 02115, USA

6 Y Morita and DV Maravei contributed equally to this study
* Corresponding author: JL Tilly, PhD, Massachusetts General Hospital,

VBK137C-GYN, 55 Fruit Street, Boston, Massachusetts 02114, USA.
Tel: 1-617-724-2182; Fax: 1-617-726-7548; E-mail: jtilly@partners.org

Received 14.11.00; revised 22.12.00; accepted 3.1.01
Edited by G Salvesen

Abstract
It is well established that programmed cell death claims
up to two-thirds of the oocytes produced during
gametogenesis in the developing fetal ovaries. However,
the mechanisms underlying prenatal germ cell loss in
females remain poorly understood. Herein we report that
caspase-11 null female mice are born with a reduced
number of oocyte-containing primordial follicles. This
phenotype is likely due to failed cytokine processing
known to occur in caspase-11 mutants since neonatal
female mice lacking both interleukin (IL)-1a and IL-1b also
exhibit a reduced endowment of primordial follicles. In
addition, germ cell death in wild-type fetal ovaries cultured
ex vivo is suppressed by either cytokine, likely via ligand
activation of type 1 IL-1 receptors expressed in fetal germ
cells. Normal oocyte endowment can be restored in
caspase-11 null female mice by simultaneous inactivation
of the gene encoding the cell death executioner enzyme,
caspase-2. However, caspase-2 deficiency cannot over-
come gametogenic failure resulting from meiotic recombi-
nation defects in ataxia telangiectasia-mutated (Atm) null
female mice. Thus, genetically distinct mechanisms exist
for developmental deletion of oocytes via programmed cell

death, one of which probably functions as a meiotic
quality-control checkpoint that cannot be overridden. Cell
Death and Differentiation (2001) 8, 614 ± 620.
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Introduction

One of the highest incidences of developmental pro-
grammed cell death in mammals occurs in female germ
cells during gametogenesis in the fetal ovaries.1 For
example, human females are born with only 1 ± 26106

oocytes,2 despite the fact that approximately 76106 germ
cells are generated by the twentieth week of gestation from
clonal expansion of the primordial germ cell pool.3 Deletion
of two-thirds or more of the developing germ cell population
prior to birth is not unique to humans since similar
proportions of germ cells are lost during gestational
development of female rodents.4 Although the impact of
oocyte apoptosis on ovarian function and lifespan is
significant, prenatal germ cell death remains a poorly
understood phenomenon.1 Similar to that proposed for
developmental cell death in other models,5 much of the
germ cell death in fetal ovaries may be driven by a
competition for a limited supply of somatic cell-derived
survival factors, such as stem cell factor (SCF).6 Indeed,
genetic evidence exists identifying SCF-dependent signaling
through its receptor, c-kit, as a critical component of
gametogenesis in males and females.7,8 This work has
recently been supported by studies of murine fetal ovaries
maintained ex vivo demonstrating that SCF, in combination
with a gp130-activating ligand (e.g., leukemia inhibitory
factor or LIF), represses activation of programmed germ cell
death in females.9

Another possibility is that apoptosis in fetal ovaries
serves to eliminate those developing oocytes with meiotic
recombination anomalies, thus serving as a quality control
mechanism to ensure only the most competent oocytes
are used for folliculogenesis. This hypothesis is directly
supported by cytogenetic evidence from studies of oocyte
attrition in fetal human ovaries,10,11 and indirectly by a
series of intriguing observations from the ataxia telangiec-
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tasia-mutated (Atm) gene knockout mouse.12 ± 15 In
somatic cells it has been shown that the ATM protein, a
serine/threonine kinase activated principally by DNA
double-strand breaks, takes part in the DNA damage
response pathway following exposure to radiation or
radiomimetic drugs.16,17 Interestingly, targeted disruption
of the Atm gene in mice not only leads to chromosomal
instability and radiosensitivity in somatic cells, but also
causes complete sterility in both males and females.12 ± 14

The gonadal failure was identified to be a result of
massive germ cell apoptosis in both sexes, occurring at
or shortly after prophase I of the first meiotic division.15

Additional studies have shown that ATM localizes at sites
along the synaptonemal complex where meiotic recombi-
nation occurs,18 and that ATM is required for association
of a mammalian homolog of the yeast cell cycle
checkpoint gene product, CHK1, with meiotic chromo-
somes.19 Further, ATM deficient spermatocytes accumu-
late abnormally high levels of ATR (ataxia telangiectasia-
and RAD3-related) protein,20 a kinase that localizes along
unpaired or asynapsed chromosomal axes during meio-
sis.21 Given these findings, along with reports of distorted
telomere-nuclear matrix interactions leading to abnormal
telomere clustering in Atm7/7 spermatocytes,22 germ cell
loss in ATM deficient mice probably occurs as a direct
result of numerous meiotic defects.

Using nine different single and double gene mutant
mouse lines, herein we have identified a novel role for
proinflammatory cytokines, derived from the caspase-11/
caspase-1 (interleukin-1b-converting enzyme) protease
cascade, as germ cell survival factors in vivo and ex
vivo. Furthermore, we have provided evidence for the
existence of at least two genetically distinct pathways
responsible for prenatal oocyte death in the female. One
of these pathways is induced by cytokine insufficiency and
it relies on caspase-2 as an executioner protease. In
contrast, the second pathway, caused by ATM deficiency-
induced meiotic defects, proceeds independently of
caspase-2 and its upstream activator Bax.

Results

Caspase-11 gene inactivation de®nes a novel
pathway underlying female gametogenic failure

In our ongoing efforts to elucidate the molecular genetics of
programmed germ cell death in females,1 we discovered that
caspase-11 null female mice were born with a severely
compromised endowment of oocytes (Table 1). While most
members of the caspase family are implicated in executing
the programmed cell death pathway of apoptosis,23 ± 26

caspase-11 is believed to function principally as a mediator
of inflammation and related immune responses due to its
obligate role in cleavage activation of procaspase-1 or
interleukin (IL)-1b-converting enzyme.27 Caspase-1 is then
required for generating a number of factors, including IL-1b,
IL-1a, IL-18 and g-interferon, through proteolysis of cytokine
proforms (IL-1b, IL-18), activating cofactors (IFN-g) or as yet
poorly understood mechanisms (IL-1a, IFN-g).28 ± 31 Indeed,

the absence or severely impaired production of proinflamma-
tory cytokines is phenocopied in caspase-11 and caspase-1
mutant mice.27 ± 29

To test if defective lymphokine production in caspase-
11 deficient mice was at least partly responsible for
excessive germ cell death in vivo, we first isolated and
cultured wild-type fetal ovaries ex vivo without serum in
the absence or presence of IL-1a or IL-1b to assess the
occurrence of germ cell apoptosis. While the effects of IL-
1b were more prominent, each cytokine alone suppressed
apoptosis of fetal ovarian germ cells induced by survival
factor deprivation during serum-free in vitro culture (Figure
1a). Furthermore, bromodeoxyuridine incorporation stu-
dies9 revealed that IL-1a and IL-1b promoted little, if any,
fetal ovarian germ cell proliferation (data not shown),
collectively indicating that the effects of IL-1a and IL-1b
were solely at the level of cell survival signaling.
Importantly, immunohistochemical studies localizing the
type 1 IL-1 receptor in germ cells of wild-type fetal ovaries
(Figure 1b) confirmed that the germ cells per se were
direct targets for IL-1 action. To provide further proof of an
essential role for cytokines derived from caspase-11
function in repressing programmed death of female germ
cells in vivo, we next examined mutant female mice
lacking IL-1a, IL-1b, or both IL-1a and IL-1b (double
mutants) for possible deficits in oocyte endowment. Mice
deficient in either IL-1a or IL-1b alone were born with a
normal complement of germ cells (Table 1). However,
neonatal female mice lacking both IL-1a and IL-1b
exhibited a significant reduction in oocyte numbers
(Table 1).

Caspase-2 gene inactivation rescues germ cells
from death induced by caspase-11 deficiency

Other members of the caspase family, such as caspase-2,
caspase-3, caspase-6 and caspase-7, have been implicated
as downstream executioners of apoptosis in many somatic
cell types.23 ± 26 Interestingly, while caspase-2 is dispensable
for cell death to proceed normally in almost all tissues,
caspase-2 deficient female mice exhibit a dramatic defect in
developmental and anticancer drug-induced oocyte apopto-
sis.32 To determine if gametogenic failure in caspase-11 null
females was dependent upon caspase-2 as an executioner

Table 1 Gametogenic failure in female mice lacking caspase-11 or IL-1a/b

Genotype
Primordial follicle
endowment/ovary

P-value versus
respective wild-type

Wild-type 19.083+2.239
Caspase-117/7 7.020+1.043 P<0.01

Wild-type 19.870+1.956
IL-1a7/7 21.253+1.102 NS
IL-1b7/7 21.690+1.151 NS
IL-1a/b7/7 12.733+1.171 P<0.05

Values are the total number of non-atretic (non-apoptotic) oocyte-containing
primordial follicles per ovary (mean+S.E.M. of combined data from three
independent experiments using different mice of each genotype in each
experiment) at day 4 postpartum (NS, not signi®cant)
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molecule, we intercrossed caspase-11 mutants with caspase-
2 deficient mice to generate double mutant animals lacking
both enzymes. Assessments of oocyte endowment shortly
after birth revealed that germ cell numbers in caspase-11
deficient females were restored to normal (i.e., not different
than wild-type) by caspase-2 gene disruption (Figure 2a). To
support and extend these findings, we next used cultured fetal
ovaries to model acute cytokine deprivation-induced apopto-
sis in the female germ line.9 Similar to that observed in vivo,
germ cell death resulting from cytokine starvation in wild-type
fetal ovaries was significantly attenuated in fetal ovaries

collected from caspase-2 deficient females and cultured in
parallel without cytokine support (Figure 2b).

Caspase-2 gene inactivation fails to rescue germ
cells from death induced by ATM deficiency

As discussed earlier, Atm null germ cells die via apoptosis at
or shortly after prophase I of meiosis.15 In the female, these
events occur during fetal development and, thus, ATM
deficient female mice are born with ovaries devoid of
oocytes. To determine if this paradigm of prenatal germ cell

Figure 2 Female gametogenic failure induced by cytokine deprivation in vivo or ex vivo is rescued by caspase-2 gene inactivation. (a) Non-apoptotic, oocyte-
containing primordial follicle reserve at day 4 postpartum in ovaries of wild-type female mice or mutant (7/7) female mice lacking caspase-11, caspase-2, or both
caspase-11 and caspase-2 (double mutant). The graph depicts the mean+S.E.M. of combined data from three independent experiments using different mice of
each genotype in each experiment. Different letters indicate significant differences (P50.05). (b) Number of viable (non-apoptotic) germ cells present in fetal
ovaries collected from wild-type (+/+) or caspase-2 null (7/7) female mice and cultured in parallel without cytokine support (mean+S.E.M. of combined data from
three replicate experiments with 2 ± 3 ovaries analyzed per time point in each experiment; *P50.05 versus respective wild-type value)

Figure 1 Interleukin-1a and IL-1b directly repress fetal ovarian germ cell apoptosis. (a) Suppression of cytokine deprivation-induced apoptosis of germ cells in
wild-type fetal ovaries ex vivo by treatment with 10 ng/ml of either IL-1a or IL-1b. Time 0, no culture; CON, control culture without cytokine (mean+S.E.M. of
combined data from three independent experiments with 2 ± 3 ovaries analyzed per treatment group in each experiment; *P50.05 versus control). (b)
Representative immunohistochemical localization (brown staining) of type-1 IL-1 receptor expression in germ cells of e13.5 fetal ovaries. Original
magnification:6600
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loss is also dependent upon caspase-2 as an executioner, we
intercrossed Atm mutant mice with caspase-2 null mice to
generate double mutant animals for analysis of oocyte
endowment at birth. In striking contrast to the restoration of
normal oocyte numbers in caspase-11 mutants (Figure 2a),
caspase-2 gene inactivation was unable to rescue oocyte loss
resulting from meiotic defects due to the absence of functional
ATM (Figure 3a ± f).

Bax gene inactivation fails to rescue germ cells
from death induced by ATM deficiency

Recent studies have demonstrated that Bax, a pro-apoptotic
Bcl-2 family member that functions upstream of caspase
activation,33 cooperates with ATM in ionizing radiation-
induced apoptosis in the central nervous system.34 Previous
reports have also shown that Bax is required for develop-
mental and anticancer therapy-induced oocyte death,35,36

that Bax directly induces apoptosis in isolated oocytes,37 and
that Bax expression is increased in the testes of Atm mutant
male mice as a potential mediator of germ cell depletion.38

Therefore, in a final set of studies we generated Atm/bax
double mutant mice to determine if deletion of this more
upstream initiator of programmed cell death could spare ATM
deficient oocytes from apoptosis. However, like caspase-2
gene inactivation, Bax deficiency also failed to rescue germ
cells from death in Atm null females (Figure 3a ± d, g, h).

Discussion

Although many growth factors and cytokines have been
implicated in the control of germ cell fate during development,
only two have been shown by gene mutation analysis to be
important in vivo.6 The first involves SCF-dependent
activation of its tyrosine kinase-coupled receptor, c-kit, since
a null mutation in either gene (Steel or W locus, respectively)
leads to germ cell loss and sterility.6 ± 8 The second is less

well-defined but involves ligands, such as IL-6, IL-11, LIF,
ciliary neurotrophic factor and/or oncostatin M, capable of
activating the cytokine receptor-coupled gp130 signal
transduction subunit,39 since mice lacking gp130 apparently
have reduced germ cell numbers (discussed in reference 40).
Herein we have demonstrated by targeted gene disruption
that IL-1a and IL-1b, proinflammatory cytokines derived from
caspase-11/caspase-1 function, are novel germ cell survival
factors functionally required in vivo for the endowment of a
normal complement of oocytes at birth. The effects of these
cytokines on the developing germ line appear to be direct
since fetal ovarian germ cells express the type 1 receptor
(which binds, and is activated by, both IL-1a and IL-1b), and
either cytokine alone is capable of suppressing germ cell
apoptosis in fetal ovaries otherwise starved of any cytokine
support ex vivo.

This new function for IL-1a and IL-1b stemmed from our
unexpected findings of gametogenic failure in caspase-11
mutants, which are known to be resistant to bacterial
lipopolysaccharide-induced lethality due to their inability to
process procaspase-1 needed for lymphokine production.27

As such, we would predict a similar phenotype of failed
gametogenesis in caspase-1 mutant female mice. How-
ever, such studies are complicated by observations that
caspase-1 deficient mice do not express the caspase-11
gene (J Yuan, unpublished observations), findings consis-
tent with the fact that caspase-11 gene expression is
induced by the proinflammatory responses lost in caspase-
1 null animals.41 We did note, however, that the
gametogenic failure caused by the absence of IL-1a/b
was not as severe as that resulting from caspase-11 gene
inactivation. Therefore, cytokines other than IL-1a and IL-1b
that are absent or reduced in caspase-11 deficient mice
probably act in conjunction with, or independent of, the IL-1
system to repress activation of a key intracellular step(s)
required for programmed germ cell death. Of note, a recent
study has shown that under certain pathological conditions

Figure 3 Disruption of either the caspase-2 or bax gene fails to rescue oocyte death induced by meiotic defects in Atm mutant mice. Representative (from three
independent experiments using different mice for each genotype in each experiment) histological appearance of ovaries collected on day 4 postpartum from wild-
type (+/+; a, b), Atm mutant (c, d), Atm/caspase-2 double mutant (e, f) or Atm/bax double mutant (g, h) female mice. Note the complete absence of oocytes in
Atm7/7, Atm/caspase727/7 and Atm/bax7/7 ovaries compared with representative oocyte-containing primordial and primary follicles designated by arrows and
arrowheads, respectively, in the corresponding wild-type ovary (b). Original magnifications: a, c, e, g,6100; b, d, f, h,6400
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of brain injury, caspase-11 can also function to process
procaspase-3 to the active enzyme.42 Such findings raise
the possibility that failed caspase-3 activation in caspase-
11 mutant mice is also at least partly responsible for the
ovarian phenotype of germ cell deficiency. However, this is
highly unlikely based on our recent observations that
caspase-3 gene inactivation43 does not affect develop-
mental nor anticancer therapy-induced apoptosis in female
germ cells.43

Previous studies have shown that disruption of the gene
encoding the downstream executioner molecule, caspase-
2, leads to birth of female mice with an enlarged oocyte
reserve.32 This phenotype was attributed to a germ cell-
intrinsic death defect during prenatal ovarian development
based on observations that caspase-2 null oocytes fail to
undergo apoptosis following exposure to the anticancer
drug, doxorubicin.32 Herein we have extended these
findings by showing that germ cells within caspase-2
deficient fetal ovaries are indeed resistant to death caused
by complete cytokine starvation in vitro, supporting the
proposal that caspase-2 is central to the execution of
developmental apoptosis in oocytes resulting from cytokine
insufficiency. Moreover, the finding that the number of germ
cells in fetal ovaries at embryonic day 13.5 was similar in
wild-type and caspase-2 mutant mice prior to culture
suggests that any germ line death prior to sexual
differentiation of the embryonic gonads can occur
independent of caspase-2. Nonetheless, the surfeit of
oocytes present in caspase-2 deficient neonates32

prompted us to test if a loss of caspase-2 function in vivo
could rescue the gametogenic failure caused by caspase-
11 gene inactivation.

Consistent with findings that germ cells in caspase-2
null fetal ovaries were resistant to cytokine deprivation-
induced death ex vivo, normal oocyte endowment was
restored in caspase-11 deficient females by the absence of
functional caspase-2 in vivo. Thus, one probable function
of cytokines derived from the caspase-11/caspase-1
pathway in the developing female germ line is to suppress
activation of the downstream executioner molecule
caspase-2. Given these findings, we next explored the
possibility that this effector caspase is also required for
germ cell apoptosis induced by meiotic defects, another
major stimulus for developmental oocyte death. However,
analysis of ovaries collected from neonatal female mice
lacking both ATM and caspase-2 revealed that, in striking
contrast to the restoration of a normal oocyte reserve in
caspase-11 mutant mice by caspase-2 gene inactivation,
loss of caspase-2 function did not rescue oocytes from
apoptosis in the Atm null background. It is conceivable that
a cell death effector caspase other than caspase-2, such
as caspase-3, caspase-6 or caspase-7, is responsible for
ensuring the apoptotic deletion of Atm null oocytes.
However, recent work in our laboratory using caspase-3-
deficient female mice has shown that this caspase family
member is not required for female germ cell apoptosis.44

Unfortunately, caspase-7 gene inactivation is embryonic
lethal,26 precluding the use of these animals for generation
of double mutant mice. Although caspase-6 deficient
animals are an option for future study since homozygous

null mice are viable,26 we elected to pursue this question
by analysis of mutant mice lacking the pro-apoptotic Bcl-2
family member, Bax,45,46 an upstream activator of the
caspase cascade.33

The Bax deficient mouse was a logical candidate for
use in these experiments for several reasons. First,
recent work has demonstrated that bax gene inactivation
conveys in oocytes a striking resistance to both
developmental36 and anticancer therapy-induced35 apop-
tosis in vivo. Further, the bax gene is known to be
expressed in murine oocytes,47,48 and increased expres-
sion of the endogenous bax gene has been suggested as
a potential mediator of germ cell apoptosis in the testes
of ATM deficient male mice.38 Finally, studies of Rucker
and colleagues have shown that loss of Bax function in
mice can rescue fetal oocytes from death resulting from
hypomorphic expression of the bcl-x gene.49 However,
results from our experiments indicated that bax gene
inactivation was unable to override programmed death of
the entire oocyte population in Atm mutant females. Thus,
the surveillance mechanisms responsible for deletion of
meiotically-defective germ cells during development
probably serve as integral quality control checkpoints
during gametogenesis that are not amenable to modula-
tion.

Such studies to elucidate the intracellular mechanisms
by which programmed germ cell death is accomplished
are important, not only for understanding the develop-
mental processes underlying ovarian organogenesis, but
also for delineating the basis of disease states character-
ized by gonadal dysgenesis. For example, excessive
germ cell loss occurs in female mice possessing deletions
in X-linked `fertility' genes, such as Zfx.50 Since a human
Zfx counterpart exists,51 some X-chromosome anomalies
in humans may lead to oocyte loss and premature
ovarian failure due to the functional absence of a key
factor(s) needed for signaling germ cell survival. On the
other hand, in female mice lacking the entire second X
chromosome (XO),52 it has been proposed that selective
elimination of germ cells harboring meiotic defects is the
basis of the resultant gonadal dysgenesis. Such mice
exhibit a massive attrition of fetal oocytes, a phenotype
recapitulated in female mice harboring a large X
chromosome inversion (InX/X).52 A similar situation of
gonadal dysgenesis occurs in Ullrich-Turner syndrome
(XO karyotype)53,54 and Xq duplication55 in humans.
Consequently, elimination of meiotically defective germ
cells carrying an unpaired or incompletely paired X
chromosome is probably an evolutionarily conserved
checkpoint to ensure the production of high-quality
gametes. The inability of Bax or caspase-2 loss-of-
function to rescue gametogenic failure in Atm mutant
females is therefore intriguing since it suggests that
therapeutic suppression of specifically Bax or caspase-2
would spare from apoptosis those oocytes without meiotic
defects. The implications of this are significant in light of
recent evidence that controlled regulation of oocyte
apoptosis holds promise for managing the time to normal
menopause and overcoming premature ovarian failure in
women.1,35 ± 37,56
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Materials and Methods

Mutant mouse lines

Studies describing the generation of mice lacking caspase-11,27

caspase-2,32 IL-1a,57 IL-1b,57 IL-1a/b,57 ATM14 and Bax46 have been
reported. Double mutant mice were generated by standard
intercrossing protocols, and genotyping of mice was performed as
originally detailed. All of the mutant mouse lines were backcrossed
onto a congenic C576BL/6 background prior to experimentation. All
animal work was conducted using protocols approved by institutional
animal care and use committees of Massachusetts General Hospital,
Harvard Medical School and University of Tokyo.

Neonatal ovarian oocyte counts

Ovaries were collected from the various lines of mice indicated at day
4 postpartum, a time in the mouse corresponding to the presence of
peak numbers of oocyte-containing primordial ovarian follicles.1 One
ovary of the pair from each animal was fixed (0.34 N glacial acetic
acid, 10% formalin, 28% ethanol), embedded in paraffin, and serially-
sectioned (8 mm). The serial sections from each ovary were aligned in
order on glass microscope slides, stained with hematoxylin/picric acid-
methyl blue, and analyzed for the number of healthy (non-atretic)
oocyte-containing primordial follicles, as described.32,35 ± 37,58

Several studies, including the present work (compare data shown in
Figure 2B and reference32), have shown that assessment of primordial
oocyte numbers shortly after birth is a reliable predictor of changes in
fetal ovarian germ cell death susceptibility.37,59

Fetal ovarian cultures

For studies of IL-1 ligand and receptor, fetuses were removed from
timed-pregnant wild-type C57BL/6 female mice on embryonic day 13.5
(e13.5), a time just prior to the onset of in vivo fetal ovarian germ cell
death.60 Fetal ovaries were collected and either fixed immediately or
fixed after a 72 h culture in the absence or presence of 10 ng/ml IL-1a
or IL-1b, as described previously.9 The total number of viable (non-
apoptotic) germ cells/ovarian section was then determined by
histomorphometric (cellular morphology, cell counts) and histochem-
ical (in situ DNA 3'-end labeling) evaluations.9,61 Immunolocalization
of the type 1 IL-1 receptor was performed using e13.5 ovaries fixed
immediately after isolation in conjunction with an affinity-purified rabbit
polyclonal antiserum raised against mouse type 1 IL-1 receptor (IL-
1R1 M-20, Santa Cruz Biotechnology, Santa Cruz, CA, USA) following
high-temperature antigen unmasking, essentially as described.61 No
reaction product was observed if the primary antibody was replaced
with normal rabbit serum (data not shown). For studies with caspase-2
deficient mice, female fetuses were removed on e13.5 from timed-
pregnant wild-type and caspase-2 null female mice derived from the
same colony of caspase-2+/7 (heterozygous) breeding animals. Fetal
ovaries were collected and cultured in parallel for increasing lengths of
time in the absence of cytokine support, after which the tissues were
fixed and assessed for the total number of viable germ cells per
ovarian section (see above).

Data presentation and analysis

All experiments were independently replicated with different mice at
least three times. Graphs depict the mean+S.E.M. of combined data
from the replicate experiments. Quantitative data were analyzed by a
one-way analysis of variance followed by Scheffe's F-test, with
significance assigned at P50.05. For IL-1 receptor immunolocaliza-

tion and ovarian histology, representative photomicrographs from at
least three replicate experiments are presented.
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