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Aromatic hydrocarbon receptor-driven Bax gene
expression is required for premature ovarian failure
caused by biohazardous environmental chemicals
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Polycyclic aromatic hydrocarbons (PAHs) are toxic chemicals
released into the environment by fossil fuel combustion. More-
over, a primary route of human exposure to PAHs is tobacco
smokel2, Oocyte destruction and ovarian failure occur in PAH-
treated micel2, and cigarette smoking causes early menopause
in women®3, In many cells, PAHs activate the aromatic hydro-
carbon receptor (Ahr), a member of the Per-Arnt-Sim family of
transcription factors?5. The Ahr is also activated by dioxin,
one of the most intensively studied environmental contami-
nants. Here we show that an exposure of mice to PAHs
induces the expression of Bax in oocytes®, followed by apop-
tosis. Ovarian damage caused by PAHs is prevented by Ahr or
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Bax inactivation. Oocytes microinjected with a Bax pro-
moter-reporter construct show Ahr-dependent transcrip-
tional activation after PAH, but not dioxin, treatment,
consistent with findings that dioxin is not cytotoxic to
oocytes. This difference in the action of PAHs versus dioxin is
conveyed by a single base pair flanking each Ahr response
element in the Bax promoter. Oocytes in human ovarian biop-
sies grafted into immunodeficient mice also accumulate Bax
and undergo apoptosis after PAH exposure in vivo. Thus, Ahr-
driven Bax transcription is a novel and evolutionarily con-
served cell-death signaling pathway responsible for
environmental toxicant-induced ovarian failure.
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Fig. 1 Identification of Bax as a candidate target gene for the PAH-activated Ahr. a, Location of
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two AHRE core sequences (underlined bold type) in the wildtype murine Bax promoter
(nucleotide numbering corresponding to the first nucleotide of the translation start site being

designated as +1). b, Sequence of the murine Bax promoter containing
inactivating mutations (red text) in the AHREs (‘AHRE-dead’ Bax gene
promoter). ¢, Sequence of the murine Bax promoter following site-
directed mutagenesis of the third nucleotide downstream from each
AHRE to adenine (red text) to generate a ‘dioxin-responsive element’.
d, Northern-blot analysis (data from four independent experiments
shown) reveals elevated Bax mRNA levels in the ovaries of prepubertal
wildtype female mice 24 h after a single intraperitoneal injection of
DMBA (50 mg/kg body weight) compared with those levels in vehicle-
treated ovaries. Following normalization against the 18S rRNA level in
each sample, the Bax mRNA level is increased 1.72+0.08-fold
(meanzs.e.m, n=4, P=0.021) over vehicle-treated controls. e-j, Immuno-
histochemical analysis of Bax protein in mouse ovaries exposed to vehi-
cle (e,g,i) or DMBA (f,h,j) for 24 h, as described above, shows a marked
accumulation of Bax protein (brown staining) in primordial and pri-
mary oocytes (arrowheads) following PAH treatment compared with
vehicle-treated controls (representative of results from four indepen-
dent experiments). We selected the dose of DMBA based on previous
work with C57BL/6 female mice reporting the nearly complete destruc-
tion of oocyte-containing primordial follicles by 5-6 d post-injection3°.
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Fig. 2 PAH-driven Bax protein
accumulation and apoptosis in
oocytes is Ahr antagonist-sensi-
tive. a-c, Immunohistochemical
analysis of Bax protein (brown
staining) in neonatal mouse
ovaries following a 24-h ex vivo
treatment with vehicle (a), 0.1
UM DMBA-DHD (b) or 0.1 pM
DMBA-DHD plus 1 uM a-naph-
thoflavone (ANF) (c). Note that

PAH-induced Bax production
(b) is prevented by the Ahr
antagonist ANF (c). This induc-
tion of Bax protein is not
observed at an earlier time
point (12 h) following PAH
exposure (data not shown). d-f,
Histological analysis of ovaries
treated for 48 h as described in
panels a—c, respectively, reveals
that oocyte apoptosis resulting
from PAH treatment (arrow-
heads in panel e) is, like Bax
production, suppressed by ANF
(f). g,h, Number of non-apop-
totic oocyte-containing primor-
dial (g) and primary (h) follicles
remaining in ovaries exposed ex
vivo for 72 h to vehicle (control,
CON), DMBA (1 pM), DMBA-
DHD (0.01-1.00 pM) or DMBA-
DHD (0.1 pM) plus ANF (1 uM).
These data show the dose-
dependent nature of the
oocyte destruction caused by
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DMBA-DHD, the potency difference between the parent compound (DMBA) and its Cyplbl-derived metabolite (DMBA-DHD), and the effectiveness of ANF in
preventing PAH-induced oocyte loss. Based on results from a time-course analysis of primordial oocyte destruction resulting from exposure to 0.1 uM DMBA-DHD
(i), the increase in Bax production (b) was determined to precede oocyte apoptosis. Panels a—f are representative of the results obtained from three independent
experiments, whereas panels g-i are the mean+s.e.m. of combined data from at least three independent experiments (*P<0.05 versus respective control).

As apoptosis is the principal mechanism by which oocyte deple-
tion is mediated under both normal conditions and as a pathologic
response to anticancer therapies’ 1, we hypothesized that genes
involved in the regulation of cell death would be prime targets for
transcriptional regulation by the PAH-activated Ahr in female
germ cells. After computer-based scanning of the promoter
sequences of a number of apoptosis regulatory genes, we discov-
ered two core Ahr response elements (AHRES) in the mouse Bax
promoter (Fig. 1a). That this key proapoptotic gene is transacti-
vated in oocytes by the Ahr is supported by findings that a single
intraperitoneal injection of 9,10-dimethylbenz[a]anthracene
(DMBA), a prototypical PAH, significantly increases ovarian Bax
mMRNA levels (Fig. 1d), with a corresponding accumulation of Bax
protein in quiescent (primordial) and early growing (primary)

oocytes (Fig. 1e—j). Since both the Ahr!2 and its dimerization part-
ner, the Ahr nuclear translocator (data not shown; see Methods),
are expressed in oocytes, these results raised the possibility that
Bax is directly regulated by the PAH-activated Ahr.

Previous studies have reported that the ovary is capable of
metabolizing parent PAH compounds, such as DMBA, to biolog-
ically active intermediates?3. We therefore first clarified whether a
DMBA metabolite, as opposed to or in addition to DMBA, trig-
gers Ahr activation leading to Bax gene expression and apoptosis
in oocytes, by culturing neonatal mouse ovaries ex vivo without
or with DMBA, or with its P450CYP1B1-derived early metabo-
lite, DMBA-3,4-dihydrodiol (DMBA-DHD)4. Ovaries cultured
with vehicle showed negligible Bax production (Fig. 2a) and cell
death (Fig. 2d,g—i); however, both DMBA and DMBA-DHD

induce Bax accumulation (Fig.

Table 1 « Induction of human oocyte apoptosis following PAH exposure in vivo

2b) and apoptosis (Fig. 2e,g-i)
in primordial and primary

Days post- ) _ Incidence of oocyte death ~ Number of oocytes, as the metabolite is
DMBA exposure Primordial stage Primary stage sections/grafts analyzed one log order more potent in
1 0/15 (0%) 0/24 (0%) 133/4 initiating germ cell destruction
: oo ) s i ot (e 20M) Codreatment wit

0 (1] .
6 33/43 (76%) 7/10 (70%) 156/6 the Ahr antagonlslts a-naph-
thoflavone (ANF)* inhibits
DMBA dose ) ) Incidence of oocyte Qeath ) Number of both Bax production and
(mg/kg bw) Primordial stage Primary stage sections/grafts analyzed oocyte death resulting from
10 11105 (1196) 36186 (4290 21806 DMBADHD exposcte (Flg

(o (! i

50 33/43 (76%) 7110 (70%) 156/6 2c,fg-i). These results were

reinforced by findings that the

For the time-course study, we used a DMBA dose of 50 mg/kg body weight (bw), based on previous dose-response data for toxic responses of Wildtype

DMBA-induced oocyte destruction in female mice3°. For the DMBA dose—curve study, we removed grafts for oocyte counts
at 6 d post-injection. Both data sets are presented as the number of dying or dead oocytes (see Fig. 6i-l) at either the resting
(primordial) or early growing (primary) stage of development per total number of oocytes scored; the mean percentage
value is provided in parentheses. The total number of sections and grafts analyzed for each group is also provided.

ovaries to DMBA-DHD (Fig.
2b,e,g—i) are similarly absent in
the ovaries of Ahr’/- mice
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Fig. 3 The Ahr is required for PAH-initiated oocyte destruction. In contrast to
the toxic responses of wildtype (WT) ovaries to DMBA-DHD (Bax expression:
Fig. 2b; oocyte loss: panel b; see also Fig. 2e,g-i), the ovaries of Ahr~ mice do
not show increased Bax production (a; 24 h after PAH exposure) or oocyte
destruction (b; 48 h after PAH exposure) following treatment with 0.1 pM
DMBA-DHD. Panel a is representative of the results obtained in three indepen-
dent experiments, whereas panel b is the meanzs.e.m. of combined data from
3-4 independent experiments (*P=0.004 versus vehicle control, CON; N.S., not
significantly different).

treated in parallel (Fig. 3). Since DMBA-DHD is known to bind
with and activate the Ahrl6, these data collectively indicate that
the Ahr is functionally required for PAHs to induce Bax expres-
sion and apoptosis in oocytes.

To test whether PAH-induced oocyte loss is causally related to
increased Bax expression, we prepared a Bax promoter—green fluo-
rescent protein (GFP) reporter construct that was microinjected
into oocytes for single-cell evaluation of Bax transcription. As with
controls, GFP expression was not detected following the PAH treat-
ment of oocytes microinjected with the GFP vector lacking the Bax
promoter, or following the vehicle treatment of oocytes microin-
jected with the Bax promoter—-GFP construct (Fig. 4a; quantitative
data not shown). In contrast, 62% of wildtype oocytes microin-
jected with the Bax promoter—GFP construct, and then treated with
PAHSs, exhibited a high level of GFP protein (Fig. 4b,c). In compari-
son, only 16% of wildtype oocytes microinjected with a Bax pro-
moter in which the tandem AHRE gene sequences were mutated
(Fig. 1b; AHRE-dead) produced GFP following PAH exposure in
parallel (Fig. 4c). Similarly, only 16% of Ahr-deficient oocytes
microinjected with the wildtype Bax promoter-GFP construct
showed GFP production after PAH treatment (Fig. 4c). To test
whether the end product of PAH-induced Bax gene transcription
(that is, Bax protein) is necessary for the apoptotic response, we
compared the effects of PAHSs in the ovaries of wildtype and Bax-
deficient mice. These experiments show that the massive oocyte
destruction observed in wildtype ovaries exposed to PAHs (Fig.
2b,e,g-i) is entirely absent in ovaries of Bax~~ mice treated in paral-
lel (Fig. 5a). Thus, Ahr-driven Bax expression represents a novel
apoptosis-signaling mechanism, and activation of this pathway is
functionally required for oocyte loss caused by exposure to PAHS.

Fig. 4 PAH-driven Bax transcription requires functional AHREs and Ahr. a,b,
Expression of GFP in wildtype oocytes microinjected with a wildtype Bax pro-
moter-GFP reporter construct is observed after exposure to 1 pM DMBA-DHD (b)
but not to vehicle (a). ¢, Quantitative analysis of the percentage of GFP-positive
wildtype (WT) oocytes microinjected with the wildtype Bax promoter-GFP con-
struct (Bax-GFP), or with the mutant Bax promoter-GFP construct in which both
AHRESs were inactivated (AHRE-dead Bax-GFP; see Fig. 1b), following DMBA-DHD
exposure. The latter findings underscore the importance of the AHRE to PAH-
induced Bax expression. The functional requirement of the Ahr for PAHs to
induce Bax expression is shown by the blunted GFP response of Ahr”- oocytes,
microinjected with the wildtype Bax promoter-GFP construct, to DMBA-DHD
treatment. Unlike PAHSs, dioxin (doses of 0.001-1.000 puM tested with similar
results, 0.1 pM dose shown) is a relatively poor activator of the wildtype Bax pro-
moter. However, by changing only the third nucleotide downstream of each core
AHRE to adenine (dioxin-responsive element or DRE Bax-GFP; see Fig. 1c), the
mutated Bax promoter acquires sensitivity to dioxin (0.1 pM)-driven transcrip-
tional activation. The total number of oocytes microinjected in each group is
indicated in parentheses over the respective bar. Panels a and b are representa-
tive of results obtained from at least three independent experiments.
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In contrast to the cytotoxic effects of PAHs in oocytes, dioxin
(2,3,7,8-tetrachlorodibenzo-p-dioxin), a halogenated biphenyl
that binds and activates the Ahr with high affinity*°, does not
induce oocyte destruction!317, This marked difference in tissue
response to PAHSs versus dioxin, which is not restricted to oocytes
(being seen in, for example, lymphocytes!6), has for years
remained an enigma in the Ahr field. In the ovary, the disparity
between the response of oocytes to PAHs and to dioxin is further
complicated by the fact that dioxin, like PAHSs, is a potent stimu-
lator of ovarian P450 metabolic enzyme activity'317. In light of
the data presented above, one possible explanation for why
oocytes die in response to PAHs, but not dioxin, is that the
dioxin-activated Ahr is unable to effectively induce the Bax
expression required for oocyte apoptosis. In support of this, we
found that only 22% of wildtype oocytes microinjected with the
Bax promoter-GFP construct and treated with dioxin were GFP
positive (Fig. 4c). This low level of induction is comparable to
that observed in PAH-treated wildtype oocytes microinjected
with the AHRE-dead Bax promoter-GFP construct, or in PAH-
treated Ahr-deficient oocytes microinjected with the wildtype
Bax promoter-GFP construct (Fig. 4c). Previous studies of the
Cyplal promoter have shown that the third base downstream of
the ‘core’ five nucleotide AHRE sequence (5-GCGTG-3") must
be an adenine (5-GCGTGNNA-3) for the dioxin-activated Ahr
to be functional in a transcriptional reporter assay819, As further
examination of the Bax promoter (Fig. 1a) revealed that the third
base downstream of the core AHRE was a guanine (AHRE 1) or a
cytosine (AHRE 2), we tested whether this single base-pair
sequence conveys specificity for Bax transcription modulated by
different Ahr ligands. After site-directed mutagenesis to change
the third nucleotide downstream of both core AHREs in the Bax
promoter to adenine (Fig. 1c), dioxin now effectively induces
activation of the mutated Bax promoter in microinjected oocytes
(Fig. 4c). These data provide the first mechanistic insight into
how these two different ligands for the Ahr can lead to different
patterns of gene expression in the same cell and, in the case of the
oocytes, why dioxin is not cytotoxic.

Finally, sequence analysis of the human Bax promoter indi-
cates the presence of 4 core AHREs, 3 of which lie within 700 bp
of each other (data not shown). We therefore employed a human
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Fig. 5 Bax is required for PAH-induced oocyte destruction. The ovaries of Bax™~
mice do not exhibit oocyte destruction (a; 48 h after PAH exposure) following
treatment with 0.1 pM DMBA-DHD, in contrast to the loss of oocytes in wild-
type (WT) ovaries exposed to DMBA-DHD (a; see also Fig. 2e,g-i). Specificity of
the Bax immunostaining (Fig. le—j, Fig. 2a—c and Fig. 3a) is shown by the
absence of an immunoreaction in Bax-deficient ovaries analyzed in parallel (b).
Panel a is the meants.e.m. of combined data from 3-4 independent experi-
ments (*P=0.02 versus vehicle control, CON; N.S., not significantly different),
whereas panel b is representative of the results obtained from three indepen-
dent experiments.
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ovarian xenograft model to determine whether a similar mecha-
nism could be responsible for the ovarian damage presumed to
occur in human females following PAH exposure in vivo.
Immunodeficient mice containing subcutaneously grafted
human ovarian cortical tissue fragments were given single
intraperitoneal injections of vehicle or increasing concentrations
of DMBA. Between one and six days after in vivo treatment, we
excised the grafts for an assessment of Bax production and oocyte
death. As in mouse ovaries, the level of Bax was low or unde-
tectable in the primordial and primary oocytes of vehicle-treated
human ovaries (Fig. 5a,b,e,f). A pronounced increase in Bax
accumulation occurred, however, in human primordial and pri-
mary oocytes within 24 hours of PAH exposure in vivo (Fig.
5¢,d,g,h), followed by a striking increase in the incidence of
degenerating oocytes throughout the grafted human ovarian tis-
sues (Fig. 5i-1). The in vivo destruction of human oocytes by
PAHSs was found to be time and dose dependent (Table 1). In fact,
6 days following injection of the highest dose of DMBA, approxi-
mately 70% of the primordial and primary oocytes had degener-
ated in response to PAH exposure, compared with only 6% or
fewer dying or dead oocytes in the vehicle controls (Table 1).
These findings provide the first direct evidence that PAHs induce
human oocyte death in vivo and that this oocyte loss, like that in
mice, is associated with an accumulation of Bax protein.

In conclusion, we have iden-
tified a new intracellular cell-
death signaling pathway, and
have shown that the activation
of this pathway by DMBA, a
member of a ubiquitous class
of toxic environmental chemi-
cals, can cause oocyte loss and

vehicle
Fig. 6 PAHs induce Bax production and
apoptosis in human oocytes in vivo.
a-h, Immunohistochemical analysis of
Bax protein levels in oocytes (arrow-
heads) within human ovarian grafts 24
h after exposure, in vivo, to vehicle
(e,f) or 50 mg/kg DMBA (g,h). Follow-
ing antigen detection using Texas red
indirect immunofluorescence (e-h),
nuclear counterstaining was per-
formed with the DNA-binding dye,
4’ ,6-diamidino-2-phenylindole (DAPI;
a—-d). i-l, Morphological analysis of
oocyte-containing follicles in human
ovarian grafts 6 d after a single injec-
tion of vehicle (i,j) or 50 mg/kg DMBA
(k,I). Oocytes within the follicles of
human ovarian grafts exposed to PAH
in vivo (k,l) have degenerated (arrow-
heads) or are in the process of conden-
sation (arrows), whereas oocytes
within the follicles of human ovarian -
grafts exposed to vehicle (1,j) exhibit a |

DMBA T
".:j:‘: A\

ovarian failure. That the PAH-activated Ahr leads to oocyte
death through increased Bax expression is supported not only
by the finding that Bax-deficient oocytes are resistant to PAH-
induced apoptosis, but also by the fact that the Bax promoter is
relatively insensitive to dioxin, an Ahr ligand that does not
induce oocyte destruction. These data, along with recent obser-
vations that the microinjection of recombinant Bax protein into
oocytes directly induces apoptosis!?, indicate that an elevated
level of Bax is both necessary and sufficient to trigger female
germ cell death. Furthermore, our finding that a single
nucleotide flanking the core AHRE sequence determines the
transcriptional sensitivity of a given gene to the PAH- versus
dioxin-activated Ahr offers a new mechanistic insight into how
two different ligands for the same transcription factor elicit
completely different genomic responses in the same cell lineage.
Finally, immunodeficient mice housing grafted human gonadal
tissue provide a long sought-after model, which accounts for
the route of exposure and metabolism, to conduct mechanistic
studies and risk assessments of putative biohazards and new
drugs for human reproductive toxicity in vivo. Indeed, the data
derived from use of this model strongly support the contention
that the early onset of menopause in women smokers!3 is
caused, at least in part, by the proapoptotic actions of tobacco
smoke-derived PAHs in human oocytes.

histology

;M:\

'
A

normal healthy appearance. Quantita-
tive results from these experiments are
presented in Table 1.
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Methods

Mice. We obtained wildtype C57BL/6 female mice from Charles River Lab-
oratories. We used heterozygous Ahr (Ahr*~) male and female mice
(C57BL/6-Anrt™IBra) - ghtained from Jackson Laboratories, to generate
wildtype and Ahr-deficient female littermates for the direct comparison of
ovarian or oocyte responses to PAHSs (Figs. 3 and 4, respectively). We back-
crossed the original Bax mutant mouse line? onto a congenic background
of C57BL/6 and then used heterozygous (Bax*"-) male and female mice to
generate wildtype and Bax-deficient female littermates for a direct compar-
ison of the ovarian responses to PAHs (Fig. 5). All animal work was con-
ducted using protocols approved by Institutional Animal Care and Use
Committees of the Massachusetts General Hospital, Boston University
School of Medicine and University of Toronto.

Ovarian organ cultures. We collected ovaries from day 4 post-partum
female mice and fixed the ovaries immediately or after serum-free organ
culture?! for 24, 48 or 72 h with vehicle, DMBA (1 uM) or DMBA-DHD
(0.01-1.00 pM) in the absence or presence of 1 uM ANF. We then
processed the ovaries for the histomorphometric analysis of the number of
nonapoptotic oocytes present in quiescent (primordial) and early growing
(primary) follicles®-1922 or for immunohistochemical analysis of the Bax
protein level (see Gene expression analysis).

Gene expression analysis. We generated a partial complementary DNA,
corresponding to bases 107-508 of the mouse Bax coding sequence (Gen-
Bank accession number L22472), by RT-PCR% using total RNA isolated
from adult mouse ovaries, and subcloned this cDNA into the pGEM4z vec-
tor (Promega). Following sequence analysis to confirm its identity, we then
used this cDNA to prepare a radiolabeled antisense RNA probe for north-
ern-blot analysis of Bax messenger RNA transcripts in total RNA samples
(5 ug/lane), as described?, To control for equality of RNA sample loading,
we rehybridized the blots with a radiolabeled probe against 18S ribosomal
RNA (Ambion), as described?. Following the densitometric scanning of
hybridization signal intensities, we normalized the levels of Bax mMRNA in
each sample against the respective levels of 18S rRNA prior to data analysis.
For assessment of the Bax protein level, we immunostained paraformalde-
hyde-fixed, paraffin-embedded tissue sections using a 1:50 dilution of an
affinity-purified rabbit polyclonal antibody raised against mouse Bax (P-
19; Santa Cruz Biotechnology) after high-temperature antigen unmask-
ing?, followed by antigen detection using diaminobenzidine or Texas red.
We always processed vehicle- and PAH-treated ovaries in parallel, and we
confirmed the specificity of the immunostaining conditions using Bax-
deficient ovaries as a negative control (Fig. 5b). We determined the expres-
sion of the Ahr nuclear translocator in oocytes by subjecting the total RNA
extracted from mouse immature oocytes to RT-PCR amplification?S, using
oligonucleotide primers corresponding to bases 1995-2015 (forward
primer) and 2408-2427 (reverse primer) of the Ahr nuclear translocator
cDNA coding sequence (GenBank accession number U10325). We con-
firmed the identity of the 424-bp amplified product by restriction enzyme
mapping and sequence analysis.

Promoter analysis and site-directed mutagenesis. We first ligated a frag-
ment of the mouse Bax promoter?”, corresponding to bases —22 to —2694
(the first base of the translation start site being designated as +1), upstream
of the coding sequence for GFP in the pBlueScript-KS vector (Stratagene).
We then isolated immature (germinal-vesicle stage) oocytes enclosed with-
in 1-2 layers of granulosa cells from the ovaries of wildtype or Ahr~'- mice
at day 12 postpartum by mechanical dissection over a 60-90 min period
using 26-gauge needles under a dissecting microscope?. Once they had
been isolated, we microinjected the oocytes with the parent GFP vector
(lacking the Bax promoter) or the Bax promoter—-GFP construct (600 fg
DNA per oocyte; 60-70 oocytes within 60 min) and discarded those
oocytes that did not survive the microinjection procedure (routinely
<25%). We cultured the remaining oocytes in the absence (vehicle) or
presence of 1 uM DMBA-DHD for 6-18 h, and assessed GFP production
by fluorescence microscopy. We obtained similar results if fully denuded
immature oocytes (that is, those free of adherent granulosa cells) were used
to assess the effects of PAH on Bax promoter activity (data not shown).

We performed inactivating mutations of the AHREs using the
QuikChange™ site-Directed Mutagenesis kit (Stratagene), with primers
containing two base-pair mutations in each of the AHREs (GAATG and
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CAAAC in AHRE1 and AHREZ2, respectively; compare Fig. 1b with the wild-
type AHRE sequences in Fig. 1a). We performed point mutations in the
sequences flanking the AHREs as described above using primers containing a
single base-pair mutation at the third nucleotide downstream of each AHRE
(compare Fig. 1c with the wildtype AHRE-flanking sequences in Fig. 1a).

Human ovarian xenografts. We collected human ovarian tissue from three
patients (33, 34 and 40 years of age, ovarian tissue from each patient repre-
senting a single experiment) undergoing gynecologic surgery for benign
conditions, after informed consent and approval from the Mount Sinai
Hospital institutional review board. We then subcutaneously grafted a total
of 55 ovarian cortical biopsies (each 1-2 mm?) into NOD-SCID mice
(n=37, with 1-2 grafts per mouse) through small dorsomedian transverse
incisions above the flank29. After 2—3 weeks, to allow the grafts to become
vascularized, we gave the mice a single intraperitoneal injection of vehicle
(paraffin oil) or DMBA (10 or 50 mg/kg dissolved in paraffin oil) and
removed the grafts at 1, 2, 3 or 6 d post-injection. After fixation, we ana-
lyzed each graft for the number of degenerating or dead oocyte-containing
primordial and primary follicles (out of the total number of oocytes at each
stage present in the grafted tissue) or for the Bax protein level (see sections
on Ovarian organ cultures and Gene expression analysis, respectively).
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