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TAp63a is the predominant TAp53 family member expressed in primordial follicle oocytes!
and is essential for oocyte death following genotoxic stress2. How DNA damage leads to the
activation of TAp63a is poorly defined. Gonfloni et a/.3 reported that inhibition of c-ABL
with imatinib (Gleevec), designed to inhibit the oncogenic kinase BCR-ABL, protects
oocytes from cisplatin-induced killing, and therefore proposed that c-ABL iscritical for the
induction of TAp63-mediated apoptosis. However, the relationships between c-ABL, TAp63
and DNA damage-induced cell death are complex*® and imatinib itself is actually known to
promote apoptosis by inhibiting certain kinases that promote cell survival, such as the SCF
receptor, c-KIT87. Accordingly, imatinib is used clinically not only for the treatment of
BCR-ABL™* chronic myelogenous leukemia (CML) but also for ¢-KIT mutated Gastro-
Intestinal Stromal Tumor (GIST)8. Of particular concern, ¢-KIT is critical for oocyte
survival, with blocking antibodies to ¢-KIT causing follicular atresia®. We therefore
independently explored the impact of imatinib on the response of oocytes to DNA-damage
induced by cisplatin. We found that imatinib did not protect primordial follicle oocytes from
cisplatin-induced apoptosis or prevent loss of fertility in two independent strains of mice.

For /n vivoanalysis, PN5 CD1 mice were treated with vehicle or imatinib (7.5 mg/kg i.p.) or
cisplatin, (5 mg/kg i.p.) or both imatinib and cisplatin administered together (as in Gonfloni
e aP). Ovaries were harvested at PN10 and ovarian follicles quantified using established
methodology10-11 (Fig. 1A, B and Supplementary Table 1). In contrast to the data reported
by Gonfloni et aB, coadministration of imatinib did not rescue primordial follicles from
elimination caused by exposure to cisplatin. As Gonfloni et a did not report the primordial
follicle count per se(rather, they reported on the composite of the primordial follicle count
plus the larger primary follicle count), enumeration of primordial folliclesin their study is
unclear. We also performed a similar analysis with a second mouse strain (C57BL/6), with
imatinib or vehicle administered 2 h prior to cisplatin or vehicle.Aswe report for the CD1
strain, no rescue of cisplatin-induced oocyte death was observed in the C57BL/6 strain
(Supplementary Fig. 1A, B and Supplementary Table 1). In our studies, treatment with
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imatinib alone increased by nearly 5-fold the numbers of pyknotic bodies (oocytes with
nuclear fragmentation, a hallmark of apoptosis) observed in ovaries /n vivo(at PN10, p
<0.03). Thisis consistent with /n vivo pro-apoptotic activity of imatinib in oocytes
(Supplementary Fig. 1C) and the notion that an imatinib-sensitive kinase, most likely c-KIT,
is critical for the survival of female germ cells!?.

Importantly, TUNEL staining confirmed that pre-treatment with imatinib did not cause a
reduction in apoptotic cellsin ovaries of mice exposed to cisplatin for 24 or 48 h
(Supplementary Fig. 2). When mice treated at PN5 or PN7 were analyzed as adults at PN49
(Supplementary Table 2) or at 9-11 months of age (Supplementary Table 3), no protection
against oocyte killing was observed following treatment with imatinib prior to injection of
cisplatin, compared to treatment with cisplatin alone. Similar depletion of primordial
follicles was observed in both cisplatin- and imatinib+cisplatin-treated ovaries at PN49
(p<0.05 both, for cisplatin-treated versus vehicle-treated ovaries and for imatinib+cisplatin
versus vehicle-treated ovaries; Supplementary Fig. 3). No significant differencesin
depletion of primary or secondary follicles were observed following treatment with imatinib
+cisplatin versus cisplatin alone (p=0.08 for both primary and secondary/antral follicles).
Representative histologic sections are shown in Supplementary Fig. 4A (PN49) and 4B
(9-11 months). We also performed /n vitroanalysis, with imatinib (10 uM) or vehicle added
to whole, postnatal day (PN) 5 C57BL/6 ovary culturesfor 2 h followed by exposure to
cisplatin (20 uM) or vehicle. After afurther 24-48 h in culture, quantification of follicles
(which contain oocytes) and TUNEL staining demonstrated no protection afforded by
imatinib (Supplementary Fig. 5A, B and 6 and Supplementary Table 4).

In order to study cisplatin-induced infertility, mice that had been treated at PN7 with vehicle
or imatinib (7.5 mg/kg i.p.) or cisplatin, (5 mg/kgi.p.) or both imatinib and cisplatin
administered together, were studied in mating rounds of approximately 5 weeks, as
described in Gonfloni et a3 from the age of 6 weeks (Supplementary Table 5). The
proportion of pregnant mothers and the average pup number per mating round were
calculated for the CD1 strain. No difference was observed for the co-administration of
imatinib with cisplatin compared with cisplatin alone (Fig. 1C, D). The total number of pups
presented asin Gonfloni et al3 was no different for mice treated with imatinib and cisplatin,
versus cisplatin alone (Fig. 1E and Supplementary Table 5).

In their breeding studies, Gonfloni et al® did not provide statistical analysisin support of
their assertion that imatinib preserved fertility of mice exposed to cisplatin. The most
stringent measure of reproductive potential is provided by the analysis of fertility (the ability
to produce alitter within 12 weeks of mating). In order to study infertility, rather than just
the proportion of mice becoming pregnant within the short 5 week mating rounds described
by Gonfloni, we observed breeders for atota of twelve weeks following previous delivery/
mating. Histologic analysis of ovaries from adult females observed to become sterile during
these breeding studies (Supplementary Table 6) confirmed the absence of viable ovarian
follicles (Supplementary Fig. 4C). The proportion of females in each treatment group noted
to be fertile at each round of breeding and the average number of pups per litter (i.e. once
the mother became pregnant) were determined. Ovulatory follicles present beyond 6 weeks
following treatment were considered to be derived from primordial follicles that survived
cisplatin treatment, which indeed is not sterilizing until after 3 rounds of breeding?. In our
studies, by allowing female breeders to continue mating for atotal of 12 weeks post
previous delivery (or until they became pregnant, whichever occurred first, either of these
being considerably longer than the one week of mating time observed by Gonfloni et al3),
we observed that treatment with cisplatin at PN5-7 caused a significant deficit in fertility
(p=0.02 PBS vs cisplatin), with only 72% females remaining fertile by breeding round 6
compared with 100% in the vehicle-treated group. Importantly, in up to 6 rounds of

Nat Med. Author manuscript; available in PMC 2013 February 06.



a1 ewRrMS DRI ewRreMS

a1 rewRerMS

Kerr et al.

Page 3

breeding, we found no evidence for rescue of cisplatin-induced loss of fertility by pre-
treatment with imatinib (Supplementary Fig. 6A and Supplementary Table 6). The
likelihood of infertility in each treatment group was no different between femal es treated
with imatinib pre-cisplatin, compared with cisplatin alone (Kaplan-Meier analysisimatinib
pre-cisplatin versus cisplatin p> 0.3) (Supplementary Fig. 6B). Consistent with this, the
average pup numbers seen at each breeding round in imatinib pre-cisplatin-treated litters
were not significantly different from those seen in litters from females treated with cisplatin
alone (p>0.6) (Supplementary Fig. 6A).

In conclusion, we have shown that imatinib does not protect primordial follicle oocytes from
cisplatin-induced apoptosis and loss of fertility in two independent strains of mice. These
results indicate that imatinib-sensitive kinases, such as c-ABL, are not required for DNA
damage activated oocyte apoptosis that is mediated by TAp63. Indeed, the imatinib-sensitive
kinase c-KIT is known to be critical for the survival of female germ cells?, heightening
concerns about the potential effects of imatinib on oocytes and female fertility. Thus, we
find no support for “anew use for imatinib, aimed at preserving oocytes of the follicle
reserve during chemotherapeutic treatments’ and urge caution in this regard.

METHODS

Methods and any associated references are available in the online version of the paper at
http://www.nature.com/naturemedicine/.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Pre-treatment with imatinib did not protect primordial follicle oocytes from DNA
damage induced death or rescue cisplatin-induced loss of fertility in CD1 mice

PN5 CD1 female pups were treated with vehicle (PBS), or imatinib (7.5 mg/kgi.p.), or
cisplatin (5 mg/kg) or with imatinib and cisplatin administered together, or with imatinib
administered 2 h prior to cisplatin, or with cisplatin administered prior to imatinib and
harvested at PN10. (A) Hematoxylin and eosin staining of ovaries: vehicle-treated and
imatinib-treated ovaries show numerous primordial follicles with oocytes (arrows). In al
cisplatin-treated or cisplatin + different regimens of imatinib treatments, oocyte-containing
primordial follicles are absent, but empty follicle-like structures lacking an oocyte are
numerous (arrowheads). Scale bar indicates 50 pm. (B) Quantification of primordial,
primary and secondary folliclesin CD1 mice treated as above and analyzed at PN10. No
differencesin primary and secondary follicle numbers were observed among groups (not
shown). For comparison with untreated controls. **p<0.01, ***p<0.001. n=3 ovaries per
treatment group. (C-E) PN5 CD1 female pups were treated with vehicle (PBS), or imatinib
(7.5 mg/kgi.p.), or cisplatin (5 mg/kg) or with imatinib and cisplatin administered together
and allowed to mature. Mice commenced breeding trials at PN42 with proven wt males and
the mating procedure was repeated at regular intervals (about every 5 weeks) as per
Gonfloni et al3. (C) The proportion of cisplatin-treated femal es becoming pregnant (fraction
of pregnant mothers as reported in Gonfloni et al) was not altered by co-administration of
imatinib (Kaplan-Meier analysis, cisplatin vs imatinib+cisplatin p>0.7, n=8-11 mice per
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treatment group). (D) The average pup number per mating round was not altered by co-
administration of imatinib (n=7-11 pups per breeding round per treatment). (E) The total
pup number generated as a result of the breedings described above was not altered by co-
administration of imatinib (n= 319, 334, 4 and 5 pups respectively).
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