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Oocyte numbers decrease whereas the incidence of aneuploidy increases as women age. The
molecular mechanisms underpinning this age-related decline in oocyte quality are not completely
understood. Human oocytes are particularly error prone, with reports of aneuploidy rates as high as
50-60% (Fragouli et al. 2011; Kuliev et al. 2011). Mouse oocytes, in contrast, are generally more
resilient to age-related aneuploidy, with different stains harboring disparate susceptibilities to
chromosome segregation errors. This is clearly observed with aneuploidy rates as low as 9%
(C57Bl/6 mice, 17-19 months) to 25% (B6D2F1/J mice, 16-19 months), but may be as high as 33%
(MF1 mice, 15-17 months) to 43% (CD1 mice, 19-25 months) (Chiang et al. 2010; Sebestova et al.
2012; Shomper et al. 2014; Yun et al. 2014). Such variability in murine aneuploidy rates has
hampered investigations into the causes of aged-related aneuploidy, with even the highest
aneuploidy rates failing to reach those presented in older women.
The aim of this study was to determine if the C57Bl/6(female) x CBA(male)F1 hybrid mouse is an
appropriate animal model for investigating human age-related oocyte aneuploidy. This strain of
mouse was chosen due to its prevalent use for investigating oocyte meiosis – a result of the robust
nature of their oocytes, which exhibit high rates of survival and maturation following microinjection
and/or in vitro culture.
Assuming that mice and humans age in a linear relationship, extrapolation estimates suggest that 12
and 17 months correspond to 34 and 48 years in humans, respectively. Therefore, prophase Iarrested, germinal vesicle (GV) oocytes were collected from antral follicles of euthanized mice at 1,
12, or 17 months of age. As observed in humans, oocyte numbers decreased with increasing age
(Table 1). A significant reduction in the number of retrievable good-quality GV oocytes was noted
at 12 months (P<0.0001), and this further decreased at 17 months (P<0.0001).
Collected GV oocytes were allowed to mature in vitro at 37˚C and 5% CO2 for 16 hours until
metaphase II (MII), in Minimum Essential Medium supplemented with fetal calf serum. The ploidy
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status of MII eggs was investigated using immunofluorescence confocal microscopy, as previously
described by Camlin et al. (2016). The spindles of MII eggs were collapsed with monastrol to
spread chromosomes prior to fixation. Immunocytochemistry was then used to label DNA and
kinetochores, followed by confocal imaging to create a collation of z-stack images. Kinetochores
pairs were then counted to determine chromosome content, with 20 kinetochore pairs considered
euploid. As expected, aneuploidy rates were low in oocytes from 1-month-old animals (5.1%
oocytes aneuploid). By 12 months and beyond, however, chromosome segregation errors increased
to approximately half of all oocytes examined (Table 1).
Oocyte aneuploidy can result from either the premature individualization of sister chromatid pairs
(individual chromosomes are gained or lost) or bivalent nondisjunction (whole chromosome pairs
are gained or lost), so we next determined the type of chromosome segregation errors in oocytes
from aged mice. Analysis of confocal images revealed that mis-segregation errors were evenly
divided between bivalent nondisjunction (NDJ) and premature sister separation chromatid (PSSC)
(Table 1).
Chromosome separation is extremely error prone in human oocytes; indeed, aneuploidy is a leading
cause of miscarriage and birth defects, particularly in women over the age of 35 years. Our results
highlight, once again, the variability observed between mouse strains in relation to their
vulnerability to age-related oocyte aneuploidy. Specifically, we established that the C57Bl/6 x CBA
F1 hybrid mouse is a highly suitable strain to investigate the causes of NDJ and PSSC that associate
with age-related oocyte aneuploidy. We hope to use this model to improve our understanding of the
molecular mechanisms underpinning this phenomenon in humans.
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Table 1. The impact of maternal aging on oocyte numbers and aneuploidy rates in a C57Bl/6 x
CBA F1 hybrid
Endpoint

1 month

12 month

17 month

Average number of oocytes†

27.4±9.3

17.5±2.7*

6.8±3.2*, #

(number of animals)

(n=35)

(n=6)

(n=36)

% aneuploidy rate (%)

5.1%

53.2%*

47.5%*, ##

(n=aneuploidy oocytes/ total)

(n=4/78)

(n=25/47)

(n=29/61)

oocytes with bivalent

5.1%

21.3%**

24.6%**, ##

nondisjunction (%)

(n=4/78)

(n=10/47)

(n=15/61)

oocytes with premature sister

0%

31.9%*

22.9%*, ##

chromatid separation (%)

(n=0/78)

(n=15/47)

(n=14/61)

(n= NDJ oocytes/ total)

(n= PSSC oocytes/total)

ANOVA with Tukey post-hoc testing used for oocyte number. Fisher Exact test used for aneuploidy
rates.
†

, mean ± standard deviation reported.

*, P<0.0001 compared to 1-month-old oocytes.
**, P<0.05 compared to 1-month-old oocytes.
#,

P<0.0001 compared to 12-month-old oocytes.

##

, P>0.01 compared to 12-month-old oocytes.
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