
Essentiality table (as suggested in handbook table 5) 

Event Direct evidence Uncertainties, inconsistencies, and contradictory evidence  
MIE 1880 
Decreased, 
ALDH1A activity 
 
 
LOW: There is 
direct 
experimental 
evidence from 
KO studies that 
ALDH1A is 
essential for 
atRA synthesis. 
Some studies on 
KO and 
inhibition of 
ALDH1A show an 
effect on 
initiation of 
meiosis in ovary 
but there are 
contradictory 
studies. 

• KO of ALDH1A isoforms blocks atRA synthesis in vivo in mice 
(Niederreither et al, 1999, Dupé et al, 2003; Fan et al, 2003; 
Molotkov & Duester, 2003). 

• KO of ALDH1A1 results in delayed germ cell meiosis in mouse 
fetal embryos (Bowles et al., 2016). 

• Inhibition of ALDH1A2 in mouse ovary culture results in 
failure to induce expression of meiotic marker Stra8 and 
subsequent germ cell loss (Rosario et al, 2020). 

• Inhibition of ALDH1A in mouse ovary cultures blocked germ 
cell meiotic entry (Mu et al, 2013). 

• Inhibition of ALDH1 partially inhibits meiotic entry in human 
fetal ovaries (Le Bouffant et al, 2010) 

KO of ALDH1A2 and double knockout of ALDH1A2 and ALDH1A3 
showed no reduction of Stra8 expression in fetal ovary and 
ALDH1A2 knockout did not prevent meiotic initiation (Kumar et al., 
2012). 
Triple KO of ALDH1A1-3 showed a reduced Stra8 expression in fetal 
ovary but the knockout did not prevent meiotic initiation 
(Chassot,et al, 2020). 
These results indicate that atRA synthesis is not the only 
determinant for initiation of meiosis in oocytes as discussed in 
Spiller & Bowles, 2022 and Shimada and Ishiguro, 2023. 
 
 
 

KE1881 
Decreased atRA 
concentration 
 
LOW: Some 
studies show 
that atRA is 
essential for 
initiation of 
meiosis in ovary 
but there are 

• Oocytes fail to enter meiosis in ovaries of vitamin A deficient 
rats due to atRA deficiency (Li & Clagett-Dame, 2009) 

• Inhibition of RAR in mouse embryonic ovary cultures results 
in failure to induce Stra8 expression (Bowles et al, 2006; 
Koubova et al, 2006; Minkina et al, 2017). 

• atRA activates meiosis-related gene network in mouse 
embryonic stem cells (Aoki & Takada, 2012), increases meiosis 
resumption in mouse oocytes (Tahaei et al, 2011), promote 
germ cell meiotic initiation in cultured fetal human ovaries (Le 
Bouffant et al, 2010), mouse ovaries (Livera et al, 2000), and 
chicken ovaries (Yu et al, 2013) and camel oocytes (Saadeldin 

Triple knockout of RAR-α, -β, -γ showed a reduced Stra8 expression 
in fetal ovary but the knockout did not prevent meiotic initiation 
(Vernet et al, 2020). 
 
Mutation of two retinoic acid response elements (RAREs) in the 
Stra8 promoter in mice reduced Stra8 expression in fetal ovary but 
did not prevent meiotic initiation (Feng et al, 2021). 
 
These results, together with the studies on ALDH1A KO, described 
above indicate that atRA is not the only determinant for initiation 
of meiosis in oocytes as discussed in Spiller & Bowles, 2022 and 
Shimada & Ishiguro, 2023. 



contradictory 
studies. 

et al, 2019). RAR agonist accelerates meiotic entry in mouse 
fetal oocytes (Livera et al, 2000). 

 

 

KE1882 
Disrupted, 
meiotic initiation 
in oocytes 
 
HIGH: There is 
direct evidence 
from 
experimental 
studies that 
disruption of 
meiosis in ovary 
results in 
reduced fertility. 

• In mice, ablation of Stra8 prevents oocytes from entering 
meiosis in the fetal ovaries and mature females are infertile 
(Baltus et al, 2006; Zhou et al, 2008). 

• Mutation in Atm, a gene involved in recombination during 
meiosis, results in complete loss of primary oocytes in mice, 
and greatly reduced follicle pool in humans (Adelfalk et al, 
2011; Agamanolis & Greenstein, 1979; Aguilar et al, 1968; Xu 
et al, 1996). 

• Mutation to Fanca and Fancd2 genes that are involved in 
recombination lead to oocyte degeneration and subfertility in 
mice (Cheng et al, 2000; Houghtaling et al, 2003; Wong et al, 
2003). 

• Mice with Lhx8 ablation display total loss of oocytes. Lhx8-/- 
mice maintain oocytes during fetal development, but loose 
the oocytes shortly after birth by autophagy, likely because 
the oocytes have failed to enter meiosis in utero (Choi et al, 
2008; D'Ignazio et al, 2018). 

 

 

KE1883 
Decreased 
ovarian reserve 
 
MODERATE: 
There is indirect 
evidence that 
chemicals that 
reduce the 
ovarian reserve 
also affect the 
ovarian cycle.  

INDIRECT EVIDENCE 
• In mice and rats, a chemically induced reduced follicle pool 

results in irregular cycles in vivo (Mayer et al, 2004, Lohff et 
al, 2005, Lohff et al, 2006, Mayer et al, 2002, Flaws et al, 
1994, Hooser et al, 1994, Hu et al, 2018, Hannon et al, 2014, 
Xu et al, 2010). 

• In humans, chemotherapy can affect ovarian reserve as well 
as the menstrual cycle (Jacobson et al, 2016; Meirow et al., 
2010). Smoking, that reduces primordial follicles in mice 
(Tuttle et al, 2009) is also associated with irregular cycles in 
humans (El-Nemr et al, 1998; Sharara et al, 1994). 

Contradictory evidence:  
Several chemotherapy agents damage ovarian reserve and disrupt 
folliculogenesis. However, it has been shown that regular menses 
can resume upon treatment cessation (Jacobson et al, 2016). 
Therefore, in this case reduced ovarian reserve did not lead to 
permanent irregularities of ovarian cycle. In a systematic review 
and meta-analysis investigating the connection between the 
ovarian reserve and the length of the menstrual cycle, studies are 
mentioned where reduced ovarian reserve markers did not 
associate with irregular menstrual cycles (Younis et al, 2020). 
Several factors affect the impact of chemotherapy on ovarian 
health in humans, including the age at the treatment, size of 
ovarian reserve at treatment, and treatment regimen. However, 
late side effects of chemotherapy often include amenorrhea, 
premature ovarian insufficiency, and infertility. 

KE405 INDIRECT EVIDENCE  



Disrupted, 
ovarian cycle 
 
MODERATE: 
There is indirect 
evidence that 
chemicals that 
affect the 
ovarian cycle 
also cause 
impaired 
fertility. 

• In mice and rats, a chemically induced cycle irregularity is 
associated with impaired fertility in vivo (Blystone et al., 2010, 
Takai et al., 2009, NTP, 2005) 
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