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The role of histone deacetylases 1/2 in regulating murine oogenesis
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Abstract: Oogenesis is the basic reproductive process of female mammals and is essential for fertilization and embryo development.
Recent studies have shown that epigenetic modifications play an important role in the regulation of mammalian reproductive processes
(such as oogenesis, spermatogenesis, preimplantation embryo development and sex differentiation). Taking histone acetylation as an
instance, the dynamic changes of histone acetyltransferases (HATs) and deacetylases (HDACs) are involved in the regulation of gene
activation and inactivation when numerous key physiological events occur during reproduction. Thereinto, HDAC1 and HDAC?2,
which are highly homologous in terms of both structure and function, play a pivotal role in murine oogenesis. HDACI1 and 2 jointly
regulate the global transcription and the incidence of apoptosis of growing oocytes and affect its subsequent growth and development,
which reflects their compensatory function. In addition, HDAC1 and 2 also play a specific part in oogenesis respectively. It has shown
that HDAC2 is more critical than HDACI for oocyte development, which regulates de novo DNA methylation and chromosome
segregation. Reciprocally, HDACI is more critical than HDAC2 for preimplantation development. Deficiency of HDACI1 causes the
decreased proliferation of embryonic stem cells and the smaller embryoid bodies with irregular shape. In this review, we summarized
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the role and the current research progress of HDAC1/2 in murine oogenesis, to provide a reference for further understanding the

relationship between epigenetic modifications and reproductive regulation.

Key words: histone deacetylase 1 (HDAC1); histone deacetylase 2 (HDAC2); murine oogenesis
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Table 1. A summary of similarity and difference between HDAC1/2 domains

Domain

Function

Similarity N-terminal histone deacetylase domain "

N-terminal HDAC association domain %

C-terminal IAC(E/D)E motif ~**

Lack of nuclear export-signal **

Lack of DNA-binding domain *>*

1534

Difference  HDAC1 C-terminal nuclear localization signa

C-terminal Chft” interaction domain %

HDAC2 C-terminal coiled-coil domain "

Histone deacetylase

Homo- and hetero-dimerization

Interact with pocket proteins

Locate in nucleus

Interact with transcription factors, or be part of multi-component
repressor complexes (such as SIN3 complex, CoOREST complex)
Locate in nucleus

Interact with Chfr

Interact between proteins

" HDACI has an IACEE motif, and HDAC2 has an IACDE motif. *: Chft, a ubiquitin ligase.
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A SR, Hdacl %50/ BRAE NG 10.5
KETFET: ™, Wi Hdac2 4= /Is B R 0 I i f 72
HARTESET: ™, IR e M T S AP R R
Bk HEAT B IR N IR E . Ma 25 R H Zp3-Cre T
H/NE, TEVIZL IR I B 7 59l 4 55 P i ok O Bk 441
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AN TR R /N BRI R AL A gl DL 2 B2 2 e
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%2. HDAC1/23 % s R 44 & A BAE A AU

Table 2. Mice generated with the oocyte-specific deletion of Hdac1 and/or Hdac2 and a summary of the phenotypes and mechanisms

Genetic mode Fertility Follicle development ~ Oocyte maturity Master gene Mechanism
Hdacl™" Fertile ™" Normal Normal
Hdac2™" Subfertile “? Normal Failure of chromosomes to  Hdac?2 H4K16 hyperacetylation
condense, separate or align impacts the function of
properly and increased spindle and kinetochore ©*'!
incidence of aneuploidy
Hdacl™"/Hdac2™" Fertile ™  Normal Normal
Hdacl™"/Hdac2”" Infertile™  More secondary Fewer MII oocytes, Hdac2 H3K4 hypomethylation
follicles and fewer and other phenotypes causes ~20% decrease
antral follicles are same as of global transcription;
without oocyte Hdac2™"~ Oocyte maturity: idem "
apoptosis or
degeneration
Hdacl:2™"~ Infertile ™ Arrest at secondary Failed Hdac?2 Global DNA hypomethylation
follicle stage with impacts the establishment of
oocyte apoptosis and imprinted genes and activates
degeneration, retrotransposon expression
no antral follicles with DNA double-strand
breaks inducing apoptosis
Hdacl/? H3K4 hypomethylation causes

~40% decrease of global
transcription; TRP53
hyperacetylation

induces apoptosis “”
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