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DNA methylation and miIRNA-1296 act in ")
concert to mediate spatiotemporal
expression of KPNA7 during bovine oocyte
and early embryonic development
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Abstract

Background: Epigenetic regulation of oocyte-specific maternal factors is essential for oocyte and early embfyonic
development. KPNA7 is an oocyte-specific maternal factor, which controls transportation of nuclear proteing
important for early embryonic development. To elucidate the epigenetic mechanisms involved in the contro|led

expression of KPNA7, both DNA methylation associated transcriptional silencing and microRNA (miRNA)-mediated
MRNA degradation d{PNAWere examined.

Results:Comparison of DNA methylation profiles at the proximal promot&PNAGene between oocyte and 6
different somatic tissues identified 3 oocyte-specific differentially methylated CpG sites. ExpteBNHNTTRNA
was reintroduced in bovine kidney-derived CCL2 cells after treatment with the methylation inhibitor; 5-aza-2
deoxycytidine (5-Aza-CdR). Analysis of the promoter regkbRNAGene in CCL2 cells treated with 5-Aza-CdR
showed a lighter methylation rate in all the CpG sites. Bioinformatic analysis predicted 4 miRNA-1296 bind|ng sites
in the coding region oKPNATWRNA. Ectopic co-expression of miRNA-1296 and KPNA7 in HEK293 cells led to
reduced expression of KPNA7 protein. Quantitative real time PCR (RT-qPCR) analysis revealed that miRNA-1296 is
expressed in oocytes and early stage embryos, and the expression reaches a peak level in 8-cell stage enlbryos,
coincident with the time of embryonic genome activation and the start of declining of KPNA7 expression.

Conclusions:These results suggest that DNA methylation may account for oocyte-specific expression of KHNA7,
and miRNA-1296 targeting the coding regiorkKéfNAT a potential mechanism f&PNATranscript degradation
during the maternal-to-zygotic transition.
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Background members of karyopherin alpha (KPNA) have been
Successful germ cell development and differentiationidentified in mammals; onlyKPNA7 is strictly expressed
during oogenesis and early embryogenesis is accomin oocytes and early embryos2f4]. In mice, KPNA7
plished through the help of nuclear proteins such asknockout lead to fetal lethality, sex imbalance and
transcription factors and chromatin-remodeling factors abnormalities of epigenetic modifications (e.g. down-
that act in the nucleus I]. A family of nuclear trans- regulation of histone H3K27me3) J. In livestock
porters called karyopherins are the major players in thespecies, such as cattle and pigs, knockdown of KPNA7
translocation of nuclear proteins through an active, significantly reduces blastocyst rate through inducing
energy-dependent nuclear import system. To date, severarrested embryonic development2] 4]. In cattle, the
expression of KPNA7 is high in germinal vesicle (GV)
. orcant . y oocytes through 8-cell stage embryos but drops to barely
1L(;(lj)g$;?)?;o(fenAcrﬁr?1r;l %i)(l)e::a)c@hrr?oellgg;l/v:ﬁz genomics, Division of Animal an etectable levels in morula and blastocyst stage embryos

Nutritional Sciences, West Virginia University, Morgantown, WV 26506, U3£]. The sudden drop of mRNA levels during the-86
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cell stages is coincident with the time of maternal-to- mRNA is potentially targeted by miRNA-1296 for deg-
zygotic transition (MZT) in cattle. To date, little is radation. The results suggest distinctive controlling
known about the mechanistic control of tissue- and mechanisms for tissue- and stage-specific expression of
stage-specific expression of KPNA7. bovine KPNA7 gene during oocyte and early embryonic
DNA methylation at the 5-position of cytosine (5mC) development.
largely occurs at CpG dinucleotides and is required for
normal gametogenesis and embryogenesis in mammalResults
[5]. In the early stages of oogenesis, the genome 0KPNA7 promoter is differentially methylated in bovine
embryonic germ cells is dynamically reprogrammed dur- oocyte and somatic tissues
ing cell differentiation and the differentially methylated It has been generally believed that DNA hypermethyla-
regions begin to maintain the monoallelic expression oftion at the proximal promoter can repress gene tran-
imprinted genes §-8]. Genes of developmental import- scription by interfering with transcription initiation
ance, such as germ cell-specific factors Nanog, Daz[24]. Therefore, differentially methylated promoter
Pou5fl and Sry, which control primordial germ cell region of KPNA7 gene may contribute to its oocyte-
development, are all regulated through DNA specific expression. Analysis of the genomic DNA
methylation-mediated mechanisms 9f11]. Tissue- sequence around the transcription start site (TSS) of
specific and differentially methylated regions are com-KPNA7 gene using an online algorithm (Methprimer)
mon in the mammalian genome and correspond to dif- revealed multiple CpG sites including a CpG island
ferent cell types in an organism 1P]. Since DNA containing 8 CpG sites {221 to - 114) located up-
methylation profile is tissue-specific, it is reasonable tostream of the TSS (Additional filel. Figure S1). Using
believe that DNA methylation, particularly, methylation bisulfite conversion and subsequent DNA sequencing,
in the CpG sites located in the proximal promoter sur- the methylation status of 11 consecutive CpG sites
rounding the transcription start site (TSS), plays a role including 8 within the CpG island and 3 located right
in controlling the expression of oocyte-specific maternal before the TSS at the CpG island shore region were
factors. characterized. Three hypomethylated CpG sites149,
Maternal effect genes are the major driving force to - 63 and- 54) with high demethylation rates (6670%)
facilitate oocyte maturation, fertilization and embryonic were identified in the GV oocyte in comparison to 6
genome activation 13]. However, after MZT, almost different somatic tissues including heart, lung, muscle,
90% of the maternal transcripts are degraded and thebrain, intestine and spleen (Fidl). The hypomethyla-
clearance of maternal transcripts is proved to be essention pattern observed in the 3 sites was found to exist
tial for normal embryonic development 14]. For only in the GV oocyte with no more than 20% demeth-
example, in Xenopus laevisabundance of the oocyte- ylation observed in any of the somatic tissues examined,
specific maternal transcriptc-mos is reduced quickly which indicates a tissue-specific methylation pattern of
after fertilization, and introducing c-mos protein into 2- these 3 CpG sites.
cell stage embryo led to development blockY. This
phenomenon was observed in the mouse and otherTreatment with 5-Aza-CdR reintroduces expression of
species, which indicates that maternal transcript degrad-KPNA7 in CCL-22 cells
ation is required for normal embryonic development CCL-22 cells are derived from bovine kidney cells, which
[16]. Multiple negative regulatory mechanisms including do not express KPNA7 naturally. 5-Aza-CdR inhibits
MRNA deadenylation, interaction with RNA-binding activity of DNA methyltransferase 1 (DNMT1), an en-
proteins and miRNA-mediated degradation are involved zyme that maintains the status of DNA methylation. As
in post-transcriptional degradation of maternal tran- cells divide, treatment of 5-Aza-CdR results in global
scripts [17]. miRNAs such as miRNA-430 in zebrafish demethylation of the cell genome, and thereby induces
and miRNA-427 in Xenopuswere shown to be present the expression of genes silenced by DNA methylation
prior to embryonic genome activation and further [25]. As shown in Fig. 2a, KPNA7 expression was
studies revealed more evidence to support the role ofinduced in the 5-Aza-CdR treated cells. Bisulfite sequen-
these miRNAs in degradation of hundreds of maternal cing of CCL-22 cells from the treatment (04M) and
transcripts [L8-20]. In cattle, a number of oocyte- the control groups showed demethylation of th€PNA7
specific maternal transcripts (e.gNPM2, NOBOX and proximal promoter in the treatment group, whereas in
FIGLA) were shown to be targeted by miRNAs for their the control group, hypermethylation was observed
degradation R1-23]. (Fig. 2b), which agrees with the RT-PCR results showing
In the present study, we identified oocyte-specific dif- no expression ofKPNA7 mRNA in the control group.
ferentially methylated CpG sites in the promoter region Three oocyte-specific hypomethylated sites 149, - 63,
of bovine KPNA7 gene and demonstrated thakPNA7 and- 54) are all methylated in the control group, and in
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Fig. 1 Methylation status of 11 CpG sites in the proximal promoter of béNAGene in GV oocytes and 6 somatic tissues. Three tissue-specific
differentially methylated sites {49, 63 and 54) were detected. Close circles indicate methylated sites; open circles indicate demethylated siyes
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Fig. 2 5-Aza-CdR treatment of CCL-22 cells reintroduces KPNA7 expression by demethylation of CpG sites in the proximal promoter df bovine

KPNATGene.a Expression dkPNAWas detected in 5-Aza-CdR treated CCL-22 cells by RT#2€Rylation status of 11 CpG sites in the

proximal promoter of bovinKPNAgene in the 5-Aza-CdR treated and control CCL-22 cells. Demethylation of the CpG sites in the treatment

group, and hypermethylation of the CpG sites in the control group were observed. Three oocyte-specific hypomethylatédSited3(and
54) are all methylated in the control group. Close circles indicate methylated sites; open circles indicate demethylated sites




