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We previously demonstrated that transplacental gene delivery (TPGD) method combined with CRISPR/Cas9 system can

manipulate fetal genome in situ. Recently, we examined whether the endogenous gene (myosin heavy-chain α, MHCa)

can be genome-edited by TPGD in the absence of a gene delivery reagent with potential fetal toxicity. For this, we

employed a hydrodynamics-based gene delivery (HGD) system with the aim of ensuring biosafety. We also investigated

which embryonic stages are suitable for the induction of genome editing in fetuses. As the results, it was indicated that the

HGD-based TPGD of a genome editing vector enables to manipulate the fetal genomes.
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1. TPGD

Transplacental gene delivery, termed "TPGD" by our group , was first developed by Tsukamoto et al. with gene delivery

accelerating reagent , since then, several researchers have reported this system works well . We intravenously

introduced an all-in-one plasmid using the lipid-based gene delivery reagent, enabling the potential expression of both

Cas9 and guide RNA (gRNA) targeted to enhanced green fluorescent protein (EGFP) cDNA into pregnant mice at E12.5

. Molecular analysis of the fetus hearts showing the presence of insertion/deletion (indel) mutations at the target locus,

although normal cells were also present. These findings suggested that TPGD-based genome editing is functional in mid-

gestational fetuses. This is the first report that the TPGD is useful for inducing genome editing in fetus. We thus termed

this technology "TPGD for acquiring genome-edited fetuses (TPGD-GEF)".

2. HGD-based TPGD-GEF

In the case of TPGD, to ensure fetal gene delivery, many researchers have employed gene delivery reagents such as

lipids, liposomes, and polyethylenimines (PEIs), which can all protect DNA from degradation, enable the DNA to pass

through the BPB smoothly, and increase the transfection efficiency in fetal cells . However, these gene delivery reagents

are often toxic to fetuses and sometimes cause fetal malformation . Considering the safety of the fetus, there is a

need to develop TPGD without the use of such reagents.

3. Results: Analysis of HGD-Based TPGD-GEF

   In this study, we examined two points: the first was whether it was possible to disrupt an endogenous gene by this

technology, and the second was whether it was possible to perform TPGD-GEF in the absence of a gene delivery reagent.

For the first, we targeted  endogenous myosin heavy-chain α (MHCa) gene in the heart. And for the second, we employed

a hydrodynamics-based gene delivery (HGD) system. HGD relies on the introduction of a large volume of DNA solution at

once without any gene delivery reagents and is a powerful method for the efficient transfection of murine hepatocytes .

Based on the original study, we used this technology with naked DNA for avoid the potential cytotoxicity. As the results,

indel occurrence was observed at the endogenous MHCa locus in some of the fetuses carrying pCGSap1-MHCa, which is

an all-in-one plasmid conferring the expression of both Cas9 and guide RNA (targeted to the MHCa), when HGD-based

TPGD-GEF was performed on pregnant females at E9.5. Of the three pregnant females injected, one had mutated

fetuses: all examined fetuses carried exogenous plasmid DNA, and four of 10 (40%) exhibited mosaic indel mutations in

MHCa. Although the mode of mutation in the obtained fetuses was mosaic as shown by the presence of edited and

unedited cells (Figure 1). Gene delivery to fetuses at E12.5 and E15.5 did not cause mutations.
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Figure 1. Sequence analysis of PCR products (corresponding to the endogenous MHCa gene exon 1) derived from HGD-

based TPGD-GEF-treated fetuses. Direct sequencing of PCR products obtained from fetal hearts (fetus of WT and

fetuses of #a-1, -3, -4, and -7). In a) control heart, the sequence enclosed by a quadrant filled with blue (corresponding to

the target sequence recognized by gRNA targeting MHCa sequence) remained unaltered. By contrast, in b) #a-1, c) #a-3,

d) #a-4, and e) #a-7, overlapping electrophoretograms (indicated by arrow) are notable immediately upstream of the PAM,

indicating the presence of genome-edited and unedited sequences. The PAM (TGG) is shown as a quadrant filled with

red. WT, wild-type.

4. Conclusion

This study  has novelty, which is clearly different from other similar research including our previous paper in view that:

1) successful genome editing was achieved when HGD was employed without using any gene delivery reagents, and 2)

mutations are induced successfully at the target endogenous MHCa locus. In addition, against our expectations, cells with

genome editing were found in cardiac cells, and in other non-cardiac cells. E9.5 appears to be the appropriate stage for

manipulating the function of embryonic cells by the HGD-based TPGD-GEF, although there is still room for improvements

to this system.
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