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1.   Sperm and offspring production in a nonob-
structive azoospermia mouse model via testic-
ular mRNA delivery using lipid nanoparticles
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sity of Osaka,
5Center for Infectious Disease Education and Re-
search, The University of Osaka, 6The Institute of 
Medical Science, The University of Tokyo,

Microsurgical testicular sperm extraction (micro-
TESE) with intracytoplasmic sperm injection (ICSI) 

represents the current standard treatment for nonob-
structive azoospermia (NOA). However, cures remain 
unavailable for NOA patients lacking retrievable hap-
loid cells. mRNA supplementation could be a poten-
tial treatment for genetic defects leading to impaired 
spermatogenesis. Lipid nanoparticles (LNPs) have 
emerged as mRNA delivery vehicles with minimal 
risk of genome integration; however, their ability to 
selectively deliver mRNA to specific cell types re-
mains limited. To overcome this, microRNA (miRNA) 
target sequences were incorporated into mRNA con-
structs to restrict expression specifically to germ cells. 
Using pyruvate dehydrogenase E1 subunit alpha 2 
(PDHA2) knockout mice as an NOA model with mei-
otic arrest, we demonstrate that LNP-mediated deliv-
ery of Pdha2 mRNA enables the resumption and com-
pletion of meiosis, restores sperm production, and 
facilitates the generation of healthy fertile offspring 
via ICSI. Whole-genome sequencing of the offspring 
confirmed the absence of large-scale genomic abnor-
malities. Our results provide proof of concept for a 
safe and effective chemically synthesized LNP-based 
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In the “post-genome project era,” genetically modified animals play a key role in 
basic molecular biological investigations and act as models of human disease. Our 
laboratory studies the mechanisms underlying the mammalian reproductive system 
in gene-manipulated mice. We are the first group in the world to generate 
transgenic mice expressing GFP throughout the body (Green mice). We also 
established the ES cells that give green fluorescent spermatozoa to trace their 
movement and acrosome reaction during fertilization. Another tool invented in our 
laboratory is the placenta-specific gene manipulation system using lentiviral (LV) 
vectors. Using these techniques, we are trying to elucidate the mechanism 
underlying gametogenesis, fertilization, implantation, and placentation. Our recent 
interest is using the CRISPR/Cas9 system as a genome-editing tool. The 
combination of GWAS studies with genome editing will pave the way to understand 
and control human fertility problems. 
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mRNA therapy with miRNA-regulated germ cell 
specificity, offering a promising therapeutic approach 
to treating male infertility caused by spermatogenesis 
arrest.

2.   Formation of a complex between TMEM217 
and the sodium-proton exchanger SLC9C1 is 
crucial for mouse sperm motility and male fer-
tility
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Sperm motility is essential for male fertility and is 
tightly controlled by signaling events in the flagel-
lum. Slc9c1 encodes a sperm-specific Na+/H+ ex-

changer (sNHE/SLC9C1) that localizes to the flagel-
lum and is indispensable for sperm motility and male 
fertility. SLC9C1 is unique among Na+/H+ exchang-
ers in that it possesses a voltage-sensing domain 
(VSD), the physiological function of which remains 
poorly understood in mammals. Here, by analyzing 
coevolving genes with Slc9c1, we identified Tmem217, 
which encodes a transmembrane protein that is local-
ized in the sperm flagellum. Knockout (KO) of 
Tmem217 in mice resulted in sperm motility defects 
and male infertility, phenocopying Slc9c1 KO mice. 
Coimmunoprecipitation and structural prediction 
analyses indicated that TMEM217 binds to SLC9C1 
via its VSD. Further analyses indicated that the 
amounts of SLC9C1 and its associated protein, solu-
ble adenylyl cyclase (sAC), were lost in mature 
Tmem217 KO spermatozoa, leading to disrupted 
3’,5’-cyclic monophosphate (cAMP) signaling path-
ways. Remarkably, cAMP analogs restored the im-
paired motility and fertilizing ability of Tmem217 KO 
spermatozoa in vitro, validating the essential role of 
TMEM217 in regulating cAMP production. Our find-
ings indicate that the association of TMEM217 with 
SLC9C1 via its VSD is critical for the proper organiza-
tion and function of the SLC9C1-sAC-cAMP axis in 
mature spermatozoa.
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