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My work provides explanations for idiopathic male infertility. The identified molecules may serve as
biomarkers for male infertility and potential targets for non-hormonal male contraception.

During the four-year funding period, the applicant has generated multiple
knockout mouse lines lacking testis-specific genes and analyzed the resultant phenotype. This study
demonstrates the feasibility and efficiency of using the CRISPR/Cas9-mediated knockout strategy to
identify genes essential for male reproduction. Through the large-scale in vivo screening, we have
discovered essential genes Lrrc23, C2cd6, Sofl, Tmem95, and Fimp, which play roles in regulating
sperm motility and sperm-egg fusion. The relevant research outcomes have been published In
international peer-reviewed journals.
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It has been estimated that one in six couples in this world suffer from infertility during
their reproductive lifespan and 40 to 50% of all infertility cases are attributed to defects
in the male germline. In Japan, however, male factor infertility attracts less concern
from both the general public and qualified medical professionals compared with female
infertility. According to a survey conducted in Japan recently (Yumura et al. 2017), over
80% of male infertility arises from impaired testicular function with the clinical
presentation of abnormal sperm production. Thus, the discovery of genes indispensable
for male reproduction is of immense importance for the sake of clinical purposes and has
provoked a great deal of attention from researchers.

In this project, we aim to uncover and analyze essential genes that are indispensable for
male infertility. The genes we initially focus on are predominant expressed within the
mouse male germline and highly conserved in humans. With the assistance of our
optimized CRISPR/Cas9 genome editing method, knockout mice will be generated to
determine if these testis-enriched genes are required for male fertility. The cellular,
molecular and genetic mechanisms underlying male sterility-associated phenotype,
which originates from the absence of indispensable genes, will be further investigated in
detail. The research outcomes would have profound and novel implications for
pathogenesis of paternally mediated infertility and rational development of non-
hormonal contraceptives.

From the generation of gene knockout mice to the investigation of gene functions, each
cycle of genetic research is subdivided into four stages. The experiments within different
stages will be conducted consecutively or simultaneously. As a portion of candidate genes
will be ruled out due to their functional redundancy in male reproduction (i.e., KO mice
can still sire pups), the applicant will screen and analyze more candidate genes in
additional cycles.

Stage 1: The pattern of tissue expression is verified using RT-PCR. Knockout mice are
generated for testis-enriched genes by introducing crRNA/tracrRNA/Cas9 complex into
zygotes. Alternatively, ES cells will be utilized to generate mutant mice if the gene null
mutation has a phenotype association to lethality or complicated gene editing will be
involved. Mutant chimeric mice will be generated by introducing the ribonucleoprotein
complex into GFP-tagged ES cells. Sperm carrying the mutation are distinguished by
green fluorescence and separated using fluorescence-activated cell sorting for further
analysis.

Stage 2: The fertilization capacity of knockout mice will be initially examined by natural
mating. Once male sterility is detected, the gene-null germ cells will be systematically
investigated using assisted reproductive technologies [e.g., in vitro fertilization (IVF)
and embryo transfer, and intracytoplasmic sperm injection (ICSI)] to identify the defects.
IVF can be utilized to determine if sperm that are unable to penetrate zona pellucida
can fuse with zona-free oocytes and ICSI can be employed to examine if completely
immotile sperm can activate oocytes.

Stage 3: Depending on the genetic null defects identified during the previous stage,
histological and morphological analyses in certain organs and cells will be conducted to
reveal the underlying pathophysiological mechanism. In addition, a wide range of
techniques in molecular and genetic biology will also be employed to acquire a more com
prehensive understanding of gene function at the molecular level. For instance,
proteomics approaches, such as western blot, immunoprecipitation and mass
spectrometry, will be adopted to clarify the protein functions and interactions when
necessary.



During the four-year funding period, the applicant has generated multiple knockout
mouse lines lacking testis-specific genes and analyzed the resultant phenotype. This
study demonstrates the feasibility and efficiency of using the CRISPR/Cas9-mediated
knockout strategy to identify genes essential for male reproduction. In addition to the
biological relevance, the identified molecules may serve as biomarkers for male
infertility and potential targets for non-hormonal male contraception. Through the large-
scale in vivo screening, we have discovered essential genes Lrrc23, C2cd6, Sofl, Tmem95,
and Fimp, which play roles in regulating sperm motility and sperm-egg fusion. The
relevant research outcomes have been published in international peer-reviewed journals.
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