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This study provides useful information about testis-specific IncRNAs in mouse spermatogenesis. It
would apply (1) for future investigation of testis-specific IncRNA involved in spermatogenesis and

testicular functions, and (2) for better understanding of a new molecular basis of male
reproduction.

i Long non-protein-coding RNAs (IncRNAs) are key regulators in gene
expression. However, IncRNAs associated testis-specific expression remains functionally

undetermined. Firstly, | have discovered candidates for testis-specific IncRNAs. The aim of this
research is (1) To characterize the newly identify testis-specific IncRNAs in mouse and (2) to
perform functional analysis of the testis-specific IncRNAs. As results, the antisense IncRNA
1700108J01Rik and long intergenic non-coding RNA 1700101022Rik were identified as testis-specific
IncRNAs. These IncRNAs showed different stage-specific and cell-type specific expression pattern
during mouse spermatogenesis. Next, | tried to do functional analysis of these IncRNAs by in vivo
lentiviral-mediated transfection and target gene manipulation (still in under investigation).
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(background)

Long non-protein-coding RNASs (IncRNAS) play as key regulators in gene expression.
LncRNAS (Iength > 200 nucleotides) show tissue- or cell type-specific expression patterns and
they play important rolesin biological processes such as cellular differentiation and tissue
development (Fatica and Bozzoni, Nat Rev Genet, 15: 7-21, 2014). Spermatogenesis, a process
of male germ cells differentiation, isimportant for transmission of genetic information and
fertility of male production. LncRNAs are known to involved in regulation of spermatogenesis
process (Akhade et a ., Nucleic Acids Res 44: 387-401, 2016, Sun et a., PLoS One. 10, 8:
€75750, 2013). There are few reports about testis-specific INCRNAs. LncRNASs are known to
function as molecular signaling for significant functional biological process, molecular decoy at
transcriptional level, guiding ribonucleoprotein for chromatin modification, and molecular
scaffold that associated with epigenetic matters (Wang et al., Mol Cell 43: 904-914, 2011). At
Firgt, | have discovered testis-specific INCRNASs candidates, which exclusively express at
specific stages of mouse spermatogenesis. However, there islittle report about the functions of

testis-specific IncRNAS.

(purpose)

The purpose of thisresearch is

(1) To characterize the newly identify testis-specific INCRNAS in mouse
The IncRNAs which are highly expressed in mouse testis by bioinformatics analysis were

selected as testis-specific INCRNA candidates. After confirmation of expression level of
selected INcCRNA candidates in mouse testis, the expression pattern and cellular localization
of these INcRNAs during spermatogenesis process was examined.

(2) Functional analysis novel testis-specific INcRNAS in mouse

In vivo functional analysis: examination of loss of function of testis-specific INnCRNAs using
viral-mediated shRNA gene delivery in mouse testis (OR) In vitro functional analysis:
examination of loss of function or gain of function in gene-manipulated mouse male germ
cell lines

(research method)

(1) Tocharacterize the newly identify testis-specific INcRNAsin mouse

e Bioinformatics analysis was previously performed to determine the candidates of testis-
highly-specific IncRNAs in mouse using FANTOMS5 mouse database.

e Reverse transcription quantitative polymerase chain reaction (real-time PCR) was

conducted for confirmation of expression level of INCRNA candidates in different
developmental stages of mouse testis compared to other adult organs.
e Insitu hybridization (I1SH) analyses of adult testis using target INCRNAS probes were




performed to detect the expression and cellular |ocalization of testis-specific INCRNASs

during mouse spermatogenesis.

(2) Functional analysis nove testis-specific INcRNAsin mouse

e Invivo target gene manipulation of mouse testis by viral-mediated microinjection of

postnatal mouse tegtis. | performed both EGFP-tagged lentiviral-mediated and EGFP-tagged

retro-viral mediated microinjection of retes
tegtis areain postnatd day (PD) 8-10 (Please
seeFig.1).

e Two months after microinjection, |
performed immunohistochemistry (IHC) for

anti-GFP antibody followed by DAPI to Fig. 1. GFP-tagged lentiviral vector microinjection
into seminiferous tubules viaretes areain PD 7 pup.

check the expression of transfection intarget | After injection, trypan blue dye can be seen inside the
seminiferous tubules.

spermatogenetic cellsin adult mice.
o Design thetarget gene specific SRNAs and check the transfection efficiency of these

siRNAs. The sequence of testis-specific INCRNAS (the antisense

INcRNA 1700108J01Rik and long intergenic non-coding RNA 1700101022Rik) were

targeted by sIRNA sequences designed using BLOCK-iT RNAI Designer (Invitrogen, CA,

USA). The designated siRNAs were sequence-verified. The oligonucleotides were inserted

into DsRed vector, allowing for determining transfection efficiency by fluorescence
mi croscopy.

e Invitro anaysisin COS-7 cellsto check the transfection efficiency of EGFP-
1700108J01Rik IncRNA, EGFP-1700101022Rik IncRNA and their respective DsRed-
SIRNAs.

(result)
(1) Characterization of testis-specific IncRNAsin mouse

According to the bioinformatic analyses and RT-PCR, 1700108J01Rik IncRNA and
1700101022Rik IncRNA were found
as testis-specific IncRNAs when
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seminiferous tubules, but not in the




interstitial cells (Please see Fig. 3). In Fig. 3, hybridization with anti-sense probe for (A)
1700108J01Rik and (C) 1700101022Rik showing purple-color for positive signals.
Hybridization with sense probe for either of (B) 1700108J01Rik and (D) 1700101022Rik
showed no special signal. Antisense INcRNA 1700108J01Rik was detectable in seminiferous
=t —— == e tubules at all stages (I to

XI11) of spermatogenesis,
while 1700101022Rik
INCRNA was expressed in
stage VI to IX. Therefore,
these two IncRNAS showed
stage-specific expression

pattern throughout
different stages of
Fig. 4. Cellular localization of 1700108J01Rik (JO1Rik) during the process of :
Mmouse spermatogenesis Spermatogenesis.
1700108J01Rik was

expressed in germ cells
differentiating from stage V|1
pachytene spermatocytes to
step 10 spermatids (Please
see Fig. 4). 1700101022Rik
was expressed exclusively in

germ cells differentiating

fromstep 6to step 9

Fig. 5. Cellular localization of 1700101022Rik (O22Rik) during the process of . .
mouse spermatogenesis spermatids (Please see Fig.

5). In each stage of the cycle,
the representative image of pseudo-colored signals (green) indicating JO1Rik or O22Rik is
shown on the left pand and the merged image of pseudo-colored signals (green) and DAPI-

positive nuclei (blue) is shown on the right panel. Both of INncRNAswere mainly localized in
the cytoplasm, but not in the nucleus of these germ cells. Therefore, these testis-specific

IncRNASs have cell-type and stage-specific expression during mouse spermatogenesis. These

findings indicate that these two testis-specific INCRNASs may involve specificaly in male

spermatogenesis functions such as germ cell differentiation or proliferation or apoptosis etc.

(2) Functional analysis novel testis-specific INncRNAsin mouse (in vivo analysis)

| performed viral-mediated in vivo microinjection of mouse testis at postnatal day 8-10 and
check transfection expression by IHC under fluorescence microscopy on 2 months after
microinjection. As results, lentiviral-mediated transfection showed more stable expression when
compared to retrovirus. The expression of lentiviral transfection (anti-GFP; red color) was seen

in the seminiferous tubules, but not in the interdtitial cells (Please see Fig. 6). | checked the cell-

type at different stages of spermatogenesis using DAPI-staining (DAPI-stained nuclei, blue
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color). However, transfection was not mainly seen in the target spermatogenetic cells (either

1700108J01Rik or1700101022Rik-expressed cells). Sertali cells and its cytoplasmic processes
were mainly transfected (Please see Fig. 7). Even though EGFP-tagged lentivira in vivo
transfection was successful, | could not detect transfection on testis-specific INCRNA positive
cell-type. Therefore, | tried to manipulate my primary research plan of in vivo analysistoin
vitro functional analysis. At the same time, | will try to change the in vivo transfection methods

to transfect the target cells.
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transfection was visualized by anti-GFP (red) insde the
seminiferous tubules.

Fig. 6. EGFP-tagged lentiviral transfection in mouse testis:

(main presentation paper)

Fig. 7. Representative image of EGFP-tagged lentiviral
transfection in a cross-section of seminiferous tubule.
Lentiviral transfection (red color), DAPI-stained nuclei
(blue color). Merge image showed that transfection was
mainly seen in nuclei of Sertoli cells (shown by arrows)
and its cytoplasmic processes.
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