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CSE1L/CAS regulates cell proliferation through CDK signalling

in mouse spermatogenesis

To the editor

The cellular apoptosis susceptibility gene (CAS) (also named chro-
mosomal segregation 1 like [CSE1L] and exportin-2) has been found
to play crucial roles in cell proliferation/apoptosis and progression of
various cancers. While the functions of CAS in reproduction have not
been well understood, previous studies in human trophoblast cells
and seminoma showed that CAS is involved in cell proliferation and
mitosis.>? Our previous study demonstrated the expression of CAS in
human testis and testicular cancers.®> We, therefore, speculate that
CAS may exert its effect on spermatogenesis.

The process of spermatogenesis is complicated and tightly reg-
ulated. The sequential differentiating germ cells were produced
during the mouse testicular development. Undifferentiated sper-
matogonia begin to differentiate 4 days postpartum (dpp). The
spermatocytes come up in 10dpp, and the meiosis was accom-
plished at 20-21dpp. The spermatozoa was found in the 35dpp tes-
tis. The mice are sexual maturation at 56dpp. Therefore, we
collected several key time points of the spermatogonia, spermato-
cytes, round spermatids, and spermatozoa to illustrate the expres-
sion profile of CAS during mouse testicular development. gPCR
results showed that CAS mRNA was expressed at all stages of tes-
ticular development from 7 to 56 days postpartum (dpp) in the
development-dependent manner (Figure 1A). Similarly, the protein
expression of CAS was also increased during the mouse testicular
development (Figure 1B). To further determine the locations of
CAS in the testes, the immunofluorescent staining was carried on
at the crucial mouse testicular development point. As shown in
Figure 1C, the signals of CAS were detected in spermatogonia in
day 7 testes. The stronger signal of CAS was observed in day
21 testes in the spermatocytes and enriched in the nuclear and
cytoplasm after day 35 testes. Of note, the sperm were no obvious
staining of CAS (Figure S1). Consistent with the results of
Figure 1C, the CAS was highly expressed in spermatogonia, sper-
matocytes and round spermatid (Figure 1D,E) in the published
scRNA-seq dataset.*

Several studies have been demonstrated that CAS regulated the
cell migration, proliferation and apoptosis in cancer cells.>® However,
the roles of CAS in germ cells proliferation are still unclear. To clarify
this question, we employed a well-established shRNA knockdown sys-

tem used in our previous study’® to knockdown the expression of

CAS in spermatogonia cell line GC-1 and spermatocyte cell line GC-2
(Figure 1F and Figure S2A,B). The EdU incorporation assay revealed
that knockdown of CAS resulted in a significant reduction of cell pro-
liferation in GC-1 and GC-2 cells (Figure 1G,H). In addition, to eluci-
date the possible involvement of apoptosis elicited by interfering
CAS, we determined the activity of caspase 3 and caspase 7 by the
Caspase-Glo 3/7 kit. As shown in Figure 11, the activity of caspase
3/7 showed a remarkable increase in GC1-shCAS and GC2-shCAS
cells compared with that of the GC1-shNC and GC2-shNC control
group, suggesting that the knockdown of CAS was able to induce the
cell apoptosis both in GC-1 and GC-2 cells. Our previous study has
found the cell cycle arrest in the CAS knockdown breast cancer cells,®
with the observation that knockdown of CAS inhibited proliferation
and induced apoptosis in GC-1 and GC-2 cells, we further explored
the possible mechanisms underlying this phenomenon. Two markers
of cell cycle CDKé6 and CDK2, were significantly decreased after CAS
knockdown in GC-1 cells, while the CDK&, cyclin D3 and CDK2 were
reduced after CAS knockdown in GC-2 cells by western blot
(Figure 1J and Figure S2C,D). Similar to the previous study, the migra-
tion ability of GC-1 and GC-2 was also blunted in the CAS knockdown
group compared to the control group (Figure S3).

In summary, the present study for the first time demonstrated the
expression patterns of CAS during mouse testicular development. Knock-
down of CAS resulted in the inhibition of proliferation and migration of
immortalized spermatogonia and spermatocytes, GC-1 and GC-2 cells,
suggesting its potential role during spermatogenesis. Cyclin-dependent
kinases (CDKs) are the central regulators in the cell cycle. Several studies
including ourselves demonstrated that CAS was involved in the prolifera-
tion/apoptosis via regulating factors of cell cycle.2®? Interestingly, CDK6
and CDK2, but not cyclin D1 and B1 in breast cancer cell were signifi-
cantly inhibited in the CAS knockdown GC-2 cells. Of note, CDK2 was
reported to be essential for the first meiotic division in germ cells,°
together with our results, indicating that the role of CAS in regulating cell
proliferation and apoptosis is tissue/cell-specific.

It should be noted, however, that the mouse sperms showed
weak immuno-signal of CAS (Figure S1), indicating the turnover of
CAS during spermiogenesis. In addition, the conditional knockout
mouse models were warranted to be established due to the embryo
lethal of knockout of CAS.!! Further investigation of these is under-

taken in the authors' laboratory. Taken together, our results provide a
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Expression profile of CAS during mouse testicular development and knockdown of CAS inhibited cell proliferation via decreased

cell cycle-related genes. (A) The mRNA expression level of CAS in developing mouse testis. **p < 0.01; ****p < .0001. (B) Representative Western
blot of CAS proteins in developing mouse testis. (C) Representative pictures of CAS location in mouse testis development. CAS reactive signal
was found in spermatogonia (white arrowhead), spermatocytes (red arrowhead) and round spermatid (yellow arrowhead). Scale bar = 10 pm.

(D and E) Public single-cell sequencing (scRNA-Seq) results showed the expression of CAS in the different cell types in mouse (D) and human

(E) testis. scRNA-seq dataset GSE ID: GSE125372. (F) Western blot analysis of CAS knockdown in GC-1 and GC-2 cells. (G) Representative
images of the EdU incorporation assay 96 h post-transfection. Scale bar = 20 pm. (H) Statistical analysis of GC-1 and GC-2 cell proliferation as
evaluated by an EdU incorporation assay. The values are presented as the mean + SEM (*p < 0.05; ***p < 0.001). (1) Cell apoptosis analysis by
caspase 3/7 activity assay kit (****p < 0.0001). (J) Western blot analysis of expressions of cell cycle-related genes in CAS knockdown cells. CDK&,

cyclin-dependent kinase 6; CDK2, cyclin-dependent kinase 6
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novel role of CAS in spermatogenesis and a potential pathogenesis

and diagnosis marker for male infertility.
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