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Abstract: Background: Spermatogenesis, the process by which male germ cells develop into mature spermatozoa,
is a complex and highly regulated phenomenon crucial for male fertility. Various molecular pathways, including ubig-
uitination, play critical roles in this process. Ubiquitination regulates multiple stages of spermatogenesis by control-
ling cell remodeling and protein metabolism. SplA/ryanodine receptor domain and SOCS box containing 3 (SPSB3),
a SOCS box protein, interacts with ElonginC/B and recruits Cullin5 to form the ECS E3 ligase complex, which is
involved in cell development, proliferation, stress response, and apoptosis. However, the specific role of SPSB3 in
spermatogenesis and male reproduction remains poorly understood. Methods: The distribution and expression of
Spsb3 were analyzed using bioinformatics approaches. Spsb3-knockout (KO, Spsb37") mice were generated using
CRISPR/Cas9 gene editing. Sperm quality was assessed using a computer assisted sperm analysis (CASA) system.
Histological and immunostaining analyses were performed to evaluate the effects of Spsb3 deletion on mouse tes-
ticular structure. Apoptotic cells were detected using terminal deoxynucleotidyl transferase-mediated dUTP nick-end
labeling (TUNEL). Results: Our findings indicate that Spsb3 is a testis-enriched gene in mice. However, no significant
differences were observed in sperm quality, fertility, or testis histology between Spsb37- and wild-type (WT) adult
mice. Conclusion: This is the first functional study of Spsb3 in mammalian reproduction. Despite its evolutionary
conservation and high testicular expression, Spsb3 is not essential for mouse spermatogenesis under physiological
conditions.
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Introduction Ubiquitination plays a critical role in various
stages of spermatogenesis by regulating cell
remodeling and protein metabolism [3-5]. It is

a dynamic and multifaceted post-translational

Spermatogenesis is a multifaceted process
that occurs in the seminiferous tubules of the

testis, ultimately producing fully mature male
gametes. This complex process involves sever-
al key stages: spermatogonia proliferate and
differentiate into spermatocytes, which then
undergo meiosis to produce spermatids. These
round spermatids subsequently mature and
differentiate into highly specialized spermato-
zoa, which are released into the lumen of the
seminiferous tubules [1, 2]. Each stage is tight-
ly regulated and is essential for the production
of functional spermatozoa.

modification mediated by a cascade of enzy-
matic reactions involving E1 ubiquitin-activat-
ing enzymes, E2 ubiquitin-conjugating enzymes,
and E3 ubiquitin-ligases [6]. This process main-
tains intracellular protein homeostasis by
covalently attaching ubiquitin (Ub), a highly con-
served 76-amino acid protein to target sub-
strate proteins [7, 8]. As the final step in the
ubiquitination cascade, E3 ligase facilitates
the covalent attachment of ubiquitin and spe-
cific substrate lysine residues, significantly
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enhancing the efficiency of ubiquitin transfer
[5, 9.

Cullin-RING ligases (CRLs) represent the larg-
est family of E3 ligases in eukaryotes and func-
tion as multisubunit protein complexes [10].
The splA/ryanodine receptor domain and SOCS
box-containing (SPSB) protein family consists
of four members (SPSB1 to SPSB4) that play
crucial roles in cell development, proliferation,
stress response, and apoptosis [11]. These
proteins share a conserved SOCS box at the
C-terminus and a central SPRY/B30.2 domain,
which is essential for substrate recognition and
ubiquitination. SPSBs protein are key compo-
nents of E3 ubiquitin ligase complexes, where
the SPRY/B30.2 domain determines substrate
specificity. Previous studies have shown that
SPSB3, a SOCS box protein, interacts with
ElonginC/B and recruits Cullin5 to form the ECS
E3 ligase complex. This complex mediates the
polyubiquitination and subsequent proteaso-
me degradation of SNAIL, a key regulator of
epithelial-mesenchymal transition [12-14].

Recent studies have also revealed that the
CRL5-SPSB3 ubiquitin ligase complex targets
nuclear cGAS for degradation, thereby regulat-
ing immune response and cell signaling [15].
These findings highlight the significance of
SPSB3 in protein homeostasis and cellular sig-
naling; however, its specific role in male repro-
duction remains unclear. Given its high expres-
sion in the testis and established function in
ubiquitination, further investigation into the
role of SPSB3 in spermatogenesis is warrant-
ed.

In this study, we generated Spsb3-knockout
(KO, Spsb37) mice using CRISPR/Cas9 gene
editing technology to investigate its role in sper-
matogenesis. Despite the high expression of
Spsb3 in mouse testes, our results showed no
significant differences in sperm morphology,
motility, or concentration between Spsb37
wild-type (WT) mice. Fertility assessments also
revealed no significant changes in mating suc-
cess and litter size. Furthermore, histopatho-
logical analysis and immunostaining demon-
strated no abnormalities in testicular structure
or in the expression of key spermatogenic
markers in Spsb3”- mice. The Terminal deoxy-
nucleotidyl transferase-mediated dUTP nick-
end labeling (TUNEL) assay did not detect a
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significant increase in apoptotic cells within the
testicular tissue of Spsb3”7- mice. These find-
ings suggest that Spsb3 is not essential for
mouse spermatogenesis or fertility.

Materials and methods
Bioinformatic analysis

The mouse scRNA-seq dataset (GSM5563668)
was obtained from the Gene Expression
Omnibus database. Data processing was per-
formed using software packages including
“Seurat” and “SingleCellExperiment”. Cell typ-
es were identified based on marker genes, and
gene expression patterns were visualized using
dot plot and feature plot diagrams, as previ-
ously described [16].

Animals

Heterozygous Spsb3*" mice were purchased
from Cyagen Biosciences Inc. (Suzhou, China).
Spsb3*- mice were interbred to generate Sp-
sb37" (knockout), Spsb3*- (heterozygous), and
Spsb3** (wild-type, WT) offspring. Genotypes
were confirmed by PCR amplification followed
by agarose gel electrophoresis. The primers
involved are as follows: F1: 5-TGAGAGCAT-
CTTTGGAAGAGTTTG-3’; R1: 5-CTTGTTATGCAG-
CACTTGCTTGAG-3’; F2: 5'-GTATGGCACAGACAT-
GGTAAATGG-3..

All mice were maintained under specific patho-
gen free (SPF) conditions at Nanjing Medical
University. All experimental procedures were
approved by the Animal Ethics and Welfare
Committee of Nanjing Medical University (No.
2402015).

Fertility test

Adult Spsb37 and WT male mice were each
housed with two adult C57 BL/6J female mice
in a 1:2 sex ratio. The number of litters per mat-
ing pair and the number of pups per litter were
recorded over a three-month period.

Histology

Following euthanasia via cervical dislocation,
testicular tissues from 8-week-old Spsb37 and
Spsb3** mice were collected and fixed in modi-
fied Davidson'’s fluid for 48 hours. The tissues
were then dehydrated using a graded ethanol
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series and embedded in paraffin. Sections (5
um thick) were prepared, rehydrated and sta-
ined with hematoxylin and eosin (HE) and peri-
odic acid Schiff (PAS) stains. Stained sections
were examined under an optical microscope
for histological analysis, as previously describ-
ed [17, 18].

Computer-assisted sperm analysis (CASA)

Sperm were collected from the epididymis of
8-week-old mice and suspended in human tu-
bal fluid culture medium at 37°C. Sperm sam-
ples were diluted, loaded onto 80 um slides,
and analyzed for sperm concentration and mo-
tility using the Hamilton Thorne’s Ceros Il ana-
lyzer (Beverly, MA, USA), as previously described
[19, 20].

Immunofluorescence

Immunostaining was performed following a
standard protocol [21]. Briefly, tissue sections
were incubated overnight (12-16 hours) at 4°C
with the following primary antibodies: Anti-
LIN28 (1:200, Abcam), anti-yH2AX (1:1000,
Abcam), PNA (1:500, Vector), anti-SOX9 (1:200,
Millipore) and anti-HSD-3pB (1:500, Santa Cruz
Biotechnology). Following three washes with
PBS at room temperature, sections were incu-
bated with AlexaFluor-conjugated secondary
antibodies (Thermo Scientific, Waltham, USA)
at 37°C for 1 hour. Nuclei were counterstained
using 4’,6-diamidino-2-phenylindole (DAPI) and
images were captured using a Zeiss LSM800
confocal microscope for fluorescence analysis.

Terminal deoxynucleotidyl transferase-dUTP
nick-end labeling (TUNEL) assay

Tissue sections were treated with 20 pg/mL
protease K at room temperature for 10 min-
utes, followed by incubation in equilibration
buffer for 30 minutes. Samples were then incu-
bated with BrightRed labeled reaction buffer
at 37°C in the dark for 60 minutes to minimize
non-specific signals. After three PBS washes,
nuclei were counterstained with DAPI. The reac-
tion buffer (BrightRed), was optimized with a
Tris-HCI buffering system (pH 7.4-7.6) to main-
tain enzyme stability and efficiency. The as-
say was conducted in a humidified chamber (>
70% humidity) to prevent reagent evaporation
and ensure consistent results. Images were ob-
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tained using a Zeiss confocal microscope (Ob-
erkochen, Germany).

Statistical analysis

Data are presented as mean + standard devia-
tion (SD) from at least three independent ex-
periments. Statistical analyses were perform-
ed using GraphPad Prism 8.0 (GraphPad, La
Jolla, CA, USA). Tests results from an unpaired
Student’s t-test with P < 0.05 were considered
statistically significant.

Results

Distribution and expression of Spsb3 in adult
mice

According to the BioGPS database (http://
biogps.org), Spsb3 is predominantly express-
ed in the adult mouse testis (Figure 1A). To
further clarify the distribution of Spsb3 across
different testicular cell types, we performed
bioinformatic analyses using the publicly avail-
able single cell RNA sequencing (scRNA-seq)
dataset (GSM 5563668). The results showed
that Spsb3 expression was minimal in Leydig
cells, Sertoli cells, and spermatogonia, but pre-
dominantly localized in spermatocytes and
spermatids (Figure 1B, 1C).

Generation of Spsb3”" mice

To investigate the physiological function of Sp-
sb3, we employed CRISPR/Cas9-based geno-
me editing to delete exons 3-6 of Spsb3 using
two different guide RNAs (gRNAs) (Figures 2A
and S1). The genotypes of Spsb3”:, Spsb37*
and Spsb3** mice were confirmed by PCR am-
plification followed by agarose gel electropho-
resis (Figure 2B).

Fertility assessment of Spsb37- mice

Fertility tests revealed no significant differenc-
es in the number of litters between Spsb3”
and Spsb3*7* adult mice (Figure 2C). Addition-
ally, testis size and weight were comparable
between Spsb37 and Spsb3** adult male mice
(Figure 2D and 2E). Computer-assisted sperm
analysis (CASA) demonstrated no significant
differences in sperm concentration, motility,
or progression ratio between Spsb37 and
Spsb3** mice (Figure 2F-H). Furthermore, he-
matoxylin and eosin (HE) staining of sperm
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Figure 1. Distribution and expression of Spsb3 in normal adult mice. A. Bioinformatics analysis of Spsb3 expression
across various tissues and cell types in mice. Data were obtained from the BioGPS database based on microarray
analysis (http://biogps). B. Dot plot showing Spsb3 expression in different cell types within the testicular sample. C.
t-SNE diagram illustrating the distribution of Spsb3 among different cell types in the testicular sample.
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Figure 2. Generation and fertility tests in Spsb3”- mice. (A) CRISPR/cas9-mediated genome editing of Spsb3. (B)
Verification of mouse genotypes by PCR. (C) Fertility test of Spsb3** and Spsb37- male mice. n = 3 per group. P >
0.05. (D) Gross morphology of testes from Spsb3** and Spsb37- mice. (E) Testis/body weight ratios of Spsb3*/* and
Spsb37-mice. n = 3 per group. P > 0.05. (F-H) CASA results for sperm count (F), motility (G), and progressive motility
ratio (H) in Spsb3** and Spsb37- mice. M, million. n = 6 per group. P > 0.05. () H&E staining of sperm in the cauda
epididymis of Spsb3*/* and Spsb37- mice. Scale bar = 20 ym. (J) Quantification of (I). n = 3 per group. P > 0.05.
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Figure 3. Histological analysis of the testes. A. HE staining of testis sections from Spsb3** and Spsb37- mice. B. PAS
staining of testis sections from Spsb3*/* and Spsb37- mice. Scale bar = 50 um.

revealed no morphological difference between
Spsb37-and Spsb3** mice (Figure 21, 2J).

Normal spermatogenesis in Spsb37" mice

Testicular morphology was assessed using HE
and periodic acid-Schiff (PAS) staining. Both
Spsb37- and Spsb3** mice exhibited intact
seminiferous tubules containing all stages of
spermatogenic cells (Figure 3A, 3B). To further
evaluate the impact of Spsb3 deletion on sp-
ermatogenesis, we quantified spermatogonial
stem cells (SSCs), spermatocytes, spermatids,
Sertoli cells, and Leydig cells in testes using
immunostaining for Lin28, gamma-H2AX, PNA,
SOX9, and 3B-HSD signals, respectively. The
results showed no significant differences in the
number of these cell types between Spsb3”
and Spsb3** mice (Figure 4). Finally, TUNEL
analysis revealed no significant differences in
the number of apoptotic cells between the two
groups (Figure 5).

Discussion

Previous studies have identified a total of 2,300
testis-enriched genes in mice, which may pl-
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ay crucial roles in spermatogenesis [22, 23].
However, some genes that are abundantly ex-
pressed in the testes may not directly influence
male fertility [24, 25]. The Spsb3 gene, which is
essential for germ cell development and stress
response in planarian Dugesia japonica [26],
was identified as a testis-enriched gene in this
study. Given the relatively conserved evolution-
ary nature of spermatogenesis [27], we gener-
ated a Spsb3 gene knockout mouse model
using CRISPR/Cas9-based gene editing. Thr-
ough a series of experiments, we confirmed
that Spsb3 deletion (Spsb37) has no signifi-
cant impact on spermatogenesis or fertility in
mice. While the absence of notable reproduc-
tive phenotypic changes in knockout mice is
often overlooked, sharing such data can help
prevent redundant experiments and conserve
research resources and time.

The maintenance of normal spermatogenesis
and fertility in Spsb37" mice can reasonably
be attributed to functional redundancy among
genes. Specifically, genetic compensation fol-
lowing gene loss is a widely observed phen-
omenon across species, wherein homologous
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Figure 4. Immunostaining of stage-specific markers during spermatogenesis in Spsb3** and Spsb3”- mice. (A) Im-
munostaining of LIN28 in paraffin-embedded testicular sections from Spsb3** and Spsb37 mice. Scale bar = 50
um. (B) Quantification of LIN28* cells in (A). n = 3 per group. P > 0.05. (C) Immunostaining of y-H2AX in paraffin-em-
bedded testicular sections from Spsb3*/* and Spsb37 mice. Scale bar = 50 um. (D) Quantification of y-H2AX* cells
in (C). n = 3 per group. P > 0.05. (E) Immunostaining of PNA in paraffin-embedded testicular sections from Spsb3*/*
and Spsb3” mice. Scale bar = 50 uym. (F) Quantification of round spermatids (Rs) in (E). n = 3 per group. P > 0.05.
(G) Quantification of elongating/elongated spermatids (Es) in (E). P > 0.05. (H) Immunostaining of SOX9 in paraffin-
embedded testicular sections from Spsb3*/* and Spsb37- mice. Scale bar = 50 um. (I) Quantification of SOX9* cells
in (H). n = 3 per group. P > 0.05. (J) Immunostaining of 33-HSD in paraffin-embedded testicular sections from
Spsb3** and Spsb37- mice. Scale bar = 50 ym. (K) Quantification of 3B-HSD* cells in (J). n = 3 per group. P > 0.05.
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Figure 5. TUNEL analysis for detecting apoptotic cells in two groups of mice
(A) TUNEL assay performed on paraffin-embedded testicular sections from
Spsb3** and Spsb37" mice. (B) Quantification of TUNEL* cells in (A). n = 3
per group. P > 0.05. Scale bar: 50 um. (C) Quantification of TUNEL* tubules
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AGCCAG--del 1326 bp--CTTCCT

Figure S1. Sanger sequencing of PCR product in Spsb3-KO mice.



