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SERINC4 is dispensable for male
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Abstract: Objectives: Transmembrane proteins are known to play pivotal roles in spermatogenesis and male fertility.
Recent transcriptomic analyses have suggested that the serine incorporator 4 (SERINC4), a multi-pass transmem-
brane protein, is highly expressed in testicular germ cells, yet its physiologic function in male reproduction remains
unclear. This study aimed to investigate the in vivo role of SERINC4 in spermatogenesis and male fertility using a
Serinc4-knockout (KO) mouse model. Methods: Single-cell RNA sequencing (scRNA-seq) data were analyzed to
determine the expression pattern of SERINC4 in human and Serinc4 in mouse testis. Serinc4-KO mice were gener-
ated by CRISPR/Cas9-mediated deletion of exon 5. Phenotypic analyses included fertility testing, testis histology,
sperm evaluation using computer-assisted sperm analysis (CASA), immunofluorescence for germ and somatic cell
markers, and TUNEL assay for germ cell apoptosis. Results: Although scRNA-seq analyses revealed high SERINC4
expression in spermatids of human testes and high Serinc4 expression in spermatocytes of mouse testes, its de-
ficiency did not impair male fertility, testicular morphology, or spermatogenesis in mice. No significant differences
were observed between wild-type (WT) and Serinc4-KO mice in terms of sperm count, motility, or testis to body
weight ratio. In addition, TUNEL assay revealed no significant change in germ cell apoptosis. Conclusions: Under
physiologic conditions, Serinc4 appears to be dispensable for normal spermatogenesis and male fertility in mice.
Future studies are needed to investigate its role under pathologic or aging-related conditions.
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Introduction

Spermatogenesis takes place within the semi-
niferous epithelium of the testis and is essen-
tial for male fertility. This intricate physiologic
process is orchestrated by intrinsic genetic pro-
grams and extrinsic cues from the testicular
microenvironment [1]. Among the key regula-
tors, transmembrane proteins - including ion
channels, transporters, receptors, and struc-
tural components - play indispensable roles by
mediating molecular transport, transducing sig-
nals, and maintaining the integrity of the blood-
testis barrier (BTB). For example, TMC7, a trans-

membrane channel-like protein, is critical for
acrosome biogenesis, and its deficiency leads
to male infertility in mice [2]. SUND, a testis-
specific nuclear envelope protein, facilitates
the nuclear export of mRNA during spermato-
genesis [3]. The CatSper calcium channel is
essential for sperm capacitation and the acro-
some reaction, while potassium channels are
involved not only in capacitation but also in epi-
didymal maturation [4, 5]. Additionally, NECL2,
a celladhesion molecule, regulates BTB homeo-
stasis, and its deletion disrupts BTB protein lev-
els, resulting in male infertility in mice [6].
Collectively, these findings highlight the critical
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roles of transmembrane proteins in regulating
spermatogenesis and maintaining male repro-
ductive function.

The serine incorporator (SERINC) family com-
prises five members (SERINC1-5), all of which
are multi-pass transmembrane proteins [7].
Among them, SERINC2-4 can incorporate ser-
ine into cellular membranes and promote the
synthesis of two serine-derived lipids: phospha-
tidylserine and sphingolipids [8]. The SERINC
family is involved in the biological processes
underlying various diseases. For instance,
SERINC3 and SERINC5 are known to reduce
the infectivity of Human Immunodeficiency
Virus-1 (HIV-1), with SERINC5 exerting a more
potent antiviral effect than SERINC3 [9, 10]. In
cancer biology, SERINC2 knockdown has been
shown to inhibit the proliferation, migration,
and invasion of lung adenocarcinoma cells
[11]. SERINCA4, on the other hand, is prone to
proteasomal degradation in human cells; how-
ever, when stabilized and properly expressed, it
can inhibit HIV-1 replication as effectively as
SERINC5 [12]. Despite these emerging insights,
the physiologic roles of SERINC proteins, par-
ticularly in non-viral contexts, remain largely
unexplored.

In the context of male reproduction, transcrip-
tomic analyses of Sertoli cells from patients
with non-obstructive azoospermia (NOA) have
revealed a marked downregulation of SERINC4
expression [13], suggesting a link between
SERINC4 and male fertility. Interestingly, in our
study, transcriptomic data from publicly avail-
able single-cell RNA sequencing (scRNA-seq)
databases demonstrated that SERINC4 is high-
ly expressed in germ cells of both human and
mouse testis, indicating a potential role in sper-
matogenesis. This high expression, despite the
lack of a clearly defined function, underscores
the value of studying such genes for insights
into fertility preservation, reproductive toxicol-
ogy, and contraceptive strategies. These obser-
vations prompted us to further investigate the
physiologic significance of SERINC4 in male
reproductive biology.

Given this knowledge gap, we generated
Serinc4-knockout (KO) mice using CRISPR/
Cas9-mediated genome editing to investigate
the role of Serinc4 in spermatogenesis and
male fertility. Through comprehensive pheno-
typic characterization, including fertility assays,
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histologic analysis, and evaluation of testicular
germ cell markers, this study aimed to provide
novel insight into the physiologic significance of
Serinc4 in the male reproductive system and to
expand our understanding of the broader func-
tional repertoire of the SERINC family.

Materials and methods
Bioinformatic analysis

We investigated the expression patterns of
Serinc4 using publicly available scRNA-seq
datasets from human and mouse testes. Data
processing and visualization were performed
using Seurat (v4.0). Dotplot and Featureplot
functions were used to display Serinc4 expres-
sion across testicular cell populations. Cell
identities were annotated based on well-estab-
lished marker genes.

Mice

Serinc4-KO mice were generated by CRISPR/
Cas9-mediated genome editing, as previously
described with modifications [14]. Four single-
guide RNAs (sgRNAs) were designed to target
exon 5 of the Serinc4 gene, leading to a 330
bp deletion including this exon. The sgRNA
sequences were as follows: gRNA-A : 5-TGGG-
AACTTTTAGCTCTGGCTGG-3’; gRNA-A: 5'-CCA-
TAGCACGTTTGCTCCCATGG-3'; gRNA-B,: 5-CC-
ATTGGGAACTTTTAGCTCTGG-3’; gRNA-B,: 5-CC-
ATGGGAGCAAACGTGCTATGG-3". Genotyping of
Serinc4-KO mice was performed by PCR using
the following primers: Serinc4-F . 5-TCAAGC-
TGTTGTTCCTGTTAGGTC-3'; Serinc4-R,: 5-AGG-
CTGACTTTGGAACTCCC-3’; Serinc4-R,: 5-GTG-
CTTCTTACAAATGTGTGTGTGTC-3".

All animal experiments were conducted under
protocols approved by the Animal Ethics and
Welfare Committee of Nanjing Medical Uni-
versity (No. IACUC-2402015). Mice were hu-
manely euthanized by CO, inhalation followed
by cervical dislocation to ensure minimal suf-
fering, in accordance with institutional gui-
delines.

Fertility test

Fertility testing was performed according to
previously published methods [15]. Adult male
Serinc4-KO and wild-type (WT) mice were
paired with WT females at a 1:2 ratio for 12
weeks. Litter size, pup number per litter, and
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birth dates were recorded for fertility as-
sessment.

Computer-assisted sperm analysis (CASA)

Sperm were collected from the cauda epididy-
mis of adult WT and Serinc4-KO mice, incubat-
ed in human tubal fluid medium supplemented
with 10% bovine serum albumin (BSA), as
described previously [16-18]. CASA was per-
formed using a Ceros™ Il sperm analyzer
(Hamilton Thorne, USA) to assess sperm con-
centration, total motility, and progressive
motility.

Histological analysis

Testes from adult WT and Serinc4-KO mice
were fixed in modified Davidson’s fixative, pro-
cessed for paraffin embedding, and sectioned
at 5 ym thickness. Sections were stained with
hematoxylin-eosin (H&E) and periodic acid-
Schiff (PAS) for histologic evaluation, as de-
scribed previously [19-21].

Immunofluorescence

Following antigen retrieval in citrate buffer,
paraffin-embedded testicular sections were
blocked with 1% BSA and incubated overnight
at 4°C with primary antibodies: anti-Lin28
(1:200), anti-y-H2AX (1:400), PNA (1:400), anti-
SOX9 (1:400), and anti-33-HSD (1:200). After
PBS washes, AlexaFluor-conjugated secon-
dary antibodies were applied, followed by DAPI
nuclear staining. Images were captured using
an LSM800 confocal microscope (Zeiss), as
described previously [22-24].

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

Testicular cell apoptosis was assessed using
a TUNEL assay kit (Vazyme, Nanjing, China).
Sections were deparaffinized, rehydrated, and
treated with proteinase K, followed by labeling
with BrightRed Labeling Buffer. After counter-
staining with DAPI, images were acquired using
a confocal microscope.

Statistical analysis

Statistical analyses were performed using
GraphPad Prism 8.0. Data are expressed as
mean = SD from at least three independent
experiments. Comparisons between WT and
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Serinc4-KO groups were made using unpaired
Student’s t-test, with significance set at P <
0.05.

Results

Serinc4 predominantly localizes in testicular
germ cells of human and mouse

To characterize the cellular distribution of
Serinc4, we analyzed its expression using pub-
licly available scRNA-seq datasets (GSE149512
for human, GSM5563668 for mouse). In hu-
man testicular samples, Serinc4 was mainly
enriched in spermatids (Figure 1A, 1B), while in
mouse testes, its expression was pronounced
in spermatocytes (Figure 1C, 1D).

Serinc4 deficiency does not impair male fertil-
ity

To assess the reproductive role of Serinc4,
we created Serinc4-deficient mice using a
CRISPR/Cas9 strategy. As illustrated in Figure
2A, four sgRNAs were designed to target exons
5 of the Serinc4 gene, deleting a total of 330
base pairs. The resulting genotypes (Serinc4**,
Serinc4* and Serinc4”") were validated by PCR
amplification (Figure 2B). Over a three-month
breeding period, we compared the reproductive
performance of WT and Serinc4-KO males. No
significant differences were observed in litter
sizes or number of pups (Figure 2C). Testicular
morphology (Figure 2D), testis-to-body weight
ratio (Figure 2E), and sperm indices including
count, motility, and progressive motility, mea-
sured using CASA (Figure 2F-H), showed no
significant changes. Furthermore, H&E stain-
ing indicated no morphologic abnormalities in
spermatozoa from Serinc4-KO mice (Figure 2I,
2J). Collectively, these findings suggest that
Serinc4 is dispensable for male fertility under
physiological conditions.

Spermatogenesis proceeds normally in the
absence of Serinc4

To determine whether Serinc4 deletion affects
spermatogenesis, we performed H&E and PAS
staining on testis sections. Both staining meth-
ods revealed structurally intact seminiferous
tubules in Serinc4-KO mice, similar to WT con-
trols (Figure 3A, 3B).

Further, we evaluated the expression of germ
cell markers by immunofluorescence. Markers
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Figure 1. Expression profiling of SERINC4 in human and Serinc4 in mouse testis. A. Dot plot showing SERINC4
expression across defined human testicular cell clusters. B. t-SNE plot depicting SERINC4 spatial expression in
human testicular cells. C. Dot plot represents Serinc4 expression among mouse testicular cell types. D. t-SNE map
illustrates Serinc4 distribution in mouse testis cell populations.

including Lin28 (spermatogonial stem cell) (Leydig cell) [29], showed no significant di-
[25], y-H2AX (spermatocyte) [26], PNA (acro- fference between WT and Serinc4-KO testes
some) [27], SOX9 (Sertoli cell) [28], and 33-HSD (Figure 4). These results indicate that Serinc4
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Figure 2. Generation of Serinc4-KO mice and fertility assessment. A. Schematic of the CRISPR/Cas9 deletion strat-
egy targeting exon 5 of Serinc4. B. PCR validation of genomic DNA from Serinc4**, Serinc4*- and Serinc4”- mice.
C. Fertility test of WT and Serinc4-KO mice (n = 3, P > 0.05). D. Histologic analysis of testicular morphology in WT
and Serinc4-KO mice. E. Comparison of testis-to-body weight ratios (n = 3, P > 0.05). F-H. Sperm count, motility,
and progressive motility of WT and Serinc4-KO mice, evaluated by CASA (n = 4, P > 0.05). |. Representative sperm
morphology observed by H&E staining (Scale bar: 20 ym). J. Quantification of sperm abnormalities (n = 3, P > 0.05).

knockout does not adversely affect spermato-
genic progression or somatic cell populations
within the testes.

Apoptotic activity remains unaltered in
Serinc4-KO testes

Despite its notable expression in the testes,
Serinc4 ablation did not influence reproduc-
tive outcomes. To explore whether Serinc4
affects germ cell survival, we conducted a
TUNEL assay to assess apoptosis levels. The
number of TUNEL-positive cells and the propor-
tion of affected seminiferous tubules showed
no significant difference between WT and
Serinc4-KO mice (Figure 5A-C), suggesting no
increase in germ cell apoptosis.
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Discussion

In this study, we generated Serinc4-KO mice to
investigate the physiological role of Serinc4 in
male reproduction. Although single-cell tran-
scriptomic data showed that Serinc4 is highly
expressed in testicular germ cells - primarily in
spermatids in humans and spermatocytes in
mice - our data indicated that Serinc4 de-
letion did not affect spermatogenesis or fer-
tility under normal physiologic conditions. This
lack of phenotype may reflect functional com-
pensation by other SERINC family members,
such as SERINC5, or overlapping lipid-related
pathways. Moreover, the potential effects of
Serinc4 deficiency might only become apparent
under aging or other stress conditions, which
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Figure 3. Testicular morphology in WT and Serinc4-KO mice. A. H&E staining of testis sections showing preserved
seminiferous tubule structure (Scale bar: 25 pm). B. PAS staining confirming intact seminiferous architecture (Scale

bar: 100 pm).

were not examined in the present study, and
subtle age-related changes may not have been
captured by the three-month fertility testing
period. While Serinc4 appears dispensable for
normal spermatogenesis, the investigation of
developmental toxicology biomarkers may help
uncover subtle or context-specific roles that
could be overlooked under standard physiolog-
ic settings [30].

Members of the SERINC family have drawn con-
siderable attention for their roles in antiviral
defense and lipid metabolism. Among them,
SERINC3 and SERINC5 exhibit potent antiviral
activity by enhancing type | interferon and
NF-kB signaling and promoting TIM protein
localization to the plasma membrane [31-33].
Notably, SERINC5 exerts a stronger inhibitory
effect on HIV-1 membrane fusion than SERINC3
by interfering with the function of the viral enve-
lope glycoprotein (Env) [34, 35]. In addition,
SERINC2, SERINC3, and SERINC4 are involved
in phosphatidylserine and sphingolipid biosyn-
thesis [8]. However, their roles beyond viral inhi-
bition remain largely unclear.
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Previous studies have reported reduced
SERINC4 expression in Sertoli cells of NOA
patients, suggesting a role in germ cell develop-
ment. Despite this, our Serinc4-KO mice sh-
owed normal testicular histology (H&E, PAS),
unaltered expression of germ cell markers
(LIN28, y-H2AX, PNA, SOX9, and 3B-HSD), and
no increase in apoptosis (TUNEL assay). Sperm
indices and fertility were also unaffected.
These findings suggest that Serinc4 is not
essential for testicular homeostasis under
basal conditions. Nevertheless, given the
downregulation of SERINC4 in NOA patients,
further validation in human testicular samples
or in vitro models would be valuable to clarify
its clinical relevance to male infertility. Addi-
tionally, more detailed functional analyses,
such as meiotic chromosome spread assays or
sperm acrosome reaction tests, were not per-
formed in the present study and will be pursued
in future experiments.

In conclusion, this study provides the first in
vivo evidence that Serinc4 deficiency does not
impair spermatogenesis or male fertility in mice

Am J Transl Res 2025;17(9):7458-7467
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Figure 4. Immunostaining analysis of testicular markers of WT and Serinc4-KO mice. (A) Representative images of
Lin28 immunostaining in testis sections from mice (Scale bar: 20 ym). (B) Quantification of Lin28* cells/tubule (n =
3, P >0.05). (C) Immunostaining of y-H2AX in testis sections from mice (Scale bar: 20 ym). (D) Quantitative analysis
of y-H2AX expression (n = 3, P > 0.05). (E) Representative images of PNA immunostaining in mouse testis (Scale
bar: 20 um). (F) Count of round spermatids (Rs) per tubule in (E) (n = 3, P > 0.05). (G) Count of elongated sperma-
tids (Es) per tubule in the same sections (n = 3, P > 0.05). (H) Immunostaining of SOX9 in testis sections from mice
(Scale bar: 20 um). (I) Quantification of SOX9* ceIIs/tubuIe (n =3, P>0.05). (J) Representative images of 33-HSD
immunostaining in testis sections (Scale bar: 20 um). (K) Quantification of 3B-HSD expression (n = 3, P > 0.05).
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under physiological conditions. These findings
offer new insight on the roles of SERINC family
proteins in reproductive biology. Future investi-
gations should focus on exploring the function
of Serinc4 under stress conditions, in patho-
logical states, or in the context of functional
interactions with other SERINC members.
Possible experiments include generating dou-
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ble or multiple knockout models, evaluating
Serinc4 function in models of testicular injury
or aging, and employing human-derived testicu-
lar organoids or cell lines for mechanistic stud-
ies. Moreover, future studies integrating metab-
olomic approaches may provide further insight
into the physiologic and pathologic roles of
Serinc4 in spermatogenesis [36].

Am J Transl Res 2025;17(9):7458-7467



SERINC4 is not required for spermatogenesis

Acknowledgements

This work was supported by the National Na-
tural Science Foundation of China (32370903).

Disclosure of conflict of interest
None.

Address correspondence to: Xiaoyan Huang, State
Key Laboratory of Reproductive Medicine and
Offspring Health, Department of Histology and
Embryology, School of Basic Medical Sciences,
Nanjing Medical University, Nanjing 211166,
Jiangsu, China. Tel: +86-13915946650; E-mail:
bbhxy@njmu.edu.cn; Nianchao Zhou and Xiaoxue Xi,
State Key Laboratory of Reproductive Medicine and
Offspring Health, Center for Reproduction and
Genetics, The Affiliated Suzhou Hospital of Nan-
jing Medical University, Suzhou Municipal Hospital,
Gusu School, Nanjing Medical University, Suzhou
215002, Jiangsu, China. Tel: +86-18049490452;
E-mail: znc19980605@aliyun.com (NCZ); Tel: +86-
13862428109; E-mail: xixiaoxuel1987@njmu.edu.
cn (XXX)

References

[1] Fok KL, Chen H, Ruan YC and Chan HC. Novel
regulators of spermatogenesis. Semin Cell Dev
Biol 2014; 29: 31-42.

[21 Wangl,YinY, YangL, Qin J, Wang Z, Qiu C, Gao
Y, Lu G, Gao F, Chen ZJ, Zhang X, Liu H and Liu
Z. TMC7 deficiency causes acrosome biogene-
sis defects and male infertility in mice. Elife
2024; 13: RP95888.

[3] HeX, Zhangy, Mao Z, Liu G, Huang L, Liu X, Su
Y and Xing X. SUN5, a testis-specific nuclear
membrane protein, participates in recruitment
and export of nuclear mRNA in spermatogen-
esis. Acta Biochim Biophys Sin (Shanghai)
2024; 56: 1673-1686.

[4] Delgado-Bermldez A, Yeste M, Bonet S and
Pinart E. Physiological role of potassium chan-
nels in mammalian germ cell differentiation,
maturation, and capacitation. Andrology 2025;
13: 184-201.

[5] Sun XH, Zhu YY, Wang L, Liu HL, Ling Y, Li ZL
and Sun LB. The Catsper channel and its roles
in male fertility: a systematic review. Reprod
Biol Endocrinol 2017; 15: 65.

[6] Fu J, Liu X, Yin B, Shu P and Peng X. NECL2
regulates blood-testis barrier dynamics in
mouse testes. Cell Tissue Res 2023; 392:
811-826.

[7]1 Inuzuka M, Hayakawa M and Ingi T. Serinc, an
activity-regulated protein family, incorporates

7466

(8]

(10]

(11]

[12]

(13]

(14]

(16]

(17]

(19]

serine into membrane lipid synthesis. J Biol
Chem 2005; 280: 35776-35783.

Xu S, Zheng Z, Pathak JL, Cheng H, Zhou Z,
ChenY, Wu Q, Wang L, Zeng M and Wu L. The
emerging role of the serine incorporator pro-
tein family in regulating viral infection. Front
Cell Dev Biol 2022; 10: 856468.

Leonhardt SA, Purdy MD, Grover JR, Yang Z,
Poulos S, Mcintire WE, Tatham EA, Erramilli
SK, Nosol K, Lai KK, Ding S, Lu M, Uchil PD,
Finzi A, Rein A, Kossiakoff AA, Mothes W and
Yeager M. Antiviral HIV-1 SERINC restriction
factors disrupt virus membrane asymmetry.
Nat Commun 2023; 14: 4368.

Timilsina U, Umthong S, Lynch B, Stablewski A
and Stavrou S. SERINC5 potently restricts ret-
rovirus infection in vivo. mBio 2020; 11:
e00588-20.

ZengY, Xiao D, He H, He J, Pan H, Yang W, Chen
Y and He J. SERINC2-knockdown inhibits prolif-
eration, migration and invasion in lung adeno-
carcinoma. Oncol Lett 2018; 16: 5916-5922.
Qiu X, Eke IE, Johnson SF, Ding C and Zheng
YH. Proteasomal degradation of human
SERINC4: a potent host anti-HIV-1 factor that
is antagonized by nef. Curr Res Virol Sci 2020;
1: 100002.

Hashemi Karoii D, Azizi H and Skutella T.
Altered G-protein transduction protein gene ex-
pression in the testis of infertile patients with
nonobstructive azoospermia. DNA Cell Biol
2023; 42: 617-637.

Lv J, Wu T, Xue J, Shen C, Gao W, Chen X, Guo
Y, Liu M, Yu J, Huang X and Zheng B. ASB1 en-
gages with ELOB to facilitate SQOR ubiquitina-
tion and H(2)S homeostasis during spermio-
genesis. Redox Biol 2024; 79: 103484.

Zhou N, Deng J, Zhou H, Hu H, Jiang B, Wu T,
Shen C, Wu Y and Xie J. Testis-enriched Socs7
is not essential for spermatogenesis and male
fertility in mice. Am J Transl Res 2025; 17:
1780-1791.

Meng Z, Qiao Y, Xue J, Wu T, Gao W, Huang X,
Lv J, Liu M and Shen C. Slc26al is not essen-
tial for spermatogenesis and male fertility in
mice. Peer) 2023; 11: e16558.

Wu T, Jin X, Huang C, Yu X, Xu B, Gao W, Qiu X,
Bao M, Zhao D, Feng G, Zheng B and Huang X.
E3 ligase FBX022 is not significant for sper-
matogenesis and male fertility in mice. Am J
Transl Res 2024; 16: 1834-1844.

Zhang R, Xu J, Shen C, Zhang X, Li S, Lv J, Xu D,
Huang X, Zheng B, Liu M and Wu Y. Testis-
enriched Asb12 is not required for spermato-
genesis and fertility in mice. Transl Androl Urol
2022; 11: 168-178.

Gao T, Lin M, WuY, Li K, Liu C, Zhou Q, Shen C,
Zheng B and Huang X. Transferrin receptor
(TFRC) is essential for meiotic progression dur-

Am J Transl Res 2025;17(9):7458-7467


mailto:bbhxy@njmu.edu.cn
mailto:znc19980605@aliyun.com
mailto:xixiaoxue1987@njmu.edu.cn
mailto:xixiaoxue1987@njmu.edu.cn

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

SERINC4 is not required for spermatogenesis

ing mouse spermatogenesis. Zygote 2021; 29:
169-175.

Qian X, Wang L, Zheng B, Shi ZM, Ge X, Jiang
CF, Qian YC, Li DM, Li W, Liu X, Yin Y, Zheng JT,
Shen H, Wang M, Guo XJ, He J, Lin M, Liu LZ,
Sha JH and Jiang BH. Deficiency of Mkrn2
causes abnormal spermiogenesis and spermi-
ation, and impairs male fertility. Sci Rep 2016;
6: 39318.

YuY, Wang J, Zhou L, Li H, Zheng B and Yang S.
CFAP43-mediated intra-manchette transport is
required for sperm head shaping and flagella
formation. Zygote 2021; 29: 75-81.

Shen C, Yu J, Zhang X, Liu CC, Guo YS, Zhu JW,
Zhang K, Yu Y, Gao TT, Yang SM, Li H, Zheng B
and Huang XY. Strawberry Notch 1 (SBNO1)
promotes proliferation of spermatogonial stem
cells via the noncanonical Wnt pathway in
mice. Asian J Androl 2019; 21: 345-350.

Shen C, Zhang K, Yu J, Guo Y, Gao T, Liu Y,
Zhang X, Chen X, Yu Y, Cheng H, Zheng A, Li H,
Huang X, Ding X and Zheng B. Stromal interac-
tion molecule 1 is required for neonatal testic-
ular development in mice. Biochem Biophys
Res Commun 2018; 504: 909-915.

Yu J, Shen C, Lin M, Chen X, Dai X, Li Z, Wu Y,
FuY, Lv J, Huang X, Zheng B and Sun F. BMI1
promotes spermatogonial stem cell mainte-
nance by epigenetically repressing Wnt10b/3-
catenin signaling. Int J Biol Sci 2022; 18:
2807-2820.

Aeckerle N, Eildermann K, Drummer C, Ehmcke
J, Schweyer S, Lerchl A, Bergmann M, Kliesch
S, Gromoll J, Schlatt S and Behr R. The pluripo-
tency factor LIN28 in monkey and human tes-
tes: a marker for spermatogonial stem cells?
Mol Hum Reprod 2012; 18: 477-488.

Wang CY, Tang MC, Chang WC, Furushima K,
Jang CW, Behringer RR and Chen CM. PiggyBac
transposon-mediated mutagenesis in rats re-
veals a crucial role of bbx in growth and male
fertility. Biol Reprod 2016; 95: 51.

Nakata H, Wakayama T, Asano T, Nishiuchi T
and Iseki S. Identification of sperm equatorial
segment protein 1 in the acrosome as the pri-
mary binding target of peanut agglutinin (PNA)
in the mouse testis. Histochem Cell Biol 2017;
147: 27-38.

7467

(28]

[29]

[30]

(31]

[32]

(33]

(34]

[35]

(36]

GaoY, Wang Z, Long Y, Yang L, Jiang Y, Ding D,
Teng B, Chen M, Yuan J and Gao F. Unveiling
the roles of Sertoli cells lineage differentiation
in reproductive development and disorders: a
review. Front Endocrinol (Lausanne) 2024; 15:
1357594.

Liu L, Zhang M, lJiang F, Luo D, Liu S, Su Y,
Guan Q and Yu C. High cholesterol diet-induced
testicular dysfunction in rats. Hormones (Ath-
ens) 2023; 22: 685-694.

DEY S, PAL S, GHOSH A-R and SAMANTA P. A
perspective on molecular and cellular biology-
based developmental toxicology biomarkers.
BIOCELL 2023; 47: 2579-2590.

Li M, Waheed AA, Yu J, Zeng C, Chen HY, Zheng
YM, Feizpour A, Reinhard BM, Gummuluru S,
Lin S, Freed EO and Liu SL. TIM-mediated inhi-
bition of HIV-1 release is antagonized by Nef
but potentiated by SERINC proteins. Proc Natl
Acad Sci U S A 2019; 116: 5705-5714.

Zeng C, Waheed AA, Li T, Yu J, Zheng YM, Yount
JS, Wen H, Freed EO and Liu SL. SERINC pro-
teins potentiate antiviral type | IFN production
and proinflammatory signaling pathways. Sci
Signal 2021; 14: eabc7611.

Zutz A, Scholz C, Schneider S, Pierini V,
Minchhoff M, Sutter K, Wittmann G, Dittmer
U, Draenert R, Bogner JR, Fackler OT and
Keppler OT. SERINC5 is an unconventional hiv
restriction factor that is upregulated during
myeloid cell differentiation. J Innate Immun
2020; 12: 399-409.

Chen YC, Sood C, Marin M, Aaron J, Gratton E,
Salaita K and Melikyan GB. Super-resolution
fluorescence imaging reveals that serine incor-
porator protein 5 inhibits human immunodefi-
ciency virus fusion by disrupting envelope gly-
coprotein clusters. ACS Nano 2020; 14:
10929-10943.

Sood C, Marin M, Chande A, Pizzato M and
Melikyan GB. SERINC5 protein inhibits HIV-1
fusion pore formation by promoting functional
inactivation of envelope glycoproteins. J Biol
Chem 2017; 292: 6014-6026.

MENG X, LIUY, XU S, YANG L and YIN R. Review
on analytical technologies and applications in
metabolomics. BIOCELL 2024; 48: 65-78.

Am J Transl Res 2025;17(9):7458-7467



