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Phosphoribosyl-pyrophosphate synthetase 2 (PRPS2)
depletion regulates spermatogenic cell apoptosis and
is correlated with hypospermatogenesis

Bin Lei', Li-Xia Xie?, Shou-Bo Zhang?, Bo Wan*, Li-Ren Zhong*, Xu-Ming Zhou*, Xiang-Ming Mao*,
Fang-Peng Shu*

Phosphoribosyl-pyrophosphate synthetase 2 (PRPS2) is a rate-limiting enzyme and plays an important role in purine and
pyrimidine nucleotide synthesis. Recent studies report that PRPS2 is involved in male infertility. However, the role of PRPS2 in
hypospermatogenesis is unknown. In this study, the relationship of PRPS2 with hypospermatogenesis and spermatogenic cell
apoptosis was investigated. The results showed that PRPS2 depletion increased the number of apoptotic spermatogenic cells
in vitro. PRPS2 was downregulated in a mouse model of hypospermatogenesis. When PRPS2 expression was knocked down in mouse
testes, hypospermatogenesis and accelerated apoptosis of spermatogenic cells were noted. E2F transcription factor 1 (E2F1) was
confirmed as the target gene of PRPS2 and played a key role in cell apoptosis by regulating the P53/Bcl-xI/Bcl-2/Caspase 6/Caspase
9 apoptosis pathway. Therefore, these data indicate that PRPS2 depletion contributes to the apoptosis of spermatogenic cells and

is associated with hypospermatogenesis, which may be helpful for the diagnosis of male infertility.
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INTRODUCTION

Hypospermatogenesis is the most prevalent histological type in
azoospermic patients,"” which is characterized by a low production
of spermatozoa and is associated with male infertility.>* However,
the etiology and the molecular basis of hypospermatogenesis remain
unknown.

During spermatogenesis, germ cell apoptosis maintains the normal
development and output of germ cells.” Increased apoptosis of germ
cells in the testis is implicated in hypospermatogenesis and male
infertility.** Accelerated apoptosis of spermatogenic cells is frequently
observed in azoospermic patients with hypospermatogenesis.'*-'? Thus,
studies in germ cell apoptosis may be helpful in clarifying the molecular
basis of hypospermatogenesis.

Phosphoribosyl-pyrophosphate synthetase 2 (PRPS2) belongs
to the family of phosphoribosylpyrophosphate synthetases (PRS)
and plays an important role in purine and pyrimidine nucleotide
synthesis.” PRPS2 is located in the p22 region of the X chromosome
and has high homology with PRPS1."* Although both the PRPSI
and PRPS2 genes are highly expressed in the thymus, adipose, and
testes,'>'¢ they display different biological functions. Compared with
PRPS2, PRPS1 plays an important role in the nucleotide metabolism of
normal cells.”*'”!8 PRPS2, but not PRPS], is reported to be associated
with tumor formation and development.'®* Previous studies have
revealed that PRPS2 expression inhibits the apoptosis of Sertoli cells

and is correlated with Sertoli cell-only syndrome (SCOS).*** However,
the effect of PRPS2 expression on spermatogenic cell apoptosis is
unknown. Furthermore, the correlation between PRPS2 expression
and hypospermatogenesis is unclear. In this study, we investigated
the effect of PRPS2 expression on the apoptosis of spermatogenic
cells and evaluated the correlation between PRPS2 expression and
hypospermatogenesis.

MATERIALS AND METHODS

Cell culture and transfection

The mouse-derived spermatogonial cell line, GC1-spg, and the
spermatocyte cell line, GC2-spg, were purchased from the American
Type Culture Collection (Manassas, VA, USA) and cultured with
Dulbecco’s Modified Eagle Medium (DMEM,; Gibco, Utah, CA, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco) at 37°C in a
5% CO, incubator. PRPS2 knockdown and overexpression in the GC1
and GC2 cells were performed by murine lentivirus vectors supplied by
GenePharma Biomedical Company (Shanghai, China). The sequence of
the murine PRPS2-specific ShRNA was CCACCAAAGTTTATGCTAT.
PRPS2 overexpression was achieved by a recombinant lentivirus
containing murine PRPS2. The negative control (NC) was transfected
with the empty lentivirus vector. All experimental methods were carried
out in accordance with the approved guidelines of the Southern Medical
University Research Center, Guangzhou, China. All the experimental
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protocols were approved by the Institutional Animal Care and Use
Licensing Committee of the Southern Medical University (No. S3077).

Animal models

All C57 male mice were supplied by the Southern Medical University
Animal Center. This study was supported by the university’s
institutional animal care and use committee. The mouse testis tissues
were collected at different postpartum times (P4-P10 weeks) for
detecting PRPS2 expression. A mouse model of hypospermatogenesis
was obtained as previously described.” Briefly, a total of 12 C57
male mice that were 8 weeks old were purchased and raised in the
Southern Medical University Animal Center. All mice were randomly
assigned to an experimental group or a negative control group. Those
in the experimental group (n = 6) were treated with busulfan and
dimethyl sulfoxide (DMSO; Biyuntian, Shanghai, China) solution
(30 mg kg™ body weight) by intraperitoneal injection. Mice in the
control group (n = 6) were treated with the same volume of DMSO.
Two weeks after treatment, the histopathological changes of the testis
tissues were evaluated using hematoxylin-eosin (H and E; Yuanye,
Shanghai, China) staining. Then, PRPS2 expression was quantified in
the mice with hypospermatogenesis.

PRPS2-specific shRNA lentivirus treatment

Eighteen C57 male mice that were 8 weeks old were randomly
assigned to an experimental group, a NC group, or a blank group.
Under anesthesia, the murine PRPS2-specific short-hairpin RNA
lentivirus (10 pl) was injected into both testes of six mice in the
experimental group by a microsyringe (size = 0.45 mm). Six mice in
the NC group were treated with the same volume of empty lentivirus
(10 pl), whereas the mice in the blank group (n = 6) did not receive
any treatment. One week after the treatment, the mice were killed by
ketamine (IsoReag, Shanghai, China), and the testes were collected for
further investigation. The murine PRPS2-specific sShRNA lentivirus
and the empty lentivirus were supplied by GeneChem bioMedical
Biotechnology (Shanghai, China).

Immunohistochemical (IHC) analysis

The procedure was performed as previously described.”? Briefly, the
testis tissues were fixed with Bouin solution (Meilun, Dalian, China)
for 6 h and dehydrated and embedded in paraffin. Antigen
retrieval was performed with 0.01 mol I"! sodium citrate buffer
(pH 6.0; Biyuntian). The sections were incubated with a polyclonal
PRPS2 antibody (0.5 mg ml™, dilution 1: 150, product No. PA5-42007,
Invitrogen, Carlsbad, CA, USA), a polyclonal Caspase 3 antibody
(0.5 mg ml™, dilution 1: 100, product No. BS90186, Bioworld
Technology, Minneapolis, MN, USA), a polyclonal Caspase 6
antibody (0.5 mg ml™, dilution 1: 100, product No. BS90188,
Bioworld Technology), and a polyclonal Caspase 9 antibody (0.5 mg
ml™, dilution 1: 100, product No. BS1731, Bioworld Technology) at
room temperature for 2 h. The secondary antibody (Biyuntian) was
incubated at room temperature for 30 min. Then, the sections were
visualized by diaminobenzidine (DAB; Biyuntian) and counterstained
by hematoxylin. Fetal bovine serum (FBS; Gibco) replaced the
primary antibody was used as negative control. Those sections with
confirmed positive expression of PRPS2, Caspase 3, Caspase 6, and
Caspase 9 were treated as positive controls.

Quantitative real-time polymerase chain reaction (QRT-PCR)

The procedure was performed as previously described.?* Total
RNA was extracted from the testes and cells with Trizol reagent
(TAKARA, Dalian, China) in accordance with the manufacturer’s protocol.
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RNA was reverse transcribed into cDNA by the Reverse Transcription
System (TAKARA). Real-time PCR was used to measure and compare
the expression of the genes. The sense sequences of genes are described in
Supplementary Table 1. The mRNA level of each sample was normalized
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression.

Western blot

The procedure was performed as previously described.* The
total protein was extracted from the testicular tissue and cells by
radioimmunoprecipitation assay (RIPA) buffer and was quantified
by the bicinchoninic acid method (Biyuntian). The protein lysates
were separated on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to polyvinylidene
difluoride (PVDF) membranes (Biosharp, Waltham, MA, USA). After
being blocked in phosphate-buffered saline with Tween 20 (PBST)
solution for 1.5 h, the membranes were incubated with polyclonal
PRPS2 antibody (0.1 mg ml™, dilution 1: 1000, product No. PA5-42007,
Invitrogen), polyclonal E2F1 antibody (0.2 mg ml™!, dilution 1: 2000,
product No. sc-137059, Santa Cruz Corp., Santa Cruz, CA, USA),
polyclonal P53 antibody (0.2 mg ml™, dilution 1: 2000, product No.
LBP62662, Immunoway Corp., Plano, TX, USA), polyclonal Bcl-xl
antibody (0.1 mg ml™!, dilution: 1: 500, product No. A10753, Abclonal
Technology, Boston, MA, USA), polyclonal Bcl-2 antibody (0.2 mg
ml™, dilution 1: 500, product No. A11025, Abclonal Technology),
polyclonal Caspase 6 antibody (0.1 mg ml™, dilution 1: 500, product No.
BS90188, Bioworld Technology), polyclonal Caspase 9 antibody (0.1
mg ml™, dilution 1: 500, product No. BS1731, Bioworld Technology),
B-actin antibody (0.1 mg ml™, dilution 1: 2000, product No. 3700T,
Cell Signaling Technology, Beverly, MA, USA), and monoclonal
Tubulin antibody (0.1 mg ml™!, dilution 1: 2000, product No. 2146s,
Cell Signaling Technology). Then, the membranes were incubated with
a secondary antibody (Biyuntian) at room temperature for 30 min and
developed by an enhanced chemiluminescence detection kit (Alpha
Innotech, San Leandro, CA, USA).

Immunofluorescence

Cells were plated on sterile glass sections, fixed with 95% ethanol
for 30 min, and treated with 0.4% Triton X-100 (Kaiji, Guangzhou,
China) for 15 min. The testicular sections were dehydrated, dewaxed,
and underwent antigen retrieval. After being blocked in 10% FBS at
room temperature for 20 min, the sections were incubated with PRPS2
(0.5 mg ml™, dilution 1: 150, product No. PA5-42007, Invitrogen)
and E2F1 (0.5 mg ml™, dilution: 1: 200, product No. sc-137059,
Santa Cruz Corp.) antibodies at 4°C overnight. Then, the sections
were incubated with fluorescein isothiocyanate (FITC)-conjugated
and Texas Red (TR)-conjugated antibodies (Zsbio Commerce
Store, Beijing, China) at room temperature for 60 min and
stained with 6-diamidino-2-phenylindole (Invitrogen). Finally, the
immunofluorescence images were captured in a fluorescence
microscope (Olympus, Tokyo, Japan). FBS replaced the primary
antibody in the negative controls. Tissues with positive expression were
used as positive controls. Sections with confirmed positive expression
of PRPS2 and E2F1 were treated as positive controls.

Cell apoptosis

Apoptosis in the GC1 and GC2 cells was determined as previously
described.?? Cells (2 x 10°) were harvested and incubated with
specific binding of propidium iodide and annexin V-FITC
(BestBio, Shanghai, China). Cell apoptosis was examined by flow
cytometry. Experiments were repeated three times in the same conditions.



Gene expression analysis

Whole mouse gene expression was detected using the Agilent Mouse
Gene Expression Microarray (Agilent Technologies, Palo Alto, CA, USA),
which contains more than 39 000 well-characterized mouse genes
and transcripts. The quality control, GeneChip hybridization, and
data acquisition were performed by KangChen Bio-tech Company
(Shanghai, China). The data were analyzed using Agilent feature
extraction software, and the data were normalized using Agilent
GeneSpring GX version 12.1 software (Agilent Technologies). With the
Agilent GeneSpring algorithms, the gene expression was measured in
GC1/shPRPS2, GC1/PRPS2, and GC1/NC cells. The differential genes
(P < 0.05) were selected and further analyzed by Gene Ontology and
Pathway Analyses.

Dual-Luciferase Reporter Assays

The coding region of the E2F1 gene was amplified by polymerase
chain reaction (PCR) and inserted into the GV238 vector. The E2F1
plasmid and the PRPS2 lentivirus vectors were cotransfected into the
cells using Lipofectamine 2000 (Invitrogen). After 48 h, luciferase
activity was measured by the Dual-Luciferase Reporter Assay System
(Promega, Madison, CA, USA). Each assay was done in triplicate.

Transferase-mediated deoxyuridine triphosphate-biotin nick end
labeling (TUNEL) assay

The TUNEL assay was performed as previously described,? according
to the manufacturer’s instructions (Promega). Briefly, the tissue
sections were dehydrated, dewaxed, and quenched with 1% proteinase
K (20 mg ml™") at 37°C for 30 min. The sections were incubated with
the TUNEL mix (1.0 pl biotin-11-dUTP, 45 pl equilibration buffer,
4.0 ul TdT enzyme, and 50 pl reaction buffer) at 37°C for 60 min. After
staining with 6-diamidino-2-phenylindole, the apoptotic cells became
red and were counted by fluorescence microscopy at 570 nm.

Statistical analysis

All the data were recorded as mean * standard deviation and
analyzed by SPSS software (version 18.0; SPSS, Chicago, IL, USA).
Independent-samples t-test was used to compare the difference after
normality tests. P < 0.05 was regarded as statistical significance.

RESULTS

PRPS2 depletion and apoptosis of spermatogenic cells

To evaluate the effect of PRPS2 expression on the apoptosis of
spermatogenic cells, flow cytometry was performed on GC1 and GC2
cells. First, the lentivirus vectors were transfected into GC1 and GC2 cells
(Supplementary Figure 1). Then, qRT-PCR and Western blot analysis
confirmed that PRPS2 expression was successfully downregulated by
shRNA gene silencing and upregulated when overexpressed in both
GC1 and GC2 cells (Figure 1a). The apoptotic rate in the GC1/shPRPS2
group was significantly higher (16.1% + 3.0%, P < 0.01) than that in
the GC1/NC group (2.8% * 0.2%), whereas the apoptotic rate in the
GCI1/PRPS2 group was significantly reduced (0.5% + 0.3%, P < 0.01)
(Figure 1b). In addition, the apoptotic rates (meants.d.) in GC2/
NC, GC2/shPRPS2, and GC2/PRPS2 groups were 4.0% * 0.2%,
18.7% * 1.9%, and 1.9% * 0.2%, respectively (Figure 1c). Compared
with GC2/NC group, apoptosis in GC2/shPRPS2 was significantly
increased (P < 0.01), while significantly decreased in GC2/PRPS2
(P <0.01).

Subsequently, the expression levels of Caspase 6 and Caspase 9 were
measured by Western blotting. The results revealed that the expression
levels of Caspase 6 and Caspase 9 were significantly increased when
PRPS2 expression was downregulated in the GC1 and GC2 cells
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Figure 1: PRPS2 depletion and apoptosis of spermatogenic cells. (a) gRT-PCR and
Western blot analysis confirmed that PRPS2 was successfully downregulated
by gene silencing and upregulated by PRPRS2 overexpression in both GC1 and
GC2 cells. (b) Flow cytometry analysis shows that PRPS2 depletion promotes
the apoptosis of GC1 cells. (¢) Flow cytometry analysis shows that PRPS2
depletion promotes the apoptosis of GC2 cells (abscissa: cell count; ordinate:
the fluorescence intensity). (d) Western blot analysis indicates that PRPS2
depletion activates the expression of apoptotic proteins (values beneath blots
are relative to the control). “Significantly different compared with negative
control, P < 0.05 by independent-samples t-test. ShPRPS2: small-hairpin
RNA gene silencer; NC: negative control; PRPS2: overexpression; PRPS2:
phosphoribosyl-pyrophosphate synthetase 2; qRT-PCR: quantitative real-time
polymerase chain reaction; APC-A: Allophycocyanin-A.

(Figure 1d). PRPS2 overexpression suppressed the expression of
Caspase 6 and Caspase 9.

PRPS2 depletion and hypospermatogenesis

To investigate the correlation between PRPS2 expression and
hypospermatogenesis, a mouse model of hypospermatogenesis was
used. Compared with the normal controls (Figure 2a and 2b), a
significant decrease in spermatogenic cells and epididymal spermatozoa
was observed in the mouse model of hypospermatogenesis
(Figure 2c and 2d). Compared with that in the normal controls
(Figure 2e), PRPS2 expression in the spermatogenic cells was obviously
reduced in the mouse model of hypospermatogenesis (Figure 2f)
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Figure 2: Correlation of PRPS2 expression with hypospermatogenesis. (a) H and E
staining of the testis with normal spermatogenesis. (b) H and E staining of normal
cauda epididymidis. (e) H and E staining of a testis with hypospermatogenesis.
(d) H and E staining of cauda epididymidis in hypospermatogenesis. (e) PRPS2
expression was detected in normal testis by IHC. (f) PRPS2 expression was
detected in a testis with hypospermatogenesis by IHC. Scale bars = 50 pm.
(g) PRPS2 expression was detected in testis with normal spermatogenesis and
hypospermatogenesis by Western blot. (h) PRPS2 expression was detected
in testis tissues with normal spermatogenesis and hypospermatogenesis
by gRT-PCR. "Hypospermatogenesis group compared with normal control,
P < 0.05 by independent-samples t-test. Red arrow: spermatogonia;
Black arrow: spermatocyte. PRPS2: phosphoribosyl-pyrophosphate
synthetase 2; H and E: hematoxylinand and eosin; IHC: immunohistochemical;
gRT-PCR: quantitative real-time polymerase chain reaction.
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Figure 3: PRPS2 depletion and hypospermatogenesis. (a) PRPS2 mRNA
levels were increased with age in the testis. (h) PRPS2 protein level increased
with age in the testis. (c) When treated with murine PRPS2-specific shRNA
lentivirus, PRPS2 downregulation was observed in testis tissues at 9 weeks
of age. (d) When treated with murine PRPS2-specific shRNA lentivirus,
hypospermatogenesis was observed in the testis. Upper row: low-power
magnification, scale bars=500 um. Lower row: high-power magnification,
scale bars=50 pym. Black arrow: damaged seminiferous tubules.
PRPS2: phosphoribosyl-pyrophosphate synthetase 2; NC: negative control;
W: weeks.

by IHC. The Western blot (Figure 2g) and qRT-PCR (Figure 2h)
results also revealed that the PRPS2 expression level was significantly
decreased in the mouse model of hypospermatogenesis.

To further investigate the correlation between PRPS2 and
hypospermatogenesis, a PRPS2-specific shRNA lentivirus was used to
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Figure 4: Apoptotic cell number visualized by the TUNEL assay. Representative
micrographs indicating an increase in number after treatment with murine
PRPS2-specific shRNA lentivirus. PRPS2: phosphoribosyl-pyrophosphate
synthetase 2; TUNEL: transferase-mediated deoxyuridine triphosphate-biotin
nick end labeling; DAPI: 4',6-diamidino-2-phenylindole.

knock down PRPS2 expression in the mouse testis. The endogenous
PRPS2 expression in the test is gradually increased from 4 to 10 weeks
(Figure 3a and 3b). After treatment with the shPRPS2 lentivirus,
the endogenous testicular PRPS2 expression in the testis at 9 weeks
was successfully knocked down compared with that in the negative
and blank controls (Figure 3c). The H and E staining revealed
that shPRPS2 lentivirus treatment caused serious damage to many
seminiferous tubules, while few seminiferous tubules were damaged in
the negative controls (Figure 3d). The number of spermatogenic cells
in seminiferous tubules was significantly decreased in the mice treated
with the shPRPS2 lentivirus, which was similar to the observations in
the mouse model of hypospermatogenesis (Figure 3d).

Next, the TUNEL assay was performed to evaluate the relationship
of PRPS2 with spermatogenic cell apoptosis and hypospermatogenesis.
A significant increase in the number of apoptotic cells in the
seminiferous tubules was observed in the mice treated with the
shPRPS2 lentivirus, whereas apoptotic cells were hardly detected
in the negative and blank controls (n = 6, P < 0.05, Figure 4). The
expression levels of Caspase 3, Caspase 6, and Caspase 9 were
significantly elevated in the mice treated with the shPRPS2 lentivirus
(Supplementary Figure 2).

PRPS2, E2F1, and activation of the P53/Bcl-x1/Bcl-2 signal pathway
To identify the potential signaling pathway associated with PRPS2,
a whole-genome expression microarray was performed in GC1/NC,
GC1/shPRPS2, and GC1/PRPS2 cells. A total of 1571 upregulated
genes and 972 downregulated genes were recorded in GC1/PRPS2
cells compared with GC1/NC cells, which were implicated in the
cytoskeleton, differentiation, cell cycle, cell adhesion, cell junction,
and apoptosis pathways (P < 0.05, Figure 5a and 5b). A total of 1582
upregulated genes and 1549 downregulated genes were observed in
GC1/shPRPS2 cells compared with GC1/NC cells, which were also
connected with the cytoskeleton, cell cycle, differentiation, apoptosis,
and cell adhesion pathways (P < 0.05, Figure 5¢ and 5d). To identify
potential PRPS2-targeted genes, nine genes associated with the cell
apoptosis signaling pathway were selected for further validation by
qRT-PCR (Figure 5e). E2F1, Sirt6, and Egrl were confirmed to be
significantly upregulated in GC1/PRPS2 cells and were significantly
downregulated in GC1/shPRPS2 cells compared with GC1/NC cells. A
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Figure 5: The potential genes and pathways regulated by PRPS2 were
identified in GC1 cells. (a) Scatter diagram of the differential genes in
GC1/PRPS2 and GC1/NC cells. (b) Potential signaling pathways of the
differential genes in GC1/PRPS2 and GC1/NC cells. (¢) Scatter diagram
of the differential genes in GC1/shPRPS2 and GC1/NC cells. (d) Potential
signaling pathways of the differential genes in GC1/shPRPS2 and
GC1/NC cells. (e) Nine genes associated with cell apoptosis signal were
confirmed in GC1 cells by qRT-PCR. (f) Transcriptional activity of E2F1
was measured by Luciferase Reporter Assay. "GC1/NC versus GC1/PRPS2
and GC2/NC versus GC2/PRPS2, P < 0.05 by independent-samples t-test.
PRPS2: phosphoribosyl-pyrophosphate synthetase 2; NC: negative control;
gRT-PCR: quantitative real-time polymerase chain reaction; Polg: polymerase
(DNA directed), gamma; E2F1: E2F transcription factor 1; Egrl: early growth
response 1; BRE: brain and reproductive organ-expressed; PHLDA3: pleckstrin
homology-like domain family A member 3; SRAL: steroid receptor RNA
activator 1.

luciferase reporter assay was used to evaluate the correlation between
PRPS2 and E2F1. The luciferase activity of E2F1 was significantly
increased in GC1/PRPS2 and GC2/PRPS2 cells compared with that
in the negative controls (P < 0.05; Figure 5f). Furthermore, double
immunofluorescent staining revealed that PRPS2 and E2F1 were
colocated in GC1 and GC2 cells and normal testicular tissue (Figure 6a).
PRPS2 downregulation decreased the expression of E2F1 in GC1 and
GC2 cells (Figure 6b). In addition, when E2F1 and shPRPS2 vectors
were cotransfected in GC1 and GC2 cells, the percentage of apoptotic
cells was significantly reduced (Supplementary Figure 3, P < 0.05).

PRPS2 downregulation decreased the expression of E2F1, Bcl-2,
and Bcl-xl, but elevated the expression of P53. PRPS2 overexpression
induced the increase of E2F1, Bcl-2, and Bcl-xl, but inhibited the
expression of P53 (Figure 6¢).
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Figure 6: PRPS2 targetes E2F1 and activation of the P53/Bcl-xI/Bcl-2 signal
pathway. (a) Colocation of PRPS2 and E2F1 in GC1 and GC2 cells and normal
testis tissue was observed by double immunofluorescent staining. (b) After
transfection, the expression levels of PRPS2 and E2F1 were detected by
double immunofluorescent staining. (c) Western blot was used to measure
the expression levels of the E2F1/P53/Bcl-xI/Bcl-2 signaling pathway.
Values beneath the blots are relative to the control. White arrow: colocation.
PRPS2: phosphoribosyl-pyrophosphate synthetase 2; NC: negative control;
E2F1: E2F transcription factor 1.

DISCUSSION

PRPS2, a rate-limiting enzyme, is crucial for purine and pyrimidine
nucleotide synthesis. In a previous study, endogenous PRPS2
protein was found to be positively expressed in spermatogenic cells,
Sertoli cells, and Leydig cells, and the abnormally high expression
of PRPS2 in Sertoli cells was associated with the formation of
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SCOS.22 However, the relationship of PRPS2 with spermatogenic
cell apoptosis and hypospermatogenesis is unclear. It is well known
that increased apoptosis of germ cells contributes to the occurrence
of hypospermatogenesis.®® Thus, we hypothesized that PRPS2 is
associated with hypospermatogenesis by regulating germ cell apoptosis.

PRPS2 expression was confirmed to be associated with cell apoptosis
in the present study, which is consistent with previous studies.'**
PRPS2 depletion contributed to the apoptosis of spermatogenic cells
in vitro. PRPS2 expression in mouse testis progressively increased
from 4 to 10 weeks, indicating that PRPS2 expression is associated
with testicular development. PRPS2 downregulation was observed
in the mouse hypospermatogenesis model. When PRPS2 expression
was knocked down in the mouse testis tissues, hypospermatogenesis
and spermatogenic cell apoptosis were observed. These observations
suggest that PRPS2 depletion contributes to apoptosis in spermatogenic
cells and is associated with hypospermatogenesis.

The apoptosis signaling pathway was screened with a whole-genome
expression microarray. Only E2FI was identified as the targeted gene
of PRPS2 and played a key role in cell apoptosis. Current studies report
that E2F1 is a key regulator of cell cycle progression and correlates with
germ cell apoptosis.>~® E2F1 depletion and overexpression induce the
increase of apoptosis in a P53-dependent or -independent manner.?%
P53, a tumor suppressor, plays an important role in spermatogenesis and
spermatogonial cell apoptosis.’®*! The activation of P53 might trigger
apoptosis by inducing the synthesis of the Bcl-2 family of pro-apoptosis
proteins.*>=** Moreover, the inhibition of Bcl-2 and Bcl-x] might activate
Caspases to induce intrinsic apoptosis.>*® The P53/Bcl-2/Caspase
signaling pathway is activated by PRPS2 in TM4 cells.”> However,
whether there is a correlation between PRPS2 and P53/Bcl-2/Caspases
signal pathway in spermatogenic cells is unclear. In this study, the results
showed that PRPS2 downregulation decreased the expression of E2F1,
Bcl-2, and Bdl-x], but elevated the expression of P53, Caspase 6, and
Caspase 9 in spermatogenic cells. PRPS2 overexpression had reversed
the effect. These data indicate that the effect of PRPS2 on cell apoptosis
is correlated with the E2F1/P53/Bcl-x1/Bcl-2/Caspase 6/Caspase 9 signal
pathway, which contributes to hypospermatogenesis.

It is accepted that the pathological mechanism between
hypospermatogenesis and SCOS is unclear. Hypospermatogenesis is
characterized by a low production of spermatozoa and a decreased
number of spermatogenic cells in the seminiferous tubules.**%
However, SCOS is characterized only by Sertoli cells and a complete
lack of spermatogenic cells in the seminiferous tubules.”* In a previous
study, we reported that PRPS2 expression inhibited the apoptosis
of TM4 Sertoli cells and was correlated with SCOS.* In the present
study, PRPS2 depletion contributed to apoptosis in spermatogenic
cells and was associated with hypospermatogenesis. Thus, these data
indicate that PRPS2 affects apoptosis in spermatogenic cells and Sertoli
cells, but different expression levels of PRPS2 may result in different
types of pathological changes in the testis. These data suggest that
hypospermatogenesis might be associated with the formation of SCOS.

CONCLUSION

Our findings indicate that PRPS2 depletion contributes to apoptosis in
spermatogenic cells and is associated with hypospermatogenesis, which
may be helpful for the diagnosis of male infertility. Meanwhile, PRPS2
may serve as a potential biomarker associated with male infertility.
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Supplementary Figure 2: IHC detection indicated that the expression levels of
Caspase 3, Caspase 6, and Caspase 9 were significantly higher in the mice
with shPRPS2 lentivirus treatment compared with those in the blank and
negative controls.

Supplementary Figure 1: Lentivirus vectors were transfected into GC1 and GC2
cells to downregulate and upregulate the expression of PRPS2, respectively.



GC1/shPRPS2

GC1/shPRPS2/E2F1

Supplementary Table 1: The sense sequences of genes were as follow
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Supplementary Figure 3: Flow cytometry analysis showed that cell apoptosis
was significantly inhibited in GC1/shPRPS2/E2F1 cells compared with that
in GC1/shPRPS2 cells.

Name

Sequece

PRPS2-F-Human
PRPS2-R-Human
PRPS2-F-Mouse
PRPS2-R-Mouse
SRAI-F-Mouse
SRAI-R-Mouse
PHLDL3-F-Mouse
PHLDA3-R-Mouse
E2F1-F-Mouse
E2F1-R-Mouse
BRE-F-Mouse
BRE-R-Mouse
Sirt6-F-Mouse
Sirt6-R-Mouse
Egri-F-Mouse
Egr1-R-Mouse
Celsr2-F-Mouse
Celsr2-R-Mouse
Polg-F-Mouse
Polg-R-Mouse
Spata2l-F-Mouse
SpataZl-R-Mouse
GAPDH-F-Human
GAPDH-R-Human
GAPDH-F-Mouse

5'-AGCTCGCATCAGGACCTGT-3’
5'-ACGCTTTCACCAATCTCCACG-3’
5'-ATGCTGGAGGAGCCAAAAG-3’
5'-ACATCACCCACGAGAACCAT-3’
5'-ACGACCCGCCACAATTCTC-3'
5'-CTGGAAGCCTTACTTGAAGGAG-3’
5'-CCGTGGAGTGCGTAGAGAG-3’
5'-TCTGGATGGCCTGTTGATTCT-3’
5'-CTCGACTCCTCGCAGATCG-3’
5'-GATCCAGCCTCCGTTTCACC-3’
5'-GGTGGACTACGCGGAGAAC-3’
5'-CACCTGACTCAACCGCTCTTT-3’
5'-ATGTCGGTGAATTATGCAGCA-3’
5'-GCTGGAGGACTGCCACATTA-3’
5'-TCGGCTCCTTTCCTCACTCA-3’
5'-CTCATAGGGTTGTTCGCTCGG-3’
5'-CACGATGGCCTGAGGGTTT-3’
CCTTGTGGAGAAAGGTGTCCT-3’
5'-GAGCCTGCCTTACTTGGAGG-3’
5'-GGCTGCACCAGGAATACCA-3’
5'-ATGTGCTGAAGGGTGTACTCT-3’
5'-GGGGTGGTCACCATTAGGC-3’
5'-CTGAACGGGAAGCTCACTGG-3
5'-TGAGGTCCACCACCCTGTTG-3’
5'-AGGTCGGTGTGAACGGATTTG-3’






