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1 | INTRODUCTION

A survey by the World Health Organization shows that infertility is
estimated to affect 10%-15% of couples, and approximately 50%

Abstract

Background: Oligoasthenospermia is one of the main causes of male infertility.
Researchers usually use chemical drugs to directly damage germ cells to prepare
oligoasthenospermia models, which disregards the adhesion and migration between
spermatogenic cells and Sertoli cells. TAp73 is a critical regulator of the adhesin of
germ cell; thus, we sought to explore a novel oligoasthenospermia model based on
TAp73 gene suppression.

Methods: Mice in the Pifithrin-a group were injected intraperitoneally with 2.5 mg/
kg Pifithrin-a (TAp73 inhibitor) daily for 30 consecutive days. Reproductive hormone
levels and epididymal sperm quality, as well as the network morphology of Sertoli
cells were tested.

Results: Sperm density, motility, and the relative protein and mRNA expression of
TAp73 and Nectin 2 were obviously decreased in the Pifithrin-a group compared with
the normal control group. No significant distinction was observed in the relative
mRNA and protein expression of ZO-1. Furthermore, the tight junctions (TJs) and api-
cal ectoplasmic specialization (ES) were destroyed in the Pifithrin-a group.
Conclusion: The above results indicate that we successfully established a new oli-
goasthenospermia mouse model. This study provides a foundation for further explo-
ration of the roles of TAp73 genes during spermatogenesis and provides new research

objects for further oligospermia research and future drug discovery.
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of these couples are infertile because of male infertility.! Infertility
might become the third disease affecting human health and life qual-
ity, behind tumors and cardiovascular disease.? With a gradual in-
crease in incidence, male infertility has received increasing attention

worldwide.® Oligoasthenospermia has become a major etiology of
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male infertility.4 However, the underlying molecular mechanism is
unclear owing to the diversity in occurrence and complicated patho-
genesis of oligoasthenospermia. This ultimately results in current
treatments of oligoasthenospermia being mostly empirical and ex-
perimental, with a lack of effective treatment drugs and methods.’
Therefore, there is an urgent need to study the mechanism of oli-
goasthenospermia and find a safe and effective treatment.

The establishment of an animal model that conforms to the clini-
cal course and characteristics of diseases is a necessary condition for
research on the mechanism of disease and for efficient therapeutic
drugs. At present, researchers have developed an animal model of
oligoasthenospermia using the reproductive toxicity of drugs such
as Tripterygium wilfordii polyglycosides,® busulfan,” and cyclophos-
phamide. These drugs can directly disrupt spermatogonial stem cells
or spermatids integrity.2 Such models disregard the adhesion and
migration between spermatogenic and Sertoli cells, and fail to truly
simulate the entire process of spermatogenesis. Most of the current
oligoasthenospermia models fail to identify the key role of Sertoli
cells in spermatogenesis.

As crucial regulators of relevant adhesive factors in germ cells,
TAp73 genes play critical roles in modulating the adhesion and mi-
gration between spermatogenic and Sertoli cells. Knockout of TAp73
causes severe depletion of mature spermatozoa, which suggests
that knockdown of TAp73 impairs adhesion and migration, thereby
causing the untimely detachment of germ cells from the seminifer-
ous epithelium.? Therefore, we used the repression of TAp73 gene
expression by Pifithrin-a, an inhibitor of TAp73,%° to impede the ad-
hesion and migration between spermatogenic and Sertoli cells, and
establish a new mouse model of oligoasthenospermia. This model
involves the intercellular interactions between Sertoli cells and
spermatogenic cells, which is more consistent with pathological pro-
cesses. Establishment of the model provides a new research object
for identifying the molecular mechanism of specific biological pro-
cesses and disease occurrence, as well as finding efficient therapeu-

tic agents.

2 | MATERIALS AND METHODS
2.1 | Animals

C57BL/6 male mice were sourced from Zhejiang Ziyuan Laboratory
Animal Technology Co. Ltd. The Animal Ethics Committee of Anhui
University of Chinese Medicine approved all methods used in this
study (approval no: AHUCM-mouse-2020039).

2.2 | Methods

Twenty-five-week-old C57BL/6 male mice were randomly assigned
into 2 groups: normal control group and Pifithrin-a group (n = 10 per

group). The Pifithrin-a group was treated with Pifithrin-a (2.5 mg/

kg) by intraperitoneal injection, while the normal control group was
given an equal volume of solvent for 30 consecutive days.

2.3 | Body weight growth curve and organ
coefficient

Body weight was recorded every 3 days. After 30 days injection,
mice were euthanized by cervical dislocation and tissues were
rapidly extracted. Organ coefficient (%) = (organ weight/body
weight) x 100%.

2.4 | Serum hormone levels

The eyeball was removed, and the blood sample was collected in a
centrifuge tube. The serum was separated, and the hormone levels
were measured by enzyme-linked immunosorbent assay (ELISA).
The following hormones were tested: follicle-stimulating hormone
(FSH), luteinizing hormone (LH), and testosterone (T).

2.5 | Sperm quality

The epididymis was dissected into small pieces and incubated in 2 ml
saline for 20 min at 37°C to release sperm, which was collected for
counting, smear, and motility analysis. The sperm density was calcu-
lated using a Makler counting chamber (Israel). Sperm density = total
number of sperm in 10 squares on the counting chamber x 10%/ml.
The motility of sperm was divided into 4 types: fast forward move-
ment (A type), slow forward movement (B type), sway left and right
in place (C type), and immobilized sperm (D type). Sperm motil-

ity = total A and B sperm/number of total sperm.11

2.6 | Sperm malformation rate

To assay sperm malformation rate, smears were prepared from the
sperm suspension (10 pl) and stained with eosin stain. The morphol-
ogy and quantity of abnormal sperm were observed and recorded
under a high-power microscope, using a random observation of 500
sperm per sample. Abnormal sperm exhibited head or tail defects,
such as non-hooked heads, double heads, tail rotation, or double tail
deformity. The sperm malformation rate = number of malformed

sperm/number of examined sperm.?

2.7 | Pathological changes in testicular and
epididymal tissue (H&E)

Testicular and epididymal tissues were paraffin-embedded, de-

waxed, rehydrated, and stained with hematoxylin and eosin (H&E).
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Images were captured by optical microscope and examined for path-
ological changes.?

2.8 | Testicular ultrastructure

Fresh testicular tissues were immersed in 2.5% glutaraldehyde solution
overnight at 4°C. Following fixation, testicular tissues were washed
with phosphate-buffered saline (PBS). Then testicular tissues were im-
mersed in 1% osmium tetroxide solution for 2 h at room temperature.
After that, they were stained overnight with saturated uranyl acetate
in 70% ethanol at 4°C. Testicular tissue was transited with propylene
oxide and embedded in the epoxy resin, Epon812. The samples were
then cut into ultrathin sections, which were trimmed and cut into serial
sections of 50-70 nm positioned by methylene blue staining under an
optical microscope. Finally, the ultrathin slides were stained with lead

citrate and observed under a transmission electron microscope.*®

2.9 | Sperm apoptosis rate

The epididymis was dissected into small pieces and incubated in
2 ml saline for 20 min at 37°C. Subsequently, it was centrifuged and
the supernatant was discarded. The precipitated spermatozoa were
washed twice with PBS. Annexin V binding solution (400 ul) was
added to resuspend the spermatozoa. Apoptotic sperm cells were
determined by Annexin-V-fluorescein isothiocyanate (FITC)/PI dou-
ble staining (BestBio, China), and the apoptosis rate was determined
using flow cytometry. The total apoptosis rate was calculated as the

sum of the early and late apoptosis rates.}

2.10 | Spermatogenic cell apoptosis

Following 24 h of fixation in 4% paraformaldehyde fixative, testes
tissues were dehydrated and embedded. Then samples were cut
into 5-um sections. A TUNEL kit (Abbkine, China) was employed to
examine apoptotic cells. The TUNEL-positive apoptotic cells were
observed as brown cells, while normal cells had a blue nucleus. A

minimum of 500 cells per slice were counted.'®

Apoptosis rate (%) = (number of apoptotic cells) /500 x 100 %.

2.11 | The relative mRNA expression levels of
TAp73 and adherence factors in testis

Trizol reagent was used for RNA isolation using testis tissues. The
isolated RNA was subsequently reverse transcribed into cDNA
(Thermo Fisher Scientific, China). This was followed by quantitative
real-time PCR using a SYBR Green dye (Biosharp, China). Primers
were used as described in Table 1. The PCR program consisted of 40
cycles of 95°Cfor 15s,55°C for 15s,and 72°C for 30 s. Relative gene

expression was performed using the comparative 2724 method.'®

TABLE 1 Primer sequences

Gene name Primer sequence
TAp73
Forward CATCCCTTCCAATACCGACTAC
Reverse CTTCAAGAGTGGGGAGTATGTC
Z0-1
Forward CTGGTGAAGTCTCGGAAAAATG
Reverse CATCTCTTGCTGCCAAACTATC
GAPDH
Forward AGGCCGGTGCTGAGTATGTC
Reverse TGCCTGCTTCACCACCTTCT
Nectin 2
Forward GCATCATTGGAGGTATTATCGCT
Reverse GAGGGAGGTCCTTCCAGTTC

2.12 | Therelative protein expression levels of
TAp73 and adherence factors

Total protein of testicular tissues was extracted using RIPA lysis
buffer. The protein content of samples was measured using a BCA
protein assay kit (Beyotime, China). Quantified protein supernatant
was mixed with 5x protein loading buffer proportionally, then the
sample was boiled at 100°C for 6 min. The expression of TAp73, Zo-
1, and Nectin-2 proteins was determined via western blot analysis.

Quantification of protein bands was done with Image J software.*¢

2.13 | Data analysis and statistics

All data were represented as the mean =+ standard deviation and ana-

lyzed using SPSS software 17.0, with p < .05 indicating significance.

3 | RESULTS

3.1 | Body weight growth curve and organ
coefficient

There was no significant difference in mice body weight between the
control group and the Pifithrin-a group (Figure 1A). The coefficients of
epididymis decreased significantly in the Pifithrin-a group compared
with that the normal control group (p < .05), whereas no significant dif-

ferences were observed in other organ coefficients (Figure 1B).

3.2 | Serum hormone levels of T, FSH, and LH

Compared with the normal control group, levels of T and FSH were
significantly decreased, while the level of LH was significantly in-

creased in the Pifithrin-a group (p < .05) (Figure 2).
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FIGURE 1 Effects of Pifithrin-a on the mouse body weight and organ coefficient. (A) No significant difference in mouse body weight between
the normal control group and Pifithrin-a group (n = 10). (B) The epididymis coefficients were significantly decreased in the Pifithrin-a group
compared with the control group (p < .05), whereas no statistically significant differences were observed in other organ coefficients (n = 10)
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FIGURE 2 Changesinthe levels of T, LH, and FSH in mouse
serum. Compared with the control group, levels of T and FSH

were significantly decreased (p < .05), while the LH level of was
significantly increased in the Pifithrin-a group (n = 10; p < .01). FSH,
follicle-stimulating hormone; LH, luteinizing hormone; T, testosterone
[Colour figure can be viewed at wileyonlinelibrary.com]

3.3 | Sperm quality

As shownin Figure 3C, significant decreases in sperm density and motil-
ity were found in the Pifithrin-a group compared with the control group
(p < .05). Compared with the control group, the percentage of class A
and class B sperm were significantly decreased in the Pifithrin-a group
(b < .05). Sperm collected from the control mice demonstrated normal
morphology, counts, and motility (Figure 3B). In addition, a significant
increase in the sperm malformation rate occurred in the Pifithrin-a
group compared with that in the control group (p < .01) (Figure 3C).
Furthermore, Figure 3A shows the morphologies of normal and abnor-
mal sperm (abnormal sperm exhibited head or tail defects, such as non-

hooked heads, double heads, tail rotation, double tail deformity, etc.).

3.4 | Apoptosis rates

Sperm apoptosis rates were evaluated by flow cytometry.

The apoptotic rates of sperm were significantly higher in the

Pifithrin-a group compared with the control group (p < .05)
(Figure 4A).

A TUNEL assay was performed on testis sections to study apop-
tosis. Spermatogenic cells apoptotic rates were significantly higher
in the Pifithrin-a group compared with the control group (p < .01)
(Figure 4B).

3.5 | Pathological conditions of testicle and
epididymal tissue

The morphology of testicular tissue was analyzed by optical micro-
scope and is shown in Figure 5A; black arrows point to the seminif-
erous tubule lumen, and yellow arrows point to Sertoli cells. In the
control group, the seminiferous tubules were arranged compactly
and the Sertoli cells were arranged tightly. The spermatogenic cells
of different phases could easily be found. However, in the Pifithrin-a
group, the spermatogenic cells were disordered, the intercellu-
lar space was widened, and vacuoles appear in the cytoplasm of
spermatogenic cells. Moreover, mature spermatozoa were reduced
(x200). In Figure 5B, red arrows point to the lumen, and green ar-
rows point to epididymal epithelial cells. In the control group, the
epididymal structure was clear and intact and lumens were filled
with sperm cells. In the Pifithrin-a group, epididymal epithelial cells
were severely degenerated and there was a decrease in the number
of sperm in the lumen.

3.6 | Testicular ultrastructure

In the control group, the tight junctions (TJs) and apical (ectoplasmic spe-
cialization, ES) were intact and neatly arranged. In the Pifithrin-a group,
the TJs and apical ES were disordered and partial fragmentation was
found. Moreover, the endoplasmic reticulum was dilated (Figure 6B).
The basal ES of the Pifithrin-a group were without pathological changes
(Figure 6A).
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FIGURE 3 Effects of Pifithrin-a on mouse sperm quality parameters and sperm morphology. (A) The morphologies of normal and
abnormal sperm (non-hooked heads, double heads, tail rotation, double tail deformity, etc.). (B) Yellow arrows point to malformed sperm.
Sperm collected from the control group demonstrated normal morphology, motility, and sperm counts. (C) Compared with the control group,
both sperm quantity and motility in the Pifithrin-a group was decreased significantly (n = 10; p < .05). Compared with the normal control
group, the percentage of class A and class B sperm were significantly decreased in the Pifithrin-a group (p < .05). The sperm malformation

rate of the Pifithrin-a group was significantly higher than that of the control group (n = 10; p < .01) [Colour figure can be viewed at
wileyonlinelibrary.com]

FIGURE 4 Analysis of apoptosis rate
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p < .01) [Colour figure can be viewed at
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3.7 | Relative mRNA expression levels of TAp73 and
adherence factors

Compared with the control group, the relative mRNA expression of
TAp73 and Nectin 2 were significantly decreased in the Pifithrin-a
group (p < .01). Therefore, there was no significant difference in the
relative mRNA expression of ZO-1 between the 2 groups (Figure 7A).

fhoa

1

X

Pifithrin-o

3.8 | The relative protein expression levels of
TAp73 and adherence factors

Compared with the control group, the relative protein expression of
TAp73 and Nectin 2 was significantly decreased in the Pifithrin-a
group (p < .01). The relative protein expression of ZO-1 between the
2 groups showed no significant differences (Figure 7B).
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(A)

FIGURE 5 Pathological changes in morphology of testicular
and epididymal tissue of the mouse. (A) Black arrows point to the
seminiferous tubule lumen. Yellow arrows point to Sertoli cells.

In the control group, the seminiferous tubules were arranged
compactly, and the Sertoli cells were arranged tightly. The
spermatogenic cells of different phases could easily be found.
However, in the Pifithrin-a group, the spermatogenic cells were
disordered, the intercellular space was widened, and vacuoles
appear in the cytoplasm of spermatogenic cells. Moreover, mature
spermatozoa were reduced (x200). (B) Red arrows point to the
lumen. Green arrows point to the epididymal interstitium. In the
control group, the structure of epididymal was clear and intact.
The lumens were filled with sperm cells. In the Pifithrin-a group,
epididymal epithelial cells were severely degenerated and there
was a decrease in the number of sperm in the lumen [Colour figure
can be viewed at wileyonlinelibrary.com]

4 | DISCUSSION

Spermatids are closely association with the Sertoli cells until sper-
matozoa are fully differentiated.!” Sertoli cells are the only somatic
cell type in the spermatogenic tubule and provide germ cells with
physical, metabolic, and regulatory support. During all stages of
spermatogenesis, germ cells depend on this support by Sertoli
cells.® The morphological and molecular maturational processes
of spermatozoa happen along the Sertoli cell soma.’’ Because of
the dynamic reconstruction of the cell-cell connections, germ cells
migrate to the lumen through successive detachment and reattach-
ment from Sertoli cells during sperm differentiation.

TJs are essential component of the blood-testis barrier (BTB),
which can confine the transmembrane transfer of proteins and lipids
in the BTB.2%2! Through the continuous dissolving and reforming of
TJs in BTB, haploid sperm cells differentiate into mature sperm.??
The tight connection has 2 main functions: forming a barrier and
forming a relatively closed space. The Sertoli-germ cell junctions in-
clude the ES and the desmosome-like junction, which assist in the
translocation of early meiosis spermatocytes from the basement
membrane to lumina of the tubules.?® Therefore, any errors in the
adhesion and migration step that occur during spermatogenesis can

lead to male infertility.

FIGURE 6 Pathological changes in the ultrastructure of mouse
testicular tissue. (A) Blue arrows, TJ; yellow arrows, basal ES; black
arrows, cleavage of TJ; red arrows, the arrangement of TJ was
disordered. In the control group, the TJs were intact and clear, and
arranged neatly and tightly. In the Pifithrin-a group, the TJs were
disorderly arranged and partial fragmentation was found. There
were no pathological changes in basal ES of the Pifithrin-a group
(x25 000). (B) Yellow-orange thin arrows, apical ES. In the control
group, the apical ES were arranged in order. In the Pifithrin-a
group, apical ES were dilated, with disordered arrangement and a
loose structure. Moreover, the endoplasmic reticulum was dilated
(x25 000). TJ, tight junction; ES, ectoplasmic specialization [Colour
figure can be viewed at wileyonlinelibrary.com]

P73 is a member of the p53 family. P73 shares structural and
functional similarities with p53. TAp73 is an isoform of p73. As the
key tumor suppressor, the TAp73 gene has received a lot of at-
tention in suppressing the initiation and progression of tumors.?*
Several studies have demonstrated that TAp73 participates in the
regulation of germ cell differentiation and is a key factor in main-
taining male fertility. TAp73 is the only p53 family member linked
to male fertility. TAp73 plays crucial roles in the regulation of adhe-
sion and maturation of germ cells.?®> TAp73-knockout mice showed
reduced sperm density, motility, and testicular weight, and in-
creased apoptosis of germ cells. In addition, the expression of
tissue inhibitor of metalloproteinases 1 (Timp 1) and serine protease
inhibitor 3n (Serpin 3n) were significantly increased. Meanwhile,
the spermatogenic cells were disorderly arranged, the spermato-
genic epithelium became thinner, and the seminiferous tubules
were devoid of mature spermatozoa. The arrangement of the
apical ES was disordered, and the cytoplasmic arm of Sertoli was
relatively short and thin; the degenerative vacuoles could be ob-
viously seen after TAp73 knockdown.” Due to the abnormal shape
of Sertoli cells, they could not envelop germ cells. Germ cell adhe-
sion and BTB integrity had been disrupted, and only a small num-
ber of separated, loosely attached germ cells could be seen in the
seminiferous tubules. This appeared to result in germ cells being
prematurely sloughed off the seminiferous epithelium and dying
by apoptosis, ultimately leading to a severe depletion of germ
cells and mature spermatozoa.?’ Our results showed that sperm

quality parameters significantly decreased and spermatogenic
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FIGURE 7 Effects of Pifithrin-a on relative mRNA and protein expression levels of TAp73 and adherence factors in the mouse. (A)
Compared with the control group, the relative mRNA expression of TAp73 and Nectin 2 were significantly decreased in the Pifithrin-a group
(n=3; p <.01). The relative mRNA expression of ZO-1 was not significantly different between the 2 groups. (B) Compared with the control
group, the relative protein expression of TAp73 and Nectin 2 was significantly decreased in the Pifithrin-a group (n = 3; p < .01). The relative
expression of ZO-1 was not significantly different between the 2 groups [Colour figure can be viewed at wileyonlinelibrary.com]

cell arrangement was disordered. There was also disruption of TJs
seen in some areas after 30 days of intraperitoneal application in
mice. Moreover, the arrangement of apical ES was disordered and
the endoplasmic reticulum was dilated, while germ cells appeared
to prematurely slough off the seminiferous epithelium or develop
into malformed spermatozoa. This indicates that adhesion and mi-
gration between spermatogenic and Sertoli cells could be impeded
by inhibiting the gene expression of TAp73 during spermatogene-
sis. Our results were consistent with earlier reports.?” The model
performance was consistent with the clinicopathological features
of this disease, indicating that the model is successful. Studies on
relevant connexins and regulators have demonstrated that the rel-
ative protein and mRNA expression of TAp73 and Nectin 2 were
significantly decreased in the Pifithrin-a group. However, no sig-
nificant difference was observed in the relative protein and mRNA
expression of Zonula occludens-1 (ZO-1).

Occludins, claudins, and ZO-1 are the main proteins in the TJs
of Sertoli cells.?® ZO-1 is a membrane protein, which usually inter-
acts with occludin to form complexes and exert barrier functions.?’
Nectin-2 is an adhesion molecule localized exclusively at ES. Studies
have revealed that abnormal expression of Nectin-2 protein in testis
tissue leads to male infertility.30 ES consists of Nectin-2, N-cadherin,

and E-cadherin.’%%2 We therefore speculated that the inhibition

of TAp73 expression resulted in the loss of apical ES integrity and
defects in the adhesion and migration between spermatogenic and
Sertoli cells during spermatogenesis.

Taken together, these results suggest that we successfully es-
tablished an oligoasthenospermia model by intraperitoneal injection
of Pifithrin-a«. The model could inhibit TAp73 gene expression and
concomitantly affect spermatogenic and Sertoli cells. Subsequently,
TAp73 inhibition resulted in the disruption of apical ES and TJ integ-
rity that caused the defects in the adhesion and migration between
spermatogenic and Sertoli cells and ultimately lead to oligoasthe-
nospermia. These results provide a new idea for further investi-
gating the pathogenesis of oligoasthenospermia. The successful
establishment of this model provides a new research object for the
development of novel and effective agents for the treatment of
oligoasthenospermia.
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