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ABSTRACT

Recently there hasbeen a continuing worldwide decreasein the quality of human spermatozoa,especiallyin
spermatozoamotility and concentration.Many factorsare involved in this decline,and great efforts have been
madeto rescuespermatogenesishowever,there hasbeenlittle progressin the improvementof spermquality.
Chestnuts are used in traditional Chinese medicine; their major active components are chestnur
polysaccharidegCPs) CPshave many biological activities but their effects on spermatogenesisare unknown.
The current investigation was designedto explore the impact of CPson spermatogenesisand the underlying
mechanismsWe demonstrated that CPssignificantly increasedsperm motility and concentration (4-fold and
12-fold, respectively),and improved seminiferoustubule developmentby increasingthe number of germ cells
after busulfan treatment. CPsdramatically rescuedthe expressionof important genesand proteins (STRA
DAZL,SYCP1SYCP3TNPLletc.) in spermatogenesis.Furthermore, CPsincreased the levels of hormone
synthesisproteins such as CYP17Aland HSD1¥ 1. All the data suggestedthat CPsimproved the testicular
microenvironment to rescue spermatogenesisWith CPsbeing natural products, they may be an attractive
alternative for treating infertile patients in the future. At the sametime, the deep underlying mechanismsof
their action needto be explored.

INTRODUCTION antrinflammatory functions through promoting the
expression of antioxidant enzymes asfetreasing the

During the past three decades, a growing number of expression levels of inflammation factors i,

people have been suffering from reproductive health
issues leading to infertility. Many factors are involved
in infertility, but in the male, a decrease in the quality of
spermatozoés a key factor. Many studies have revealed
that environmental pollution and ionizing radiation
played vital roles in the deterioration of spermatozoa
quality (spermatozoa motility and concentrationi)4JL
Therefore, a feasible approach to protect featilon
capacity or to reverse any damage is necessary.

Recently, it has been found that polysaccharides have
many biological functions. They pose aakidative and

immunobiological activity [9, 10], and arntancer
functions [11, 12]. Chestnuts are found throughout
China and are used in traditional Chinese medicine [13];
they contain many nutrients thatve several health
benefits. Chestnut polysaccharides (CPs) include many
monosaccharides such as glucose, rhamnose, arabinose,
galactose, xylose, mannose, and fructcSEs have
been shown to have anticancer activity [14, 15],
antifatigue effects [16], rad antioxidative activity [17

21] via inhibiting tyrosinase and cancer cell pro
liferation; they also improve the ability of endurance
and scavenge free radicals. Although CPs have many
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biological functions, their effects on the recovery of
spermatogenesare unknown.

Spermatogenesis takes place in the seminiferous tubules
of the testis; it includes spermatocyte proliferation,
spermatogonial differentiation into spermatocytes,
spermatid production, and sperm maturation. Many
factors are involved in regulag spermatogenesis such
as genes, hormones, and epigenetic regulatoi2422
The most important genes includASA DAZL, and
DMCL VASAIs a germ cell marker important fgerm

cell proliferation and difrentiation, and/ ASAmutation
results in the cessation of germ cell differentiation [25].
DAZL serves as a gateway in oogenesis and spermato
genesis, and the abnormal expressionD#ZL will
affect the initiation of gametogenesis [2B]MCL1 plays

an important role in spermaenesis, andts mutation
leads to obstacles in male sterility [27].

Hormones such as testosterone and estrogen play
essential roles in regulating spermatogenesis [28]. Many
proteins such as cytochrome P450, cholesterol- side
chain cleavage enzyme (CYP1DAlhydroxyop5-
steroid de hydreagdéodermsp 130D
(HSD3b1), cyt ohydroxdaseeClRand 0
20-lyase (CYP17Al1) [29, 30] are involved in the
synthesis of testosterone and estrogen.

Although CPs have been shown to be beneficial for
human health, the effects on spermatogenesis and the
underlying mechanisms are not understood. The aim of
this study was to explore the means of CPs improve
spermatogenesis and the underlying mechanisms.

RESULTS
CPs increased sperm motility and sperm concergtion

CPs alone did not change murine sperm motility (Figure
1A), however, sperm concentration was increased
significantly (Figure 1B). Busulfan dramatically
disrupted spermatogenesis by decreasing sperm motility
and concentration almost to a level dientility (Figure
1Ai1C). However, busulfan plus CPs significantly
increased sperm motility and concentration, especially
in the B+CPs 0.10 mg/kg group (Figure 1A, 1B).
Busulfan impaired spermatogenesis through decreasing
the number of spermatogenetic sedind disrupting the
structure of seminiferous tubules, as revealed by
testicular histopathology (Figure 1D). CPs alone did not
change the structure of the seminiferous tubules;
however, busulfan plus CPs dramatically improved
seminiferous tubules througin increase in the number
of germ cells, especially in the B+CPs 0.10 mg/kg
group (Figure 1D). Testicular histopathology confirmed
the data for sperm motility and concentration. We then

set out to explore how CPs improved spermatogenesis.
The concentrationof 0.10 mg/kg CPs produced a
profound improvement, therefore this dose was used for
further investigations. Body weights and organ indexes
are shown in Table 1.

CPs improved the expression of important genes
involved in spermatogenesis in mouse testes

First, testicular tissue transcriptomes were determined
after busulfan and/or CPs treatments to search for gene
expression patterns. Principal components analysis
(PCA) showed that the busulfan and control groups were
well separated, which suggested that thusulfan
treatment produced profound effects on gene expression
(Figure 2A). The B+CPs 0.10 mg/kg group overlapped
with the control group, which suggested that the CP 0.10
mg/kg group recovered the gene expression that was
changed by busulfan (Figure 2A total, 52 459 genes
were found in the testicular tissues in the current
investigation. A total of 15 738 genes were differentially
expressed in the Contres-B group including 10 136
genes dowstegulated and 5602 genes-tggulated. In
addition, 13 86 genes were differentially expressed in
th@ B-vs-B+CPs 0.10 mg/kg group including 4398 genes
downregulated and 9398 genes-rggulated (Figure
2B). The functions of these differentially expressed
genes (DEGs) were displayed by GO analysis. In the
comparson of the Contrels-B group, the genes
decreased by Dbusulfan were enriched during
spermatogenesis, germ cell development, and other
sperm function related groups; the genes that were
increased were in other functional groups @ésperm
related groups)But, in the comparison of the-%&-
B+CPs 0.10 groups, the genes increased by treatment
B+CPs 0.10 were enriched during spermatogenesis,
germ cell development, and other sperm function related
groups, while the decreased genes were enriched in other
functional groups (norsperm related groups). The data
suggested that treatment B+CPs 0.10 reversed the
disruption of spermatogenesis caused by busulfan
(Figure 2C).

Then we compared the DEGs in CortysiB and Bvs-
B+CPs 0.10. It was nteresting that most of the
decreased DEGs in Contre$-B were increased in B
vs-B+CPs 0.10; while most of the increased DEGs in
Controtvs-B were decreased in -8B-B+CPs 0.10
(Figure 3A). Spermatogenesis is a complex process
involving many genes, such 8ASA CREM SYCP3
DAZL, REC8 PGK2 DMC1, SYCP1l STRA8 and
ZFP42 Most of the DEGs that were decreased in
Controlvs-B while being increased in -Bs-B+CPs
0.10, were involved in spermatogenesis or reproduction,
including STRA8 DAZL, SYCP1 SYCP3 TNP1,
etc. (Figure 3B3D and Supplementary Figure 1).
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Figure 1. Chestnut polysaccharides (CPs) improved sperm quélitySperm motility (% of total cells; grade A + grade BxiX
represents the treatment groupsi-&kis represents sperm motility. Datse represented as mean + SEN?,< 0.05, *P < 0.01. B) Sperm
concentration. Xaxis represents the treatment groupsaXis represents sperm concentration (million/ml). Data are represented as mean +
SEM, P< 0.05, *P< 0.01. Q Photos of sperm quajit (O) Histopathology photos of mouse testes.
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Table 1Mouse body parameters.

CP CP B+ CP B+ CP B+ CP
Control - CPO.01MGkG 5 16, 0kg  1.00ug/kg B 0.0lugkg  0.10uglkg  1.00uglkg

Body weight (g) 36.27+1.45 37.49+0.92 36.59+1.16 36.88+0.72 33.80+1.04 26.13+1.51 30.72+1.03 31.54+1.00
Kidney index 1.65+0.052 1.67+0.04 1.63+0.04 1.68+0.03 1.83+0.06  1.50+0.05 1.67£0.04 1.72+0.04
Spleen index 0.49+0.06  0.66+0.15 0.39+0.03 0.44+0.05 0.36+0.02 0.61+0.08 0.39+0.02  0.38+0.01
Liver index 6.06£0.13  6.30+0.20 6.00+0.11 5.76+0.14 6.34+0.27 5.62+0.09 5.57+0.12  5.73+0.13

Data is presented as meanSEM. * indicate a significant difference compared with B grBup @.0% ** indicate a
significant difference compared with B group € 0.0L Index(organ weight/body weight).
Note: B=busulfan; CPs=Chestnut polysaccharides.

Quantitative RTPCR (qRTFPCR) was used to verify Furthermore, the protein levels of important genes
the RNAseq data. The expression of eight DEGs was involved in spermatogenesis were determined in the
confirmed and the results revealed a similar trend for current investigation. Many of these proteins formed
RNA-seq and gRPPCR (Figure 4). a network to regulate spermatogenesis (FEigBA).
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Figure 2. Overview of the RNgeq data for mouse testegA) Principal components analysis (PCB).The heatmap of differentially
expressed genes (DEGE). GO enrichment analysis of vpgulated and dowsregulated genes in biologicpfocesses in the Controk-B
and BvsB+CPs 0.10 groups, respectively.
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Busulfan alone decreased the protein levels of DAZL,
PGK2, CREM, and VASA, while B+CPs 0.10 increased
these protein levels as revealed by Western blot analysis
(Figure 5B, 5C). Immunohistochemistry (IHC) eon
firmed the protein changes during spermatogenesis. The
number of positive cells staining for VASA and DAZL
were decreased by busulfan while they were increased
by B+CPs 0.10 as seen by IHC (Figurei 5B) which
confirmed the Western blot analysis data. The data in
this section suggested that CPs rescued mouse
spermatogenesis through an improvement in the levels
of relevant genes and proteins.

CPs increased the level of proteins involved in
hormone production

Testosterone and estrogen play vital roles in
spermatogenesis and many proteins (or enzymes) are
involved in the production of these hormones. We

determined these proteins by IHC and found that the
|l evel s of CYP17A1, and
busulfanwhile elevated by B+CPs 0.10 (Figure ).
The data here suggested tk#s 0.10 may improve the
local hormones to enhance spermatogenesis.

DISCUSSION

Chestnuts have been used as a traditional food and
medicine for millennia i China due to their health
advantages[31]. CPs, key substances in chestnut,
have been investigated extensivetlyey are known to
inhibit cancer cell proliferation, enhance endurance
performance, and to reduce ROS levdlsdi 21].
However, the effects ofCPs on the recovery of
spermatogenesis are not understood. Therefore, in the
present study we aimed to investigate the rescuing effects
of CPs on spermatogenesis after busulfan treatment. We
found that busulfan disruptedspermatogenesis by

Figure 3.Differentially expressed genes (DEGS) involved in spermatogen@sis.he Venn diagram of uegulated and down
regulated genes in the intersection of the ConvelB and BvsB+CPs 0.10 group®) (The representative genes in spermatogene€)sThe
heatmap of 20 representative genes in spermatogeneB)sGO enrichment analysis of the DEGs in biological processes.
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