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ABSTRACT

Context. Heat shock protein 70 (HSP70) and glutathione peroxidase 5 (GPX5) are biomarkers
of oxidative stress and stress in temperate, tropical environments, which are crucial for
male reproduction. Their expression and distribution patterns in the testis and epididymis of
Bactrian camels are still unknown. Aims. This study aims to investigate the HSP70 and
GPX5 expression and localisation in 3- and 6-year-old Bactrian camel testis and epididymis.
Methods. Reverse transcription quantitative polymerase chain reaction (qQRT-PCR), Western
blot and immunohistochemistry were used to detect HSP70 in the testis and epididymis (caput,
corpus and cauda) and GPXS5 in the epididymis at two developmental stages (3-year-old puberty
group and 6-year-old adult group). Key results. HSP70 was upregulated in the testis.
Immunohistochemistry results indicated the HSP70 protein was mainly detected in spermatids
and Leydig cells of testicular tissue. In the epididymis, HSP70 was located at the luminal spermatozoa,
the epithelium lining the epididymal and the epididymal interstitium. GPX5 expression was
significantly higher in the caput epididymis than in the corpus and cauda epididymis. GPX5
protein was observed in the epithelium lining the epididymal, interstitium and luminal spermatozoa
in the epididymis by immunohistochemistry. Conclusions. Bactrian camel HSP70 and GPX5
exhibited spatiotemporal expression specificity. Implications. HSP70 and GPX5 may be
essential for germ cell development and reproductive success after sexual maturation in Sonid
Bactrian camels.

Keywords: Bactrian camels, epididymis, glutathione peroxidase 5, heat shock protein 70,
immunohistochemistry, qRT-PCR, testis, Western blot.

Introduction

With global warming and the expansion of desertification, camels, suitable livestock for
sustainable agriculture and animal production systems, have good prospects for survival
under these harsh conditions. Dromedaries account for 95% of all Old-World camels.
Most of them are found in the Horn of Africa, the Middle East, Pakistan, India and arid
regions of North and West Africa (Zarrin et al. 2020), while most Bactrian camels
(Camelus bactrianus) are located in Mongolia, China, Kazakhstan, Afghanistan and
Uzbekistan (Hafez and Hafez 2001). Most Bactrian camels are considered domestic
animals and are mainly distributed in the desert and semi-arid areas of Northwest
China, such as Inner Mongolia, Xinjiang, Qinghai, Gansu, Ningxia and other provinces.
They are widely used for labour and wool production. Based on their geographical
distribution, Xinjiang, Alxa and Sonid camels have been described as the three main
breeds of C. bactrianus in China (Zhao et al. 2015).

In China, the population of Bactrian camels has been in long-term decline since
1982. However, the population has slightly recovered since 2010 (Faye 2020). The
reproductive capacity of male Bactrian camels is likely to be a contributing factor to this
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population increase. Spermatogenesis consists of three phases:
(1) stem cell renewal and spermatogonia proliferation;
(2) meiosis and differentiation; and (3) spermiogenesis
(Walker 2010). Male camels begin puberty at approximately
3 years of age but do not start full reproductive activity until
they are 6 to 7 years old (Al Eknah 2000); this is also
strongly dependent on the breed (Marai et al. 2009).
Spermatogonia, spermatocytes and Sertoli cells can be found
in the testes of the 3-year-old camels (Gherissi et al. 2020).
The total number of spermatogonia, primary spermatocytes
and spermatids changes with slight variation between the
age of 6 and 18 (Marai et al. 2009). Compared with other
domestic animals, the Bactrian camel can survive better
under extreme climatic conditions (Lamo et al. 2020).
However, because of their biological characteristics, camels
exhibit a lower reproductive efficiency than other domestic
animals (Rateb et al. 2020). Reproductive efficiency is one
of the most important factors affecting camel reproduction
and is related to the regulation of gene expression during
spermatogenesis.

In the last two decades, it has been recognised that
molecular chaperones have positive effects in controlling
the morphological differentiation of gametes during
spermatogenesis. Heat shock protein 70 (HSP70) members
constitute one of the most prevalent families of molecular
chaperones (Zininga et al. 2017). Organisms must be able
to maintain dynamic cellular homeostasis in a changing
environment. Molecular chaperones are involved in this
process (Hartl et al. 2011), protecting cellular proteins from
damage due to extreme conditions, such as sudden increases
in temperature, oxidative stress, exposure to heavy metals,
hypoxia and metabolic dysfunction (Mendillo et al. 2020).
The proteins originally identified as heat-inducible are
termed heat shock proteins, and there are several families
of chaperones (HSP110, HSP100, HSP90, HSP70, HSP60,
HSP40 and sHSP) (Doyle et al. 2013). In humans, HSP70 is
expressed in most tissues (Scieglinska et al. 2011), including
reproductive organs (Légaré et al. 2004). It is located in three
cellular compartments, including the cytoplasm (containing
various organelles, such as mitochondria), the nucleus and
the cytoplasmic membrane, and performs its tasks inside
the cell (Shevtsov et al. 2020). These proteins are involved
in various cellular processes, including protein folding and
refolding, transport, translocation, depolymerisation and
degradation (Balchin et al. 2020). They are also associated
with many human pathophysiological diseases, such as
neurodegenerative diseases, cancer (Murphy 2013) and
biological aging (Walther et al. 2017).

HSPA2 is a testis-enriched protein that belongs to the
HSP70 multi-gene family and is highly associated with
men’s fertility (Scieglinska and Krawczyk 2015). In mice,
targeted destruction of HSPA2 can prevent spermatogenesis,
impair sperm maturation and inhibit fertilisation (Nixon et al.
2017). Changes in phosphorylation levels of serine residues in
HSP70 are related to sperm cryo-tolerance during the holding

time of cryopreservation in boar spermatozoa (Yeste et al.
2014). Moreover, levels of HSP70 proteins in the testes and
epididymides are correlated to the different developmental
phases in rams (Wang et al. 2020). Reduced expression
of HSP70 is associated with the pathogenesis of male
infertility (Feng et al. 2001). In juvenile mice, HSP70 is
required for synaptonemal complex desynapsis. Its absence
limits spermatogenic cells from undergoing late meiotic
stages, resulting in apoptosis of the initial wave of germ cell
development (Dix et al. 1997). Male mice with the mutant
allele (Hsp70”"), unable to synthesise HSP70, are infertile
(Dix et al. 1996). They also lack mature sperm and
postmeiotic spermatids. In contrast, female Hsp707" mice
show no alterations in meiosis or fertility (Dix et al. 1996).

Glutathione peroxidase 5 (GPX5) is an H,0»-scavenging
enzyme identified in boar seminal plasma (Barranco et al.
2016). The mammals’ glutathione peroxidase (GPX) gene
family encodes bifunctional enzymes that eliminate reactive
oxygen species (ROS) and generate disulfide bridges in thiol-
containing proteins (Noblanc et al. 2011). GPX5 is released
from the epididymis and binds to the spermatozoa plasma
membrane (Taylor et al. 2013). It is thought to shield
sperm against peroxide-mediated damage by interacting
with them through their epididymis transit (Taylor et al.
2013). Thus, GPX5 knockout mice receive greater oxidative
damage to sperm DNA than wild-type mice (Taylor et al.
2013). As a result, the offspring born from the GPX5”- mice
have a high rate of spontaneous abortions and developmental
defects. However, it occurs only when GPX5~" mice are older
than one year (Taylor et al. 2013). These findings imply that
GPXG5 is closely associated with male reproduction.

The previous study analysed the antioxidant biomarkers
and the anti-freeze-associated gene expression in the post-
thawed sperm of rooster (Mehaisen et al. 2022). Testes are
the site of spermatozoa production, while the epididymis
has stored spermatozoa (Hedger 2011). Therefore, the aim
of this study was to investigate whether HSP70 and GPX5 is
associated with testis and epididymis development in the
Bactrian camel. In this study, we examined the expression
and localisation of HSP70 in the testis and epididymis and
the GPX5 gene in the epididymis of Sonid Bactrian camels
at the age of 3 and 6 years.

Materials and methods

Animals and sample acquisition

All animal experiments were reviewed and approved by the
Experimental Animal Ethics Committee of Inner Mongolia
Agricultural University (Approval No. [2020]056). A total
of 12 healthy male Bactrian camels (Inner Mongolia, China)
were used in this study. Camels were divided into two age
groups: 3-year-old and 6-year-old groups (n = 6 for each
group). Following castration, tissue samples of the testis
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and epididymis (caput, corpus and cauda) from all camels
were instantly snap-frozen in liquid nitrogen and stored
for RNA and protein extraction or were fixed in 4%
paraformaldehyde for approximately 48 h before paraffin
embedding.

Reverse transcription quantitative polymerase
chain reaction (QRT-PCR)

Total RNA was extracted according to the TRIzol (Invitrogen,
Waltham, MA, USA) solubilisation and extraction method.
The purity and concentration of extracted RNA were detected
using a NanoDrop ND-2000 spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA). The RNA samples were
then reverse transcribed into cDNA using the PrimeScript
RT Master Mix according to manufacturer’s instructions
(Takara, Kusatsu, Japan). The cDNA was amplified by reverse
transcription PCR wusing 2x Taq Plus PCR MasterMix
(TianGen, Beijing, China). The primer sequences used for
HSP70, GPX5 and GAPDH genes are shown in Table 1.
gRT-PCR was performed using the Takara TB Green Premix
Ex Taq II (Takara). A 7500 Fast Real-time PCR System
(Thermo Fisher Scientific) was used to perform gRT-PCR
analysis. The optimised qRT-PCR protocol was as followed:
94°C for 30 s; 40 cycles at 94°C for 5 s; and 60°C for 30 s.
The expression of target gene mRNA was calculated
relating to that of GAPDH used for a housekeeping gene by
the 2724¢t method (Livak and Schmittgen 2001).

Western blot

Total protein of the selected testis and epididymis (caput,
corpus and cauda) was extracted using radioimmunoprecipita-
tion assay buffer (Solarbio, Beijing, China). The concentration

of protein extract was detected via a BCA (bicinchoninic acid)
assay kit (Boster Biological, China). The denatured samples
with equivalent total protein (30 pg) were separated by 12%
(w/v) sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and then transferred onto 0.45 pm polyvinylidene
difluoride membranes for Western blot. Transferred blots were
blocked in 5% (g/mL) skim milk powder for 2 h at 37°C and
incubated overnight with either rabbit anti-HSP70 (Abcam,
Shanghai, China, 1:1000), anti-GPX5 (Abcam, 1:1000), anti-
B-ACTIN antibody (Abcam, 1:1000), followed by incubation
with a goat anti-rabbit horseradish peroxidase conjugated
IgG antibody (Abcam, 1:5000) for 2 h at room temperature.
The used antibodies information is summarised in Table 2.
The signals of bands were visualised using an enhanced
chemiluminescence kit (Boster Biological, China). The band
intensities were assessed by ImageJ software (ver. 1.46r,
National Institutes of Health, Bethesda, MA, USA).

Immunohistochemistry

After dewaxing, hydration and microwave antigen retrieval,
endogenous peroxidase activity from paraffin sections was
eliminated by 3% H,0,, blocking for 1 h with 1% bovine
serum albumin. Sections were then incubated with polyclonal
rabbit anti-HSP70 primary antibody (Abcam, 1:100) or GPX5
(Abcam, 1:100) overnight at 4°C. Negative controls were
generated with phosphate-buffered saline in place of the
primary antibody. Peroxidase-conjugated goat anti-rabbit IgG
(Abcam, 1:200) was used as the secondary antibody for 1 h at
room temperature and visualised with Diaminobenzidine
(Maixin, China). Slides were counterstained with hematoxylin.
Localisation of HSP70 and GPX5 was then evaluated using a
microscope (ZEISS Axio Imager A2).

Statistical analysis

The data were statistically analysed using one-way ANOVA
in SPSS 26.0 (IBM Corp., USA) with the least significant
difference (l.s.d.). Data were expressed as mean + s.d.
The relative changes in gene expression from qRT-PCR
experiments were calculated by the 2724CT method. Data
were analysed graphically with GraphPad Prism 8 software
(San Diego, CA, USA). *P < 0.05 was regarded as statistically
significant and **P < 0.01 was regarded as highly significant.

Table |I. Primer sequences used in this study.
Gene Primer sequence (5'-3) TM  Product
length
HSP70 F:AAGTCGGAAGATGAAGCCAATCGC 60 85
R:CCACCGTCTGCTTGATGTTGTAGG’
GPX5 FTTCTTAGCTGGCTTCGTGCAGAC 60 120
RATGTGTTCCGCCTCATTCAGAGTG'
GAPDH F.CTGGTGCTGAGTACGTTGTGGAG 60 186
R AGGAGGCGTTGCTGACAATCTTG’
Table 2. Antibody datasheet.
Protein Antibody Source Dilution Website
HSP70 Ab79852 Rabbit WB: 1:1000
IHC:1:100
GPX5 PAS5-102342 Rabbit WB: 1:1000
IHC:1:100
B-ACTIN PAI-32416 Rabbit WB: 1:5000

https://www.abcam.cn/HSP70-antibody-ab79852.html

https://www.thermofisher.cn/cn/zh/antibody/product/GPX5-Antibody-Polyclonal/PA5-102342

https://www.thermofisher.cn/cn/zh/antibody/product/beta-Actin-Antibody-Polyclonal/PA[-32416
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Results Localisation of HSP70 protein in testis and

Expression of HSP70 mRNA in testis and
epididymis of Bactrian camel

Transcriptional expression of HSP70 was first detected in the
testis and the entire epididymis (caput, corpus and cauda) by
gRT-PCR. We found that the HSP70 transcript was expressed
in the testis and the caput, corpus and cauda epididymis
in two developmental stages but was mainly expressed in the
testis (P < 0.01; Fig. 1). The expression of HSP70 transcripts in
the testis was significantly higher at puberty (3 years old) than
at adulthood (6 years old) (P < 0.01; Fig. 1). There was no
significant difference in the expression of HSP70 in the
epididymal caput and cauda between the two stages, and the
epididymal corpus HSP70 expression was significantly higher
at adult than at puberty (P < 0.05; Fig. 1). For amplification
curves and dissolution curves, see Supplementary Figs S1-S4.

Expression of HSP70 protein in testis and
epididymis of Bactrian camel

Expression levels of HSP70 protein in the testis and cauda
epididymis were significantly higher in the 6-year-old adult
group compared with the 3-year-old puberty group (P < 0.01),
whereas no significant differences were observed in the caput
and corpus (Fig. 2).

epididymis of Bactrian camel

HSP70 protein was mainly distributed in Leydig cells in the
testis of pubertal and adult Sonid Bactrian camels; namely,
in spermatogonia and spermatids. In caput and corpus
epididymis, HSP70 was present on the epididymal epithelium
static cilia and epididymal interstitium for both age groups. In
the cauda epididymis of 3-year-old and epididymis (caput,
corpus and cauda) of 6-year-old camels, positive staining for
the HSP70 protein was present in the epididymal epithelium
and interstitium. It was also observed in spermatozoa inside
the lumen of the epididymis (Fig. 3).

Expression of GPX5 mRNA in testis and
epididymis of Bactrian camel

Relative quantification at the transcriptional level of
RNA extracted from the testis and the entire epididymal
(caput, corpus and cauda) tissues of camels at different
developmental stages showed that the main expression
region of the GPX5 gene was the caput epididymis (Fig. 4).
There were also significant differences in epididymal expres-
sion between developmental stages. The caput epididymis
was the main expression region of GPX5 mRNA in camels
at both stages; the expression was significantly higher than
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in the corpus and cauda of the epididymis (P < 0.01). In
addition, the expression in the epididymal caput in adult
Bactrian camels was significantly higher than in pubescent
camels (P < 0.01). In contrast, only a small amount of GPX5
gene expression was detected in the epididymal corpus and
epididymal cauda, and the differences between the age
groups were not significant (P > 0.05).

Expression of GPXS5 protein in epididymis of
Bactrian camel

In 3-year-old camels (Fig. 5), the caput epididymis expressed
the highest amount of GPX5 protein, which was not signifi-
cantly different from the corpus epididymis (P > 0.05)
but was significantly higher than the cauda epididymis
(P < 0.01). In 6-year-old camels (Fig. 5), the caput
epididymis was the main expression site of GPX5 protein,
and the relative expression was significantly higher than
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the corpus and cauda of the epididymis (P < 0.01), while
there was no significant difference between the corpus and
cauda epididymis (P > 0.05).

Localisation of GPXS5 protein in epididymis of
Bactrian camel

The GPX5 protein was observed by immunohistochemistry in
paraffin sections of the epididymis (caput, corpus, cauda)
from both groups (Fig. 6). A positive signal for GPX5 protein
was found on the epididymal epithelium and stereocilia of
the epididymal caput in the group of 3-year-old camels and
the epididymal epithelium and interstitium of the cauda
epididymis. In the group of 6-year-old camels, there was
a positive signal for GPX5 protein in the epididymis
epithelium’s caput, corpus and cauda, as well as the
interstitium and sperm cells inside the epididymis lumen
(Fig. 6).
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Fig. 3.
epididymis (a3, b3) and cauda epididymis (a4, b4) tissues of 3-year-old (al, a2, a3, a4) and 6-year-old (bl, b2, b3, b4) Sonid Bactrian camels.
Negative controls of immunohistochemistry (cl, c2, c3, c4). Spg, spermatogonia; Spc, spermatocytes; rSpd, round spermatids; eSpd,
elongated spermatids; LC, Leydig cells; SC, Sertoli cells; Lu, lumen; Ep, epithelium; In, interstitium; Ci, cilia; Sp, spermatozoa.

Discussion

It is well known that HSP70 expression is upregulated in
the testis (Scieglinska and Krawczyk 2015). Previous
studies showed that in human testes with abnormal
spermatogenesis, HSPA2 mRNA expression is reduced (Son
et al. 2000). Failed meiosis, germ cell apoptosis and male
infertility were brought on by the targeted mutation of the
mouse HSP70 gene (Dix et al. 1996). In this work, we
identified the expression patterns of HSP70 at both the
transcript and protein levels in different age groups of
Sonid Bactrian camel testis and epididymis. We found that
HSP70 mRNA and protein were expressed in the testes and
epididymis of both the 3-year-old and 6-year-old Bactrian
camel groups, with significantly higher levels in puberty
than adulthood. These results are consistent with the
upregulation of HSP70 expression in adult testis of yak
(Liu et al. 2018), Tibetan sheep (Wang et al. 2020) and pig
(Huang et al. 2005). In Bactrian camels, there is an age-
related increase in HSP70 mRNA in the corpus epididymis.
HSP70 protein levels in the caput epididymis increased
with age. In Tibetan sheep, with aging, the expression of
HSP70 in the caput epididymis gradually increased (Wang
et al. 2020); the expression first increased and then reduced
to varied degrees in corpus and cauda epididymis (Wang
et al. 2020). While this difference in expression pattern

Immunohistochemistry staining of the HSP70 protein in testis and epididymis. Testis (al, bl), caput epididymis (a2, b2), corpus

could be attributed to different mechanisms depending on
the species, a trend emerges that HSP70 is differentially
expressed between adult and juvenile animals.

Spermatozoa acquire fertility and motility during
the passage of the epididymal pathway. This process is
called sperm maturation. Other functions attributed to the
epididymis include sperm concentration and transport,
immune defence of male germ cells and acting as a
reservoir for sperm (Sullivan and Mieusset 2016). However,
studies have yet to be conducted on the expression pattern
of HSP70 in the epididymis. To further clarify the HSP70
protein localisation in different regions of the Bactrian camel
testis and epididymis, the HSP70 protein was visualised by
immunohistochemistry. HSP70 staining was mainly located
in spermatogonia, spermatids, Sertoli cells and Leydig cells
in the Bactrian camel testis. Similar findings have been
previously reported, with HSP70 being abundant in rabbit
spermatogonia, spermatids and Sertoli cells (Wu et al. 2011).
In Tibetan sheep, the positive HSP70 protein signals were
primarily present in the round and luminal spermatids in
post-pubescent testis (Wang et al. 2020).

In caput and corpus epididymis, immunohistochemical
signals were distributed in the epididymal epithelium and
interstitium of the two age groups. In cauda epididymis
the HSP70 protein was not only present in the epididymal
epithelium and interstitium, but it was also observed in
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spermatozoa within the lumen in the epididymis for both age
groups. This corresponds to a previous study, showing that
HSP70 proteins were mostly localised in epithelial cells in
mice and Tibetan sheep epididymis (Wang et al. 2020).
Spermatozoa rely heavily on the antioxidant properties of
the fluids surrounding them for protection against ROS
damage. Therefore, the epididymis and seminal plasma are
rich in antioxidants, including small molecules that destroy
free radicals (vitamin C, uric acid, taurine, thioredoxin)
(Bibov et al. 2018) and highly specialised extracellular
antioxidant enzymes such as superoxide dismutase and
unique isoforms of GPX, especially GPX5 (Aitken 2009).
GPX5 was previously thought to protect sperm membranes
from the deleterious effects of lipid peroxidation (Hall et al.
1998). Histological analysis of the epididymis and spermatozoa
from GPX5/" mice showed no obvious defects (Chabory
et al. 2009). There were also no obvious differences in the
fertilisation rate of adult GPX5”- mice compared with wild-
type (WT) mice. When female WT mice were paired with
GPX57~ males older than one year, more miscarriages and
developmental defects caused by DNA oxidation were
observed compared with crosses with WT males of the same
age (Chabory et al. 2009). Consequently, GPX5 mRNA and
protein expression are likely to be essential for successful
reproduction. Here, we found that the expression of GPX5 is
most enriched in caput in camel epididymis. Similarly,
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a previous study reported that GPX5 in caput was
significantly higher than corpus and cauda epididymis in
Small Tail Han sheep (Li et al. 2018). In mice, when
compared with the cauda epididymis, GPX5 expression was
abundant in the caput (Rejraji et al. 2002). GPX5 is
expressed on epithelial cells, some cell cytoplasm and
stereocilia of rat epididymis (Kolasa-Wotosiuk et al. 2019).
The immunohistochemical results showed positive signals on
the epithelium lining the epididymal duct and stereocilia of
the caput epididymis at both developmental stages of the
Bactrian camel and GPX5 was also present in the epithelium
lining the epididymal duct of the cauda epididymis.

Based on this, we hypothesise that GPX5 protein may be
synthesised and secreted from the epithelial cells of the
epididymis into the lumen to bind to the spermatozoa and
protect the spermatozoa during the process of sperm
transport and storage in Sonid Bactrian camels. GPX5 from
cattle appeared to be poorly secreted and is not present in
spermatozoa of cauda epididymis (Li et al. 2018). However,
Vernet et al. (1997) reported that in mice, GPX5 expression
was localised at the apical border of the epithelial cells of
the caput epididymis and can subsequently be detected in
the lumen of the epithelial ducts of the corpus and cauda
epididymis. We hypothesise that GPX5 plays a critical role in
Bactrian camel epididymis by promoting sperm maturation
and protecting sperm from ROS damage.
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Conclusions

In the testis and epididymis of Bactrian camels, HSP70
displayed spatiotemporal expression specificity and GPX5
displayed the same property in the epididymis. HSP70 was
abundantly expressed in the testis of Sonid Bactrian camels.
Moreover, GPX5 was shown to be highly expressed in
the caput epididymis. In the epididymis, HSP70 and GPX5
were distributed in the epithelial lining of the epididymal

duct, the interstitium and the luminal spermatozoa of the
epididymis.

This suggests that these two genes play a vital role in the
reproductive organs of Sonid Bactrian camels at different
developmental stages, similar to other animals. However, the
elucidation of the precise regulatory mechanism involving
these two genes during Bactrian camel spermatogenesis,
sperm maturation and involvement in the regulation of
sperm motility still requires in-depth investigation.
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