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Abstract

The Ziwuling black goat is an indigenously in China, their offspring are frequently affected by congenital
cryptorchidism. The extracellular matrix (ECM) contains cytokines and growth factors that regulate the
development of the testis, and component changes often result in pathological changes. Cryptorchidism
is closely related to structural changes in ECM. In this study, the histochemical staining,
immunohistochemical, immunofluorescence and Western blot combined with semi-quantitative analysis
was used to describe the distribution of the important ECM components Collagen type IV (Col V),
laminin (LN)and heparan sulfate proteoglycans (HSPG) in the normal and cryptorchid testes of Ziwuling
black goats. Results showed that: The histochemical staining showed that the dysplasia of seminiferous
tubules and decreased number of Sertoli cells in cryptorchidism, as well as sparse collagen fiber.
Meanwhile, the distribution of reticular fibers is relatively rich. Furthermore, the PAS and AB staining in
the interstitial vessels and lamina propria of seminiferous tubules is weak. The immunohistochemical
and immunofluorescence revealed that Col IV, LN was strongly expressed in Leydig, Sertoli cells of
normal testes and moderately positive in the spermatogonia and spermatids, but HSPG was not
expressed in the spermatogonia. However, cryptorchidism, the expression of Col IV, LN and HPSG in
Leydig, Sertoli cells significantly decreased, as well as the expression of Col IV and LN in capillary
endothelial cells, but HSPG was moderately expressed in spermatogonia. Based on these data, the
underdevelopment of spermatogenic epithelium, decreased synthesis function of collagen fibers and
Leydig cells develop usually in the cryptorchidism were shown to be closely related to the abnormal
metabolism of Col IV and LN. The positive expressed of HSPG in the spermatogonia of cryptorchid testes
is related to the compensatory development of spermatogonia.
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Introduction

Studies on cryptorchidism, one of the main causes of reproductive infertility in mammals,
most cryptorchidism is inherited, but the latest analysis suggests that the environmental
factors play a major role in the occurrence and development of cryptorchidism(Xing and Bai,
2018). Generally, the study of cryptorchidism focus on humans and rodents, but reports on
cattle, sheep, pigs, and other domestic animals not comprehensive. Insufficient gonadotropin
secretion resulting from testicular dysgenesis is one of the most common causes of non-
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obstructive azoospermia in patients with unilateral or Dbilateral cryptorchidism
(Verkauskas et al., 2019). There are many factors related to cryptorchidism, such as the INSL-3
and androgen both secreted by Leydig cells in the testicular interstitium (Minagawa et al.,
2012). INSL3 mainly acts on the fetal period of testicular descent, the fetal testicle can be
effectively retained in the groin region (lvell et al., 2020). The celiac cryptorchidism is basically
caused by mutations of INSL3 and receptor (lvell and Anand-Ivell, 2011), while the inguinal
cryptorchidism is mediated by androgen and may have nothing to do with INSL3 (lvell et al.,
2014). We studied that the expression level of INSL3 in inguinal cryptorchidism of Black Goats
decreased significantly (Yuan et al., 2021). Inhibition and lack of androgen and its receptors
can lead to the inguinal cryptorchidism (Franca and Godinho, 2003), the expression of
androgen receptors in inguinal cryptorchism of Black Goats decreased significantly compared
with normal testis (Qianmei et al., 2020).

In addition, the occurrence of cryptorchidism can also cause changes in the testicular
extracellular matrix (Yuan et al., 2017a), which is the microenvironment in testicular cells.
Therefore, cryptorchidism, as one of the models to study the dynamics of testicular tight
junction, is not only used to analyze the regulation of local microenvironment of male
reproductive physiology, but also plays an important role in the niche of stem cells, which has
been used to cultivate human spermatogonial stem cells, providing a possibility for the
treatment of male sterility (Murdock et al., 2019).

Extracellular matrix is synthesized by the gonadal tissue and cells (Wang et al., 2003),
which is an important site for the binding of growth factors and cytokines, and involved in
organ morphogenesis, cell growth and development regulation, which changes in structure
can often lead to corresponding pathological changes in the body (Soitoetal., 2011).1t
contains 102 proteins (Baertetal, 2015), mainly including collagens, laminins (LN),
proteoglycan and brake hormone, etc. Therein, the collagens are most abundant
components of ECM (Piprek et al., 2018), which are secreted by the interstitial/stromal cells
and consistent with the collagen-abundant connective tissue scaffolding (Piprek et al., 2018).
LN promotes the development of the spermatic cord during the embryonic period
(Heeren et al.,, 2015). Proteoglycan synthesized by the interstitial/stromal cells may be
species-specific (Piprek et al., 2018), which is binding LN, Col IV and other components in the
basement and combining with multiple components outside the basement membrane and
extracellular multifunctional signal molecules (Jiangetal.,, 2015). As components of
spermatogenic tubule basal membrane and lamina propria, ECM participates in the
formation of blood-testosterone barrier and is closely related to testicular development,
spermatogenesis and spermatogonial stem cell self-renewal (SSCs) (Zhu et al., 2014).

As demonstrated in a previous study, ECM remodeling in the testicular gubernaculum
contributes to testicular descent. In addition, the expression level of LN in cryptorchidism is
lower than that in normal testis, which may affect the secretion capacity of Leydig cells
(Yuan et al.,, 2017a).The collagen content in the testes of 15-29 weeks human fetuses and
cryptorchid children aged 1.3-10 years significantly decreased, but its fibrogenesis
significantly increased (Soito et al., 2011). In vitro studies have revealed that changes in ECM
composition of mouse testes can affect morphological changes in Leydig cells, and then
affect the secretion of testosterone (Robert B et al., 1991). Furthermore, the expression levels
of collagen IV (Col IV) and heparan sulfate proteoglycans (HSPG) in the cryptorchidism of
Bactrian camel are significantly lower in Leydig cells than in normal testicular tissue.

The Ziwuling Nature Reserve is a natural gene bank of biological species in China, and its
living species are highly representative in the central part of the Loess Plateau (Jia et al.,
2019). Ziwuling black goats are highly economically valued for their fur and meat, they are in
seasonal estrus, lambing in spring and mainly grow and reproduce in Yulin and Yan'an Cities
of Shaanxi Province and Qingyang City of Gansu Province. These animals are characterized by
rapid growth, strong adaptability, and stable genetic performance. The Ziwuling black goats
initial mating age is 1-1.5 years (Lu et al., 2020), the mating rate is 91.3%~97.5% in normal
years, the conception rate is 87.7%~99%, the delivery rate is 87%~90%, and the lambing rate
can reach 100%~105% (Huang et al., 2016). According to the investigation, cryptorchidism
incidence rate in goats is 0.5%, in long-term inbred sheep; its incidence rate often can be as
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high as 10% or more. In this study, the histochemical characteristics of the components of
ECM and distribution of Col IV, LN and HSPG in normal testes and cryptorchid testes of
Ziwuling black goats were compared and analyzed by immunohistochemical staining,
immunohistochemical and immunofluorescence techniques, to provide morphological
reference for the study of testicular pathology and reproductive physiology of Ziwuling black
goats.

Methods

Animals and tissue preparation

There were 12 pilot samples, 6 normal testes and 6 cryptorchidism, were surgically
removed from 5-month-old Ziwuling black goats in Huanxian Pastoral Area, Qingyang City,
Gansu Province, and divided into 2 groups. One sample was frozen in liquid nitrogen for
western blot, and the other group was fixed in 4% formaldehyde for later use. The animal
procedures used in this study were reviewed and approved by the Gansu Agricultural
University's Academic Committee and the National Natural Science Foundation of China
according to guidelines established by the Biological Studies Animal Care and Use Committee
of Gansu Province (Approval No. 31660670).

Testicular tissue sample preparation

Sections were prepared as described in our previous study (Li et al., 2016). Briefly, the
testicular tissues were fixed in 4% formaldehyde, dehydrated in different ethyl alcohol
concentrations, trans parented in xylene, and then embedded in paraffin. Each sample was
sliced continuously to produce 24 groups (6 pieces in each group).

Hematoxylin and eosin (H&E), Masson collagen fiber, Gomori silver ammonia, Alcian blue
(AB, pH=2. 5), periodic acid-Schiff staining (PAS), and Alcian blue-periodic acid-Schiff staining
(AB-PAS, pH=2. 5), staining methods were employed to analyze the histochemical
characteristics of normal and cryptorchid testes of Ziwuling black goats.

2.3 Immunohistochemistry (IHC) assay

Tissue sections were dewaxed and rehydrated in xylene and distilled water. The
endogenous peroxidase was blocked with 3% hydrogen peroxide in the tissue sections at
37°C for 15 min. Then, goat serum albumin was incubated with 5% for 15 min and
subsequently incubated with rabbit anti-Col IV (0.33*10?mg/ml, bs-0806R; RRID:
AB_10855678; Bioss, Beijing, China), rabbit Anti-LN (0.33*102mg/ml, bs-0821R, RRID:
AB_10856798, Bioss), and rabbit anti-perlecan/HSPG (0.33*102mg/ml, bs-5072R, RRID:
AB_10856731, Bioss) polyclonal antibodies overnight at 4°C in a humidified chamber.
Following incubation, the sections were washed with phosphate buffered saline (PBS),
incubated with a biotin-labeled secondary antibody (SP Kit [rabbit], SP-0023, Bioss) for 15
min, washed again with PBS. Afterwards, incubated with the streptavidin peroxidase
component from an immunohistochemical kit (Solarbio, Shanghai, China) for15 min, added
the HRP-DAB chromogenic kit (Solarbio, Shanghai, China). Finally, the sections were
counterstained with hematoxylin, rinsed with tap water, and observed under a microscope
(DP73, Olympus; Tokyo, Japan).

Immunofluorescence (IF) assay

After the biotin-labeled secondary antibody was replaced with goat anti-rabbit IgG
(0.125*%102mg/ml, bs-0259G-AF488, Bioss), and incubated at 4°C for 1 hr in a cassette. The
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rest of the programs were the same at the operating procedures of IHC. In the end,
immunofluorescence images were collected by a microscope (RVL100-G, ECHO, USA).

IF double-staining

Biotin-labeled secondary antibody was replaced with 0.125*102mg/ml diluted goat anti-
rabbit 1gG. Thereafter, the sections were incubated at 4°C for 45 min. The rest of the
programs were the same at the operating procedures of IHC. Then incubated 10 min with
DAPI (C02-04002, Bioss) in cassette and washed with PBS. Lastly, the photographs were
collected by a microscope (LSM 800; Carl Zeiss, Germany).

Western blot

The total protein was extracted using total protein extraction kit (TransGen Biotech Co.,
Beijing, China), confirmed by western blot using primary antibody Col IV, LN and HSPG
(0.01*102mg/ml), (Abcam, USA) at 4°C for 12h. After that, PVDF (TransGen Biotech Co.,
Beijing, China) was incubated in rabbit IgG was used secondary antibody at 37°C for 2h, as
well as was used for exposure in the darkroom; (3-actin was used as the internal reference.

Statistical analysis

5 slices were selected for each stain randomly, and 6 non-repetitive fields were picked
from each slice (x400). Statistical analyses were performed by the SPSS statistical software
program (SPSS, RRID: SCR_002865). The data were presented as mean + SEM, and the
differences were regarded as significant at p < 0.05.

Images were analyzed by using Image ] 8.0 analysis software (National Center for
Microscopy and Imaging Research: Image ] Mosaic Plug-ins, RRID: SCR_001935) to assess the
seminiferous tubule characteristic indexes, such as the number of supporting cells and ratio
of interstitial area to the average seminiferous tubule. In addition, the images were analyzed
by the Image-Pro plus 6.0 software (Image-Pro Plus, RRID: SCR_007369) was used to detect
the fluorescence intensity.

Results

Comparison of histochemical characteristics of the testes in normal testes and
cryptorchid testes of Ziwuling black goats

Under the light microscope, the normal testicular interstitial connective tissues of Ziwuling
black goats were obvious. Spermatogenic epithelium consisted of 3-5 layers of
spermatogenic cells, columnar Sertoli cells, the spermatozoa were obviously distributed in
the lumen, and myoid cells with long cord-shaped nuclei were observed surrounding the
lamina propria of seminiferous tubules (Figure 11. A). Collagen fibers were sparsely
distributed around the lamina propria and periphery of small vessels of the seminiferous
tubules, Leydig cells were scattered among the collagen fibers (Figure 1I. B). Abundant
reticular fibers were also found in the lamina propria of the seminiferous tubules and the
peripheral basement membrane of the interstitial vessels (Figure 1I. C). PAS staining red
glycogen positive bands were found in the lamina propria and the interstitial capillary walls.
In addition, positive PAS reactions were also observed at the attachment of spermatogenic
epithelial sperm cells. (Figure 11. D); AB staining blue positive bands were clearly and obvious
in the lamina propria (Figure 11. E); AB-PAS showed obvious positive reaction in the interstitial
tissue and lamina propria of the seminiferous tubules (Figure 11. F).
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Figure 1. (I). Comparison of the histochemical characteristics between the normal and the cryptorchid
testis of Ziwuling black goats. A-F: Normal testis; a-f: cryptorchid testis; (A, a): H&E staining; (B, b):
Masson staining; (C, c): Gomori silver ammonia staining; (D, d) PAS staining; (E, e): AB staining; (F, f) AB-
PAS staining; A-C: Revealed that the seminiferous epithelium of normal testis was developing well in the
normal group; (D): The positive PAS reactions were observed at the attachment of spermatogenic
epithelial sperm cells clearly; (E): The AB staining blue positive bands were clearly and obvious in the
lamina propria; (F): AB-PAS showed obvious positive reaction in the interstitial tissue and lamina propria
of the seminiferous tubules; (a-c): The cryptorchidism causes a reduction in layers of spermatogenic
epithelium; (d): Decreased PAS positive in the basement membrane of the seminiferous tubule; (e): The
positive reaction of AB was almost invisible in the interstitial tissue; (f): AB-PAS staining shown a weak
positive reaction in the interstitial tissue and lamina propria of the seminiferous tubules. Magnification:
1000x%, scale bar=10pm. ST: seminiferious tubules; CF: Collagen fiber; Gly: Glycogen; Ley: leydig cell; Sc:
Sertoli cells; Small artery (SA); (Il), the area ratio of interstitial tissue to seminiferous tubule; **p < 0. 01;
(1l1); the average number of Sertoil cells in seminiferous tubule between normal testis and cryptorchid
testis. All graphs show mean % scanning electron microscope (SEM) from three independent
experiments.
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However, compared with the normal group, in cryptorchid testes, lymphatic
capillaries and blood vessels of interstitial tissue testes were scattered between the
connective tissues. The seminiferous epithelium was composed of 2-3 layers of cells,
and Sertoli cells were the most numerous. Leydig nuclei were scattered among the
connective tissues (Figure 11. a). Collagen fibers were sparsely distributed around the
periphery of seminiferous tubules (Figure 11. b). And the distribution of reticular fibers
was obvious in the lamina propria and interstitial tissue of the seminiferous tubules
(Figure 11. c), PAS staining positive reactions were found in the interstitial tissue (Figure
11. d). AB staining did not reveal significant blue positive bands in the interstitial tissue
(Figure 11. e). AB-PAS staining shown a weak positive reaction in the interstitial tissue
and lamina propria of the seminiferous tubules (Figure 1. f).

Comparison of characteristic components of seminiferous tubules in normal and
cryptorchid testes of Ziwuling black goats

Statistical analysis revealed that the number of Sertoli cells in cryptorchidism was
significantly increased, the mean diameter of seminiferous tubules was decreased evidently
in cryptorchid testes of Ziwuling black goat compared with normal group (P<0. 05, Table 1,
Figure 111, 11l), the interstitial tissue surface was positively and significantly increased, and the
interstitial/lumen area was extremely significantly increased compared with the normal
group. (p<0.01, Table 1, Figure 1. ll).

Table 1. Comparison of spermatogenic tubule index between testes and cryptorchidism (n=30).

. Diameter of the . " Ratio of interstitial
Numbers of Sertoli .. Bureaucratic area Interstitial area
seminiferous area and

cells (n) (Hm?) (um?)

tubules (pm) bureaucratic area

The scrotal 55.4+3.8 84.43:1567  2124475:133.83 379876+ 123.88 0.178 0.32
testis of goat
The cryptorchid
89.7 + 5.2 47.279+11.82%  24897.55+ 114.67%% 644839+ 140.68%*  0.259 + 0.041*

testis of goat

In the same column, *, Significant difference (P<0. 05);**, Extremely significant difference (P<0.01) .

Comparison of ECM related proteins distribution in normal and cryptorchid testes of
Ziwuling black goats

Immunohistochemical analysis of ECM related proteins in normal testes showed that the
positive expression of Col IV in the Leydig cells and basement membrane of the seminiferous
tubules was significantly, but not in the spermatogonia (Figure 2I. A). LN was strongly positive
in the Sertoli cells, Leydig cells, peritubular myoid cells and sub-basement capillaries,
particularly in Sertoli cells, as well as in spermatids (Figure 2I. B). HSPG was strongly positive
in the Leydig cells and Sertoli cells, but not in spermatogonia and weakly expressed in other
spermatogenic cells (Figure 2I. C).
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Figure 2. (I). IHC and IF assay of ECM related proteins in normal and cryptorchid testis of Ziwuling black
goats. A-D: IHC assay the normal testis; E-H: IHC assay the cryptorchid testis, a-c: IF assay the normal
testis; d-f: IF assay the cryptorchid testis. Magnification: 400 x, scale bar=20um. (A, a): The positive
expression of Col IV in the Leydig cells and basal membrane of the seminiferous tubules was
significantly, but not in the spermatogonia; (B, b): LN was strongly positive in the Sertoli cells, Leydig
cells, peritubular myoid cells spermatids and subbasement capillaries; (C, c): HSPG was strongly positive
in the Leydig and Sertoli cells, but not in spermatogonia and weakly expressed in other spermatogenic
cells; (E, d): Col IV was weakly expressed in Leydig cells and seminiferous epithelium, but not in Sertoli
cells and spermatogonia; (F. e): LN was strongly positive in the Sertoli, Leydig and peritubular myoid
cells, and moderately positive in the spermatogonia and capillary wall cells; (G, f): HSPG was strongly
positive in spermatogonia, moderately positive in spermatids, and weakly expressed in the Sertoli,
Leydig, peritubular myoid cells and capillaries; D and H: negative control (no significant immunoreactivity
was observed when normal rabbit serum instead of the primary antibody). Green color:
immunofluorescence representing the reaction of antibodies with antigens. BC: Blood capillary; Ley:
Leydig cells; pc: Peritubular myoid cells; Sc: Sertoli cells; SG: Spermatogonia; ST: seminiferious tubule. (1).
The average optical density of Col IV, LN and HSPG is between normal and cryptorchid testis. n= 12;*p< 0.05;
**p < 0.01. (lll) Western blot analysis of Col IV, LN, HSPG expression in normal and cryptorchid testes in
Ziwuling black goats.

Immunohistochemical analysis of ECM related proteins in cryptorchidism showed that Col
IV was weakly expressed in Leydig cells and seminiferous epithelium, but not in Sertoli cells
and spermatogonia (Figure 2I. E). LN was strongly positive in the sub-basement capillaries
and moderately positive in Sertoli cells, Leydig cells and the peritubular myoid cells, as well as
expressed in spermatogonia and spermatid (Figure 2I. F). HSPG was strongly positive in
spermatogonia, moderately positive in spermatids, and weakly expressed in the Sertoli cell,
Leydig cells, peritubular myoid cells and capillaries (Figure 2I. G). No positive expression in
the negative control group (Figure 2I. D and H).
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Expression levels of Col IV, LN and HSPG were significantly lower in normal testes than
that in cryptorchid (*p < 0.05; **p < 0.01) (Figure 2Il); The Western blot showed that the Col
IV, LN and HSPG expression were observed in both normal and cryptorchid, which were same
as Immunohistochemical analysis (Figure 2l11).

Comparison of ECM related protein localization in normal and cryptorchid testes of
Ziwuling black goats

IF test results of normal testicular ECM related proteins (Table 2) showed that Col IV was
high density and strongly positive in Sertoli cells, Leydig cells and capillary wall cells, strongly
positive in the peritubular myoid cells, and moderately positive in the spermatogonia (Figure
2l. a). LN was strongly positive in the Sertoli, Leydig and peritubular myoid cells, and
moderately positive in the spermatogonia and capillary wall cells (Figure 2I. b). HSPG was
high-density and strongly positive in Leydig cells, strongly positive in spermatid and
peritubular myoid cells, and moderately positive in the Sertoli cells, but no positive
expression was found in spermatogonia (Figure 2l. c).

Table 2 The distribute of Col IV, LN and HSPG in different parts of the normal and cryptorchid testis of
Ziwuling black goats.

Sertoli
cells

Leydig Peritubular Endothelial
cells myoid cells cells

Spermatogonia Spermatid

Col IV-The scrotal

++ + + + ++ + ++ ++ +
group
Col IV-The cryptorchid ) + " 4 ¥
group
LN-The scrotal group  +++ + ++ i+ Tt Bl
LN-The cryptorchid + ; 4+ + ++
group
HSPG-The scrotal 4 ) 4 4t 4 +
group
HSPG-The cryptorchid 4 - + + 4 ++ +
group

In cryptorchid testes, Col IV was positively expressed in Sertoli cells, Leydig cells and
capillary wall cells, but not in spermatogonia (Figure 2I. d). LN was not expressed in Sertoli
cells and spermatids, but was moderately positive in Leydig cells and capillary wall cells, and
positive in spermatogonia and peritubular myoid cells (Figure 2I. e). HSPG was strongly
positive in the spermatogonia, moderately positive in Sertoli cells and Leydig cells, and
positive in spermatid and capillary wall cells (Figure 2I. f).

Comparison of Col IV, LN and HSPG dual location protein in normal and cryptorchid
testes of Ziwuling black goats

The comparative analysis on the expression results of normal and cryptorchid testes
showed that the expression levels of Col IV and LN were significantly decreased in cryptorchid
testes, mainly manifested by the decrease in the expression of Leydig cells and Sertoli cells;
the expression of HSPG was relatively obvious in the Sertoli cells of normal testes, while in
cryptorchid testes, it mainly expressed in spermatogonia (Figure 3I, Figure 3lI).
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Figure 3. Immunofluorescence doubles staining of ECM-associated proteins in normal and cryptorchid
testis. (I) Immunofluorescence doubles staining of the normal testis. (Il) Immunofluorescence doubles
staining of the cryptorchid testis. Magnification: 400x. Blue color: DAPI-stained nuclei; Red color:
immunofluorescence representing the reaction of antibodies with antigens. Leydig cells (Ley); Sertoli
cells (Sc); Seminiferous tubules (ST); Primary spermatocytes (Ps). Scale bar=20um

Discussion

Comparison of interstitial tissue in normal and cryptorchid testes of Ziwuling black
goats

The connective tissue of mammalian testicular interstitial is the scaffold of interstitial
blood vessels, lymphatics and Leydig cells. The change of interstitial connective tissue may
affect the local nutrient metabolism of testicular interstitial tissue. For instance, to some
extent, an increase of interstitial connective tissue in bovine testes can cause the decrease of
sperm quality (Hoflack et al., 2008). A prior study has revealed that seminiferous tubule
dysgenesis further loosens the intratubular connective tissue in cryptorchid Bactrian camels
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(Yuan et al., 2016). Studies on the testes of ruminants in plateau areas suggest that interstitial
connective tissue may influence the development of seminiferous epithelium to some extent
(Yuan et al., 2017a). This study is consistent with the above research, the average diameter of
seminiferous tubules in cryptorchidism of Ziwuling black goats is significantly smaller than
that in the normal group, the interstitial collagen fibers are sparse, and the interstitial/lumen
area is extremely significantly larger than that in the normal group. According to relevant
studies, the increase of interstitial area will adversely affect the quantity and quality of sperm,
resulting in the decline of spermatogenic function (Pitia et al., 2017). Consistent with this
study, the changes of cryptorchid interstitial tissue of Ziwuling black goats can be one of the
factors of spermatogenesis decline.

ECM is the basic component that mediates interaction between Leydig cells and
peritubule cells, including the basal membrane of seminiferous tubules and the matrix of
peritubular cells. As previously mentioned, peritubular myoid cells not only maintain the
structural integrity of seminiferous tubules, but also participate in spermatogenesis and
regulation of testicular function. Studies have reported that the reticular fibers around the
seminiferous tubules in rats can provide support the structure of reproductive epithelium,
and experimental varicocele induces hypoxia is frequently accompanied by some degree of
testicular fibrosis (Guretal, 2021). The collagen protein, elastin, proteoglycan and
glycoprotein are synthesized by fibroblasts cells and form fibers matrix (Jia et al., 2018). In
this study, the low content of collagen fibers in the interstitial tissue of cryptorchid testes may
be caused by decreased secretory capacity of fibroblasts. Ezeasor (1985) reported that the
loosened connective tissue between the seminiferous tubules may be caused by the
dysgenesis of seminiferous tubules in goats cryptorchidism (Yuan et al., 2021). Therefore, in
this study, the sparse distribution of interstitial collagen fibers may be related to the
dysgenesis of seminiferous tubule in cryptorchid goats.

The positive reaction of glycogen, glycoprotein and proteoglycan in PAS, AB and AB-PAS
staining is typically exist in the connective tissue, mucus, and basement membrane of the
testes. Previous studies have shown that PAS positive reaction is mainly located in the
connective tissue, basement membrane of seminiferous tubules and Leydig cells in rat testes.
The PAS positive reaction was enhanced as spermatogenic cells matured. It is increased
during the early reproductive cycle, and decreased significantly in the late stage (Fayomi and
Orwig, 2018). Meanwhile, the positive reaction of PAS and AB-PAS have been detected in the
interstitial blood vessels and the lamina propria of seminiferous tubules in testicular tissues
of Bactrian camels and dromedaries. In line with this, carbohydrate is essential for
spermatogenesis during the development of the reproductive epithelium and can be
provided to the epithelium through blood vessels and lamina propria of seminiferous tubules
(Yuan et al., 2017b). It is reported that the positive reaction of AB-PAS in testes of alligators is
mainly located in the connective tissue, Leydig cells and basement membrane of
seminiferous tubules, and it was enhanced with the maturation of the spermatogenic cells
(Moore et al., 2010). Compare with the normal testes of Bactrian camel, the decrease of
positive reaction with PAS and AB-PAS in cryptorchid testes may be related to abnormal
development of seminiferous tubule and the decrease of connective tissue synthesis in
interstitial tissue (Yuan etal., 2017a). Therefore, in this study, PAS positive reaction, AB
positive reaction and AB-PAS positive reaction in cryptorchid testes are significantly reduced
compared with normal testes, which may be related to the developmental changes of
seminiferous tubules and interstitial tissues. AB (pH=2. 5) staining is mainly used to
distinguish sulfated acid mucin from neutral mucin. Previous studies have shown that the
sulfated acid mucin produced by Sertoli cells may be involved in the cytoskeleton of sperm
tail formation and complement defense, etc. During the maturation of Sertoli cells, sulfated
acid mucins secreted by Sertoli cells may influence their morphological differentiation and
maturation, and also play a role in spermatogenesis and regulation after puberty (Qin et al.,
2021), are consistent with this study, the AB reaction in the basement membrane of
seminiferous tubules is strongly positive in normal testes, while there is almost no positive
reaction in cryptorchid testes. The results indicated that the content of sulfate acid mucin
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decreased sharply during cryptorchidism, suggested that neutral mucin is the major mucin in
the basement membrane of seminiferous tubules.

Comparison of ECM related protein distribution in normal and cryptorchid testes of
Ziwuling black goats

ECM components of testes are mainly produced by Sertoli cells in seminiferous tubules
and peritubular myoid cells in the lamina propria, both of which cooperate with each other in
the formation of ECM. Generally, Sertoli cells generate Col IV, LN, actin and HSPG, while the
peritubular myoid cells synthesizes LN, Coll, and Col IV (Park et al., 2016). Studies have shown
that the important components of testicular ECM, such as Col IV, LN and HSPG, interact with
proteases and protease inhibitors of spermatogenic cells, TNFa and other cytokines to
mutually regulate spermatogenesis (Siu and Cheng, 2008). Col IV forms a structural network,
which exists in the basement membrane of all organs, and is the major collagen component
in the basement membrane of seminiferous tubules. It is also involved in the formation of
Sertoli cell tight junctions and the dynamic regulation of the blood-testis barrier during
spermatogenesis (Li et al., 2020). Col IV mainly exists in basement membrane, Sertoli cells,
spermatogenic cells and myoid cells in bovine testes (Berkholtz et al., 2006). In vitro studies
indicates that adding Col IV in mediums is beneficial to the growth and differentiation of
porcine SSCS (Zhao et al., 2018). Consistent with the mentioned result, Col IV is positively
expressed in spermatogenic cells and peritubular myoid cells, and strong positively
expressed in Sertoli cells, Leydig cells and capillary wall cells in normal testicular tissues of
Ziwuling black goats. Therefore, in this study, the expression level of Col IV in Sertoli cells,
Leydig cells and peritubular myoid cells in cryptorchid tissue of Ziwuling black goats is
significantly reduced. It means that Sertoli cells and peritubular myoid cells are closely related
to the synthesis and secretion of Col IV. In addition, spermatogenesis is not only regulated by
hormones secreted from the hypothalamo-pituitary-gonadal axis, but also depends on
paracrine signaling to regulate the physiological function of testes. Normal spermatogenesis
depends on testosterone, and paracrine between peritubular cells and Sertoli cells is involved
in regulating testosterone secretion by Leydig cells (Hafizuddin et al., 2020). In testes, only
Leydig cells, Sertoli cells and peritubular cells express androgen receptor (AR), but there is no
androgen receptor on mature spermatogenic cells (Walker, 2009). Hence, testosterone, as a
major androgen, does not act on spermatogenic cells directly, instead indirectly through
Sertoli cells. Thus, the expression of Col IV in cryptorchid testes of Ziwuling black goats
significantly decreased is intimately associated with the function decline of Col IV secretion
and synthesis of Leydig cells, Sertoli cells and peritubular myoid cells, which caused by their
morphological changes. On the other hand, the decrease of Col IV secretion may be related
to the compensatory maintenance of testosterone secretion by Leydig cells during
cryptorchidism. This result indicated that Sertoli cells and peritubular myoid cells are strongly
associated with synthesis of Col IV.

LN is widespread in the matrix, and it is the most abundant ECM component in the
basement membrane, which has many linking and mediating effects to controll the formation
of basement membrane (Binsila et al., 2018; Park et al., 2016). Cooperation between Sertoli
cells and peritubular myoid cells contribute to the secretion of LN. Col IV and LN are
distributed along the epithelial basement membrane and around peritubular myoid and
Sertoli cells, and the gradual differentiation of Sertoli cells and peritubular cells are
associated with the biosynthesis of peritubular matrix (Tung and Fritz, 1980). In addition, in
vitro studies have shown that Sertoli cells are observed to respond to LN by increasing
calcium concentration in rat testicular tissue, and LN may modulate Sertoli cells by disrupting
intracellular calcium homeostasis (Taranta et al., 2000). A previous study has revealed that
the immunolocalization of LN in the testes of adult black-backed jackals is located to the
basement membrane around the seminiferous tubules, Leydig cells and peritubular myoid
cells, particularly strongly expressed in peritubular myoid and Sertoli cells (Madekurozwa and
Booyse, 2017). Similarly, the results of this study showed that Col IV and LN positive
immunohistochemical staining of normal testes are mainly located in the basement
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membrane and distributed along the peritubular myoid and Sertoli cells. Therefore,
peritubular myoid cells and Sertoli cells may be involved in the synthesis and secretion of Col
IV and LN. Studies have reported that LN is obviously distributed in the lamina propria of
seminiferous tubules in infants and adult males with cryptorchidism, but not in Sertoli cells or
spermatid (Santamaria et al., 1990). In this study, there is no positive expression in Sertoli
cells and spermatid of cryptorchid Ziwuling black goats, while weak positive expression is
observed in peritubular myoid and Leydig cells. This finding suggests that LN is directly
associated with the development and maturation of Sertoli cells and spermatid.

HSPG is an important component commonly present in the basement membrane of
human spermatogenic epithelium. It plays an essential role not only in binding LN, Col IV and
other components in the basement membrane, but also in combining with multiple
components outside the basement membrane and extracellular multifunctional signal
molecules (Jiang et al., 2015). In vitro studies have shown that HSPG is involved in the
regulation of testosterone production in Leydig cells of adult rats (McFarlane et al., 1996).
However, HSPG is not expressed in mature and highly differentiated epithelial cells
(Hayashi et al., 1987). Related studies have also shown that distribution of HSPG in testes of
aged yaks is significantly lower than that of young yaks, and the expression of Sertoli cells
does not change significantly, while the expression of Leydig cells decreased, so HSPG may
indirectly affect the testosterone secretion by Leydig cells (Yuan et al., 2015). HSPG is not
found expressed in spermatogonia in normal testes of Bactrian camels (Yuan et al., 2016), but
is relatively strongly expressed in spermatogonia in cryptorchid testes, and is significantly
expressed in spermatid and spermatocyte epithelium. Hence, it can be concluded that HSPG
is closely associated with spermatogonia development (Hayashi et al., 1987). In a recent study
(Yuan et al., 2017a), HSPG is shown to be associated with Sertoli cells development in rats. In
this study, the expression level of HSPG in the spermatogonia of normal testes group is
significantly lower than that of cryptorchid testes group, indicating that the spermatogonia of
Ziwuling black goats is immature development during cryptorchidism, which may be one of
the reasons for the significant increase of HSPG expression level in spermatogenic
epithelium.

Conclusion

In cryptorchid Ziwuling black goats, seminiferous tubules hypoplasia, significantly
increased of interstitial tissue and decreased synthesis ability of collagen fibers, as well as
significant basement membrane hyperplasia of the seminiferous epithelium, which affect the
sugar and other nutrients (e.g., carbohydrate) supplied to the epithelium through blood
vessels and seminiferous tubule lamina propria. In addition, there is a significant difference in
the important components of ECM (e.g., Col IV and LN) between normal and cryptorchid
testes of Ziwuling black goat, which affects the normal development of seminiferous tubules
and Leydig cells. A strong positive expression of HSPG in the seminiferous epithelium of
cryptorchid Ziwuling black goats is identified to be associated with the immature
development of spermatogonia.
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