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ABSTRACT 24 

Brain-derived neurotrophic factor (BDNF) and its receptor neurotrophic tyrosine receptor kinase-2 (NTRK2) 25 

have known important roles in the central nervous system for neurite growth, survival, and differentiation. 26 

Nevertheless, the significance of BDNF in spermatogenesis remains unclear in stallions. Therefore, the present 27 

study was designed 1) to investigate the expression of BDNF and its receptor NTRK2 and 2) the seasonal 28 

variation in the expression patterns of BDNF and NTRK2 in stallions’ testes. We used testes from eight 29 

postpubertal Thoroughbred stallions collected after a field castration during two different seasons of the year 30 

[breeding season (BS) and nonbreeding season (NBS)]. Reverse transcription-quantitative polymerase chain 31 

reaction (RT-qPCR), Western blotting (WB), and immunofluorescence were performed. RT-qPCR results 32 

showed upregulation of mRNA levels of BDNF and NTRK2 in the testes collected during the NBS. The 33 

quantification of the protein bands obtained after WB displayed significantly higher relative intensity in NBS. 34 

The immunofluorescence assay identified the localization of BDNF in the cytoplasm of Sertoli and Leydig cells 35 

in BS. The cytoplasm of germs cells and Leydig cells were stained with BDNF in NBS. NTRK2 was observed 36 

in the cytoplasm of Leydig cells of BS and NBS. Moreover, different stages of germ cells including 37 

undifferentiated spermatogonia and spermatocytes were immune labeled with NTRK2 in the NBS. These 38 

findings provided the first evidence of the localization of BDNF and NTRK2 in the testicular cells of stallions, 39 

suggesting the potential role of BDNF signaling in testes development and spermatogenesis. Further 40 

investigation is necessary to explore the functional implications of BDNF signaling on spermatogenesis, 41 

focusing on the regulatory mechanisms that govern the seasonal expression patterns observed. This will help 42 

confirm the paracrine/autocrine importance of this neurotrophin in the stallions testes. 43 

Keywords: Brain-derived neurotrophic factor, Neurotrophic tyrosine receptor kinase-2, Spermatogenesis, 44 

Sertoli cells, Leydig cells, Season 45 
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1. Introduction 47 

Brain-derived neurotrophic factor (BDNF) is an essential member of the neurotrophin family, that 48 

plays a vital role in the development and maintenance of the nervous system (1). BDNF is expressed across 49 

various regions of the male reproductive system, including the testes (2). Previous studies suggest that BDNF 50 

contributes to the maturation and development of germ cells (3, 4). Notably, the identification of BDNF in the 51 

Sertoli and Leydig cells and its receptor neurotrophic tyrosine receptor kinase-2 (NTRK2) in spermatogonia of 52 

the human (5), bovine spermatozoa (6), ovarian follicles of domestic hen (7) strongly indicates the role of 53 

BDNF in the spermatogenesis and gametogenesis. BDNF has been shown to have a significant impact on 54 

spermatogenesis. It promotes the proliferation and survival of spermatogonia, as well as the differentiation of 55 

spermatocytes into spermatids (8). BDNF has also been demonstrated to play a role in controlling testicular 56 

functions and fertility. The deficiencies in BDNF have been associated with impaired spermatogenesis and 57 

decreased fertility (9), conversely, the administration of BDNF has been found to improve spermatogenic 58 

functions and fertility in humans (10). 59 

BDNF functions through its high-affinity receptor, NTRK2 (also referred to as TrkB). After binding 60 

BDNF to NTRK2, it enhances the NTRK2's capacity for self-phosphorylation and activates the downstream 61 

signaling pathways, causing a change in the gene expression and modulation of germ cell activities (11). After 62 

NTRK2's self-phosphorylation, the RAS-mitogen-activated protein kinase pathway gets activated, which, in turn, 63 

promotes cell division and proliferation, while the phosphoinositide-specific phospholipase C pathway induces 64 

inositol triphosphate activation, which further increases the intracellular calcium release and ultimately 65 

improves the synaptic plasticity of neurons (12). These interactions between BDNF and NTRK2 are known to 66 

promote several critical physiological processes involved in reproduction, including cellular adhesion, 67 

angiogenesis, resistance to apoptosis, and cellular proliferation (13-17).  68 

In the context of stallions, it is important to note that these animals exhibit a distinct pattern of seasonal 69 

breeding. This pattern involves a decrease in sperm production throughout the non-breeding season (NBS) (18). 70 

During the NBS, spermatozoa production along with gonadotropin and testosterone concentrations decreased 71 

(19). This decline has a significant impact on the horse breeding industry affecting both breeding strategies and 72 

the financial objectives. Therefore, contemporary management of stallion reproduction emphasizes collecting 73 

semen during times that fall beyond the conventional breeding season (20). There is a dire need for time to study 74 

and identify the potential internal and external factors that may contribute to maintaining the optimum 75 

spermatogenesis throughout the year and the fertility of stallions.  76 
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As a consequence of the implications that BDNF and NTRK2 have in the reproductive processes, there 77 

is a pressing need to investigate the expression of BDNF and NTRK2 in the seasonal breeding pattern of 78 

stallions. We hypothesized that both BDNF and NTRK2 are present in testicular cells of stallion and their 79 

expression pattern varies depending upon the season of the year. Therefore, this study was conducted to 80 

investigate the localization and seasonal variation in the expression pattern of BDNF and its receptor NTRK2 in 81 

stallions’ testes. 82 

2. Materials and methods 83 

2.1. Animal selection and testicular tissue preparation  84 

A total of eight stallions (Thoroughbred) were selected and assigned to two groups—BS (n=4; age 36 ± 4.0 85 

months; castration months: June-July) and NBS (n=4; age 36 months; castration month: January) according to 86 

the season of the year. The castration of these animals was performed in the field after getting consent and as per 87 

the desire of the farmers by a registered veterinary surgeon. The researchers were not present at the castration 88 

site. Therefore, the Kyungpook National University's Animal Experiment Ethics Committee or any other 89 

comparable animal ethics body did not need to approve this work. 90 

The preparation and preservation of testicular tissues of the stallions were performed as previously 91 

described (21) with some modifications. In brief, the testes obtained after the castration were placed 92 

immediately in an ice box maintained at 4°C and then shifted to the laboratory. During the dissection and 93 

histological observation of the testicular tissues, a careful examination was performed. For the tissue fixation 94 

analysis and reverse RT-qPCR, the testes were sliced into multiple sections. For the immunofluorescence 95 

microscopy, the tissue (approximately 1.0 cm3) was immersed in 4% paraformaldehyde at room temperature for 96 

24 h. After thorough washing with phosphate-buffered saline (PBS) for 24 h, the tissues were dehydrated in a 97 

successive ethanol dilution series before embedding in a paraffin block. For RT-qPCR, approximately 0.5 cm3 98 

of testicular tissues were instantly snap-frozen for 1 min in liquid nitrogen at −196°C and stored at −80°C till 99 

further analyses.  100 

2.2. RNA extraction and cDNA synthesis from the stallion testicular tissues 101 

The RNA extraction from the testicular tissues of Thoroughbred stallions was performed. Briefly, 300 µL 102 

of the TRI reagent solution (Cat. #01066257, Thermo Fisher Scientific, USA) was mixed with 1 g of testicular 103 

tissues and chopped using a microtube electric mixture (1-8505-01; Labotech Co., Ltd, Korea). After 104 

homogenizing the sample, 700 µL of the TRI reagent solution was added, followed by 200 µL of chloroform 105 

(C2432, Sigma Aldrich, USA). Following vertexing and incubation for 5 min at room temperature, the samples 106 
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were centrifuged for 15 min at 2000 g and 4°C. The supernatant containing the RNA was collected and mixed 107 

with an equal amount of iso-propanol (K4T116, Duksan Pure Chemicals, Korea). The samples were stored for 3 108 

h at -20°C and centrifuged for 20 min at 2000 g and 4°C. The supernatant was discarded, and the pellet was 109 

rinsed with 700 µL of 70% ethanol (FAEL61, Duksan Pure Chemicals) and re-centrifuged for 10 min at 2000 g 110 

and 4°C. Finally, after drying the sample, the pellet was mixed with 50 µL of RNase-free water (10977-015, 111 

Life Technologies, USA). The concentration of RNA was measured by NanoDrop (Bio Tek Instruments Inc., 112 

USA), and the isolated RNA was stored at -80°C for further processing. 113 

The PrimeScriptTM 1st strand cDNA Synthesis kit (cat. no. 6110; Takara Biotechnology Co., Ltd.) and oligo-114 

dT primers were utilized for the cDNA synthesis. The first solution consisted of 8 µL of the RNA solution 115 

combined with RNase-free water, 1 µL of oligo-dT primer, and 1 µL of dNTP. The solution was added to the 116 

SimpliAmp Thermos Cycler (Thermo Fisher Scientific) following centrifugation at 1000 g for 1 min. At 4°C, 10 117 

µL of the second solution was added, which included a combination of 4 µL of 5× prime script buffer, 0.5 µL of 118 

the RNase inhibitor, 1 µL of the prime script RTase, and 4.5 µL of RNase-free water. Finally, 140 µL of 119 

ultrapure water was added to dilute the cDNA solution and stored at -20°C until further processing. 120 

2.3. Reverse transcription-quantitative (RT-q) PCR analysis 121 

With some modest adjustments from the previously described procedure (22), RT-qPCR analysis of 122 

BDNF and NTRK2 was performed. The qPCR reaction mixture consisted of a total volume of 20 µL, which 123 

included 8 µL of cDNA solution, 10 µL of Power SYBR®  Green PCR Master Mix (cat. no. 4367659; Applied 124 

Biosystems; Thermo Fisher Scientific), 1.6 µL of RNA-free ultrapure water, and 0.2 µL of reverse and forward 125 

primers each. A list of the reverse and forward primers employed in the investigation is provided in Table 1. The 126 

RT-qPCR reaction was performed with the StepOnePlus™ Real-Time PCR System (Applied Biosystems) under 127 

the following amplification conditions: initial denaturation at 95°C for 10 min, followed by 40 cycles of 128 

denaturation at 95°C for 15 s and annealing at 60°C for 1 min. The melt curve stage included denaturation at 129 

95°C for 15 s, annealing at 60°C for 1 min, and denaturation at 95°C for 15 s. The 2-ΔΔCt protocol was employed 130 

for data analysis (23), the results presented as fold-changes, and the mRNA levels of glyceraldehyde-3-131 

phosphate dehydrogenase (GAPDH) were utilized to normalize the relative mRNA transcript abundance of 132 

BDNF and NTRK2. 133 

2.4. Western blotting  134 

Western blotting was performed to validate the cross-reactivity of BDNF and NTRK2 rabbit polyclonal 135 

antibodies. All the primary and secondary antibodies with their dilution rates used for WB and 136 
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immunoflourence assay are listed in Table 2. Previously reported protocol (24) of Western blotting was adopted, 137 

albeit with minor modifications. Briefly, at the time of sample collection, the tissues of testicular parenchyma 138 

were stored at −80°C after snap-freezing in liquid nitrogen. After thawing the testicular tissues, the sample was 139 

placed into radioimmunoprecipitation assay (RIPA) buffer solution along with protease inhibitor (Roche, 140 

Germany) and homogenized with the Polytron PT 1200 CL homogenizer (DAIHAN Scientific Co., Ltd., Korea). 141 

Each sample's protein concentration was evaluated by using an absorbance microplate reader (Tecan, 142 

Switzerland) with a filter of 560 nm wavelength. The homogenized testicular tissue samples were diluted at a 143 

concentration of 2 mg/mL with the RIPA buffer solution. For 15 min, the protein samples were heated in boiling 144 

water and diluted (1:1 ratio) with the sample buffer solution (Laemmli sample buffer, Bio-Rad, Hercules, CA, 145 

USA). The diluted samples were loaded (15 uL) into a 10% SDS-poly acrylamide gel and separated by using the 146 

Mini-Protean II Electrophoresis System (Bio-Rad). The protein was then transferred by the Mini Protean Tetra 147 

System (Bio-Rad) onto the AmershamTM ProtranTM 0.2-µm nitrocellulose blotting membrane (GE Healthcare, 148 

Germany). Blotting was performed by using blotto milk (PBST having 5% DifcoTM skim milk, France) at room 149 

temperature for 45 min. The membranes were then incubated with BDNF and NTRK2 antibodies diluted in 150 

blotto reagent overnight at 4℃. Normal rabbit IgG was used with the same dilution rate as primary antibodies to 151 

serve as a negative control and for control positive, mouse monoclonal β-actin antibody was used. For 152 

secondary antibodies, horseradish peroxidase-conjugated anti-rabbit IgG diluted in blotto milk was used and 153 

incubated for 1 h at room temperature. The blots were washed thrice with 1X PBST buffer. Enhanced 154 

chemiluminescence detection reagents (catalog no. 34580; Thermo Fisher Scientific, Inc.) were used to identify, 155 

and ImageQuant LAS 500 (Cytiva) was used to partially quantify the protein bands. The ImageJ software was 156 

used to examine the relative intensity of BDNF and NTRK2 protein bands, which were normalized to β-actin. 157 

2.5. Immunofluorescence microscopy 158 

The immunofluorescence labeling of BDNF and NTRK2 was performed on the stallion testicular 159 

tissues as described earlier with minor alterations (21). Briefly, the slides with testicular tissue slices of around 5 160 

µm were affixed and kept at 4℃. After xylene deparaffinization (Duksan Pure Chemicals Co., Ltd., Asan, 161 

Korea), the slides were rehydrated in a succession of ethanol concentrations (100, 95, 80, 70, 50, and 25%). 162 

Antigen Retrieval Buffer (100X citrate buffer, pH 6.0; Abcam) was applied to the tissue slides for 30 min at 163 

97.5°C. The tissue slides were then washed twice in PBST for 2 min each time and blocked with a PBS solution 164 

containing 5% donkey serum (Sigma, St. Louis, MO, USA) for 30 min after cooling to room temperature. In a 165 

blocking solution of PBS containing 5% donkey serum, the BDNF and NTRK2 rabbit polyclonal antibodies 166 
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were employed. For the negative control, normal rabbit IgG was used at the same dilution as the primary 167 

antibodies. These were incubated with the tissue sections for 1.5 h in a humid chamber and then washed with 168 

PBST for 5 min (3). The tissue sections were then incubated with secondary antibodies at room temperature in 169 

a humid chamber for 45 min, followed by washing with PBST for 5 min (3). After mounting with the 170 

Vectashield®  mounting media containing 4,6-diamidino-2-phenylindole (Vector Laboratories, Burlingame, CA, 171 

USA), coverslips were placed over the tissue slices. The preparation was finally sealed with transparent viscous 172 

fluid (Estée Wannabe, Korea). 173 

2.6. Imaging 174 

Using the DM2500 fluorescent microscope (Leica, Wetzlar, Germany), cells immunolabeled with 175 

BDNF and NTRK2 were observed. An external light source, EL 6000, was installed in the microscope (Leica). 176 

A dual-emission filter for tetramethyl rhodamine isothiocyanate and fluorescein-5-isothiocyanate was employed 177 

to investigate the composite fluorescence expressions. For BDNF and NTRK2, cells with green fluorescence 178 

were considered positive, whereas those without any fluorescence were considered negative. The photographs 179 

that were immunolabeled were taken with the Leica DFC 450 C Digital Camera. 180 

2.7. Statistical data 181 

All data were analyzed using SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, NY, 182 

USA). Levene’s test for equality of variance and Shapiro-Wilk test for normal distribution of data was 183 

performed. The non-parametric test (Mann-Whitney test) was used to find the significance level of mRNA 184 

transcripts of BDNF and NTRK2 between different seasons. The seasonal difference between the relative 185 

intensity of protein bands of BDNF and NTRK2 was evaluated using the independent sample t-test. p ≤ 0.05 186 

was regarded as significant, and the data represents the standard error of the mean (± SEM).  187 

3. Results  188 

3.1. Relative abundance of mRNA transcript of BDNF and NTRK2 in stallion testes 189 

By using RT-qPCR analysis, the relative abundance of mRNA transcript of BDNF and NTRK2 in 190 

stallion testes from different seasons, including the BS and NBS was determined. A significant upregulation of 191 

the relative abundance of BDNF mRNA transcript was found in NBS (p < 0.05) compared with the BS. A 192 

significant (p < 0.05) upregulation of the relative abundance of mRNA transcript of NTRK2 was recorded in the 193 

NBS (Fig. 1) compared to that in the BS.  194 

3.2. Cross-reactivity of BDNF and NTRK2 antibodies in stallion testes 195 
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To examine the cross-reactivity of the stallion testicular tissues with BDNF and NTRK2 antibodies, 196 

Western blotting was performed. The BDNF and NTRK2 proteins were identified to have molecular weights of 197 

around 26 kDa and 68 kDa, respectively (Fig. 2). The protein band of control positive β-actin was observed at 198 

43 kDa. The negative controls that received rabbit IgG instead of the primary antibody did not exhibit the band 199 

(Fig. 2).  200 

3.3. Season-dependent BDNF and NTRK2 expressions in stallion testes 201 

The relative intensity of BDNF obtained from the quantification of protein bands using the ImageJ 202 

software was found to be significantly higher (p < 0.01) in the NBS than in BS (Fig. 3) Similarly, the relative 203 

intensity of the NTRK2 protein bands was significantly higher (p < 0.01) in the NBS compared with that of BS 204 

(Fig. 4).  205 

3.4. Immunostaining of BDNF in stallion testes 206 

The immunolocalization of BDNF-positive cells in the stallion testes from BS and NBS was 207 

investigated. The cytoplasm of Sertoli and Leydig cells were stained with BDNF antibody (Fig. 5). Sertoli cells 208 

were immunolabeled with BDNF in the BS (Figs. 5A, 5D). Germ cells were not immunolabeled with BDNF in 209 

the BS. It was also observed that the cytoplasm of a few spermatogonia was stained in the NBS (Fig. 5F, 5H). 210 

The normal rabbit IgG stained with the same concentration as BDNF displayed no immunolocalization in any 211 

type of testicular cells in both groups (Figs. 5E, 5J).  212 

3.5. Immunostaining of NTRK2 in stallion testes 213 

Immunolocalization of the NTRK2-positive cells was observed mainly in Leydig cells during the BS 214 

and the NBS. No Sertoli or germ cell staining was detected in the BS. In the NBS, the localization was identified 215 

in the Leydig cells’ cytoplasm and different stages of spermatogonia including undifferentiated spermatogonia, 216 

primary and secondary spermatocytes (Fig. 6F). No Sertoli cells were stained in the NBS. The normal rabbit 217 

IgG stained with the same dilution as NTRK2 displayed no immunolocalization in any type of the testes cells 218 

(Figs. 6E, J). 219 

4. Discussion 220 

BDNF and its receptor NTRK2 played a vital role in the differentiation, proliferation, and survival of 221 

neural cells (25). For improving knowledge of reproductive biology, particularly spermatogenesis, and the 222 

possible non-neuronal activities of these neurotrophins, it is crucial to study the localization and seasonal 223 

expression variations of BDNF and NTRK2. Our present results revealed the expression of BDNF and NTRK2 224 
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in the Sertoli, Leydig, and germ cells of the stallion testes. We also reasonably investigated that BDNF and its 225 

receptor NTRK2 were seasons- and location-dependent in the stallion testes.  226 

In our study, we identified the localization of BDNF in the cytoplasm of Sertoli and Leydig cells and 227 

the early stages of spermatogonia. These results are in line with a previous study where Chan Park and 228 

coworkers investigated the expression of different neurotrophins in mice testes. They found that NT-3 was 229 

expressed in the spermatocytes and spermatogonia while the BDNF was expressed in the Sertoli cells (3). Hence, 230 

the secretion of BDNF by Sertoli cells potentially serves as a trophic factor, promoting the survival of 231 

spermatogonia throughout their differentiation phase. Another study revealed the expression of BDNF during 232 

testes morphogenesis in the prenatal and adult human testes. They found that BDNF was expressed in Leydig 233 

cells predominantly with lower intensity of expression in Sertoli cells and spermatocytes (5). Researchers from 234 

Italy investigated the expression of BDNF in type B spermatogonia in zebrafish (26). Moreover, localization of 235 

BDNF in the head, neck, and tail of spermatozoa has been studied in bovine (6) and humans (27). In addition to 236 

controlling apoptosis and sperm viability, BDNF is essential for mitochondrial function. In ejaculated sperm, it 237 

increases insulin and leptin release, enhancing cell viability (28). The presence of BDNF in the spermatogonia, 238 

Sertoli, and Leydig cells in stallion testes in our study and previous works suggested that BDNF may be 239 

involved in the steroidogenesis, spermatogenesis, maturation, and morphogenesis of the stallion testis however, 240 

more research is warranted to identify the precise function of BDNF in these processes.  241 

In this experiment, the localization of NTRK2 was detected in the cytoplasm of Leydig cells, and 242 

different stages of spermatogonia, including undifferentiated spermatogonia, primary and secondary 243 

spermatocytes. Our results are consistent with previous work, wherein NTRK2 immunoreactivity was detected 244 

in somatic cells (Leydig and Sertoli cells), spermatogonia, and spermatids in mice (3, 29). In a study conducted 245 

on a mouse tumor Leydig cell line, an increased cellular steroid synthesis caused by nerve growth factor 246 

exposure suggests that neurotrophins play a role in differentiating processes (5). Research led by Safari and 247 

colleagues demonstrated that exogenous BDNF had a notable impact on the viability, motility, nitric oxide 248 

concentration, mitochondrial activity, and lipid peroxidation content of human spermatozoa (10). Insulin and 249 

leptin secretion by bovine sperm were increased when cells were exposed to exogenous BDNF, whereas insulin 250 

was decreased by K252a (NTRK2 inhibitor), inferred that BDNF could be a regulator of sperm secretion of 251 

insulin and leptin through the NTRk2 receptor as the sperm viability and mitochondrial activity were both 252 

decreased when the BDNF/NTRK2 signaling pathway was blocked with K252a (6). The testosterone synthesis 253 

and Leydig cell activity may be controlled by the BDNF/NTRK2 signaling pathway. Moreover, the activation of 254 
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NTRK2 increases the expression of the steroidogenic acute regulatory protein (StAR), a crucial enzyme 255 

involved in testosterone production in Leydig cells (30). The presence of BDNF/NTRK2 in somatic and germ 256 

cells led to the hypothesis that the Sertoli cells release BDNF, which interacts with spermatogonial stem cells 257 

and regulate spermatogenesis. Furthermore, the immunolocalization of NTRK2 in Leydig cells indicates the 258 

potential role during testes morphogenesis and steroidogenesis.  259 

Our study also examined how the expression of BDNF and NTRK2 varies seasonally. Both the 260 

intensity of protein bands and mRNA transcript abundance of BDNF and NTRK2 were higher in the NBS 261 

compared to the BS. We found that BDNF was present in the cytoplasm of spermatogonia specifically during 262 

the NBS and NTRK2 was expressed in various stages of spermatogonia, including undifferentiated 263 

spermatogonia, primary spermatocytes, and secondary spermatocytes, during the NBS. There are two possible 264 

interpretations for these findings: one theory suggests that during the BS, when there are adequate levels of 265 

follicle-stimulating hormone (FSH) and luteinizing hormone (LH), spermatogenesis proceeds at a normal pace, 266 

requiring less BDNF. However, during the NBS when FSH and LH levels are lower (31);, more BDNF is 267 

needed to maintain the minimal level of spermatogenesis, leading to additional BDNF expression in germ cells 268 

during this period. Another interpretation for this higher expression during the NBS could be that 269 

spermatogenesis reaches its peak during the BS, and testicular cells like Leydig, Sertoli, and germ cells use 270 

BDNF and NTRK2 extensively to support efficient spermatogenesis. However, during the NBS, when 271 

spermatogenesis decreases by 50% in stallions (32), the testes retain BDNF and NTRK2 as reserves. The data 272 

about the seasonal variation of the expression pattern of NTRK2 is scanty, however, during male germ cell 273 

development (5), BDNF and NTRK2 expression are variable and depend upon specific times and locations. 274 

Based on these findings, BDNF seems to be a promising neurotrophin that may contribute to stallion fertility. 275 

Further research such as investigating the functional impact of BDNF signaling on spermatogenesis and 276 

examining the regulatory mechanisms controlling the observed seasonal expression patterns is warranted. 277 

5. Conclusions 278 

In conclusion, the BDNF and its high-affinity receptor NTRK2 are responsible for a wide variety of 279 

crucial activities in male reproduction. We reasonably investigated that BDNF and its receptor NTRK2 280 

immunolabeling were seasons- and location-dependent in stallions’ testes. A deeper comprehension study of the 281 

molecular mechanism regulating the BDNF/NTRK2 signaling may provide new insights and help the horse 282 

breeding industry by maintaining stallion fertility throughout the year. 283 
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Table 1:  Primers for amplification of BDNF and NTRK2 genes   
The accession number of 

GenBank Genes Sequence (5’-3’) Product length(bp) 

                       Forward                    Reverse  

NM_001081787.1 BDNF 

 

GGACTCTGGAGAGCGTGAAC 

 

CAAGTCCGCGTCCTTACTGT 146 

XM_003363987.4  NTRK2 

 

AGTTTGGCATGAAAGGTTTTGT 

 

GAGTCCAGCTTACGAGGCAG 123 

NM_001163856.1  GAPDH 

 

CATCAAATGGGGCGATGCTG 

 

TGCACTGTGGTCATGAGTCC 285 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 
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 398 

Table 2: Antibodies used for immunofluorescence and Western blotting 

Antibody         WB Dilution   IFC Dilution   Lot no.           Manufacturer 

Primary         

       Rabbit anti-horse polyclonal BDNF 1:200       1:100 LS-C293050 Lifespan Bioscience, Inc. USA 

       Rabbit anti-human polyclonal NTRK2 1:200       1:100 LS-C135253 Lifespan Bioscience, Inc. USA 

       Mouse anti-human monoclonal β-actin   1:2000  SC-47778 Santa Cruz Biotechnology, USA 

Secondary     

       Anti-rabbit IgG, HRP-linked antibody     1:10000  7074S-30 Cell Signaling Technology, USA 

       Anti-mouse IgG, HRP-linked antibody     1:10000  7076S-34 Cell Signaling Technology, USA 

      Alexa flourTM 488 donkey anti-rabbit IgG(H+L)        1:1000 2156521 Life Technologies Corporation 

Normal IgG     

       Normal rabbit IgG for BDNF  1:200       1:100  2729S-10 Cell Signaling Technology, USA 

       Normal rabbit IgG for NTRK2  1:200       1:100  2729S-10 Cell Signaling Technology, USA ACCEPTED
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 399 

Figure 1: Relative BDNF and NTRK2 mRNA abundance in the testicular tissues of the breeding and 400 

nonbreeding stallions. Both BDNF and its receptor NTRK2 mRNA were upregulated in the nonbreeding 401 

season’s stallion testes than in the breeding season’s stallion testes. The mRNA transcript abundance of the 402 

target genes BDNF and NTRK2 was evaluated with reference to that of GAPDH mRNA transcript abundance. 403 

Data are represented as ± standard error of the mean (SEM) of four individuals per group. * p < 0.05. 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 
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 412 

Figure 2. Cross-reactivity of rabbit anti-horse polyclonal BDNF antibody and rabbit anti-human polyclonal 413 

NTRK2 with a stallion. The protein band in the stallion testes tissues obtained after Western blotting for BDNF 414 

was observed at 26 kDa. The protein band in the stallion testes obtained after Western blotting for NTRK2 was 415 

observed at 68 kDa. The protein band of control positive β-actin was observed at 43 kDa. In the negative control 416 

lane that was probed with rabbit IgG rather than with a primary antibody, the protein band was absent. 417 
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 419 

Figure 3. The testes of stallions were examined for season-dependent BDNF expression. The analysis of the 420 

relative intensity of BDNF in stallion testes was performed using the ImageJ software by normalizing with β-421 

actin. When compared to testes obtained during the breeding season, the intensity was greater for testes obtained 422 

during the non-breeding season. Data are represented as ± standard error of the mean (SEM) of four individuals 423 

per group. ** p < 0.01. 424 

 425 

  426 
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 428 

Figure 4. The testes of stallions were examined for season-dependent NTRK2 expression. The analysis of the 429 

relative intensity of NTRK2 in stallion testes was performed using the ImageJ software by normalizing with β-430 

actin. Compared to testes obtained during the breeding season, the intensity was greater for the testes obtained 431 

during the non-breeding season. Data are represented as ± standard error of the mean (SEM) of four individuals 432 

per group. ** p < 0.01. 433 

 434 

 435 
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 444 

Figure 5. Brain-derived neurotrophic factor (BDNF) immunostaining in breeding (A−D) and nonbreeding (F−I) 445 

stallion testes. The cytoplasm of Sertoli and Leydig cells were stained with BDNF antibody.  Sertoli cells were 446 

immunolabeled with BDNF in the breeding season (A and C). Germ cells were not immunolabeled with BDNF 447 

in the breeding season. The cytoplasm of a few spermatogonia was stained in the NBS (F and H). The normal 448 

rabbit IgG stained with the same dilution as BDNF revealed no immunolocalization in any type of testes cells in 449 

both the groups (E and J). The regions (C and H) enclosed by white broken-line boxes were expanded (D and I) 450 

respectively. Red arrowhead, BDNF-positive Sertoli cells, yellow arrowheads, BDNF-positive Leydig cells, 451 

green arrowheads, BDNF-positive germ cells. Scale bar = 25 µm 452 
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Figure 6. Neurotrophic tyrosine receptor kinase-2 (NTRK2) immunostaining in breeding (A−D) and 459 

nonbreeding (F−I) stallion testes. The Leydig cells were stained with NTRK2 antibody, but no Sertoli or germ 460 

cells were stained in the breeding season (A–D). In the non-breeding season, the localization was identified in 461 

the cytoplasm of Leydig cells and at different stages of spermatogonia (F–I). The normal rabbit IgG stained 462 

with the same concentration as NTRK2 showed no immunolocalization in any type of testes cells (E and J). 463 

The regions (C and H) enclosed by white broken-line boxes were expanded (D and I) respectively. Red 464 

arrowheads, NTRK2-positive germ cells, yellow arrowheads, NTRK2-positive Leydig cells, green arrowheads, 465 

NTRK2-positive primary spermatocytes, purple arrowheads, NTRK2-positive secondary spermatocytes. Scale 466 

bar = 25 µm 467 
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