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Abstract 22 

 23 

Tumour necrosis factor (TNF), formerly known as Tumour necrosis factor alpha is now 24 

regarded as a natural component of the mammalian seminal plasma (SP). Although not 25 

completely clarified, its functions in the SP have been associated with paradoxal roles, 26 

such as sperm survival in the female genital tract, while at high levels negatively affect 27 

sperm survival and fertility potential. Recently, it has been discovered that canine 28 

inseminated spermatozoa display a strong immunoreaction for TNF when lining the 29 

female endometrium. As a continuation of this finding, the present work aimed at 30 

documenting TNF localization in the canine testes and epididymis and in freshly 31 

ejaculated spermatozoa (SPZ) through immunohisto- or cytochemistry.  32 

Immunoreaction for TNF was found in all samples used. In the dog testis, TNF 33 

immunoexpression was limited to the seminiferous tubules, where late round spermatids 34 

(SPD) showed weak intensity of immunostaining, whilst elongating and elongated SPD 35 

evidenced moderate and the residual bodies a strong intensity. In the epididymis, a 36 

gradual progressive increase of TNF immunolabelling was found throughout the 37 

epididymal regions, ranging from a weak intensity at the caput epididymis to a moderate 38 

intensity at the cauda. TNF immunolabelling was found in mature SPZ during the 39 

epididymal transit and also in freshly ejaculated SPZ, which showed a strong mid-piece 40 

immunolabelling. Data presented here provide important information on expression of 41 

TNF in spermatozoa, which is acquired by the SPZ during their formation at the testis. It 42 

further provides the basis for subsequent studies on the physiological importance of 43 

cytokines in sperm function. 44 

 45 

Key words: Tumour necrosis factor-alpha; Spermatogenesis; Testis; Spermatozoa; Dog. 46 

 47 

 48 

49 
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Introduction 50 

 51 

Tumour necrosis factor (TNF), formerly named Tumour Necrosis Factor alpha, is a 52 

cytokine with a wide spectrum of effects, including pro-inflammatory and 53 

immunoregulatory activities, stimulation of cell growth and differentiation and promotion of 54 

cell survival and apoptosis, in a dose-dependent way [1].  55 

 56 

TNF, among other cytokines, is now considered a natural component of the seminal 57 

plasma (SP), although its physiological significance in sperm function is not fully clarified 58 

[2]. TNF was found to be present in small amounts in human [3,4], bull [5] and pig semen 59 

[6] and it has also been demonstrated to be present in both the male and female 60 

reproductive tract from normal individuals [7,8]. Its presence has been associated with the 61 

regulation of several physiological functions in both the male and female genital tract, 62 

possibly including ovulation [9] and the fertilization process [2,8,10].  63 

 64 

Increased levels of TNF have been found in semen from infertile men and have been 65 

associated with poor semen quality [11]. In addition, introduction of exogenous TNF to 66 

sperm samples has proven deleterious to the survival and fertility potential of 67 

spermatozoa [12]. It has been proposed that increased levels of TNF in seminal plasma 68 

could be associated with increased sperm membrane lipid peroxidation [13] and a 69 

reduction of sperm motility [11,14], with inhibition of the acrosome reaction [15] and 70 

impairment of sperm binding to the zona pellucida [16].  71 

 72 

TNF protein has also been found in a large variety of structures within the male 73 

reproductive system, such as the testis and epididymis. In mouse testis, TNF transcripts 74 

were found in pachytene spermatocytes, round spermatids and in interstitial 75 

macrophages, although secretion of active TNF was only found in the spermatid fraction. 76 
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In addition, some TNF expression was found in residual bodies, but this was proposed to 77 

be due to the presence of spermatids [17]. 78 

 79 

Until now, TNF has been thought to be incorporated into the seminal plasma in the male 80 

genital tract, by epithelial cells at the epididymis or by secretion of the vesicular glands 81 

and the prostate [11]. However, references on the presence of this molecule in 82 

spermatozoa were not available until recently. We have discovered, by 83 

immunohistochemistry in histological sections, that canine spermatozoa display a strong 84 

positive immunolabelling for TNF when lining to the female endometrium, after mating 85 

[18]. As a continuation of these studies, we next sought to localize TNF in the canine 86 

fresh, ejaculated spermatozoa, and also on dog testes and epididymis, in an attempt to 87 

determine if sperm acquisition of TNF whether occurs during their formation (at testes 88 

level) or during their maturation (at the epididymis level). 89 

 90 

2. Material and methods 91 

Testicular and epididymal samples 92 

Testicular and epididymal samples were obtained from five mature male dogs at 93 

orchiectomy. The dogs had been submitted for elective surgery for legal reasons (the 94 

Portuguese legislation obliges the neutering of male dogs from breeds considered to be 95 

potentially dangerous), and their age ranged from 18 months to 5 years-old. 96 

Excised testes with adjacent epididymis were cut longitudinally, immersed in 10% buffered 97 

formalin immediately after surgery and routinely embedded in paraffin. Routine 98 

haematoxylin-eosin staining was used to evaluate the samples and exclude those with 99 

signs of inflammation or neoplasia. From each testis, a longitudinal section of the gonad 100 

was used for immunohistochemical detection of TNF expression. The epididymides were 101 

separated from the testes, and longitudinally cut. From each epididymal hemisection, 102 
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transversal sections at the level of the caput, corpus and cauda were obtained (Figure 103 

1A), in a segment-specific manner [19], and employed for immunohistochemistry. 104 

 105 

Semen samples 106 

Fresh ejaculates were obtained by digital manipulation from 5 dogs of different breeds. 107 

Only the second fraction of the ejaculate (the sperm rich fraction) was collected, as for 108 

cryopreservation. The animals were clinically healthy, and were previously proven to be 109 

fertile or routinely used for semen collection.  110 

Sperm smears were made from each ejaculate in Poly-L-Lysine coated slides. As 111 

samples were too concentrated to allow proper evaluation, they were first diluted on the 112 

slide. The extender was chosen after comparison of undiluted to Dulbecco´s PBS 113 

(Phosphate buffered saline) and BTS (Beltsville Thawing Solution; IMV Technologies) 114 

diluted samples. In a first run, two samples from different dogs were prepared as 115 

described below and used to test the procedure. BTS was chosen for sperm extension 116 

instead of PBS because the later induced background crystal formation. Immunostaining 117 

was compared between BTS extended and non-extended samples and no differences 118 

were observed that could be attributed to BTS. Dilution was obtained during cytology 119 

preparation by extending 1:1 v/v of semen in BTS in the slide, and allowing it to air-dry 120 

before fixation for five minutes in 95% ethanol.  121 

 122 

Immunohistochemistry (IHC) and immunocytochemistry (ICC) 123 

IHC analysis was performed using a streptavidin-biotin-peroxidase complex method and a 124 

polymeric labelling methodology as a detection system (Novolink Polymer Detection 125 

System, Novocastra), according to the manufacturer’s instructions, on 3-μm-thick tissue 126 

sections prepared from formalin-fixed, paraffin-embedded archival tissue. The sections 127 

were submitted to routine deparaffinization and rehydration in graded alcohol, followed by 128 
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antigen retrieval in a steamer for 2 min, with slides immersed in citrate buffer (pH = 6). For 129 

quenching endogenous peroxidases, the sections were immersed in 3% hydrogen 130 

peroxide for 30 min. Non-specific binding of the primary antibody was blocked by 131 

incubation with a polyvalent blocking serum (Ultra V Block®, Thermo Fisher Scientific, 132 

LabVision Corporation, Fremont, CA, USA), followed by incubation with a specific 133 

monoclonal primary antibody raised against full length recombinant canine TNF molecule 134 

(sc-80386; Santa Cruz Biotechnology, Inc., Europe, Heidelberg, Germany), at a 1:50 135 

dilution in PBS. After an overnight incubation with the primary antibody, at 4ºC, in a humid 136 

chamber, tissue sections were incubated with Biotinylated Goat Polyvalent Plus® antibody 137 

(Thermo Fisher Scientific, LabVision Corporation, Fremont, CA, USA), followed by 138 

incubation with Streptavidin-peroxidase Plus® (Thermo Fisher Scientific, LabVision 139 

Corporation, Fremont, CA, USA). The 3,3´diaminobenzidine (DAB) was used as 140 

chromogen. The sections were then counterstained with Gill´s haematoxylin, dehydrated 141 

and mounted for evaluation by light microscopy. Samples of canine ovaries with mature 142 

corpora lutea were submitted to the same procedure and used as positive control (Figure 143 

1B) [18]. Testicular vessels included in tissue sections were also utilized as internal 144 

positive controls. Testes samples incubated with mouse IgG (sc-2025; Santa Cruz 145 

Biotechnology, Inc., Europe, Heidelberg, Germany) and with PBS were used as negative 146 

controls. TNF-immunoreactivity was not observed in any negative control. 147 

 148 

In the cytological specimens, the immunocytochemistry (ICC) was performed according to 149 

the same protocol as the one used for the histological samples, including the incubation 150 

time with the primary antibody, with exception to the steps consisting in immersion in 151 

Xylene for deparaffinization and passages by 100% and 95% ethanol. The same 152 

procedure was carried out for the negative controls, where the primary antibody was 153 

replaced with mouse IgG (sc-2025; Santa Cruz Biotechnology, Inc., Europe, Heidelberg, 154 

Germany) and with PBS. TNF-immunoreactivity was not observed in any negative control. 155 
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 156 

Immunostain scoring 157 

Positive cytoplasmic staining for TNF was scored estimating staining intensity (0: no 158 

staining; 1: weak; 2: moderate; 3: strong) of immunoreactive cells, operator-wise. 159 

Positivity was indicated by the presence of a distinct brownish to gold-colour labelling.  160 

The distribution of TNF immunoexpression within the testicular parenchyma and in the 161 

epididymis was evaluated independently for Leydig cells, Sertoli cells, spermatogenic 162 

epithelium, epididymal epithelium and the spermatozoa. Immunolabeling scores for germ 163 

cells were determined independently for each stage of the spermatogenic cycle, according 164 

to the arrangement of spermatogonia (SPG), spermatocytes (SPC), and spermatids 165 

(SPD) in the cross-sections of the seminiferous tubules. Dog spermatogenic staging was 166 

based on the classification proposed by Russel et al. [20]; one additional stage, named 167 

stage V.b, was introduced corresponding to end of stage V, where residual bodies were 168 

still observed in the seminiferous tubules, along with young round spermatids, but step 12 169 

SPD were no longer observed on tubular cross-sections.  170 

 171 

In the epididymis, TNF immunoreaction was scored for the epididymal epithelium and also 172 

for sperm cells within the epididymal duct. Each epididymal segment (caput, corpus and 173 

cauda) was evaluated independently, with the corpus of epididymis further sub-divided in 174 

upper (proximal or part 1) and lower (caudal or part 2) areas (Figure 1A) [19]. Inside the 175 

epididymal duct, the sperm cells closer to the epithelium, which were less crowded, were 176 

used for scoring.  177 

 178 

Histological specimens were evaluated at 400x magnification. For each testicular sample, 179 

10 different fields were assessed at 400x magnification, in order to evaluate at least 3 180 

tubules depicting each stage of the canine spermatogenic cycle. Additionally, 4 fields in 181 
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each of the above-mentioned areas of the epididymis were evaluated. In the cytological 182 

preparations, 10 different fields were evaluated at 1000x magnification. 183 

 184 

The immunostaining was independently scored by two observers; results from both 185 

observers presented a good repeatability in all the 3-point scale used for scoring the TNF 186 

immunostaining. 187 

Statistical analysis 188 

Statistical comparisons were performed by using the IBM SPSS Statistics Base 17.0 189 

statistical software for Windows®.  190 

Associations between the intensity of immunoexpression for TNF and the variables stage 191 

of the spermatogenic cycle and cell type and segments of epididymis were performed 192 

using the chi-square and Fisher exact tests. A P value ≤ 0.05 was regarded as statistically 193 

significant. 194 

 195 

3. Results 196 

TNF immunoexpression in canine testes and epididymis 197 

Immunohistochemical staining indicating that TNF was present in the dog testis, 198 

epididymis and spermatozoa was found in all samples studied. Strong to moderate 199 

intensity of immunolabelling was found in mature canine corpora lutea, which were used 200 

as positive control for the IHC (Figure 1B). The use of PBS or of the mouse IgG as a 201 

substitute for the primary antibody, in the ICC, as well as in IHC, resulted in the absence 202 

of positive immunolabelling in both tissue sections and cytology specimens. 203 

 204 

In dog testes, positive immunolabelling for TNF was observed inside the seminiferous 205 

tubules, in particular in germ cells, and in the interstitium. A weak TNF positive 206 

immunolabelling was sporadically observed in interstitial macrophages, whereas in all the 207 
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studied samples Sertoli cells, Leydig cells and myoid peritubular cells were negative for 208 

TNF (Figure 2). The intensity of TNF immunoreactions within the seminiferous tubules 209 

was detected at all the stages of the spermatogenesis and was statistically associated 210 

with the spermatogenic cycle (P<0.001; Fisher = 106.675). Moreover, it was found that 211 

different germ cell types consistently presented the same TNF immunoexpression 212 

(P<0.001; Fisher = 415.234). Independently of the cycle stage, spermatogonia (SPG) and 213 

spermatocytes (SPC) did not present immunoreaction against this protein (Figure 2). 214 

Positive immunolabelling was only observed in spermatids and step12 SPD (Figure 2), 215 

which consistently showed different immunolabeling intensities according to the stage of 216 

the spermatogenic cycle (P<0.001; Fisher = 120.222). Overall, the intensity of TNF 217 

immunoexpression was lower in early round spermatids (Figure 2A) when compared to 218 

the elongated spermatids (Table 1; Figures 2B to 2D). In addition, strong immunolabeling 219 

for this molecule was also observed in residual bodies, in stage V, which remained 220 

attached to the cytoplasm of Sertoli cells (Table 1; Figure 2D).  221 

 222 

Each epididymal segment (caput, corpus 1 and 2, and cauda) was also scored for TNF 223 

immunoreactivity (Figure 3A to 3D). A slight gradual increase in the intensity score was 224 

found from the proximal epididymal regions to the more distal ones (Table 2). The 225 

epithelium of the epididymal duct at the caput (Figure 3A) and cranial corpus region 226 

(Figure 3B) evidenced a weak intensity of immunostaining against TNF; intensity of 227 

immunostaining increases from the upper region of the corpus of epididymis to the cauda 228 

(P<0.001; Fisher = 24,257) (Figure 3B to 3D). Similar TNF immunoreaction was observed 229 

in the different epithelial cell types that integrate the epididymal epithelium (basal cell, 230 

principal cells and apical cells), and therefore the intensity of immunolabelling registered 231 

was considered as unique. In the caput region, a membrane pattern of TNF 232 

immunoreaction predominated, whilst from the corpus towards the cauda of the 233 

epididymis, a diffuse cytoplasmic pattern of immunolabeling prevailed. Sporadically, 234 
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diffuse immunostaining of cell blebbing was also observed (Figure 3B and 3C). This was 235 

more frequently observed in the lower region of the corpus of epididymis and in cauda 236 

epididymis than in the more proximal regions, although no statistical significance was 237 

found. 238 

Spermatozoa present in the epididymal lumen of the caput epididymis (Figure 3A) 239 

evidenced a moderate immunostaining that was observed as a diffuse brownish staining 240 

of the Spz tail. Reinforcement of the staining at the proximal droplet was observed in 241 

sperm cells in a longitudinal presentation. Their intensity of TNF immunoreaction slightly 242 

increased from the corpus to the cauda epididymis (Figure 3A to 3D), and the sub-cellular 243 

location in the mid-piece became more evident. 244 

 245 

TNF immunoexpression in ejaculated spermatozoa 246 

Immunocytochemistry demonstrated positive immunostaining for TNF in freshly ejaculated 247 

sperm cells. Strong specific labeling was observed in all spermatozoa in the 10 fields 248 

analysed (Figure 3E). TNF immunoreaction was confined to the mid-piece of 249 

spermatozoa, with the remainder of the flagellum, as well as the sperm head and the neck 250 

being negative to this molecule (Figure 3F). There was no specific staining in the negative 251 

controls. 252 

 253 

4. Discussion 254 

TNF is a multifunctional, pleiotropic pro-inflammatory cytokine that exerts beneficial 255 

functions in cell growth and proliferation and in tissue remodelling [1,21]. In our study, 256 

TNF immunoexpression was found in canine seminiferous tubules, in the epididymal 257 

epithelium and sperm cells within the epididymal duct, and in freshly ejaculated 258 

spermatozoa. Furthermore, it was clearly demonstrated that the spermatozoa acquire 259 

TNF immunoreactivity during their formation at testicular level, and that this reactivity is 260 

maintained during the transit through the epididymis, up to the ejaculate. 261 
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 262 

The presence of this molecule in the testis was already shown for different species 263 

[17,22,23,24]. In mice, using in situ hybridization (ISH), De and collaborators [17] 264 

demonstrated that TNF expression varies with the spermatogenic stage and that this 265 

protein is mainly produced by spermatids. In contrast, no mRNA or protein has been 266 

found in the Sertoli cells or in Leydig interstitial cells. Data presented in this article 267 

demonstrate that positive immunostaining in canine testis was limited to the seminiferous 268 

epithelium, in post-meiotic germinative cells, as stated earlier in other species [17,22,24]. 269 

Sertoli cells were negative to TNF, as well as the Leydig cells in the testicular interstitium. 270 

In contrast, Siu et al [25] reported TNF immunoreactivity in rat Sertoli cell cytoplasm 271 

surrounding elongated spermatids at stage VIII that disappear preceding spermiation. 272 

However, other authors associate this positivity to the residual germ cell cytoplasm or 273 

residual body [17], where it was also observed in the present work. In fact, it is now 274 

accepted that TNF is not constitutively expressed in normal somatic cells of the 275 

seminiferous tubules [23], with only the activated macrophages in the interstitium 276 

secreting this molecule during inflammatory or immune-mediated conditions. 277 

In the study presented here, a weak intensity of immunolabeling was observed in late 278 

round spermatids in tubules from stage V.b, after spermiation occurred, and also in 279 

elongating and elongated spermatids in tubules from stages VI and VII. Detection of low 280 

TNF protein immunoexpression in round spermatids preceded polarization of the cell, in 281 

step 6 SPD at late stage Vb [20], and remained low until maximal elongation was 282 

achieved, at stage VII. From this developmental stage on, a moderate intensity of 283 

immunostaining was observed in elongated SPD, accompanying condensation of the 284 

nucleus, that proceed in spermatids from stage I to IV [20]. Terminal SPD in tubules from 285 

stage V showed a moderate intensity of immunolabelling, whilst adluminal cytoplasmic 286 

areas corresponding to the residual bodies, in tubules from stages V and V.b, presented 287 

stronger intensity of immunolabeling.  288 
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 289 

Data gathered in this study do not allow definition of the TNF effects in the seminiferous 290 

tubule physiology. Nevertheless, it is now recognised that this molecule may exert several 291 

different functions on the seminiferous epithelium acting in a paracrine way through Sertoli 292 

cells, and some of them might explain the need for TNF secretion by spermatids. Among 293 

the TNF-associated roles within the seminiferous tubules are: the transferrin production 294 

[26,27], with highest demands by elongating and elongated spermatids, and the lactate 295 

production, the preferential energy substrate by post-meiotic germ cells [23,28]. Further, 296 

TNF has been associated with down-regulation of the Fas ligand pathway that promotes 297 

germ-cell survival [22,24]. Studies in different species show that apoptosis in the normal 298 

testicle is more frequent in spermatogonia and spermatocytes than in spermatids [29,30]. 299 

In the present study only the spermatids showed TNF immunostaining. Furthermore, TNF 300 

is involved with restructuring of the tight junctions and of the only anchoring device 301 

between Sertoli cells and post-meiotic spermatids, an essential step during 302 

spermatogenesis and spermiation [31,32,33].  303 

 304 

In this study, Immunoreaction for TNF was also observed in the epithelium of all the 305 

epididymal regions and in the sperm cells inside the epididymal duct. The intensity of 306 

immunolabelling in the epithelium gradually increased from a weak intensity of 307 

immunostaining in more cranial parts to moderate intensity in the more distal ones. In the 308 

epididymis, the presence of TNF has been reported in some inflammatory diseases and 309 

after vasectomy or castration [34,35]. It has been demonstrated that TNF is expressed in 310 

low levels in the rat epididymis before an inflammatory stimulus [35, 36], and in the bull 311 

epididymis before trauma [37]. Zhao et al [36] defend that epididymal epithelial cells may 312 

account for the epididymal innate defense mechanism by producing several pro-313 

inflammatory cytokines and other immunoregulatory mediators, such as the TNF. Taken 314 

together, these data suggest that a minimal threshold could be maintained for TNF in the 315 
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epididymis in non-pathological conditions, thus supporting the IHC results reported herein, 316 

where a diffuse immunolabelling was recorded. In addition, presence of TNF among other 317 

cytokines in the seminal fluid of different species was attributed to its incorporation in the 318 

fluid by the genital ducts or as result of the secretion of male accessory glands [3,4,5,6]. 319 

Sporadically, immunostained cell blebbing was observed in epididymal epithelial cells, 320 

which is compatible with TNF transfer into the epididymal fluid and posterior incorporation 321 

in the seminal plasma, as previously suggested [11].  322 

Spermatozoa evidence a moderate intensity of TNF immunoexpression when at the caput 323 

epididymis, similar to the one observed in late spermatids before spermiation. This 324 

suggests that the molecule is already fixed in the immature spermatozoa at spermiation. It 325 

was also observed that the intensity of the immunoreaction became slightly stronger from 326 

the corpus to the cauda epididymis. Further it was also clear that the staining is limited to 327 

the sperm mid-piece in the cauda of the epididymis. From this study it is not possible to 328 

determine whether this increase in intensity could be related to water lost by the 329 

spermatozoa, to acquisition of progressive motility capacity or to remodelling of the 330 

plasma membrane, or even if it may be associated to incorporation of TNF secreted into 331 

the epididymal fluid. Further studies are needed to strengthen this issue, as little is known 332 

about sperm maturation process in the epididymis in the dog.  333 

The ejaculated sperm cells showed a strong immunoreaction for TNF, similar to the one 334 

detected at the distal parts of the epididymis, allowing to suspect that concerning TNF 335 

content, the cauda epididymis retains mainly storage functions. The present study further 336 

showed that the ejaculated canine spermatozoa displayed strong TNF immunoreaction, 337 

which was limited to the cell mid-piece. Although the existence of TNF among other 338 

cytokines was demonstrated in the seminal plasma of several species [3,4,5,6], limited 339 

information was found on the presence of this molecule inside the spermatozoa [18]. TNF 340 

has been associated to the regulation of the local immune system at the female genital 341 

tract [38], to a decrease in the motility of human spermatozoa in both spontaneous 342 
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[11,39,40] and experimental conditions [11,14], and with increased production of reactive 343 

oxygen species [13,15,41] that could lead to the inhibition of the acrosome reaction [15] or 344 

impaired gamete interaction at fertilization [16].  345 

 346 

The study presented here was designed to demonstrate the presence of TNF in the 347 

canine testis, in immature epididymal sperm cells and in the ejaculated spermatozoa. It 348 

demonstrated that canine spermatozoa acquired TNF immunoreaction in late stages of 349 

the spermatogenic process and that the presence of this protein persists in the ejaculated 350 

cell, in a subcellular localization that is limited to the sperm mid-piece, near the 351 

mitochondrial sheet. This particular, subcellular localization for TNF protein is suggestive 352 

of a possible role in the sperm motility, without excluding the hypothesis that the presence 353 

of this protein favours sperm cell survival in the female reproductive tract, protecting the 354 

cell from apoptotic events and from damage by reactive oxygen substances. However, 355 

additional studies are needed to clarify putative functions concerning TNF expression by 356 

the sperm cell, in particular concerning the female tract deposition, in acrosome reaction 357 

and fertilization. The presence of this molecule in sperm cells raises new queries on its 358 

possible function in gamete physiology, as so far presence of TNF has been reported only 359 

in seminal plasma and associated to sperm survival in female genital tract and to gamete 360 

interaction. 361 

 362 
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Captions: 486 

Table captions 487 
 488 

Table 1 – TNF immunoscoring for the germ cell population according to the stage of the 489 

canine spermatogenic cycle (1 weak; 2 moderate; 3 strong).  490 

Table 2 – TNF immunoscoring for the epithelium of the different segments of the canine 491 

epididymis (1 weak; 2 moderate; 3 strong).  492 

 493 

Figure captions: 494 

Figure 1 – A – For this study, the epididymides were isolated from the testes and 495 

longitudinally cut; the areas used are depicted in this scheme. B – TNF immunoreaction in 496 

the canine corpus luteum, used as a positive control in this study, for differentiation of the 497 

intensity scores (1-weak; 2-moderate;-3 strong) (Bar = 100 m).  498 

Figure 2 – TNF immunoreaction in the canine testis. In all the images, Sertoli cells (SC) 499 

as well as the spermatogonia (SPG) and spermatocytes (SPC) were negative to TNF. 500 

(Counterstaining with Gill haematoxylin; Bar = 20 m) A – Within the seminiferous 501 

tubules, late round spermatids (rSPD) showed a weak intensity of immunolabelling. B – 502 

Positive immunostaining was found in early elongating spermatids (eSPD). C – Elongated 503 

spermatids (egSPD) showed a moderate intensity of immunolabelling for TNF. D – A 504 

moderate intensity of immunostaining was found in terminal step 12 spermatids (egSPD), 505 

at spermiation, whilst spots of strong immunoreaction were observed in a location 506 

compatible with residual bodies. 507 

Figure 3 – TNF immunoreaction in the canine epididymis and ejaculated spermatozoa. 508 

(Counterstaining with Gill haematoxylin; Bar = 20 m). BC- Basal cells; PC- Principal 509 

cells; AC- Apical cells. A – Caput epididymis: the epithelial cells showed weak 510 

immunostaining with predominance of a membrane pattern, while the spermatozoa in the 511 
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lumen showed a moderate immunolabelling. Sporadically, macrophages (Mø) were 512 

observed in the peritubular stroma. B – Corpus 1: the epithelium maintains a weak 513 

intensity of immunostaining; both membrane and cytoplasmic patterns were present, the 514 

later being more notorious in supranuclear position. C – Corpus 2: The epithelium showed 515 

a moderate intensity of immunoreaction for TNF, which is also found in cell blebbings, 516 

while sperm cells presented a strong immunostaining limited to the mid-piece. D – Cauda: 517 

the epithelial cells showed moderate intensity of immunolabelling whereas the sperm cells 518 

showed a mid-piece strong immunoreaction against TNF. E – Freshly ejaculated 519 

spermatozoa had a strong intensity of immunolabelling, which was limited to the sperm 520 

mid-piece. F – A digital magnification of 2.5x details the subcellular location of the TNF 521 

immunoreaction in ejaculated spermatozoa.  522 

 523 



Table 1 – TNF immunoscoring for the germ cell population according to the stage of 

the canine spermatogenic cycle (1- weak; 2- moderate; 3- strong).  

Stage SPG SPC 
SPD 

RB 
round elongating elongated 

I 0a 0a 0a 2c na na 

II 0a 0a 0a na 2c na 

III 0a 0a 0a na 2c na 

IV 0a 0a 0a na 2c na 

V 0a 0a 0a na 2*c 3d 

V.b 0a 0a 1b na na 3d 

VI na 0a na 1b na na 

VII na 0a na 1b na na 

VIII na 0a na na 2c na 

SPG: Spermatogonia; SPC: spermatocyte; SPD: Spermatid; * Step 12 (terminal) SPD; na: non-appliable; 
RB: residual bodies. Common superscripts both within row and within column correspond to subsets of the 
intensity score categories that do not differ significantly at the 0.05 level. 
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Table 2 – TNF immunoscoring for the epithelium of the different segments of the 

canine epididymis and for the epididymal spermatozoa (1- weak; 2- moderate; 3- 

strong).  

Location 
Epididymal epithelium Sperm cells 

Intensity  Predominant pattern Intensity 

Caput 1 Membrane 2 

Corpus 1 1 
Cytoplasmic and 

membrane 
2 

Corpus 2 2 Cytoplasmic 3 

Cauda 2 Cytoplasmic 3 
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