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Abstract

:

Simple Summary


Equine sarcoids, caused by bovine papillomaviruses, are equine skin tumors of fibroblastic origin. It is well known that bovine papillomaviruses are able to interfere with the survival and proliferation of cells by regulating autophagy, a mechanism implicated in the breakdown and reuse of old and damaged cellular material. The present study focused on the evaluation in equine sarcoids and normal skins of the expression level of some of the main proteins involved in the autophagic pathway, such as Beclin 1, LC3 and P62, by immunohistochemical and biochemical techniques. Results obtained in equine sarcoids suggested an alteration of the autophagic process which could lead to a predominance of a particular population of fibroblast. Those fibroblasts could survive longer in a hypoxic microenvironment and produce more and/or altered collagen, giving an origin to the equine sarcoid.




Abstract


Background: It is well known that δ-bovine papillomaviruses (BPV-1, BPV-2 and BPV-13) are one of the major causative agents of equine sarcoids, the most common equine skin tumors. Different viruses, including papillomaviruses, evolved ingenious strategies to modulate autophagy, a complex process involved in degradation and recycling of old and damaged material. Methods: The aim of this study was to evaluate, by immunohistochemistry (IHC) and Western blot (WB) analysis, the expression of the main related autophagy proteins (Beclin 1, protein light chain 3 (LC3) and P62), in 35 BPV1/2 positive equine sarcoids and 5 BPV negative normal skin samples. Results: Sarcoid samples showed from strong-to-moderate cytoplasmic immunostaining, respectively, for Beclin 1 and P62 in >60% of neoplastic fibroblasts, while LC3 immunostaining was weak to moderate in ≤60% of neoplastic fibroblasts. Western blot analysis confirmed the specificity of the antibodies and revealed no activation of autophagic flux despite Beclin 1 overexpression in sarcoid samples. Conclusion: Results could suggest the activation of the initial phase of autophagy in equine sarcoids, and its impairment during the following steps. The impairment of autophagy could lead to a selection of a quiescent population of fibroblasts, which survive longer in a hypoxic microenvironment and produced more and/or altered collagen.
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1. Introduction


Normal cell growth requires a balance between the rates of protein synthesis and its degradative processes [1]. The two major quality control pathways responsible for cellular degradation are the ubiquitin–proteasome system and autophagy. Whereas the first is involved in degradation of small, short-lived proteins, autophagy is the preferred degradative process for large, heterogeneous cytoplasmic materials [2,3,4]. Autophagy is a complex process that consists of several sequential steps: (1) initiation; (2) elongation; (3) maturation; (4) degradation [2,5,6]. All these steps are controlled by several proteins, encoded by more than 30 autophagy-related genes, which lead to newly synthesized double-membrane vesicles encapsulating cytosolic material, which is delivered to the lysosomes for proteolytic digestion [4,7]. Beclin 1 protein, encoded by the BECN1 gene, plays a central role in the initiation stage of autophagic vesicle formation that induces the creation of an active phagophore [8,9]. Beclin 1 binds protein light chain 3 (LC3), which is associated with autophagosomal membranes that engulf cytoplasmic content for subsequent degradation. During this process, the cytosolic isoform LC3I is converted to the membrane-bound LC3II form [10] and then binds to the adaptor protein P62 sequestrome (SQSTM1), which is selectively degraded by autophagy [11].



Although initially believed to have only a physiological role in the degradation and recycling of old and damaged cytoplasmic material, it is now accepted that autophagy is also closely related to many pathological conditions, such as cardiovascular diseases [12], neurodegeneration [13], cancer [14] and viral infections [15]. It is well known that several viruses evolved different ingenious strategies to modulate autophagy, using them to increase their survival or proliferation [15]. Recently, HPV16 has emerged as an oncogenic virus with the ability of manipulating the autophagic process through the inhibition of the final autophagosome–lysosoma fusion [16]. Moreover, δ-bovine papillomavirus oncoproteins have been shown to interact with a network of proteins involved in the autophagy of urothelial cancer cells infected by BPV1/2 [17,18].



Numerous studies have provided evidence for the direct involvement of δ-bovine papillomavirus infection (BPV-1, BPV-2 and BPV-13) in the pathogenesis of equine sarcoids [19,20,21,22]. Equine sarcoids are locally invasive, fibroblastic skin tumors that represent the most common tumor in equids worldwide [23,24]. They are often correlated with a high recurrence rate after surgical excision [25,26,27] and can significantly impact the function or aesthetics of horses leading to a decrease of economic value of affected animals. It was already accepted that infection alone is not sufficient for tumor development, for which the concomitant presence of other factors such as chronic physical trauma, genetical predisposition and alteration of the wound healing process, is necessary [28,29,30]. Although sarcoid is one of the most common pathologies in horses, its pathogenetic mechanism is not completely known and an effective therapy has not yet been defined.



In our previous studies, we have suggested that, in genetically predisposed equines an altered wound healing process could create a microenvironment that activates BPV latent infection, leading to neoplastic transformation and sarcoid development [31,32,33]. Altered turnover of the extracellular matrix (ECM) deposition and degradation is reported as the basic mechanism for these changes [31] and is strictly correlated to angiogenesis induced in response to hypoxia [32,33].



There is growing evidence that autophagy could have a dual role in tumor development, as a tumor suppressor by inhibiting cancer cell survival, but also as a tumor promoter by increasing the ability of cancer cells to live in a nutrient starvation and hypoxic environment [34].



In this regard, the present study focused on the evaluation, by immunohistochemical and biochemical analysis, of the expression level of some of the main autophagy-related proteins, such as the Beclin 1, LC3 and P62 in BPV1/2 positive equine sarcoids and BPV negative normal skins.




2. Materials and Methods


2.1. Tumor Samples


A total of 35 equine sarcoids were sampled from clinically affected horses following the Directive 2010/63/EU (art. 1). Samples originated from lesions localized on the neck (n = 2), abdomen (n = 6), head (n = 6), limbs (n = 10), chest (n = 8), and paragenital region (n = 3) (Table 1). Moreover, 5 skin samples, were collected during necropsy from the neck (n = 1), abdomen (n = 1), head (n = 1), limb (n = 1) and chest (n = 1) of healthy horses.



Samples were routinely processed for histopathological examination. Briefly, they were 10% formalin-fixed, paraffin-embedded and stained with haematoxylin and eosin (HE). For 5 out of the 35 sarcoid samples mentioned above, half of the biopsy was frozen at −80 °C immediately after collection, along with 3 additional normal skin samples, to then be analyzed by Western blot.



All sarcoid samples, the same as those previously used [31,32,33], were BPV1/2 positive, while normal skin samples were BPV negative [35].




2.2. Immunohistochemistry


Immunohistochemistry was performed on 5 μm sections using the streptavidin–biotin–peroxidase method. After deparaffinization in alcohol decreasing solutions, sections were incubated in 0.3% H2O2 in methanol for 20 min to block endogenous peroxidase activity. Antigen retrieval was obtained by microwave heating (twice for 5 min each at 750 W) in citrate buffer, pH 6.0. The slides were then washed three times with phosphate buffered saline (PBS, pH 7.4, 0.01 M), and incubated with normal goat serum (Santa Cruz Biotechnology, CA, USA) diluted at 20% in PBS for 1 h at room temperature (rt). The following primary antibodies were applied overnight at 4 °C: polyclonal rabbit anti-human Beclin 1 antibody (H300: sc-11,427, Santa Cruz Biotechnology, Dallas, TX, USA) (predicted to cross-react with horse) diluted 1:200 in PBS; polyclonal rabbit anti-human LC3A/B antibody (ab128025; abcam) (predicted to cross-react with horse) diluted 1:100 in PBS; polyclonal rabbit anti-human SQSTM1 /P62 antibody (ab101266; abcam) (predicted to cross-react with horse) diluted 1:1000 in PBS.



Control sections (equine normal skin and sarcoid) were incubated with PBS and with rabbit IgG (purified rabbit IgG P120-201-Bethyl Laboratories, Inc.) instead of the primary antibody using the same concentration as the primary antibodies. Finally, sections were counterstained with haematoxylin, and the immunoreaction manifested after DAB (diaminobenzidine tetrahydrochloride) application.




2.3. Scoring of Immunoreactivity


To evaluate the expression of Beclin 1, two independent observers (Martano M. and Maiolino P.) under blinded conditions applied a semiquantitative score according to the following technique: the number of immunoreactive cells was evaluated by counting 1000 cells in 10 fields at 400× magnification (40× objective 10× ocular), and the results were formulated as percentages and scored as follows: 0 (≤10% positive cells); 1 (10–40% positive cells); 2 (40–60% positive cells); and 3 (>60% positive cells). Moreover, the intensity of immunostaining was labeled as n.a. (not assessable), − (negative staining), +/− (weak immunostaining), + (moderate immunostaining), and ++ (strong immunostaining) (Table 1), as in a previous study [32,33].




2.4. Western Blot (WB)


Tissue samples were minced and subjected to homogenization, protein extraction, sodium–dodecyl–sulfate polycrylamide gel electrophoresis and WB as described in a previous work [31]. Hela whole-cell lysate was run as a positive control as suggested by the antibodies’ datasheets. Saos-2 cells were employed as a further positive control for Beclin 1 [36]. Background blocking was obtained by incubating the nitrocellulose membranes with Tris buffered saline (TBS: 10 mM Tris-HCl, pH 7.4, 165 mM NaCl)/Tween 0.1% (TBST) supplemented with bovine serum albumin (BSA) at 5% for 1 h at rt, then the anti-Beclin 1, anti-P62 and anti-LC3 antibodies at 1:500 dilution in TBST/BSA 5% were applied over night at 4 °C. After washing steps in TBST, membranes were incubated with donkey anti-rabbit secondary antibody (Bethyl Laboratories #A-120-108P) diluted at 1:2000 in TBST/BSA 5%, then washed and incubated with enhanced luminol-based chemiluminescent substrate (Clarity Western ECL, Bio-Rad Laboratories, Milano, Italy). Each membrane was then stripped and incubated with β-actin antibody at 1:500 dilution (CP01, Calbiochem, San Diego, CA, USA) to allow normalization. Protein bands visualization, densitometric analysis and normalization were obtained by using the Image Lab software run on the ChemiDoc Gel Scanner (Bio-Rad Laboratories, Milano, Italy).




2.5. Statistical Analysis


Statistical analysis was performed applying Student’s t-test by using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). The differences were considered statistically significant for * p< 0.05.





3. Results


3.1. Histological and Immunohistochemical Results


All sarcoid samples showed the typical histological features, as previously reported [28,31,32,33].



Results from immunohistochemical analysis were reported in Table 1. All samples showed cytoplasmic immunostaining of macrophages, which have been used as internal positive controls.



All normal skin samples (5/5) showed a weak cytoplasmic positivity (score +/−) for Beclin 1 and LC3 in 40–60% of cells located in the basal epidermis (score 2), while fibroblasts were negative. Moderate nuclear (score +) and weak cytoplasmic (score +/−) expression of P62 were predominantly detected in 40–60% of cells located in the stratum spinosum of epidermis (score 2), while fibroblasts were negative.



All sarcoid samples (35/35; 100%) showed positivity for Beclin 1 in >60% of neoplastic fibroblasts (score 3). The immunostaining was granular and cytoplasmic and resulted moderate (+) in 10/35 samples (29%) and strong (++) in 25/35 (71%) samples (Figure 1). For LC3, 22/35 sarcoid samples (63%) showed weak positivity (+/−) in 10–40% of neoplastic fibroblasts (score 1), while 13/35 sarcoid samples (37%) showed a moderate immunostaing (+) in 40–60% of neoplastic fibroblasts (score 2) (Figure 2a).



All sarcoid samples (35/35; 100%) showed strong immunostaing for P62 (++) in >60% of neoplastic cells (score 3) (Figure 2b).




3.2. Biochemical Results


WB analysis for Beclin 1 showed detection of a band of the predicted molecular weight (~52 kDa) in all samples, Hela and Saos-2 cell lysate used as a positive control, demonstrated the specificity of the antibody [36] (Figure 3a). The intensity of the Beclin 1 bands was higher in four out of five tumors; however, the difference recorded between normal skin and sarcoid samples was not statistically significant (Figure 3b).



When performing WB for LC3, the antibody recognized a double band in equine lysates, and as expected, in Hela whole-cell extract, corresponding to LC3I (16 kDa) and LC3II (14 kDa) (Figure 4a). Quantification of bands by densitometric analysis showed high variability of both LC3I and LC3II expression levels, indeed no significant difference between normal and sarcoid tissues was revealed by t-test for neither of the two isoforms (Figure 4b,c). Additionally, when calculating the densitometric ratio LC3II/LC3I as a measure of activated autophagy, mean values of normal vs. sarcoid groups were comparable and no statistically significant difference was found (Figure 4d).



WB for P62 in equine samples and Hela cells confirmed the specificity of the antibody by detecting a band of the expected molecular mass (~62 kDa) (Figure 4a); however, densitometric measurement followed by statistical analysis (t-test) revealed highly variable expression levels and no significant difference between normal cell and sarcoid lysates (Figure 4e).





4. Discussion


Beclin 1, LC3 and P62 are the key mediators of autophagy and are widely used as markers for monitoring and reliably quantifying autophagic activities in normal and pathological conditions [34]. Beclin 1 is essential for the activation of autophagic process, as it interacts with a variety of cofactors to trigger the autophagy protein cascade; LC3 is widely used as an effective indicator of autophagic flux, as, by binding to P62, it regulates membrane elongation and autophagosome maturation [4,34]. Moreover P62, is involved in the transport of altered proteins to degradation and is in turn degraded by autophagy [37,38].



Dysfunctions of these autophagy-related proteins have been implicated in many disorders, including human cancers, in which both reduced expression and overexpression may occur [39,40,41,42,43,44,45,46].



This variable expression in different types of cancers could be linked to the specificity of autophagic activity in different organs and histologic types, and to the different role of autophagy that may either induce or inhibit tumor cell survival. On the one hand, they may play a role as tumor promoters, by enhancing stress tolerance and supplying nutrients to meet the metabolic demand of neoplastic cells. On the other hand, they may act as a mechanism of tumor suppression, limiting carcinogenesis. The tumor suppression function is mediated by the reduction in damaged organelles and proteins and the prevention of DNA damage, leading to the maintaining of cellular homeostasis and survival, in an energy-deficient environment [14,34].



To our knowledge, only few studies have focused on autophagy in spontaneous animal cancers [47,48].



In this study we assessed, for the first time, Beclin 1, LC3 and P62 expression levels in a series of BPV 1 and BPV 2 positive equine sarcoids by immunohistochemistry and biochemical analysis.



All normal skin samples showed a weak/moderate immunostaining for Beclin 1, LC3 and P62 in epidermal cells, where they are known to be constitutively expressed [49].



Sarcoid samples showed moderately or strongly immunostaining for Beclin 1 in most neoplastic fibroblasts (>60%). The overexpression of Beclin 1 highlighted in this study could be related to a condition of hypoxic microenvironment that happens in sarcoids in consequence of the excessive and progressive deposition of collagen and of the presence of vessels that are not able to perfectly oxygenate the tissue [31,32,33]. It is well known that hypoxia induces an increase in Beclin 1 expression and the consequent activation of the autophagic process [50,51,52].



Consistently, WB analysis confirmed overexpression of Beclin 1 in most of sarcoid samples, however possible concerns due to the small number of samples analyzed should be taken into account.



Furthermore, we found a weak/moderate staining for LC3 and a strong immunostaining for P62 in sarcoid samples, by immunohistochemistry. Consistently, despite in a limited number of samples, WB of LC3 and P62 confirmed no occurrence of autophagy, as no significant differences in their expression or activation could be detected between tumor vs. normal skin group.



Taken together, these results suggest that in fibroblasts of equine sarcoids there could be an impairment of autophagic processes, during the phase of membrane elongation and autophagosome maturation. Therefore, it is plausible that the activation of the initial phase of autophagy, evidenced through the overexpression of Beclin 1, may not be followed by the next steps, resulting in defective or impaired autophagic capability of neoplastic fibroblasts. It is reported that a defective autophagy could contribute to the production of excess or altered extracellular matrix protein such as collagen [53,54,55]. Thus, it would seem plausible that the more collagen is synthesized (e.g., in tissues with a high turnover) the higher will be the chance of abnormal molecules being formed [55]. These results seem to confirm our previous study in which we have indeed shown that the excessive and progressive deposition of connective tissue (collagen) in sarcoids might not only be the result of a deficiency in matrix degradation, but also caused by an elevated synthesis of collagen by neoplastic fibroblasts [31]. Furthermore, the activation of the initiation phase of autophagy by Beclin 1 could lead to the recycling of essential nutrients for the supply of energy, guaranteeing neoplastic fibroblasts survival, in a hypoxic microenvironment [51]. In conclusion, it is possible that a quiescent population of sarcoid fibroblasts, which survived longer and produced more and/or altered collagen due to a defective or impaired autophagic capability, is selected.



In the present study we have evaluated the expression of autophagic markers in BPV1 and BPV2 positive equine sarcoids, compared to BPV negative normal skin controls. Most of the oncogenic viruses possess the capability to inhibit autophagy mainly promoting viral replication and cellular maintenance, though this favors cancer onset [15,16]. There are many conflicting results about the role of papillomavirus (PVs) in autophagy leading to carcinogenesis [56,57]. HPV blocks autophagy, through the inactivation of the mRNA expression of autophagic genes, leading to down-regulation of phagophore assembly [16]. However, only a small number of studies correlate the reduction in autophagy with cancer development in HPV pseudo latent infections [16]. Although we did not demonstrate the direct interaction between autophagy-related proteins and BPV1/2, we cannot exclude that viral oncoproteins could be responsible for the down-regulation or impairment of the autophagic process in equine sarcoids.



Currently, despite the numerous treatment options available for equine sarcoids, not all of them are totally effective, with consequent frequent recurrences. This study paves the way for additional work in vitro, which may contribute to a better understanding of autophagic processes in equine sarcoids and the possible role of BPV1/2 in its regulation, representing a step forward in the unveiling of its pathogenesis and ideation of new possible therapeutic strategies.
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Figure 1. Equine sarcoid. Immunohistochemical staining. Neoplastic fibroblasts showed strong brown immunostaining for Beclin 1 (arrow) (20× Scale bar: 100 μm). 
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Figure 2. Equine sarcoid. Immunohistochemical staining. Neoplastic fibroblasts with moderate (a) and strong (b) positivity for LC3 (a) and P62 (b) (20× scale bar: 100 μm). 
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Figure 3. (a) Western blot analysis for Beclin 1 in normal skin samples (N) and equine sarcoids (S). Cell lysates from Hela and Saos-2 cell lines were run on the gel to demonstrate the specificity of the antibody. Following stripping of the membrane, anti β-actin antibody was applied in order to allow normalization. Densitometric ratio Beclin 1/β-actin for each normal and sarcoid sample is indicated. (b) Mean densitometric values +/− standard deviation of N vs. S group (original Western blot figure is in Figure S1). 
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Figure 4. (a) Western blot analysis for LC3 and P62 in normal skin samples (N) and equine sarcoids. Cell lysate from Hela cell line was run on the gel to demonstrate the specificity of the antibodies. For P62 blot, boxes are cut from the same membrane at different exposure times and properly aligned according to the molecular weight loaded onto the gel (see Figure S2). Following stripping of the membrane, anti β-actin antibody was applied in order to allow normalization. Densitometric ratios LC3I/ β-actin, LC3II/ β-actin, LC3II/ LC3I and P62/ β-actin for each normal and sarcoid sample are indicated. (b–e) Mean densitometric values +/− standard deviations of N vs. S group (original Western blot figure is in Figure S2). 
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Table 1. Staining intensity and percentage positive scores for Beclin 1, LC3 and P62 in 35 BPV positive equine sarcoids.
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	Location
	Number of Cases
	Staining Intensity

Score *

Beclin 1
	Percentage Positive

Score **

Beclin 1
	Staining Intensity

Score *

LC3
	Percentage Positive

Score **

LC3
	Staining Intensity

Score *

P62
	Percentage Positive

Score **

P62





	Neck
	2
	++
	3
	+/−
	1
	++
	3



	Limb
	6
	++
	3
	+/−
	1
	++
	3



	
	4
	+
	3
	+/−
	1
	++
	3



	Abdomen
	4
	++
	3
	+/−
	1
	++
	3



	
	2
	+
	3
	+
	2
	++
	3



	Pectoral region
	5
	++
	3
	+
	2
	++
	3



	
	3
	+
	3
	+
	2
	++
	3



	Head
	5
	++
	3
	+/−
	1
	++
	3



	
	1
	+
	3
	+/−
	1
	++
	3



	(para)-genital

region
	3
	++
	3
	+
	2
	++
	3







* Staining intensity score: − negative staining; +/− weak immunolabelling; + moderate immunolabelling; ++ strong immunolabelling; ** per-centage positive score: 0 (≤10% positive cells); 1 (10–40% positive cells); 2 (40–60% positive cells); 3 (>60% positive cells).
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