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SUMMARY: Apocrine glands are sweat glands that are located in the skin of the dog. Anal sac apocrine, circunanal apocrine,
and mammary glands are considered modified apocrine structures, and there are about nine possible types of neoplasomansd other
in the apocrine glands of the dog and cat, including cysts, adenoma, carcinoma, and adenocarcinoma. Thus, it is impadamnew pr
markers to characterize these glands to improve the histopathological diagnosis. In this article, we describe the diskabiikiiem-
related peptidases 5, 7, 8, and 10 in the normal apocrine glands of the dog’s skin. These proteases have been shawdaoelaiah f
role in the homeostasis of the human skin barrier but have been scarcely studied in canine skin.
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INTRODUCTION

Sweat glands have traditionally been divided intincluding cysts, adenoma, carcinoma, and adenocarcinoma.
apocrine or eccrine based on their mode of secretio@n the other hand, there are 18 types of neoplasms of the
Apocrine glands are characterized by decapitation secretiommmary gland (Goldschmiét al, 2011). Currently, the
in which the apical part of the cell is pinched off and releaséihgnosis of these neoplasms is made by histopathology
into the lumen (Scrivener & Cribier, 2002). In generalysing immunohistochemical markers, i.e., cytokeratin or
apocrine glands are microanatomical epitrichial, and eccriestrogen-receptor in the case of mammary neoplasm
are atrichial, but this is not always true. Typical epitrichialGoldschmidet al, 2011; Bahara&t al, 2012). Other cancer
apocrine glands are present throughout the haired skinbiomarkers are being investigated to improve the knowledge
dogs and cats; atrichial eccrine glands are limited to tladout cancer development (Ullah & Aatif, 2009).
pawpads. However, ceruminous glands, the specialized
apocrine sweat glands of the inner pinna and ear canal, have  Kallikrein-related peptidases (KLKs) are a major
epitrichial units. Anal sac apocrine, circunanal apocrine, afiamily of proteases comprising 15 members encoded by 15
mammary glands, considered modified apocrine structurggnes clustered on chromosome 19q13.4. KLKs are secreted
are exclusively atrichial (Goldschmidt & Shofer, 1992). (chymo)trypsin-like serine peptidases, which are secreted as

pro-enzymes and activated through a proteolytic cascade in

According to the classification of Lext al (2005), many tissues, including the skin (Diamandis & Yousef, 2002).
there are about nine possible types of neoplasms and othedate, at least eleven KLKs (KLK1, KLK4, KLK5, KLKS6,
tumors in the apocrine glands described in the dog and dat K7, KLK8, KLK9, KLK10, KLK11, KLK13, and KLK14)
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showvarying levels of expression and are located mainly IMATERIAL AND METHOD
the stratum granulosum and stratum corneum of the epider-
mis (Komatstet al, 2013; Williamset al, 2017; Zhwet al,
2017; Kishibe, 2019). Regarding protease activity, KLKNormal skin samples:To perform this study, ten samples
and KLK9 exert chymotryptic-like cleavage preferencewere obtained from five cadavers of dogs (aged between 5
whereas other KLKs show trypsin-like activity (Kishibe,and 8 years) without any skin disease, which died of
2019). In dogs, there is not much evidence regarding tlraumatic or cardiovascular etiology and its owner authorized
distribution and role of these proteases. However, tliee researchers to obtain a skin samples. Thick skin samples
expression levels of KLKs in healthy human skin showere obtained from the nasal muzzle, whereas thin skin was
differences according to age, sex, and anatomical site.fflom the abdomen's ventral portion. Tissue samples were
addition, KLKs levels can be affected by stimulation wittixed in 10 % neutral buffered formalin processed routinely
glucocorticoids, sex hormones, 1,25-dihydroxy vitamin D3nd embedded in paraffin wax. Five mm thick sections were
and retinoic acid, among others (Shaw & Diamandis, 200dsed for immunohistochemistry.
Morizaneet al, 2010). High expression of KLKs has been
observed in the upper stratum granulosum (SG), and strattmmmunohistochemical staining: Tissue sections were
corneum (SC), where KLK5 and KLK7 have been describazbtained from all biopsy specimens and stained with
as the most abundant KLKs present in the stratum cornetn@matoxylin and eosin (HE). Immunohistochemistry was
(De Veeret al 2017). In addition, most of the KLKs haveperformed with aid of the biotin/streptavidin-peroxidase
been found to be expressed in the epidermis and in associdemthnique as previously described (Ortleiffal, 2020). To
appendages such as hair follicles, and epithelial and swpatform the immunohistochemical procedurgrb thick
glands of the human skin (Cei al, 2016; De Veeet al, sections were deparaffinized and sequentially incubated with
2017; McGoverret al, 2017). KLKs participate in various (i) primary antibody for 16 h at 22°C; (ii) biotinylated
physiological activities such as epidermal cell desquamaticsecondary antibody (Vector Laboratories, Burlingame, CA)
lipid permeability, and antimicrobial defense (Ishidafor 30 min; and (iii) Vectastain Elite ABC reagent (Vector
Yamamotoet al, 2004; Eisa & Diamandis, 2008; Pettes Laboratories, Burlingame, CA) for 30 min. Peroxidase
al., 2009). activity was developed using diaminobenzidine (Dako,
Carpinteria CA). The primary antibodies used were: anti-
Dysregulation of KLKs has been proposed to haveytokeratin (ab86734 Abcam); anti-KLK5 (rabbit pAb,
clinical value (Kryzaet al, 2016; Kishibe, 2019). Thus, ab40951, Abcam); anti-KLK7 (rabbit pAb, ab28309,
upregulation of KLK5 has been reported in many chroni@bcam); anti-KLK8 (rabbit pAb, ab72800, Abcam); and
inflammatory skin diseases, including atopic dermatitianti-KLK10 (mouse mAb, ab55623, Abcam); anti-E-
(Komatsuet al, 2007). The expression of KLKs has also beecadherin (rabbit polyclonal, sc-7870, Santa Cruz) at 1:100
investigated in neoplasia to expand their use as cander1:200 dilutions. All antibodies were diluted in 50 mM
biomarkers. They have been additionally implicated ifiris saline buffer (TBS, pH 7.8) containing 0.5 %
carcinogenesis and some of them have been recommendeniraaunoglobulin-free bovine serum albumin. For anti-KLK
prognostic biomarkers (Kiret al, 2001). In this respect, KLK5 antibodies, antigen retrieval with 50 mM Tris-HCI (pH 9.0)
has been proposed as a novel biomarker to distinguish betweers used, and for E-cadherin antibodies, 10 mM citrate bu-
malignant and benign breast tumors (Avgetial, 2011). ffer (pH 6.0) was used. Pseudoperoxidase activity was
Equally, the abnormal expression of KLK5 in murine andhhibited by preincubating tissue sections with 3 % hydrogen
human oral squamous cell carcinoma promotes tumperoxide for 30 min before incubation with each primary
progression (Pettwet al, 2009; Jiangt al, 2011; Leusinket antibody. The omission of primary antibody during
al., 2015; Johnsoat al, 2016). We have recently shown theincubation served as a negative control.
expression and distribution of KLK5 protein in dogs suffering
from squamous cell carcinoma and showed that cancer cells
that invaded the stroma expressed KLK5 (Ortofil, 2020). RESULTS

In canines, many skin diseases involve alterations of
skin homeostasis that could be consequence of KLK&pocrine glands.Apocrine glands comprise a secretory unit
dysregulation, an aspect unexplored in disorders affecting thed a duct located in the dermis near to the sebaceous gland.
canine skin. (Grosst al, 2008). This paper described theAt the base of each sweat gland is a structure known as the
immunohistochemical expression and distribution of KLK5secretory coil that is surrounded by contractile myoepithelial
KLK7, KLK8 and KLK10 in the normal apocrine gland of cells. Histologically, the apocrine gland and its ducts are
the canine skin. formed by one layer of cubical epithelial cells (Fig. 1).
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Fig. 1. Normal histology of the dog skin. A. The apocrine glands (black arrow) are located in the dermis, near to the gktmatseous
(black arrow). B. Histological detail of the apocrine gland. The epithelial cells of the gland are simple cubic (gray swepijhblial
cells are fusiform and surround the group of epithelial cells (black arrows).

The epithelial cells of the apocrine glands stained f@Fig. 2B), but strongly immunoreactive for KLK7 and
cytokeratins, though not all of them were immunoreactiviLK10, especially on the apical cell surface (Figs. 2C and
with the same intensity for the pancytokeratins antibody us@é, respectively). The glandular cells were negative for
in this study (Fig. 2A). Regarding E-cadherin expressiotl{LK8, but the cytoplasm of the myoepithelial cells
we did not observe immunoreaction in the cells forming trgurrounding the glands was strongly immunoreactive (Figs.
glands. Glandular epithelial cells were negative for KLKZD and 2E).
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Fig. 2. Immunohistochemical labeling of cytokeratins, KLKs 5, 7, 8 and 10 in normal canine apocrine glands. (A) Cytokeratins.
There are cells that show strong immunoreaction (black arrow) anf low immunoreaction (gray arrow). (B) KLK5. (C) KLK7.All the
cytoplasm is immunoreactive, but the immunorreaction is stronger in the apical surface (black arrow). (D) KLK8 and (E) KLK8. Th

myoepithelial cells are positive to KLK8 (black arrows) and is possible to see myoepithelial cells in longitudinal segtion (gra
arrow). (F) KLK10.
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DISCUSSION KLKS5 and KLK7, they not only participate in the degradation
of proteins that form and stabilize corneodesmosomes but
also regulate the processing of profilaggrin at the level of

In human skin, KLKs are mainly involved in thethe stratum granulosum (Sakadal, 2013; Kishibe, 2019),
physiological desquamation and development of inflammatogas well as the amount of lipid enzymes both acidic
skin diseases with barrier abnormalities, including Nethert@phingomyelinase and b-glucocerebrosidase at the stratum
syndrome and atopic dermatitis (AD). Indeed, Komatsaal ~ corneum (Hacherat al, 2005; Kishibe, 2019). KLK5 and

(2003) determined the mRNA expression of KLK1, KLK4,KLK7 also control skin antimicrobial activity by processing

KLK5, KLK6, KLK7, KLK8, KLK9, KLK10, KLK11, human cathelicidin precursors into shorter inflammatory

KLK13, and KLK14 in normal human skin using RT-PCR ompeptides, which are well-recognized as the primary

in situ hybridization. Furthermore, a relationship betweepathogenic factor in human rosacea (Yamasaél, 2016;

KLKs dysregulation and human cancer has been intensivedyshibe, 2019). Even in conjunction with KLK8, these

explored in recent years (Nauroy & Nystrom, 2020). We hayeroteases can generate shorter LL-37 peptides with

recently reported that KLK5 is differentially expressed in thantimicrobial activity (Eissa&t al, 2011), supporting their
upper stratum granulosum, stratum corneum, hair folliclesnportance in mammalian skin physiology as well as their
and sweat glands of dogs suffering from cutaneous squamauasssible implication in skin disorders. Here, for the first time,
cell carcinoma (cSCC) (Ortlo#tt al, 2020) and have suggestedwe show the expression of KLK7 and KLKi®apocrine

that KLK5 may represent a potential biomarker for diagnosgdands in the dog.

and prognosis in veterinary medicine. Although in the present

investigation apocrine glands did not express KLKS5, its finding Our findings reveal that KLKs are differentially

in cSCC invites us to consider a possible role of KLK5 iexpressed in the apocrine glands. Thus, strong

other pathological conditions like apocrine adenocarcinomanmunoreactivity was observed in the epithelial lining the
apocrine glands for KLK7 and KLK10, evidencing the absence

Only a few studies have addressed the expression arfdmmunoreaction for KLK5. Given that some pathological
distribution of KLKs in the normal skin and cutaneougonditions affecting the skin annexes in dogs are primarily
adnexal structures of domestic animals (Shaw & Diamandiiagnosed through histopathology, identifying KLKs and their

2007; Zhuet al, 2017), thus underlining the importance ofactivators/inhibitors in these structures may be useful in

these proteases in veterinary medicine. In the dog, it is knodisorders such as apocrine gland carcinoma. Our results show

that AD represents a disease of genetic predisposition causedng immunoreaction for KLK8 in myoepithelial cells that
by the absorption of allergens that provoke specificover the epithelial glandular apocrine cells. Sanchez-Céspe-
immunological events (Leung, 1999). In both humans artéset al (2015) indicated that in canine mammary tumors is
dogs, skin barrier dysfunction is a major pathogenic evecommon that myoepithelial cells are involved and take part of
in the onset of AD, leading to water loss and, therefore, the tumor structure, and it is necessary to characterize its
the penetration and sensitization to allergens and/mnmunoreactivity to different antibodies. They found that
microorganisms. In this regard, Zhat al. (2017) myoepithelial cells in the mammary gland (a modified apocrine
demonstrated that KLK5 is up-regulated in the skin witland) of the dog express cytokeratin 14, calponin and CD10

AD. In veterinary medicine, deterioration of the skin barriefSanchez-Céspedestal, 2015). Despite the role of KLK8 in

has been previously related to markers such as ceramittesmyoepithelial cells being unknown, we propose that KLK8

and filaggrin (Marsellat al, 2013); so far, the participation is a good biomarker that must be investigated.

of KLKs in the integrity or deterioration of the canine skin

has not been described yet. The KLKs function as a In the human skin, it has been postulated that the

proteolytic cascade whose activation has three second&ignsmembrane serine protease matriptase and matrix

effects at the human skin level, including: (1) the degradatiometalloproteases can activate pro-KLK5, which can also self-
of corneocytes-related desmosomes that reduces the coheaidivate and then activate KLK8. Once activated, KLK8 can
of the stratum corneum and promotes desquamation; (2) tetivate in vitro pro-KLK1, pro-LL37 and pro-KLK11 (Eissa
reduction of the catalytic activity and degradation of acidiet al, 2011), whereas other KLKs such as KLK6, KLK7
sphingomyelinase and b-glucocerebrosidase, which, in tuamd KLK14 can also activate KLK5 (Eissa & Diamandis,
reduces the integrity of the stratum corneum lipids arD08). In line with this data, we observed that in the normal
decreases the cohesion between cells, and (3) the activagpidermis of canines, KLK5, KLK7, and KLK8 are highly
of the protease-activated receptor 2 (PAR2) that inhibits tlespressed in the apical pole of spinous cells once they
secretion of lamellar bodies from corneocytes, whichigrate to the stratum granulosum. Although KLK5 and
decreases the content of extracellular lipids and alters teK7 are also expressed by granulous cells, this stratum
function of the skin barrier (Cet al, 2016). In the case of exhibits a predominant immunoreactivity for KLK10. At the
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