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Abstract

A comprehensive characterization of the donkey mammary gland (MG)
histology supports the investigation of pathological processes affecting this
organ. Accordingly, the present study aimed to evaluate asinine MG

histomorphology.

Sixty-five MGs collected from jennies (0 to 444 months) were processed
for light microscopy. Immunohistochemistry was performed on sixteen samples
using AE1AE3, a-smooth muscle actin, p63, calponin and vimentin antibodies.
The MGs presented two paired mammary complexes with distinct histological
morphologies according to the stage: prepubertal (inactive/quiescent), fully
developed lactating, and involuting MG. Ten adult jennies (15.4%) presented:
papillomatosis with duct ectasia (3.1%); cystic apocrine metaplasia (1.5%) and
sebaceous (9.2%) and apocrine (4.6%) metaplasia, with multiple alterations in
two animals. Mineralized concretions (46.1%), mononuclear inflammatory

(28,6%) and eosinophils (7,4%) infiltrates were also observed.

Given the immunohistochemical similarities with other mammals,
comparative studies on the MG biopathology focusing on donkeys may provide

new insights on tumourigenesis, with potential application to other species.

Keywords: Donkey; mammary gland; histology; pathology;

Immunohistochemistry



Caracterizacao histologica e imunohistoquimica da glandula mamaéria de

burras da raca de Miranda

Resumo

A investigacdo de processos patolégicos que envolvem a glandula
mamaria (GM), apenas é possivel apos conhecimento detalhado da sua
histomorfologia. Como tal, o presente estudo avaliou a histomorfologia da GM

asinina.

Foram processadas para microscopia de luz sessenta e cinco GMs de
burras (idades entre 0 e 444 meses), e destas, dezasseis foram submetidas a
imunohistoquimica usando AE1AE3, a- actina de musculo liso, p63, calponina e
vimentina. As GMs apresentaram dois complexos mamarios por teto com
caracteristicas variaveis consoante a fase: pré-pubere (inativa/quiescente), em
lactacdo ou em involucdo. Dez glandulas mamarias (15.4%) exibiram alteracdes
metaplasicas/proliferativas: papilomatose (3,1%); metaplasia apdcrina cistica
(1,5%) e metaplasia sebacea (9,2%) e apocrina (4,6%), com multiplas alteracdes
em dois animais. Foram frequentemente observadas concre¢des mineralizadas

(46,1%) e infiltrados inflamatérios mononucleares (28,6%) e eosinofilicos (7,4%).

Consideramos que estudos comparativos sobre a biopatologia da GM
asinina possam fornecer novas informacdes sobre a tumorigénese, com

potencial aplicacdo noutras espécies.

Palavras-chave: Asinino; glandula mamaria; histologia; patologia;

imunohistoquimica

Vi



Index

F o3 0LV [To [ 1= ] v
Y 01 1 = Lo SR v
FIQUIES INABX ..ot e e e e e e e e e e s et e e e e e e e e s e e e atbbeeeeeeaeaanns iX
L= 1 LTS [T [ SRR Xi
F Y o] 01T a0 [t o [ SRR Xi
ADDIeVvIiations aNd ACIONYIMIS. .....cciiiiiieeiiireeeeeiee e e a e s e e e st r e e s aabr e e e s anrreeesaneeeeaanes Xii
(IR 1o o [8 o3 170 ] o PP OUPRRSPPRR 1
1. “Burro de Miranda” breed (BMB).........c..uuiiiiiiiieiiiiiiee e 1
2. Comparative anatomy and hiStology.........ccccvveeiiee i 2
2.1 Mammary gland anatomy ...........cooouiiieiiiiiiee e 3
2.2 Mammary gland hiStology .........ccuueeiiiiei e 4
3. Mammary gland developmMENT..........uviii i 9
4. Reproductive cycle and mammary gland histological changes..............c........... 11
5.  Immunohistochemistry and immunohistochemical markers.............c...cccoenee 12
LR 4 PRSPPI 16
Il - Materials and Methods............ooiiii i r e 17
L. SAMIPIES .. 17
2 1Y/ 11 1 T T £ SRR 18
2.1 HISTOIOQY ettt 18
2.2 ImmUNOIStOChEMISIIY ..o 18
2.2.1 Immunohistochemical evaluation..............cccccceeeiiiiiciiiierie e 20
3. ANAIYSIS ..o 21
IV = RESUILS .eeieeeee ettt e e e e e e s e st e e e e e e e s e s atb e e eaeaeseaanatsranneaaaeesaans 22
1. Macroscopic evaluation of jennet’'s mammary gland............ccccceeviiieeeiiiieneeeee 22
2. Histological evaluation of jennet’'s mammary gland..............cccoocoiiiniiiieeennnenn. 22
2.1 Mammary gland normal StTUCIUIE ...........coooiiiiiiiie e 22

2.2 Development of postnatal morphological changes in donkey mammary gland
................................................................................................................................. 26
3. Immunohistochemical characterization of the donkey mammary gland................ 29
Bl TRAL e 29
3.2 Mammary Par€NCRYIMA .......ccoouiiiiiiiiiie e 32
B3 SITOMA ... 35
4. Histopathological alterations of donkey mammary gland .............ccccoocvieeeninnenn. 37
4.1 Metaplastic/proliferative mammary leSions ........cccccceeeeiiiiiiiiiiiec e, 37
4.2 PSammoma DOAIES (PBS) ....ccoiiuiiiiieiiiiie ettt 38

vii



4.3 Mammary gland inflammatory infiltrate............ccoccveee i 39

4.4 Other alteratioNS..........ocieiiiiiei e e e e e e e e e e e s e aeeeeeeas 40

RV I 1 o B =1 (o] o SRR 42
1. Macroscopic and microscopic features of jennet mammary gland .................... 42
2. Immunohistochemical characterization of jennet mammary gland .................... 43
2L TRAL e 44

2.2 Mammary Par€NCRYIMA .......ccoiuiiiiiiiiiie et 46

2.3 SITOM@ ... 47

3. Histopathological alterations of donkey mammary gland .............cccccoevviieeeninnenn. 49
VI = CONCIUSION .ttt et e ettt e s et bt e e s anb b e e e e e nnbeeeeeans 53
RV LR ] (=] =] o = SRR 55
RV LTI Y o] o 1] o T [ G P PPERR 71

viii



Figures Index

Figure 1 - Schematic representation of a half udder of a donkey ...........ccccoecvvveiiiinnnnnnne 4
Figure 2 - Schematic diagram of a mammary duct in Cross-section .............cccecceveeeeenn. 6
Figure 3 - Schematic representation of Equus caballus MG..........cccccceiiiiiiieenne 10
Figure 4 - Schematic representation of a terminal end bud (TEB)........cccccevvviveeeiiinnnen. 11
Figure 5 - External appearance of BMB jennet’s udder and teats.. ...........cccccveeeiinnnen. 21
Figure 6 - External appearance of BMB jennet’s udder and teats. ...........cccccceeeeeene 21
Figure 7 - Donkey teat orifices. H&E StaiN..........ccccoociiiieiiic e 22
Figure 8 - Donkey teat skin. H&E Stain. ... s 22
Figure 9 - Donkey teat canals. H&E Sain. ..........ccoeveiiiiiiiiiiiiiic e 23
Figure 10 - Donkey teat canal and gland cistern. H&E stain...........ccccoccvveeiiiineeeinnnnnn. 23
Figure 11 - Donkey lactating MG. H&E Stain. ...........ccccvveeiiieiiiiiiiceeee i 25
Figure 12 — Donkey MG: bilayered epithelium og mammary ducts. H&E stain............. 25
Figure 13 — Donkey MG: IAS and IES.H&E Stain..........ccccoeeviiiiiiiiiiiie e 25
Figure 14 - Newborn donkey MG. H&E Stain...........coocieiiiiiiiiiiiiicc e 26
Figure 15 - Newborn donkey MG: TEBS. H&E Stain...........cccceeiiiiiiiiiiiiieeeiieee e 26
Figure 16 - Donkey lactating MG. H&E Stain. ...........ccccvveeiieeiiiiiiiieiceee e 27
Figura 17 - Donkey lactating MG. H&E StaiN ...........ccccciieiiiiiiiiiiiiiieceeee i 27
Figure 18 - Donkey non-lactating MG. H&E Stain...........cccoociiiiiiiiiiicniee e 28
Figure 19 - Donkey non-lactating MG. H&E Stain...........cccooiieiiiiiiiii i 28
Figure 20 - Donkey MG with transitional morphology. H&E stain ............cccccvveeeinnenn. 28
Figure 21 - Donkey MG with transitional morphology. H&E stain .............cccccveeeeeeennns 28
Figure 22 - Donkey teat. p63 iIMMUNOSTAINING .......uuuuruuuurunniiiiiiieinee———————— 29
Figure 23 - Donkey teat CK AELIAE3 immunOStaININg. .......ccvereeiirireeniiiieee s 29
Figure 24 - Donkey teat Calponin immunoStaining...........coccvveieiriieeeniieeee e 30
Figure 25 - Donkey teat. a-SMA immMUNOSTAINING .......c.ceviiiiiiiiieiiiiee e 30
Figure 26 - Donkey teat orifices and teat canals. CK AEL1AE3 immunostaining.......... 30
Figure 27 - Donkey gland cistern. CK AELIAE3 immunostaining. .........ccccccceecennennnnnnns 30
Figure 28 - Donkey gland cistern. p63 immunoOStaiNINg ..........ccoovuirierriireeeiniieeee e 31
Figure 29 - Donkey mammary parenchyma. p63 immunostaining...........ccccoccvveeernivneen. 31
Figure 30 - Donkey gland cistern. a-SMA immunostaining .........cccccceveeeeeiivcivieeeee e 31
Figure 31 - Donkey mammary parenchyma. Calponin immunostaining ...................... 31
Figure 32 — Donkey teat SMS. Vimentin immunostaiNing ..........ccccccececveenneninnnnnennnnnnn. 32
Figure 33 — Donkey teat SMS. Calponin immunoSstaining ............ccceveerriveeeriiieeee e 32
Figure 34 - Newborn donkey MG: TEBs. CK AE1AE3 Immunostaining. ..........c...c....... 32
Figure 35 - Newborn donkey MG: TEBs. P63 immunostaining..........c.ccccoeecvvvviereeeeennns 32



Figure 36 - Newborn donkey MG: TEBs. a-SMA immunostaining .........cccccoecvveeeinnneen. 33

Figure 37 - Newborn donkey MG: TEBs. Vimentin immunostaining ............ccccccceeeeenn. 33
Figure 38 - Donkey lactating MG. CK AE1AE3 immunostaining.............coccevvveeeeeeeennns 33
Figure 39 - Donkey lactating MG. CK AE1AE3 immunostaiNing........c..cocoeeevvveeereeeennnns 33
Figure 40 - Donkey non-lactating MG. CK AE1AE3 Immunostaining ............ccccceeuvee.. 34
Figure 41 - Donkey non-lactating MG. CK AE1AE3 Immunostaining ...........ccccceeeuveee.. 34
Figure 42 - Donkey lactating MG. a-SMA immunostaining. ........cccccceeeeeiiiiiiiieeeeeeennns 34
Figure 43 - Donkey non-lactating MG. a-SMA immunostaining ..........ccccceevvcvveeeennnenn. 34
Figure 44 - Donkey Lactating MG. p63 immunNOSTAINING ........coeeririreeriiiieee e 35
Figure 45 - Donkey non-lactating MG. p63 immunoStaining ...........cccoeevvveerniineeesinnnne. 35
Figure 46 - Donkey MG with lobular hyperplasia. Vimentin Immunostaining............... 35
Figure 47 - Donkey non-lactating MG. Vimentin Immunostaining.............ccoceceveeeeenn. 35
Figure 48 - Donkey MG: vessels. Vimentin immunostaining..........cccccceeeveeicnnnnnnnnnnnnnns 36
Figure 49 - Donkey MG: vessels Calponin immunostaining.........cccccccveereiiniiiiereeaeenenns 36
Figure 50 - Donkey MG: vessels a-SMA immunoStaining..........cccoveeviiieeeniiieeee e 36
Figure 51 - Donkey MG: vessels. a-SMA immunostaining..........ccccccceeeeeeeicciinieneee e 36

Figure 52 - Donkey MG: Multiple intraductal epithelial papillary projections, associated
With duct ectasia.H&E StaiN...........ooiiiiiiiii e e e 38
Figure 53 - Donkey MG: Cystic apocrine metaplasia, characterized by cystically dilated

ducts lined by benign apocrine epithelium. H&E stain...........ccccceeeee i, 38
Figure 54 - Donkey MG: mammary apocrine and squamous metaplasia. CK AE1AE3
] a1 T o 1S) ¢= 11 ] oo TSRS 38
Figure 55 - Donkey MG: mammary sebaceous metaplasia. H&E stain........................ 38
Figure 56 - Donkey MG: PBS. H&E StaiN .......ccooiiiiieiiiiiiiiiieeec e 39
Figure 57 - Donkey MG:PBs. CK AELAE3 IMMUNOSTAINING ...ccoovvvrveeiiiiiee e 39
Figure 58 - Donkey MG: mononuclear inflammatory infiltrate. H&E stain..................... 39

Figure 59 - Donkey MG: mononuclear inflamatory infiltrate. Vimentin Immunostaining39

Figure 60 -Donkey MG: mononuclear inflamatory infiltrate. H&E stain..............ccccuueeee. 40
Figure 61 — Donkey teat skin: eosinophils. H&E Stain...........ccccoeieieiiiic i, 40
Figure 62 - Donkey non-lactating MG: MEC hipertrophy. H&E stain .............ccccceeeenne 40
Figure 63 - Donkey non-lactating MG: MEC hipertrophy. H&E stain. ............cccccoeeene 40

Figure 64 - Donkey MG: MEC hiperplasia and hypertrophy. p63 immunostaining....... 41
Figure 65 - Donkey MG: MEC hiperplasia and hypertrophy. CK AE1AE3 immunostaining



Tables Index

Table 1 - Different LEC appearances in gland cistern/lactiferous sinus, duct/ductules and
alveoli, documented in humans, mice, dogs, and COWS. ........cccceeeeviiiiiiierieeee e 7

Table 2 - Animal’'s age and year of collection of the sixteen samples chosen for the

indirect immunohistochemistry teChNIQUE. ..........occuiiiriiiie e 17
Table 3 - Antibodies used for immunohistochemical examination of IMG. .................. 20
Table 4 - Positive Control for each immunohistochemical marker. .......c.occcvevvvviiinnnnens 21

Table 5 - Differential expression of the immunohistochemical markers in teat skin
SITUCTUIES. ...ttt e e e e e e 29
Table 6 - Comprehensive and detailed summary of the main conclusions drawn from

analysing different histological appearances of jennet’'s mammary gland.................... 37

Appendix Index

Appendix 1 — Scientific poster: Congress of the ECVP/ESVP/ECVCP/ESVCP - Lisbon

Xi



Abbreviations and Acronyms

AEPGA - Association for the Study and Protection of Asinine Livestock/
Associacao para o Estudo e Protecdo do Gado Asinino

APM — Arrector Pili Muscle

BMB — “Burro de Miranda” Breed

CALP -Calponin

EMT - Epithelial-Mesenchymal Transition

FAO - Food and Agriculture Organization of the United Nations

H&E - Haematoxylin and Eosin

IAS — Intralobular Stroma

IES — Interlobular Stroma

IF - Intermediate Filament

JMG - Jennet's Mammary Gland

LEC — Luminal Epithelial Cells

LHAP - Laboratory of Histology and Veterinary Anatomical Pathology/
Laboratorio de Histologia e Anatomia Patologica

MEC — Myoepithelial Cells

MPSU — Mammo-Pilo-Sebaceous Unit

PBs - Psammoma Bodies

SMC - Smooth Muscle Cells

SMF - Smooth Muscle Fibres

SMS - Smooth Muscle Sphincter

TDLU - Terminal Ductal Lobular Unit

TEBS - Terminal End Buds

UTAD - Tras-os-Montes e Alto Douro University/ Universidade de Tras-os-
Montes e Alto Douro

VIM -Vimentin

a-SMA - Alpha Smooth Muscle Actin

xii



| — Introduction

Very little is known about the anatomy and histology of the donkey’s
(Equus Asinus) mammary gland. Raising interest in recent years has been
focusing on the use of donkeys’ milk for human consumption as a hypoallergenic
substitute for children affected by cows’ milk protein allergies or multiple food
intolerances (Valle et al., 2018; Souroullas et al., 2018; Zhang et al., 2018) and
as a potential complementary dairy product for aged people to treat a variety of
human diseases, including cancer, due its effects up-regulating the immune
system (Salimei & Fantuz, 2012; Li et al., 2020). Therefore, several scientific
papers on the composition and microbiological quality of donkey’s milk (Sarno et
al., 2012; Colavita et al., 2016; Valle et al., 2018; Li et al., 2019; Matrtini et al.,
2020; Turini et al., 2020), its potential toxicities (Fantuz et al., 2015), optimized
milking systems (D‘Alessandro et al., 2015; Valle et al., 2018; De Palo et al.,
2022) and improvement of the hygienic collection conditions (Pilla et al., 2010),
were published. The little information collected about donkey’s mammary gland
anatomy occurred during studies on the improvement of milking systems, in
which measurements of the mammary gland were carried out by direct
observation and ultrasonographic methods (D‘Alessandro et al., 2015; Hassan et
al., 2016; Kaskous & Pfaffl 2022). It is still an area that deserves to be investigated
to facilitate the detection of mammary pathologies and apply preventive
measures promptly. Accordingly, this study aimed to evaluate the histological and
morphological characteristics of donkey’s mammary gland, by routine light
microscopy and by indirect immunohistochemical technique, with the application

of specific tissue markers.

1. “Burro de Miranda” breed (BMB)

The “Burro de Miranda” breed (BMB) is one of the two officially recognized
donkey breeds in Portugal. It is an autochthonous breed originated from Planalto
Mirandés region, located in North-Eastern Portugal (Quaresma, 2005; Quaresma
et al., 2014; SPREGA, 2022; Bessa et al. 2021). The breed population markedly
decreased by the end of the 70s and throughout the 80s and 90s because of

changes in farming practices towards mechanization, the main reason why the



breed is now vulnerable to extinction (Colli et al. 2012; Quaresma M. et al., 2014).
The breed presents today around 756 females and 60 males registered in the
Studbook and falls into the Food and Agriculture Organization of the United
Nations (FAO) category of a species in danger of extinction. Although the breed
is under a conservation plan and the number of animals has slightly increased in
the last decade, the current reproductive rates remain lower enough to reverse
the endangered situation, and the animal population is aging. The animals are
distributed by around 460 owners (Bessa et al., 2021; SPREGA, 2022; Quaresma
et al., 2014).

The Association for the Study and Protection of Asinine Livestock
(AEPGA, “Associacéao para o Estudo e Protecdo do Gado Asinino”), the national
entity responsible for the breed Studbook, was created as part of a global
conservation effort. It has been registering animals presenting the breed
characteristics and promoting donkey use and welfare since its creation in 2002
and awakens the public interest with events like a traditional donkey market and
festivals (Kugle et al., 2008; Quaresma et al., 2014).

2. Comparative anatomy and histology
The horse is the phylogenetically closest species to the donkey; therefore,
for comparative purposes, we expect similarities between mammary gland
anatomy and histology of both species. Unfortunately, there are few published
studies on horse mammary histology. The study that served as a comparative
basis for ours was that of Hughes (2020a), that described the histology of the teat

and udder of the mare's normal mammary gland.

The study of diagnostic methods for neoplastic conditions is more
advanced in horses than in donkeys. However, the presence of mammary tumors
continues to be quite difficult to diagnose promptly (Shank, 2009; Boyce &
Goodwin, 2017; Hughes, 2020b). Clinical signs are often confused with mastitis,
and a specific framework for histopathological phenotyping of equine mammary

tumours is not well established (Hughes, 2020b).



2.1 Mammary gland anatomy

The jennets’ udder comprises one pair of inguinal mammae, each usually
drained by two independent mammary ductal trees (three may rarely occur),
which arise during foetal development, similarly to the mare (Chavatte-Palmer,
2002; Canisso et al., 2020; Hughes, 2020a; Hughes, 2020b). Thus, each teat
typically has two orifices through which the primary ducts discharge (Oftedal &
Dhouailly, 2013). Likewise, equids, small ruminants such as sheep (Ovis aries)
and goats (Capra hircus) have only one pair of inguinal mammae in contrast with
cows that have two. Nonetheless, both have only one ductal system per mammae
(Nickerson & Akers, 2011; Koyama et al., 2013; Hughes, 2020a).

The udder shape of the female donkey was classified as 89% “bowl” and
11% “globular”, and the teat shape as 78% “conical” and 22% “cylindrical”
(Kaskous and Pfaffl, 2022). Each tree-like ductal system is composed of lobules
arranged into distinct lobes. Each lobe has its excretory duct, draining milk into
the gland cistern, subsequently the teat canal, and finally exiting the teat orifice
(D’Alessandro et al., 2015; Kaskous and Pfaffl, 2022). Donkey's gland cistern is
characterized by multiple pockets that open directly into the teat duct/cistern (Fig.
1) instead of a single cistern cavity as in cows (Khan et al., 2020). It is known that
the equid udder has a lower storage capacity compared with ruminants and is
more adapted to frequent milk removal (D’Alessandro et al., 2015; Kaskous and
Pfaffl, 2022). In mares, humans (Hughes, 2020a), dogs (Sorenmo et al., 2011,
Zappulli et al. 2019), and ruminants (Rowson, 2012) the authors described the
alveolar lobules (the secretory portion of the gland) as a terminal ductal lobular
unit (TDLU). In mice, the TDLUs are called alveolar buds (AB) (LiSka et al., 2016;
Cardiff et al.,2018; Barbosa et al., 2018).



Alveoli

Milk duct

Gland cistern

Teat cistern

Streak canal

Figure 1 - Schematic representation of a half udder of a donkey (Kaskous and Pfaffl, 2022).

2.2 Mammary gland histology
2.2.1Teat

Little is known about the external appearance of donkey’s teat and MG. In
horses, Ludewig (1997) emphasized a dark pigmented skin in corpus mammae,
sulcus intermammarius and teat. A dark coloration was observed in dogs and is
justified by the presence of melanocytes in the Stratum Basale, often with
vacuolated cytoplasm (Sorenmo, 2010), which creates a pigmentation on the teat
epidermis (Evans & Christensen, 2013). Similarly, teats can also be pigmented
in cows, often manifesting as patches of dark and unpigmented epidermis like the
broken colour patterns of most dairy breeds' coats (Koyama et al., 2013). In
humans, melanocytes are not restricted to the epidermis but are also very
abundant in the basal layer of sebaceous glands and lactiferous ducts
(Giacometti & Montagna, 1962; Montagna, 1970; Koyama et al., 2013). In mice,
Abdalkhani et al. (2002) observed a few melanocytes containing pigment
granules in the connective tissue between the teat duct and the epidermis
(Koyama et al., 2013). The extension of the teat epidermis showed minimal hair
follicles and large adnexal glands in all the mammary areas of dogs (Zappulli et
al., 2019), cows (Nickerson & Akers, 2011) and dromedaries (Kausar et al., 2001;
Cardiff et al., 2018).

Generally, the common integument (integumentum commune) comprises
skin, hair, claws, pads, and skin glands, including the skin of MG.
Microscopically, the skin (cutis) consists of a superficial epidermis of stratified

squamous epithelium and the underlying connective tissue, the dermis. The
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interface between the epidermis and the dermis is formed by a functional
basement membrane of matrix proteins. The skin is underlain by a subcutis (tela
subcutanea or hypodermis), which is not part of the skin. The subcutis connects
the dermis with the fascia and the various forms of hair (pili) that compose the
coat (Evans & Christensen, 2013). The epithelium of the nipple/teat is continuous
with a keratinized stratified squamous epithelium of the epidermis, resembling the
adjacent epidermis in dromedaries (Kausar et al., 2001), horses (Hughes,
2020a), mice (Masso-Welch et al., 2000), humans (Cardiff R. et al.,2018) and
dogs (Zappulli et al. 2019).

Regarding epidermis thickness, in horses, Ludewig (1997) mentioned a
thicker stratum corneum (up to 70 layers of cornified layers) and stratum
spinosum of the sulcus intermammarius. Evans & Christensen (2013) and
Zappulli et al. (2019) also commented on differences in the thickness of the
epithelium in dogs. While Evans & Christensen (2013) referenced a thin skin layer
over the distal teat tip and an increased thickness near the teat base; Zappulli et
al. (2019) stated a slightly thicker teat external portion compared to the epidermis
of the adjacent skin. The key distinguishing feature of the epidermis between the
nipple/teat and the surrounding breast or abdominal skin, of humans (Giacometti
& Montagna, 1962; Montagna, 1970; Foley et al., 2001; Doucet et al., 2012;
Koyama et al., 2013), cows (Helmboldt et al. 1953), and mice (Mahler et al.,
2004), is the epidermal ridges (also named “invaginated folds” in the areola of
humans) that deeply penetrate the papillary dermis. These ridges may represent
a morphological adaption to the nipple/teat’s attrition during suckling (Montagna,
1970; Mahler et al., 2004; Koyama et al., 2013). Also, in horses Ludewing (1997)
mentioned that dermal papillae end immediately below the stratum corneum,

which confirms its presence in equine MG skin.

Furthermore, the presence of a smooth muscle sphincter (SMS) in the teat
area was described in the equines (Hughes, 2020a), rodents (Barbosa et al.,
2019), bovine (Nickerson & Akers, 2011; Khan et al., 2020), dogs (Sorenmo,
2010; Evans & Christensen, 2013; Zappulli et al.,2019), and humans (Montagna,
1970; Koyama et al., 2013; Cardiff et al.,2018). The contraction of smooth muscle
fibres (SMF) are proposed to wrinkle the teat/areola, enhancing nipple projection
(Montagna, 1970; Koyama et al., 2013; Cardiff et al.,2018; Barbosa et al., 2019).

Moreover, SMF have particular importance in dairy cows to maintain the teat
5



canal tightly closed between milking, preventing leakage, and avoiding bacteria
from progressing upward into the teat cistern in cows (Nickerson & Akers , 2011).
Cow’s teats with weak, relaxed, or incompetent circular smooth muscle bundles
(sphincters) are termed ‘patent’ or ‘leaky’ (Nickerson & Akers , 2011; Khan et al.,
2020).

2.2.2 Mammary gland parenchyma

For ease of understanding, the MG can be divided into two compartments:
the epithelial (or parenchymal) and the stromal (or mesenchymal) compartments
(Masso-Welch et al., 2000). The epithelial compartment comprises two primary
cell types: the luminal epithelial cells (LEC) and the myoepithelial cells (MEC),
with a basement membrane surrounding these epithelial components (Fig. 2)
(Dusek et al., 2012; Cardiff et al.,, 2018; Biswas et al., 2022), as already
described. Both these layers are in constant flux with new ductal growth
(elongation and branching) emanating from medially located epithelial cells that

penetrate through gaps between the MEC layer (Sorenmo, 2010).

These bilayer conformation is observed in the gland cistern, large and small ducts
and alveoli of mice (Barbosa et al., 2019), cows (Alsodany & Al-Derawi, 2018),
and goats (Pattison, 1952) MGs, contrasting with the teat canal squamous
stratified epithelium.

Basement Membrane

Luminal
pithelial Cells

Myoepithelial
Cells

Figure 2 - Schematic diagram of a mammary duct in cross-section (adapted from Dusek et al., 2012).

2.2.2.1 Luminal epithelial cells
The luminal epithelium, whose apical surface contacts the lumen of

ducts, ductules, and alveoli forms the inner layer surrounding the hollow lumen
6



(Masso-Welch et al., 2000; Cardiff et al.,2018; Barbosa et al., 2019). In late
pregnancy, responding to hormonal signals (Davis & Fenton, 2013; Zappulli et
al., 2019), this layer becomes a functionally differentiated secretory epithelium
responsible for milk synthesis and secretion during lactation (Masso-Welch et al.,
2000; Cardiff et al.,2018). The LEC layer of the secretory alveoli differentiates
into lactocytes, a cuboidal highly polarised cell, which ensures the movement of
milk components toward the lumen. Also, fat vacuoles and Golgi vesicles
containing lactose, milk proteins, and water may be seen on the lactocytes’
cytoplasm (Masso-Welchet al., 2000; Davis & Fenton, 2013; Cardiff et al., 2018).
The alveolar epithelium usually presents a spongy appearance during lactation,
due to the intracellular lipid and osmotic swelling of lactose-containing secretory

vesicles (Masso-Welch et al., 2000).

On the other hand, in horses (Hughes, 2020a), humans (Cardiff et al.,
2018), mice (Masso-Welch et al., 2000; Davis & Fenton, 2013), dogs (Sorenmo,
2010; Zappulli et al. 2019), cows (Nickerson & Akers, 2011), and dromedaries
(Kausar et al. 2001), the non-secretory alveoli resemble the small ducts with small
LEC.

Not considering the physiological state of the gland, the existing literature
on different animal species mentions variation from cuboidal to columnar

appearance of the LEC (table 1).

Table 1 — Different LEC appearances in gland cistern/lactiferous sinus, duct/ductules and alveoli, documented in
humans, mice, dogs, and cows.

Humans Mice Dogs Cows
Gland Cistern | tall columnar 1) bilayered cuboidal  cuboidal to more columnar than
/L_actiferous (Cardiff R. et to columnar (Masso- columnar (Zappulli  cuboidal (Nickerson and
Sinus al.,2018) Welch P. et al., 2000) etal. 2019) Akers, 2011)

2) columnar (Davis B. &
Fenton S., 2013)

Ducts and cuboidal or cuboidal or columnar  cuboidal (Sorenmo
Ductules columnar (Cardiff (Masso-Welch P. etal., K., 2010)
R. et al.,2018) 2000)
Alveoli cuboidal (cardiff  cuboidal to columnar  cuboidal to cuboidal to
R. et al.,2018) (Davis B. & Fenton S.,2013) columnar columnar (Davis B. &
(Sorenmo K., 2010) Fenton S., 2013)




2.2.2.2 Myoepithelial cells

The MEC layer is located between the alveolar secretory epithelium and
the basement membrane. There is increasing evidence that these cells have
multiple functions (e.g., mammary morphogenesis), influencing the proliferation,
survival, and differentiation of LEC and the structural formation of the ducts, and
milk expulsion from the alveoli to the teat (Nickerson & Akers, 2011; Davis &
Fenton, 2013). The milk ejection is activated by oxytocin, that binds to MEC
receptors and stimulates intracellular calcium signalling, resulting in MEC
contraction (Hassiotou & Geddes, 2012; LiSka et al., 2016; Cardiff et al., 2018;
Hughes, 2020a).

Furthermore, MEC undergo some changes throughout the reproductive
cycle (Davis & Fenton, 2013; Zappulli et al., 2019; Cardiff et al., 2018). It assumes
a more fusiform shape during lactation due to the stretching resulting from the
luminal high pressure caused by the presence of milk. This was described in mice
(Masso-Welch et al., 2000) and dogs (Sorenmo, 2010). In contrast, in the
proliferative state, MEC are called “hypertrophic” and are easily identified by their
polygonal shape with vacuolated cytoplasm and ovoid nucleus, in dogs (Espinosa
de los Monteros et al.,2002; Zappulli et al., 2019; topuszynski et al., 2019).

In dog’s gland cistern, MEC tend to be more columnar and cuboidal
compared to the MEC of ducts and alveoli (Zappulli et al., 2019).

2.2.3 Mammary gland stroma

The MG consists of epithelial glandular tissue and connective tissue
(Evans & Christensen, 2013). The connective tissue may be subdivided into two
components: the intralobular stroma (IAS), embedding the alveoli; and the
interlobular stroma (IES), a “far stroma” equivalent that creates an artefactual
space around the TDLU (Hughes, 2020a; Cardiff et al., 2018; Biswas et al., 2022).
In equines and ruminants, the IAS consists of a densely packed collagenous and
highly cellular stroma, while IES is looser and sparsely cellular (Hughes, 2020a).
In contrast, in dogs and humans, the IAS looser stroma is arranged in fine

collagen fibres within an extensive extracellular matrix (Zappulli et al., 2019;



Cardiff et al.,2018). In addition, blood vessels, nerves, and lymphatics vessels

may also be found in the IES of canine MGs (Zappulli et al., 2019).

The connective tissue stroma differs in thickness, composition, and density
throughout the oestrous cycle. During pregnancy, lobules expand and are filled
with secretion; consequently, the IES turns out more collagenous and elastic to
adjust and agglomerate all the hypertrophic lobules, protecting the delicate
synthetic tissues during ductal elongation and branching (Nickerson & Akers,
2011; Biswas et al., 2022). Some authors mentioned a decrease in thickness of
the extra- and intra-lobular stroma during pregnancy in mice (Masso-Welch et al.,
2000; Davis & Fenton, 2013; LISKA et al., 2016).

In addition, in non-lactating canine MG, IES is described as more abundant
and compact compared to the IES of the active MG (Sorenmo, 2010; Davis &
Fenton, 2013). Studies in mice mentioned a relative depletion of fibrous
collagenous stroma at the end of the lactating period, due to the replacement of
glandular secretory component with adipose and connective tissue (Masso-
Welchet al., 2000; Davis & Fenton, 2013; LiSka et al., 2016; Cardiff et al., 2018).
Moreover, Kausar et al. (2001) stated that, in dromedaries, the MGs parenchyma

is replaced by loose connective tissue over mammary involution.

3. Mammary gland development

The prenatal MG development begins usually during the first third of
pregnancy (McGeady et al., 2006) the MGs undergo allometric growth in
proportion to the rest of the body (Sorenmo, 2010; Watson & Walid, 2020; Biswas
et al., 2022). Dual primary sprouts emerge initially from the epidermis due to the
proliferation of teats’ epithelium, forming secondary sprouting of mammary and
pilosebaceous outgrowths (Hovey & Trott, 2004; McGeady et al., 2006; Hurley et
al., 2011; Watson & Walid, 2020; Biswas et al., 2022). The ramification of these
sprouts results in two independent teat cisterns and mammary trees. Each sprout
will form a mammo-pilo-sebaceous unit (MPSU) composed of a hair follicle, a
sebaceous gland, and a mammary ductal system, which will be retained in mature
mares (Fig. 3) (Hughes, 2020a). Kausar et al. (2001) stated that, also in
dromedaries, the follicles are associated with sebaceous glands, although not



using the “MPSU” term. In cats, MPSU could only be seen in immature domestic
animals until approximately one week after birth, but this structure regresses by

three months of age (Hughes, 2020a).

25cm

Figure 3 - Schematic representation of Equus caballus MG at around 150 days of pregnancy: in - infundibula of
hair follicles, ha- hair anlagen, sga- sebaceous gland anlagen, dd- distended ducts, hp- horny plugs in the opening
of a streak canal, mg-ss- ramification of secondary sprouts (Oftedal and Dhouailly, 2013).

During the embryonic development, the primitive germ layers, ectoderm,
and mesoderm originate the epithelial (luminal and myoepithelial cells) and
mesenchymal (stromal cells) compartments (Oftedal and Dhouailly, 2013).
Studies in dogs (Davis & Fenton, 2013) and mice (Masso-Welch et al., 2000)
evidenced that the postnatal period is marked by active cellular proliferation,
matrix remodelling, and epithelial invasion. At microscopic analysis, the samples
show essentially ductal structures (a main lactiferous duct with secondary ducts)
(Barbosa, 2019).

The terminal end bud (TEB) is the growing end of the mammary tree,
commonly observed in sections of MG of young mice (Hughes & Rudland, 1990;
LiSka et al., 2016; Cardiff et al., 2018; Barbosa et al., 2019), humans (Hassiotou
& Geddes, 2012; Biswas et al., 2022), dogs (Leeuwen et al., 2000), and cows
(Nielsen et al., 2011). The TEB is a solid or semisolid bulbous club-like structure
of immature epithelial cells (Russo, 1978), that should not be confused with a
hyperplasia focus. It has two morphologically distinct cellular compartments (Fig.
4): (1) an inner and central layer of body cells, with a high apoptotic index that
will give rise to the future ductal and alveolar LEC (Humphreys et al., 1996;

Biswas et al., 2022); and (2) the outer compartment of a highly proliferative single-
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cell layer of “cap cells” that surrounds the “body cells” (Daniel & Smith, 1999). In
mice, the significant components of stromal connective tissue that support the
development of TEBs are adipocytes, fibroblasts, nerves, vascular endothelial
cells, and a variety of innate immune cells, such as macrophages, mast cells, and

eosinophils that escort the growing end (Cardiff et al.,2018; Biswas et al., 2022).

Cap cell

Basement ECM
membrane Stroma
Myoepithelial ECM > '
cell \(tl-l.lclyltltltl'ltlt[t\’i JaOs Adipocytes
Luminal / Body cell I Immune cells

cell
Vascular
endothelial
cells
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Terminal
End Bud (TEB)

Figure 4 - Schematic representation of a terminal end bud (TEB) (Biswas et al., 2022).

Jennies start cycling regularly between 10 and 22 months old, with the
ability to reproduce at one and a half years old (Quaresma, 2005; Quaresma &
Névoa, 2018). In response to sex hormones, the “body cells” from TEBs
differentiate in cells from the ductal lumina, and “cap cells” give rise to both MEC
and basement membrane (a reservoir of mammary stem cells with regenerative
properties) (Masso-Welch et al., 2000; Bai & Rohrschneider, 2010; Hassiotou &
Geddes, 2012; Davis & Fenton, 2013; Rios et al., 2014; LiSka et al., 2016; Biswas
et al., 2022). The epithelial tree undergoes exponential growth and branches into
lobes and lobules to fill the entire mammary parenchyma (Davis & Fenton, 2013;
Yallowitz et al. 2014). Stromal components such as fibrillar collagens type |, I,
and 1V, that are in direct contact with TEBs, regulate IAS and IES composition
and function (Biswas et al., 2022). Additionally, over multiple oestrous cycles, the
lobules accumulate progressively (Masso-Welch et al., 2000; Barbosa et al.,
2019).

4. Reproductive cycle and mammary gland histological changes
The MG responds to the surges in hormones associated with ovulation

and luteinization with increased mitotic activity. Pregnancy is associated with MG
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enlargement and cell proliferation as the TDLU grows and acini develop and
matures. Toward the end of pregnancy and during lactation, cell proliferation
slows and further MG enlargement results from alveolar hypertrophy (Cardiff et
al.,2018).

In species with a menstrual cycle, such as human and non-human
primates, oestrogens are essential for duct development, while progesterone and
oestrogen, along with prolactin, drive the lobuloalveolar proliferation during
pregnancy (Davis & Fenton, 2013). Consequently, in these species an increased
mitotic activity is essentially detected during the luteal phase (Cardiff et al., 2018).
On the other hand, in non-primate species with an oestrous cycle, that have
longer oestrogen- or progesterone-influenced stages, MG morphology can vary
dramatically from a ductular proliferative state in prooestrus and oestrus to an
alveolar secretory state in dioestrus (Davis & Fenton, 2013). In dogs, the best
ductal proliferation occurs during the luteal phase, but alveolar proliferation is
essentially potentialized in the follicular phase (Davis & Fenton, 2013). Sorenmo
(2010), Davis & Fenton (2013) e Zappulli et al. (2019), also in dogs, mentioned a
greater development of the ducts with the formation of lobules occurs in this stage
of the cycle. On the contrary, in mice the increased mitotic activity usually occurs
during oestrus. (Cardiff et al., 2018) and metoestrus (Liska et al., 2016).

5. Immunohistochemistry and immunohistochemical markers
Immunohistochemistry is an integral technique in many veterinary
laboratories for diagnostic and research purposes. This technique is based on
the binding of antibodies (Abs) to a specific antigen (Ag) in tissue sections. Once
antigen—antibody (Ag-Ab) binding occurs, the complexes are evidenced with a

coloured histochemical reaction visible by light microscopy (Ramos-Vara, 2005).

The AE1/AE3 monoclonal antibody, also called pancytokeratin, is a
combination of 2 monoclones, AE1 and AE3, both of which recognize a wide
spectrum of cytokeratins that form the cytoskeleton of epithelial cells (Bussolati
et al., 1986; Toniti et al., 2010), staining its cytoplasm (Gartner et al., 1999; Gama
et al., 2003; Toniti et al., 2010; Brocca et al., 2020). AE1/AE3 is a good marker
for epithelial cells in the normal MG and mammary tumours in dogs (Vos et al,
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1993a; 1993b; 1993c; Griffey et al., 1993; Gartner et al., 1999; Zuccari et al.,
2002; Toniti et al., 2010).

o smooth muscle actin (a-SMA) is a contractile protein mainly found in
cells having contractile functions and is a valuable marker for studying the
differentiation process of smooth muscle cells (SMC) in normal and pathological
conditions (Gugliotta et al., 1988; Marettova & Maretta, 2018). a-SMA has been
long used as a phenotypic marker for identifying mammary MEC quantitatively in
humans (Gugliotta et al., 1988; Deugnier et al., 1995), bovines (Hellmén &
Isaksson, 1997; Alkafafy et al., 2012; Marettova & Maretta, 2018) and equines
(Spaas at al. 2012; Hughes, 2020a), since a large amount of actin in
microfilament bundles contrasts with the relatively low content of filamentous
actin in LEC. Apart from MEC, the SMC of the blood vessels and pericytes of the
capillaries also reveal a strong immunostaining reaction for SMA, in addition to

stromal myofibroblasts (Marettova & Maretta, 2018).

Calponin (CALP) is a specific 34-kDa protein involved in the regulation of
SMC contraction, which expresses diffuse cytoplasmic staining in MEC
(Lopuszynski et al., 2019). However, like a-SMA, its value as a marker for MEC
is limited by the fact that it also labels stromal myofibroblasts and vascular SMC
(Espinosa de los Monteros et al., 2002; Moritoni et al., 2002; Sanchez-Céspedes
et al., 2013; Lopuszynski et al., 2019). The high sensitivity of calponin as a marker
of MEC in the equine (Brocca et al., 2020), canine (Espinosa de los Monteros et
al.,, 2002; Rasotto et al., 2014; Sorenmo K., 2010; Zappulli et al. 2019;
topuszynski et al., 2019), feline (Espinosa de los Monteros et al., 2002), and
human MG (Lopuszynski et al., 2019), as it was demonstrated in previous

studies.

According to what was previously reported in mice (Yallowitz et al. 2014)
humans (Gatti et al. 2019), and dogs (Ramalho et al. 2006; Toniti et al., 2010;
Sorenmo, 2010; topuszynski et al. 2019), the p63 antibody is a sensitive and
highly specific marker displaying a nuclear staining pattern in the basal cell layer,
that labels to myoepithelial and interspersed stem/progenitor cells along the
ductal-acinar structures and the stratified epithelia of the skin. It shows a limited

expression in LEC. The p63 protein is a product of the p63 gene translation,
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crucial for sustaining the proliferative potential and self-renewing capacity of

mammary epithelial stem cells (Ramalho et al., 2006; Gatti et al., 2019).

Vimentin is a cytoskeletal type Il intermediate filament (IF) protein that
forms part of the cytoskeleton of basal/myoepithelial cells and mesenchymal
cells, such as fibroblasts/myofibroblasts, endothelial cells of blood vessels,
macrophages, and lymphocytes and is essentially distributed in their cytoplasm
(Coulombe & Wong, 2004; Peuhu et al., 2017; Battaglia et al., 2018; Marettova
& Maretta, 2018; Barbosa et al., 2018). Consequently, vimentin antigen is widely
used as a mesenchymal marker and displays a cytoplasmic staining pattern in
dogs MG (Gartner et al., 1999; Gama et al., 2003; Toniti et al., 2010). Additionally,
vimentin filaments also play an important role in mediating active force of smooth
muscle fibres (Wang et al., 2006), since type Il IF vimentin proteins and desmin

are the major constituents of the IF networks in this cell type (Tang, 2008).

Given that commercial antibodies are most usually developed for use in
human or murine tissues, it is vital that immunohistochemical studies follow
rigorous protocols and that antibodies are tested and standardized when using
them on other animal species tissues, including appropriate positive and negative

controls.

In horses, there are some published studies using immunohistochemical
markers in mammary gland tumors and healthy MG. a-SMA MEC expression has
previously been demonstrated in normal equine MG (Hirayama et al., 2003;
Hughes, 2020a). Scarce information exists on the normal pattern of expression
of the abovementioned markers in equids, the existing information available
focusing in their expression in mammary lesions. The expression of intermediate
filaments has been assessed in a few number of equine mammary carcinomas;
according to the published results, carcinomas showed a heterogeneous
expression, with tumour cells expressing CK AE1AE3 and vimentin, with varying
degrees of intensity (Hirayama et al., 2003; Laus et al., 2009; Gamba et al, 2011;
Hughes et al., 2015; Bussche et al., 2017; Junior et al., 2019; Sabiza et al., 2020;
Brocca et al., 2020). Reesink et al. (2009) also used CK AE1AE3 and vimentin in
horse mammary gland to test a malignant fibrous histiocytoma, that stained
positive for vimentin and negative for CK AE1AE3. Positive staining for a-SMA
(Bussche et al., 2017; Reesink et al., 2009) and calponin (Brocca et al., 2020)
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has also been reported in mare mammary tumours. Also, Hirayama et al., 2003,
tested calponin and a-SMA in invasive ductal mammary carcinoma, with negative

results.

The immunohistochemistry is a crucial technique in the characterization of
the morphometry of the mammary gland, as it allows to distinguish between the
different cell types and accentuate the cells morphologic features when a suitable

set of primary antibodies is used.
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Il. Aims

The aims of this study were the following:

1.

Characterize the anatomic and histomorphological features of BMB
donkeys' mammary glands;

Characterize BMB donkeys' mammary glands by
immunohistochemistry, with the optimization of this technique to
donkeys’ mammary tissue;

Compare donkey’s mammary gland histology with other animal
species;

Investigate the presence of MG alterations, including proliferative

lesions.
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Il - Materials and Methods

1. Samples

Sixty-five mammary gland tissue samples were obtained from BMB
jennets (Equus asinus) guarded by AEPGA between 2009 and 2018 (9 years).
After the animals’ natural death, the samples were collected, fixed in 10% neutral
buffered formalin, and sent to the Laboratory of Histology and Anatomical
Pathology (LHAP) at the Universidade de Tras-os-Montes and Alto Douro
(UTAD), Portugal. Most of the analysed samples (n=58; 89,2%) corresponded to
animals older than one and a half years old, the puberty age of jennets. Seven
(n=7; 11,8%) prepubertal MG were identified, with four samples corresponding to
newborn animals (up to 72h after birth). Multiple MG sections were made, from
the teat (longitudinal sections) and the deepest mammary parenchyma. All
samples in this study were examined by light microscopy and a routine
haematoxylin and eosin staining; furthermore, sixteen samples were analyzed by
iImmunohistochemistry, using five different markers. The sixteen samples were
selected based on the age of the animals and the year in which the samples were

collected. Table 2 groups the samples according to these criteria.

Table 2 — Animal’s age and year of collection of the sixteen samples chosen for the indirect immunohistochemistry
technique. Y-years; M- Months

Year of the Ne° of

Animal's Age .
collection  samples

<72h after birth 2010 1
>72h after birth £18M 2013 1
>18M and <10Y 2011 2
2010 3

Lactating 2012 1

Gland 2016 1

> 18M 2017 1
. 2010 3

Non(—}lflacrfgtmg 2011 1

2017 2

In addition, the macroscopical anatomic features of the udders were analyzed

in vivo and descried in detail.
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2. Methods
2.1 Histology

After fixation, tissue sections were routinely processed for light
microscopy. Tissues were progressively dehydrated in a series of alcohols,
diaphanized with xylol and embedded in paraffin. Subsequently, paraffin blocks
were cut at 3um thick sections and automatically stained with haematoxylin and
eosin (H&E) (Thermo Electron Corporation Shandon Varistain 24-4) for
histopathological evaluation. Morphological alterations, including proliferative
lesions, the presence of psammoma bodies, inflammatory cell infiltrate was

recorded.

2.2 Immunohistochemistry
Paraffin-embedded tissue samples were cut in 3um-sections on silanized
slides, and used to perform the immunohistochemical analyses, by using the
primary antibodies displayed in Table 3. The detection system applied was a
polymeric labelling methodology (Novolink Polymer Detection System,
Novocastra, UK), following the manufacturer’'s instructions. The

immunohistochemical protocol consisted in the following steps:

1. The tissue samples were first dewaxed in xylol for 30 minutes, before
being rehydrated through a series of graded alcohols (100%, 95%, 80%,
and 70%).

2. The retrieval of antigens involved placing the samples in a suitable holder
together with citrate buffer pH6 (Dako Target Retrieval Solution), without
any prior heating. The holder was then microwaved for 5-minute cycles at
750W, with the number of cycles adjusted depending on the primary
antibody used (Table 3). If more than one cycle was necessary, retrieval
solution was replenished after each cycle to prevent dehydration of the
samples.

3. The supplier technique proved to be challenging in this animal species
tissues when it came to enzyme blockade and protein blockade. To
overcome this problem, the exposure time to 3% hydrogen peroxide
(H202) was increased from 5 to 45 minutes to block the endogenous
peroxidase activity. Afterward, the samples were washed with phosphate
buffer saline (PBS) at pH 7.6, three times.
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. To reduce non-specific background labelling, the incubation time of
Novocastra Protein Block (Leica Biosystems, Newcastle, United
Kingdom) was also increased from 5 to 7 minutes. This is a serum-free
casein-based blocker. Additionally, the primary antibody immediately
without washing with PBS. This further reinforced the blockage of
endogenous protein.

. Excess reagent was removed and replaced by the primary antibodies and
incubated at 4°C, overnight, at specific dilutions: AE1/AE3 (1:200,
Monoclonal mouse anti-human, Dako®), vimentin (1:100, Monoclonal
mouse anti-vimentin, Novocastra®), p63 (1:100, Monoclonal mouse anti-
p63, Abcam®735), a-smooth muscle actin (1:50, Monoclonal mouse
anti- a-SMA, Novocastra®) and calponin (1:400, Monoclonal Mouse Anti-
Human Calponin, Dako®). Primary antibodies were diluted in PBS. Details
of the primary antibodies used in this study are summarised in Table 3.

. On the next day, after rinsing the slides three times with PBS, the sections
were incubated with the secondary antibody Novocastra Post Primary
(Rabbit anti-Mouse IgG, Leica Biosystems, Newcastle, United Kingdom)
for 30 minutes; after rinsing the slides three times with PBS, sections were
incubated with Novolink Polymer (anti-rabbit Poly-HRP-IgG; Leica
Biosystems, Newcastle, United Kingdom) for 30 minutes, which recognize
the rabbit immunoglobulins, detecting the post-primary and any tissue-
bound rabbit primary antibodies.

. After rinsing the slides with PBS, the colour was developed with the
chromogen 3-3’-diaminobenzidine tetrahydrochloride (DAB) with 0,036%
H20: in phosphate-buffered saline (PBS) for 5 minutes.

. After rinsing the slides with PBS, slides were counterstained with Gill's
Haematoxylin for 3 minutes, rinsed twice with tap water for 5 minutes,
dehydrated in a series of ethanol (95%, 95%, 100%, and 100%),
diaphanized with xylol and mounted with Entellan®.
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Table 3 - Antibodies used for immunohistochemical examination of IMG.

Antigen Source of
Antibody Clone/Manufacturer Dilution Localization .g Species .
retrieval antibody
CK Microwave Monoclonal  Santa Clara,
AE1AE3/ Dako® 1:200 Cytoplasm  750W, 1 cycle, mouse anti- California,
AE1AE3 .
5 min human USA
Leica
Microwave Monoclonal  Biosystems,
Vimentin | V9/Novocastra® 1:100 Cytoplasm  750W, 1 cycle, mouse anti- Newcastle,
5 min vimentin United
Kingdom
Microwave Monoclonal Cambridge,
P63 BC4A4/ Abcam® 1:100 Nucleus 750W, 3 cycles, mouse anti- United
5 min each p63 Kingdom
Leica
aloha sm-1/ Microwave Monoclonal  Biosystems,
a-SMA N(F))vocastra® 1:50 Cytoplasm  750W, 3 cycles, mouse anti- Newcastle,
5 min each a-SMA United
Kingdom
Microwave mgzgglg\ﬁ[ Carpinteria,
Calponin | CALP/Dako® 1:400 Cytoplasm  750W, 3 cycles, H California,
. uman
5 min each . USA
Calponin

2.2.1 Immunohistochemical evaluation

The immunohistochemical expression of the five markers used was semi-

gualitatively evaluated. Positivity was indicated by the presence of distinct brown

nuclear (p63) or cytoplasmic (CK AE1AE3, Vimentin, a-SMA, and calponin)

staining. Epidermis was used as an internal positive control for p63 and CK

AE1AE3 markers (stratum basale for p63); blood vessels, the basal myoepithelial

layer of skin sweat glands and arrector pili muscle were used as internal positive

controls for a-SMA and calponin; blood vessels and arrector pili muscle were also

used as vimentin positive control (Table 4). As negative controls, PBS was used

in place of the primary antibody in the standardized technique, to mitigate

potential biases.
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Table 4 - Positive Control for each immunohistochemical marker.

Skin Structures CK a-SMA P63 VIM CALP
AE1/AE3

Stratum Basale + - + = -
of the Epidermis
Hair Follicle + - + - -
Epithelial Sheath
Hair Bulb + = + - -
Arrector Pili - + - + +
Muscle
Sweat Glands’ - + = + +
Myoepithelial
Layer
Blood Vessels - + - + +

3. Analysis

A descriptive analysis was performed, based on Microsoft Excel data

analysis, and the results were expressed in absolute and relative frequencies.
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IV - Results

1. Macroscopic evaluation of jennet’'s mammary gland

Jennies’ udder comprised one pair of teats, each with two orifices. The
number of hairs observed on the teats was minimal. The udder’s skin was dark
brown. The teat skin was slightly thicker than the epidermis of the adjacent skin.
Regarding teats shape and size, it varied from cylindrical to conical. Udders from
animals that have already given birth or are in a lactational state showed larger
teats and bigger and convex udders (Fig. 5), while young nulliparous animals
exhibited small teats and udders (Fig. 6). Teats of non-lactating adult MGs

remained large and elongated.

Figure 5 - External appearance of Figure 6 - External appearance of
BMB jennet’s udder and teats. Caudal ~BMB jennet’s udder and teats. Lateral
view of a convex udder with large and  view of a small udder and less
elongated teats. developed teats.

2. Histological evaluation of jennet’s mammary gland
2.1 Mammary gland normal structure
2.1.1Teat
The keratinized stratified squamous epithelium of the teat skin increases
in thickness towards the teat orifices, with an increase of dermal papillae and
epidermal ridges in this area (Fig. 7). Histologically, an increase of dermal
papillae and epidermal ridges at the teat orifices area were observed (Fig. 7). An
increased number of melanocytes, often with vacuolated cytoplasm, were found
in the stratum basale, between the basal epidermal keratinocytes. The dermis is

formed of networks of collagen and circular smooth muscle fibres (a circular
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smooth muscle sphincter is present along the teat canal), blood vessels, and
nerve fibres. Regarding the adnexal structures, these were non-existent at the
entrance to the teat, in contrast with the epidermal extension of the teat towards
the udder, which shows larger and individualized adnexal glands, although
reduced in number (Fig. 8). The main duct, or the galactophorous duct, is part of
a complex called the mammo-lobular-pilo-sebaceous unit (MPSU), which also
embodies a hair follicle and a sebaceous gland (Fig. 7). This complex was

observed in both immature and mature MG.

Figure 7 - Donkey teat orifices: two ductal systems Figure 8 - Donkey teat skin extension, with hair follicles
openings (arrows) with the respective sebaceous glands  and large sebaceous (arrowhead) and sweat (encircled)
(*). No adnexa are observed in the dermis of the teat glands. H&E stain. Scale bar= 500 um.

orifices. Notice the increased dermal papillae in this

area. H&E stain. Scale bar= 500 um.

In the analysed samples, the teat canal was lined by a stratified squamous
epithelium that, at the entrance of the gland cistern, gradually changed from
stratified to a bilayer epithelium, with an inner LEC and outer MEC layer (Fig. 9
and 10).
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Figure 9 - Donkey teat canals lined by stratified Figure 10 - Donkey teat canal and gland cistern: the teat

squamous epithelium with numerous smooth muscle canal is lined by a stratified squamous epithelium that

trabeculae in the dermis around the teat duct. H&E gradually changes to a bilayer cuboidal epithelium with

stain. Scale bar= 500 um. peripheral myoepithelium, determining the gland/teat
cistern region. H&E stain. Scale bar= 200 um.

2.1.2 Mammary parenchyma

In the analysed samples, LEC lining of the ducts and alveoli showed
multiple shapes, such as cuboidal, columnar, or flattened, according to the MG’s
physiological state or the mammary region (more detail in “iImmunohistochemical
characterization of the donkey mammary gland: mammary parenchyma” topic).
In the proximal teat, the LEC tended to be more columnar than cuboidal,
becoming more cuboidal near the alveoli. On the other hand, the secretory
alveolar cells varied from pyramidal, cuboidal, or columnar before secretion to
flattened after secretion, showing a variable number of intracytoplasmic lipid
droplets that accumulate in the alveolar lumina, which makes the cytoplasm look
foamy (Fig. 11). Nonetheless, the non-secretory alveoli are very similar to the

small ducts.

The MEC shape varied from cuboidal to fusiform, assuming the most
frequent cuboidal aspect in the teat area and the most fusiform to stellate shape

in ductules and alveoli, usually showing pale-to-clear cytoplasm (Fig. 12).
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Figure 11 - Donkey lactating MG with many secretory  Figure 12 — Donkey MG. The bilaminar arrangement of

alveoli, containing lipid droplets in LEC cytoplasm. H&E  epithelial cells within the ductalveolar structures

stain. Scale bar = 100 um. (arrow). Clear suprabasal MEC surrounding the cuboidal
monolayer of LEC. H&E stain. Scale bar = 50 um.

2.1.3 Stroma

As expected, MG stroma was composed of connective and adipose tissue,
blood vessels, lymphatics, and nerves, with variable number of inflammatory cells
(see below). Surrounding the intralobular ducts, the IAS consisted of more
cellular connective tissue, with intermingled undulated bundles of finer collagen
fibres with a small amount of extracellular matrix. The IES, separating the lobules,
consisted of denser and sparsely cellular connective tissue, with larger collagen
bundles surrounded by a more extensive extracellular matrix (Figure 13).

Figure 13 — Donkey MG. The lobular arrangement of the mammary gland. Note the more cellular IAS (diamond)
supporting TDLU’s and the IES (*) surrounding the lobules. The border between the two stroma-types is well-
demarcated in this image (arrowheads). H&E stain. Scale bar = 200 um.
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2.2 Development of postnatal morphological changes in donkey

mammary gland
Donkey MGs presented a structural organization, with two paired
mammary complexes exhibiting distinct histological morphologies, from

prepubertal (inactive/quiescent), to fully developed lactating and involuting MG.

Figure 14 - New-born donkey MG. Little ductal Figure 15 - New-born donkey MG. Terminal end buds
branching consists of primary ductal structures in small ~ (TEBs), consisting of tightly packed multiple-layered
aggregates (arrows). H&E stain. Scale bar = 500 um. cells. H&E stain. Scale bar = 200 um.

Although the number of newborn samples were not enough to withdraw
unequivocal conclusions about the prenatal development of the MG, limited
ductal branching was identified, consisting essentially of primary ductal structures
in small aggregates (Fig. 14). In addition, terminal end buds (TEBs), bulbous
epithelial structures comprised of tightly packed multiple-layered cells with large

nuclei and indistinct cell borders, were also evident (Fig. 15).

The postnatal prepubertal MGs were inactive. Although revealing a better
development of ductal structures than the neonatal samples, with relevant
proliferation of IAS and IES, the mammary structures still showed a low degree
of complexity and no evidence of previous lactational activity of the gland, such
as the presence of PBs, lobular hyperplasia or luminal secretion.

In post-pubertal samples, morphological changes were observed in both
the epithelial and stromal components, allowing the identification of different
histological phases: lactating, non-lactating involuting MG, with intermedium

phases.
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Nineteen samples (29,2%) presented secretory lactational activity.
Alveolar epithelial cells showed a variable morphology: in some specimens, LEC
showed high cytoplasmatic lipid vacuolation, with no significant accumulation of
lumen secretion (Fig. 16) while in other samples, LEC were regularly cuboidal,
with no lipid cytoplasmatic droplets, and variable amounts of luminal secretion
(Fig. 17). Moreover, alveoli and ducts showed a thin MEC layer that comprised

fusiform cells (elongated-shaped cells).

Figure 16 - Donkey lactating MG. Alveolar LEC with
intracytoplasmic lipid droplets (*) and pale staining of
the cytoplasm. Notice the thin and attenuated layer of
fusiform MEC. Little accumulation of secretion inside the
alveolar lumen (arrowheads). Blood Vessel (arrow). H&E

Figure 17 - Donkey lactating MG. LEC are regularly

cuboid, usually with centred nuclei, with few
cytoplasmatic lipid droplets. The connective tissue
surrounding  the epithelial elements appears
oedematous. H&E stain. Scale bar = 100 um.

stain. Scale bar = 100 um.

Twelve (18,5%) samples were characterized by a non-lactational
phenotype, with the presence of small lobules and alveoli, surrounded by a
prominent mature interlobular and intralobular fibrous connective tissue (Fig. 18),
and might correspond to post-lactational or senile involution. The ductules and
acini were lined by small luminal and myoepithelial cells, very close to each other,
with hyperchromatic nuclei and little cytoplasm (Fig. 19). Although the presence

of eosinophilic luminal secretion was rare, focal ductal ectasia could be observed.
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Figure 18 - Donkey non-lactating MG. Well-defined Figure 19 - Donkey non-lactating MG. Atrophic

ducts surrounded by fibrous IES. Presence of a reduced glandular tissue with collapsed ducts, showing limited

number of small and atrophic lobules. H&E stain. Scale  secretion. Luminal and myoepithelial cells are very

bar =500 um. close, and it is difficult to differentiate them. H&E stain.
Scale bar = 100 um.

Twenty-seven (41,5%) samples showed intermediate or transitional
morphologies between the lactational and non-lactational phenotype, probably
corresponding to post-lactational mammary regression/involution. These MGs
showed lobules of different sizes and a distinct morphology. Figs. 25 and 26
illustrate intermedium aspects of the MGs: Fig. 20 shows small inactive lobules
and occasional hyperplastic lobules, with dilated ducts and alveoli, which could
indicate a previous secretory activity; Fig. 21 shows hyperplastic lobules,

characterized by ductal and alveolar collapse, with no luminal secretion.

Figure 20 - Donkey MG with transitional morphology.  Figure 21 - Donkey MG with transitional morphology.

Hyperplastic secretory lobule (encircled) adjacent to  Hyperplastic lobules with an increased number of

inactive lobules (arrows). H&E stain. Scale bar =200 um.  collapsed ducts and alveoli, with little secretion. H&E
stain. Scale bar = 200 um.
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3. Immunohistochemical characterization of the donkey mammary gland
3.1 Teat
The immunohistochemical markers used evidenced a differential
expression across skin structures. The following table summarises the

immunohistochemical results in teat samples.

Table 5 — Differential expression of the immunohistochemical markers in teat skin structures.

Skin structure Immunohistochemical marker expression

p63 — basal and suprabasal layers (Fig.22)

Epidermis . . o
CK AE1AE3 - the entire epidermis (Fig.23)

CK AE1AE3 (Fig.23) and p63 (Fig.22) - epithelial sheath and the hair bulb
a-SMA and calponin - arrector pili muscle (APM) (Fig.24)

Hair follicles

CK AE1AES3 - luminal cells (Fig. 23)

Sweat glands ) ] ) ) ) o
a-SMA (Fig.25), p63, vimentin, and calponin (Fig.24) - basal/myoepithelial cells

CK AE1AES3 - epithelial cells (Fig. 23)

Sebaceous glands o )
p63 - basal/myoepithelial cells (Fig.22)

Figure 22 - Donkey teat. p63 immunostaining. Nuclear  Figure 23 - Donkey teat. CK AE1AE3 immunostaining.
expression in sheath, hair bulb epithelial cells, and basal  Intense expression in hair follicles and sweat glands (LEC
epidermal and sebaceous epithelial cells. Haematoxylin  layer) and moderate expression in sebaceous glands.
counterstain. Scale Bar= 100 um. Haematoxylin counterstain. Scale Bar= 200 ym.
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Figure 24 - Donkey teat. Calponin immunostaining.
Intense expression in APM, sweat glands MEC layer and
blood vessels. Haematoxylin counterstain. Scale Bar=
200 um.

Figure 25 - Donkey teat. a-SMA immunostaining.
Intense expression in sweat glands MEC layer.
Haematoxylin counterstain. Scale Bar= 200 um.

The cells in the gland cistern and small ducts assumed different affinities
for the markers, clearly demarking the LEC and MEC layers. CK AE1AE3 was
expressed by both epithelial cell layers: from the skin epidermis to the transitional
bilayer epithelium, at the beginning of the gland cistern (Fig. 26 and 27). In the
gland cistern and small ducts, p63 expression was found exclusively in the nuclei
of MEC (Fig 28 and 29).

CK AEIAE3

Donkey gland cistern.

Figure 26 - Donkey teat orifices and teat canals. CK  Figure 27 -

AEI1AE3 immunostaining. Two orifices (arrows) and the
respective teat canals (*). Stratified squamous
epithelium showing a moderate to strong CK AE1AE3
straining. Haematoxylin counterstain. Scale bar = 500
um.

immunostaining. Gland cistern: LEC intensely stained in
contrast with the MEC layer, which show a moderate
membrane expression. Haematoxylin counterstain.
Scale bar = 100 um.
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Figure 28 - Donkey teat canal. p63 immunostaining. Figure 29 - Donkey mammary parenchyma. p63
Basal epithelial layer expressing nuclear p63. immunostaining. MEC nuclei of small ducts positive for
Haematoxylin counterstain. Scale bar = 200 um. p63. Haematoxylin counterstain. Scale bar = 100 um.

From the teat canal to the gland cistern, a-SMA and calponin showed an
increasing affinity to the muscular component of MEC layer, evidencing a more
intense positivity in the contours of the bilayer epithelium (Fig. 30). The large
amount of actin in microfilament bundles of small ducts’ MEC layer also

expressed these makers (Fig. 30 and 31).

Figure 30 - Donkey gland cistern. o-SMA Figure 31 - Donkey mammary parenchyma. Calponin
immunostaining. Transitional region between the teat immunostaining. Positive staining demarking MEC of
canal and the gland/teat cistern. a-SMA showed no  small ducts. Haematoxylin counterstain. Scale bar = 100
expression on teat canal (arrowhead) in contrast with — um.

gland cistern, where the MEC epithelium is delimited

(arrow). Haematoxylin counterstain. Scale Bar = 100

um.

The SMS fibres stained against a-SMA, vimentin (Fig. 32), and calponin
(Fig. 33), highlighting an inner muscular layer of longitudinal fibres and an outer

muscular layer of transverse or circular fibres surrounding the teat canal.
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Figure 32 — Donkey teat SMS. Vimentin
immunostaining. Numerous prominent smooth muscle
trabeculae surround the teat canal. Teat canal lumen
(*). Haematoxylin counterstain. Scale bar = 500 um.

Figure 33 —Donkey teat SMS. Calponin immunostaining.
Smooth muscle intensely positive. Teat canal lumen (*).
Haematoxylin counterstain. Scale Bar= 200 um.

3.2 Mammary parenchyma
The immunohistochemical markers highlighted the weak ductal branching
in the new-born samples. In those samples, CK AE1AES3 (Fig. 34) and p63 (Fig.
35) stained both the body and cap cells of TEBs. Cap cells assume a stellate or
vacuolated appearance, being also positive for a-SMA (Fig.36) and calponin.

Vimentin showed that the IAS is less prominent than the IES (Fig. 37).

Figure 34 — New-born donkey MG: TEBs. CK AE1AE3 Figure 35 — New-born donkey MG: TEBs. p63
Immunostaining. CK AE1AE3 stains both TEBs body and  immunostaining. The p63 is expressed in TEBs epithelial
cap cells. Haematoxylin counterstain. Scale Bar= 200 component. Haematoxylin counterstain method. Scale
um Bar=200 um.
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Figure 36 - New-born donkey MG: TEBs. a-SMA

immunostaining: MECs and blood vessels positive.
Haematoxylin counterstain. Scale Bar= 200 um.

Figure 37 - New-born donkey MG: TEBs. Vimentin
immunostaining. IAS show a high marker expression.
Haematoxylin counterstain. Scale Bar= 200 um.

In adult animals’ samples, CK AE1AE3 highlighted the mammary
epithelium, at the cytoplasm and cytoplasmic membrane, but its expression was
heterogeneous. In lactating MG samples, the intensity of cytoplasmatic staining
was usually reduced, with the lipid droplet contours highlighted (Fig. 38 and 39)
whereas in non-lactational MG samples, the LEC were intensely stained (Fig. 40),

allowing the observation of MEC hypertrophy in some samples (Fig 41).

CK AEI1AE3

Figure 38 - Donkey lactating MG.
immunostaining: heterogeneous staining in LEC layer,
with some vacuolated LEC characterized by low-

Figure 39 - Donkey lactating MG. CK AEIAE3
immunostaining: LEC with low-intensity staining that
delimitates  the lipid droplets. = Haematoxylin
intensity cytoplasm staining. counterstain. Scale Bar= 50 um.

counterstain. Scale Bar= 50 um.

Haematoxylin
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Figure 40 - Donkey non-lactating MG. CK AE1AE3
immunostaining: LEC layer cytoplasm highly stained.

Figure 41 - Donkey non-lactating MG. CK AE1AE3
immunostaining: LEC layer cytoplasm highly stained,

Haematoxylin counterstain. Scale Bar= 50 um. and  moderately  stained MEC. Haematoxylin

counterstain. Scale Bar= 100 um.

MECs showed expression of a-SMA, calponin (both at cytoplasm), and
p63 (at the nucleus). Cytoplasmic markers highlighted the morphology of MEC,
varying from fusiform to a stellate/vacuolated morphology. a-SMA expression
was more intense in the non-lactating MG; during lactation, MEC usually showed
a fusiform morphology, associated with a weaker expression (Fig. 42 and 43).

Figure 42 - a-SMA

Donkey
immunostaining: note the fusiform morphology of the

lactating  MG. Figure 43 - Donkey non-lactating MG. a-SMA
immunostaining. Note the stellate morphology of the
alveolar MEC, highlighted by the presence of a “clear
space” between the LEC and the basement membrane.

Haematoxylin counterstain. Scale Bar= 100 um.

MEC layer, with a moderate staining intensity.
Haematoxylin counterstain. Scale Bar= 100 um.

P63 was expressed by the nucleus of basal/myoepithelial cells (Fig. 44).
MEC nuclei assumed a wide variety of shapes, from the most spherical to the
most elongated. This marker allowed the observation of the eccentric nuclear
position in hypertrophied MEC (Fig. 45).
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Figure 45 - Donkey non-lactating MG. p63
immunostaining. Vacuolated MEC with eccentric nuclei.
Haematoxylin counterstain. Scale Bar=100 um.

Figure 44 - Donkey Lactating MG. p63 immunostaining
in MEC. Haematoxylin counterstain. Scale Bar= 100 um.

3.3 Stroma
The IAS showed a high vimentin expression, allowing a clear delimitation of
the lobules (Fig. 46 and 47). Although not so evident, scattered stromal
components in the IES also expressed a-SMA and calponin, suggesting the
presence of small vessels. Moreover, the IAS of non-lactating MGs (Fig.47)
showed more intense staining for vimentin than the IAS of lactating MGs.

Figure 47 - Donkey non-lactating MG. Vimentin
immunostaining: IAS of small lobules with a high
expression. Haematoxylin counterstain. Scale Bar=100

Figure 46 - Donkey MG with lobular hyperplasia.
Vimentin immunostaining: stained IAS delimitating
lobular contours. Haematoxylin counterstain. Scale Bar=
200 um. um.

Small blood vessels were evidenced in the stroma through the staining
of its muscular tunica media by a-SMA and calponin and the staining of its tunica
intima (endothelial cells) by vimentin (Fig.48). Furthermore, the arteries were
easily distinguished from the veins through the expression of calponin (Fig. 49)
and a-SMA (Fig. 50 and 51) since they have a more prominent tunica media than
veins. These markers also help to differentiate between small blood vessels and

ductules (smaller diameter ducts closer to the alveoli). The lactational mammary
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gland exhibited a significant increase in the number of stained blood vessels and

capillaries.

Figure 48 - Donkey MG. Vimentin immunostaining. The
thin endothelial layer of the blood vessels highly
expresses vimentin. Haematoxylin counterstain. Scale
Bar=200 um.

Figure 49 - Donkey MG. Calponin immunostaining.
Tunica media of the artery expressed calponin (arrow),
and a small vein was also evidenced (arrowhead). SMF
stained for calponin (*). Haematoxylin counterstain.
Scale Bar= 100 um.

Figure 50 - Donkey MG. a-SMA immunostaining. The
tunica media of the artery (arrow) and small veins

(arrowheads)  were  highlighted.
counterstain. Scale Bar= 200 um.

Haematoxylin

Figure 51 - Donkey MG. a-SMA immunostaining. The
tunica media of the arteries (arrows) and veins
(arrowheads)  were  highlighted. =~ Haematoxylin
counterstain. Scale Bar= 500 um.

The following table has been formulated to concisely present the principal

inferences and conclusions.
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Table 6 - Comprehensive and detailed summary of the main conclusions drawn from analysing different histological
appearances of jennet’s mammary gland.

Lactating Gland Non-lactating Gland Newborn

Hyperplastic lobules;

Presence or not of Small lobules and alveoli, Limited ductal

cytoplasmatic lipid surrounded by a prominent | branching; primary
H&E vacuolation; variable mature interlobular and ductal structures in

amounts of luminal intralobular fibrous small aggregates

secretion; LEC regularly connective tissue. (TEBS).

cuboidal in some samples.

Reduced and heterogenous |LEC intensely stained,;

CK staining intensity due to the Contours of the Stained TEBs'
AE1AE3 presence of lipid droplets in | hypertrophied MEC epithelial component.
LEC cytoplasm. evidenced.

Intense expression of a-

Calponin | Low intensity of marker SMA: Stellate and

Stained cap cells of

and a- expression; Fusiform MEC hypertrophied MEC TEBs and blood
SMA morphology. vessels.
morphology.
063 Few noticeable MEC nuclei. Numerous MEC nuclei were Ste.uned. TEBs
clearly marked. epithelial component.
Increase in number of s'.[aln.ed A significant region of the Vimentin showed that
blood vessels and capillaries . o . .
Stroma by vimentin. calbonin and a IAS was identified using the IAS is less
y - cap vimentin labelling. prominent than the IES.

SMA.

4. Histopathological alterations of donkey mammary gland

4.1 Metaplastic/proliferative mammary lesions

MGs from 10 adult jennies (15.4%) presented the following
metaplastic/proliferative alterations: papillomatosis, characterized by intraductal
epithelial papillary projections associated with duct ectasia (n=2; 3.1%) (Fig. 52);
cystic apocrine metaplasia, characterized by cystically dilated ducts lined by
benign apocrine epithelium (n=1; 1.5%) (Fig. 53), sebaceous or apocrine
metaplasia (n=6; 9.2% and n=3; 4.6%, respectively), with multiple metaplastic
alterations found in two animals (Fig. 54 e 55). Ductal squamous metaplasia has

also been identified in ductal epithelium, in one sample (1.5%) (Fig. 54).

Apocrine metaplasia is characterized by epithelial cells with apocrine
differentiation: enlarged cells, displaying a cuboidal, columnar, or polygonal
morphology (Fig. 54). Sebaceous metaplasia was characterized by sebaceous
epithelial cell differentiation (with clear cytoplasmatic vacuoles and a small
eccentrically located nucleus (Fig 55). Squamous metaplasia was characterized
by multiple layers of flattened squamous epithelium and loss of the bilayer

epithelial conformation (Fig. 54).
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Figure 52 - Donkey MG. Multiple intraductal epithelial ~ Figure 53_ - Donkey .MG' C'ystic apocrin'e metaplas'ia,
papillary projections, associated with duct ectasia. H&E characterized by cystically dilated ducts lined by benign
stain. Scale Bar= 200 um. apocrine epithelium. H&E stain. Scale Bar= 200 um.

Figure 55 - Donkey MG. Sebaceous metaplasia. H&E
stain. Scale Bar = 100 um.

Figure 54 - Donkey MG. CK AEI1AE3 immunostaining.
Mammary parenchyma with apocrine differentiation
(arrow). Ductal epithelium with squamous metaplasia
positive for CK (arrowhead). Haematoxylin counterstain.
Scale Bar= 100 um.

4.2 Psammoma bodies (PBs)

Mineralized concretions (psammoma bodies) were frequently observed
(n=30;46.1%). Characterized by a body with concentric lamellated striations and
a basophilic core (Fig. 56), they were usually found in fully differentiated secretory
parenchymal areas. Considering the number of PBs observed, fifteen (23%)
samples presented a small to moderate number of PBs while another fifteen
(23%) showed numerous PBs. Interestingly, none of the prepubertal samples
present PBs, and they were also uncommon in involuting MG. Mammary
parenchymal areas were the common location of these mineralized concretions
(Fig. 56 and 57).
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Figure 56 - Donkey MG. Psammoma bodies with a Figure 57 - Donkey lactating MG. CK AEI1AE3

basophilic core and concentric striations. H&E stain. immunostaining. Note the presence of a psammoma

Scale Bar= 500 um. body communicating with alveolar lumen (arrow) inside
the alveoli. Haematoxylin counterstain. Scale Bar= 200
um.

4.3 Mammary gland inflammatory infiltrate
In this study, foci of mononuclear inflammatory cells (lymphocytes and
plasma cells) were identified in 18.5% of the samples (n=12/65), located
essentially in the IAS (Fig. 58), highlighted by vimentin staining (Fig 59).

Figure 59 - Donkey MG. Vimentin Immunostaining.
Inflammatory cells in mammary parenchyma stain
positively for vimentin. Haematoxylin counterstain.
Scale Bar= 100 um.

Figure 58 - Donkey MG. Mononuclear inflammatory
infiltrate (encircled). H&E stain. Scale Bar= 100 um.

In addition, four samples (n=4/65; 6.2%) were characterized by the
presence of eosinophils in parenchymal areas. One of these samples, besides
the periductal location of eosinophils, also showed mononuclear cells infiltrates
at this location (Fig.60) and infiltration of eosinophils in udder’s adjacent dermis
(Fig. 61).
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Figure 60 -Donkey MG. Mixed inflammatory infiltrate of ~ Figure 61 — Donkey teat skin. Marked infiltration of
eosinophils and mononuclear cells in the periductal eosinophils in the skin dermis (arrows). H&E stain. Scale
area. H&E stain. H&E, Scale bar= 100 um. bar=50 um.

4.4 Other alterations

MEC hypertrophy was observed in twelve (18,5%) samples (Fig. 62-65).
One of these samples also showed MEC hyperplasia in ducts and alveoli (Fig. 64
and 65).

Figure 62 - Donkey non-lactating MG. Alveolar—ductal  Figure 63 - Donkey non-lactating MG. Alveolar—ductal
MEC layer showing a prominent, clear, vacuolated MEC layer showing a prominent, clear, vacuolated
cytoplasm (arrowheads). H&E stain. Scale bar =100 um.  cytoplasm (arrowheads). H&E stain. Scale bar = 100 um.
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Figure 64 - Donkey MG. p63 immunostaining.
Hyperplasia and hypertrophy of ductal MEC layer. p63
evidences the numerous MEC cell nuclei. Haematoxylin
counterstain. Scale bar= 200 um.

Figure 65 - Donkey MG. CK AE1AE3 immunostaining.
Hyperplasia and hypertrophy of ductal MEC layer. CK
AEI1AE3 stains the MEC cells contour. Haematoxylin
counterstain. Scale bar= 200 um.
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V - Discussion

A comprehensive characterization of the donkey mammary gland histology
can support the investigation of pathological processes affecting this organ, such
as mastitis and proliferative lesions. Given that scarce information is available on
this topic, the present study evaluated the histomorphological characteristics of

the asinine MG.

1. Macroscopic and microscopic features of jennet mammary gland
Our results related to the external appearance of jennet’s udder agree with
the results by Kaskous and Pfaffl (2022), which classified the udder as bowl and
globular and the teats shape as conical and cylindrical. Regarding the teat
epidermis, we noted a darker appearance of the udder and teats supported by
the increase of melanocytes in the basal layer of the epidermis. Sorenmo K.
(2010) mentioned the same finding in dogs’ mammary gland, which is associated

with an increased number of melanocytes in this region.

The teat and udder epidermis showed minimal hair follicles and large
adnexal glands differing in the teat orifice region, in which the hair and glands
were inexistent. Also, dogs (Zappulli et al.,, 2019), cows (Nickerson & Akers,
2011), and dromedaries (Kausar et al., 2001; Cardiff et al., 2018), showed
hairless teats and less hair in the udder. Koyama et al. (2003), who guided a
study in mice, humans, and cows, referred that the key distinguishing feature of
the teat epidermis was the presence of epidermal ridges. Our study also showed

an increase of epidermal ridges in teats tip epidermis.

Donkey MGs evidenced a structural organization comparable to horses,
with two paired mammary complexes (Chavatte-Palmer, 2002; Canisso et al.
2020; Hughes, 2020a; Hughes 2020b) exhibiting distinct histological
morphologies according to the reproductive phase: prepubertal (inactive), fully

developed lactating, and involuting MG.

Donkey’s neonatal MG shows very little ductal branching and small

bulbous epithelial structures consisting of tightly packed multiple-layered cells
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with large nuclei and indistinct cell borders, which represent terminal-end-buds
(TEBS).

Regarding the shape, size, and number of the lobular structures, it was found
that in lactation the lobules are large, with numerous alveoli. A similar pattern of
results was observed in mice (Masso-Welch et al., 2000; Yallowitz et al., 2014),
and humans (Cardiff et al., 2018; Hughes, 2020a). Our results showed that most
of the lactating lobules had luminal eosinophilic secretion. These findings are in
accordance with findings reported by Sorenmo (2010) regarding the canine

mammary gland.

After lactation, in humans, MGs go through an involution period of structural
remodelling (Yallowitz et al., 2014). In this study, we observed that resting MG
had smaller lobules due to the reduction of alveolar structures per lobule.
Hassiotou & Geddes (2012) and Hughes (2020a) suggested the loss of the
epithelium, in human and equines respectively, to be mediated by phagocytosis
by the luminal epithelium, contrasting the old theory of recruiting macrophages
from blood vessels and lymphatics to phagocyte epithelial components (Masso-
Welch et al., 2000).

2. Immunohistochemical characterization of jennet mammary gland

This is the first study on the characterization of donkey’s mammary gland
using the immunohistochemistry technique. Previous studies in donkeys were
based on the gross anatomy of the mammary gland, by direct observation and
ultrasonographic methods, focusing on the improvement of milking systems and,
consequently, the microbiological quality of milk (D'Alessandro et al., 2015;
Hassan et al., 2016; Kaskous & Pfaffl 2022). Furthermore, this study also
demonstrated the cross-reactivity of the biomarkers in donkey mammary tissues,

by using antibodies developed to humans.

The study of Hughes (2020a), describing the histology of the teat and
udder of the mare's mammary gland, the closest phylogenetically species to
donkeys, using H&E routine methods, served as a comparative basis for the work
reported herein. In addition, for discussing antibodies cross-reactivity in donkeys’

tissues, given the lack of immunohistochemical studies in equids, were also
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considered from the studies carried out in dromedaries (Kausar et al. 2001), mice
(Masso-Welch et al., 2000; Davis & Fenton, 2013; LISKA et al, 2016), humans
(Hassiotou & Geddes, 2012; Cardiff et al.,2018), dogs (Sorenmo, 2010; Zappulli
et al. 2019) and ruminants (Nickerson & Akers, 2011), the most studied animal

species on this matter.

2.1 Teat

The basal layer of the teat epidermis and teat canal, the hair follicles
(epithelial sheath and hair bulb), and the contouring cells of the sebaceous gland
are stained positively for p63. The p63 protein has a crucial role in the hair follicle
and skin appendages morphogenesis and is generally restricted to cells with high
proliferative potential, being absent from cells that are undergoing terminal
differentiation (Parsa et al., 1999; Mikkola , 2007; Shimomura et al., 2008). As a
result, p63 expression is considered a marker of keratinocyte basal/progenitor
cells of the epidermis and epidermal appendages (Tsujita-Kyutoku et al., 2003;
Kai-Hong et al., 2007). Weber et al. (2019) described that in new hair follicles,
with less than 24 hours, all the keratinocytes (internal and external) express p63.
In hair follicles with more than a day, only the external basal layer is stained,
corresponding to the more proliferative cells (Parsa et al., 1999; Weber et al.,
2019). Considering the similar expression pattern in jennet’s tissues, the role of
p63 in donkey skin is probably comparable to other species. Expression of p63
has been detected in human and canine sebaceous glands by Reis-Filho et al.
(2002) and Saraiva et al. (2008), respectively. Saraiva et al. (2008) mentioned
that most mature sebocytes were negative for p63 but some, especially those
nearest the basal cells, exhibited positivity, which is in accordance with the results
of our study. Saraiva et al. (2008) and Obaidat et al. (2006) also mentioned

positive p63 staining for MEC in the sweat glands.

Although with differences in staining intensity, most skin epithelial cells
stained positively for CK AE1AE3, including the epithelial sheath of the hair
follicle, the epidermal stratum basale, sweat glands, and the sebaceous gland
(specially the basal layer). Haihong et al. (2006), who used CK AE1AE3 in rat
skin samples, observed positivity in hair follicles and sebaceous glands.
Furthermore, Raposio et al. (2007), also proved the same reactivity for CK
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AE1AES3 in human skin hair follicles. Besides skin structures, CK AE1AE3 stained
the mammary teat canal epithelium; entering the teat orifice; in the teat canal, CK
AE1AE3 highlights its epithelium, that continues from the skin epidermis, being
characterized by a thick stratified squamous epithelium until the entrance of the
gland cistern. In gland cistern, the CK AE1AE3 specially stained the luminal layer,
while p63, a-SMA and calponin stained the external basal layer. Also, in mice
(Barbosa et al., 2019), cows (Alsodany & Al-Derawi, 2018), and goats (Pattison,

1952) the epithelium of the gland cistern assumes a bilayer conformation.

The arrector pili muscles, present in the jennet's teat skin, showed
immunopositivity for a-SMA and calponin. The APM connects the bulge region of
a hair follicle permanent portion of the dermis (Sato et al., 2012). These muscle
fibres are beneficial for the hair follicle to cope with the movement of the hair shaft
(Morioka, 2011).

Sweat glands are widely distributed in the jennet’s teat skin and stained
positive for CK AE1AE3 in LEC and for a-SMA, p63, calponin and vimentin in
MEC. Studies in human skin showed that MEC layer of sweat glands express
SMA, p63 and calponin (Obaidat et al., 2006), which agrees with our results. An
interesting result of the present study were the positivity for vimentin in MEC,
since vimentin is not specific for these cells. We also confirmed the muscular
nature of these vimentin-positive cells using a-SMA and calponin. A similar
pattern of results was obtained in Eckert et al. (1994) who mentioned that
vimentin immunoreactivity was restricted to MEC and some cells of the coiled
duct in normal sweat glands of human skin. However, these authors did not test
for a-SMA to prove the real MEC nature of the reactive cells. In cow’s skin,
Gulbahar et al. (2002) also mentioned that spindle myoepithelial cells of sweat

glands stain for a-SMA and vimentin.

In the teat, the presence of a circular SMS with longitudinal and transverse

SMF was observed, being highlighted by a-SMA, vimentin, and calponin. SMS
keep the teat canal tightly closed avoiding bacteria from progressing upwards,
into the mammary parenchyma (Nickerson & Akers, 2011; Khan et al., 2020).
Due to its fibromuscular nature, it participates also in milk ejection (Cardiff et al.,
2018; Barbosa et al., 2019). The presence of a SMS had been also mentioned in
equine (Hughes, 2020a), bovine (Nickerson & Akers, 2011; Khan et al, 2020),
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canine (Sorenmo, 2010; Zappulli et al.,2019; Evans & Christensen, 2013), and
human teats/nipples (Montagna, 1970; Koyama et al., 2013).

2.2 Mammary parenchyma
Mammary epithelium was consistently positive for CK AE1AE3, which has
highlighted distinct morphologies of LEC. A more dispersed CK AE1AE3 staining
was observed in active secretory cells compared to LEC in inactive glands, a
consequence of the presence of cytoplasmic lipidic vesicles. Other studies in
dogs (Davis & Fenton, 2013; Zappulli et al., 2019) and mice (Masso-Welch et al.,
2000; Cardiff et al., 2018) describe similar LEC features during lactational activity.

In non-secretory MGs, CK AE1AE3 intensely stained the LEC layer,
characterized by small sized packed cells. Sometimes, it was difficult to
histologically differentiate the inactive alveoli from the intralobular ducts, due to
their similar appearance. These common observations were also made by
different authors who studied MG histology in horses (Hughes, 2020a), dogs
(Sorenmo, 2010; Zappulli et al., 2019), humans (Cardiff et al.,2018), mice
(Masso-Welch et al., 2000; Davis & Fenton, 2013), cows (Nickerson & Akers,
2011) and dromedaries (Kausar et al., 2001).

In H&E-stained tissues, the MEC can be hardly distinguished from the
other cell types. To facilitate its identification, myoepithelial cell markers were
used, including a-SMA, calponin and p63. The expression of a-SMA (Hirayama
et al.,, 2003; Reesink et al., 2009; Bussche et al., 2017; Hughes 2020a) and
calponin (Brocca et al., 2020) has previously been demonstrated in equine MG,
whereas p63 were not. We verified that these markers can also be used in donkey
MG to identify these cells, as it happens with dogs (Espinosa de los Monteros et
al., 2002; Gama et al., 2003; Ramalho et al., 2006; Sorenmo, 2010; Toniti et al.,
2010; Rasotto et al., 2014; Zappulli et al., 2019; topuszynski et al., 2019), mice
(Deugnier et al., 1995; Masso-Welch et al., 2000; Yallowitz et al., 2014), cows
(Hellmén & Isaksson, 1997; Alkafafy et al., 2012; Marettova & Maretta, 2018)
and humans (Gugliotta et al., 1988; Dusek et al., 2012).

Expression of p63 by MEC nuclei in JIMGs was higher in non-lactating

glands than in lactating glands. Since marker p63 is crucial for sustaining the
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mammary epithelial stem cells’ proliferative potential and self-renewing capacity
(Ramalho et al., 2006; Gatti et al., 2019), we defend that the proliferative activity
of MEC in JMGs is higher in non-lactating periods and practically insignificant
during lactation. These findings are consistent with previous research made in
mice that also proved a slowdown of cell proliferation during lactation (Yallowitz
et al., 2014; Cardiff et al., 2018).

In lactational MG, a more fusiform morphology in alveolar MEC was
observed, due to the stretching resultant from luminal high pressure caused by
the presence of milk. Masso-Welch et al. (2000) and Sorenmo (2010) also
mentioned the thinning of MEC during the MG active secretory period, in mice
and dogs, respectively. In non-lactating MG states, we observed different
morphologies of alveolar MEC. a-SMA and calponin are cytoplasmic
myoepithelial markers, and better illustrate the stellate, clear, and vacuolated
MEC cytoplasm. In canine MG, different MEC morphologies have been
described: it is hypothesized that resting MEC have an elongated shape and
flattened nuclei, while in a proliferative state, cells are called “hypertrophic” and
are easily identified by their polygonal shape with vacuolated cytoplasm and
ovoid nucleus (Espinosa de los Monteros et al., 2002; Zappulli et al., 2019;
topuszynski et al., 2019).

2.3 Stroma

Using vimentin, smooth muscle fibres and mesenchymal elements (such
as myofibroblasts, vessels, and inflammatory cells) were evidenced in donkey
MG. We verified that IAS showed a higher intensity staining compared to IES,
evidencing the more cellular and muscular nature of the stroma surrounding the
alveolar structures. The findings are directly in line with previous research on
mice, humans, and equines, which highlighted the presence of cellular elements
such as fibroblasts, microvasculature, inflammatory cells, and muscle filaments
in IAS (Cardiff et al., 2018; Hughes, 2020a). Moreover, vimentin allowed to better
delimitate the lobules in size due to the staining contrast observed between the
two-types of stroma. a-SMA and calponin also confirmed the presence of
contractile components, irregularly scattered in the connective tissue between the
alveoli or lobules and along the intralobular ducts. Marettova & Maretta (2018),

47



using anti-alpha SMA antibodies in bovine MG, obtained similar results regarding
the stromal area. Comparably to dogs and human’s mammary stroma (Zappulli
et al., 2019; Cardiff et al.,2018), in jennets the MG stroma is arranged into a looser

IAS and a denser and sparsely cellular IES.

The presence of blood vessels was evidenced by vimentin, a-SMA, and
calponin in the interlobular area. Vimentin is the sole intermediate filament protein
of endothelial cells lining the inner surface of large blood vessels. Vimentin might
help endothelial cells to withstand the mechanical forces exerted by blood flow
and blood pressure (Schnitzler et al., 1998). It is hypothesized that secreted
vimentin could also mediate the movement of circulating blood cells across the
endothelium, a process in which activated macrophages and activated platelets
participate (Fidler & Brodey, 1967; Sorenmo, 2010). The blood vessels’ muscular
wall also labels for a-SMA and calponin (Brown et al., 2012), more specifically in
the tunica media. In lactating JMGs, an evidenced augment of vascularization
was observed. These findings are consistent with previous research: in dogs,
Sorenmo (2010) described “numerous small, congested blood vessels” in active
glands; Davis & Fenton (2013) mentioned an “intimate network of capillaries and
lymphatics” in mice’ active glands; and in human breast, Hassiotou & Geddes
(2012) also described the “more visible” blood vessels due to supporting milk

production.

In this study, we verified that resting JMGs have a much more abundant IES
than lactating MGs. As described by Kausar et al. (2001) in dromedaries, at the
end of the lactating period, the parenchyma is replaced by loose connective
tissue, a possible explanation for the increase in IES volume. During lactation,
the lobules expand due to milk secretion and the connective tissue stroma
becomes more elastic to adjust and agglomerate the hypertrophic lobules
(Nickerson & Akers, 2011; Biswas et al., 2022). A decrease in the surrounding
IES in lactating states, due to the expansion of the epithelial parenchyma, was
also mentioned in mice (Masso-Welch et al., 2000; LISKA et al., 2016), humans
(Hassiotou & Geddes, 2012; Cardiff et al.,2018) and dogs (Sorenmo, 2010; Davis
& Fenton, 2013; Zappulli et al., 2019).

In non-lactating JMGs, vimentin showed a high IAS staining probably due to
the more compacted intralobular connective tissue during this period. On the
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contrary, lactating JMGs showed a sparse and scattered expression of vimentin

in IAS, which suggests a greater spacing of the filaments.

Regarding the stromal component of neonatal MG, vimentin shows better
staining, near the TEBs, which determines the limit of the future lobe. Studies in
mice showed that vimentin expression is supportive of the basal/progenitor
mammary epithelial cell population in mammary gland development (Peuhu et
al., 2017). In short, the mammary gland of a new-born donkey shows a
rudimentary denser ‘“intralobular” connective tissue stroma surrounding the
rudimentary epithelial structures. CK AE1AE3 stained both body cells and cap
cells of TEBs showing its epithelial nature at this stage. A more specific marking
for cap cells was achieved by a-SMA and calponin which emphasized the
stellated and vacuolated appearance of these cells. As previously theorized, the
vacuolated morphology of the MEC is suggestive of the intense activity of these
cells. Also, Spaas et al. (2012) in equines and Biswas et al. (2022) in humans
mentioned, that in developmental stages, the external layer of cap cells of TEBs,
which will give rise to the MEC layer, is identified by a-SMA marker and calponin.
Biswas et al. (2022) used keratin 5 and 14 (keratins specific of basal/MEC) to
stain cap cells, proving that TEBSs’ external layer expresses several markers for
basal lineage, supporting our results. Furthermore, p63 showed a strong
expression on TEB’s epithelial component. It is theorized that p63 is essential for
proper mammary gland development and that cell adhesion is fundamental for
ensuring the proper architecture and function of the mammary epithelium (Dusek
et al.,, 2012). We can speculate that the strong expression of p63 in TEBs
probably reflects its importance as a maintenance/proliferation factor of the basal
epithelial compartment, where mammary stem/progenitor cells are known to
reside (Yallowitz et al., 2014).

3. Histopathological alterations of donkey mammary gland

Although no macroscopic proliferative lesions were observed, some MG
samples showed histological proliferative/metaplastic alterations, such as
papillomatosis, apocrine, sebaceous, and squamous metaplasia. Both areas of
apocrine and sebaceous metaplasia were frequently visualized in alveoli and
ducts; the squamous metaplasia was observed in the ductal epithelium.
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Ductal papillomatosis, characterized by intraductal epithelial papillary
projections, have been described in several species such as humans and dogs
(Zappulli et al., 2019; Kulka et al., 2021; Li & Kirk, 2022).

In humans, the apocrine change is the most common metaplastic alteration in
benign mammary tissue, being extremely frequent as an accompanying factor of
ductal hyperplasia (up to 87% of the cases) (Rath-Wolfson et al., 2010). Studies
in humans (Celis et al, 2007), non-humans’ primates (Cline, 2006) and mice
(Okamoto et al., 2010) have shown that it can be considered a premalignant
lesion. Celis et al. (2007) stated that invasive apocrine carcinomas evolve from

apocrine metaplasia of normal breast epithelia.

As MGs are modified apocrine glands, sebaceous metaplasia can be derived
from mammary pluripotent stem cells (basal cells) (Chang et al., 2007; Grandi et
al, 2011), which justifies its frequent location onto the alveolar and ductal
epithelium. Sebaceous metaplasia has also been identified in humans (Chang et
al., 2007; Grandi et al., 2011; Kurilj et al., 2012) and dogs (Chang et al., 2007).

Regarding squamous metaplasia, it was detected in only one sample, in the
ductal epithelium where the bilayer conformation (LEC and MEC) was
unrecognized. In humans, squamous metaplasia arising in nonneoplastic breast
parenchyma is rarely reported, and its exact origin in the breast is not clear
(Reddick et al., 1985; Hurt et al., 1988; Rath-Wolfson et al., 2010). The mammary
glandular epithelium is normally non-keratinized; however, some authors support
the hypothesis of myoepithelial origin of the squamous metaplasia in human
breast (Reddick et al., 1985; Rath-Wolfson et al., 2010). In horses, mammary
adenomas can show squamous metaplasia with a marked increase in the number
of epithelial layers showing classic stratified epithelium features (Spadari et al.,
2008). In dogs, mammary squamous cell carcinomas arising from squamous
differentiation of mammary epithelium are more invasive and aggressive than
squamous cell carcinoma arising from local cutaneous tissue (Sharkey et al,
2020).

Future studies in jennet mammary glands should be carried out to study the

presence of proliferative alterations, which were rarely observed in our samples.
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Psammoma bodies (PBs) were a very frequent finding. Nonetheless, in the
current study, samples of weakly developed mammary glands, corresponding to
new-born or young animals, did not show any PBs. Since PBs may result of
entrapping the waste products of a previous lactation (Riba Marta et al., 2021), it
is expectable that virgin animals fail to present these concretions. Several authors
pointed that, in most species, these structures can be observed in MG tissue or
milk throughout lactation, except in virgin animals or in the colostrum of
primiparous animals, showing an association with ageing (Nickerson & Sordillo,
1985; Sordillo & Nickerson, 1986; Claudon et al., 1998; Riba Marta et al., 2021).

Regarding the most frequent location of these bodies, it appears they have
a tropism to the fully differentiated secretory parenchymal areas. A possible
explanation for its regular location is based on its origin: waste products
accumulate within the alveolar LEC and the alveolar lumen and are subsequently
translocated into the interstitial spaces (McFadyean, 1930; Riba Marta et al.,
2021). Our results are in line with previous publications on PBs location
(McFadyean, 1930; Nickerson et al., 1985; Sordillo & Nickerson, 1986; Claudon
et al., 1998; Eighmy et al., 2018).

A mononuclear inflammatory infiltrate is common finding within MG tissue.
A healthy MG contains myeloid and lymphoid cells, mainly located within the
lobules rather than in mammary fat or mammary stroma (Goulabchand et al.,
2020). These infiltrates may be present in neoplastic or non-neoplastic MGs
(Carvalho et al., 2011). The presence of mononuclear inflammatory cells was a
common finding in JIMGs. We investigated whether there was any association
between its presence and an advanced age, but the lack of data on the age from

many samples did not allow to withdraw any conclusions.

Vimentin was a useful marker in the identification of these cells. As vimentin
is a mediator of cell movement across the endothelium of blood vessels, activated
macrophages, apoptotic T lymphocytes, aged neutrophils, and platelets, express
this marker (Chu et al., 2000; Sorenmo, 2010; Mor-Vaknin et al., 2013; Battaglia
et al., 2018).

Previous studies had proven that MG mononuclear inflammatory infiltrates

may be associated with the progression of mammary neoplasia in dogs (Carvalho
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et al., 2011; Giambrone et al., 2022), cats (Hayes & Mooney, 1985) and mice
(Russo & Russo, 2000); it is also a common feature of chronic mastitis in horses
(Conte & Panebianco, 2019; Podico et al., 2021), cows (Chandler, 1970; Hillerton
& Berry, 2005; Conte & Panebianco, 2019; Bianchi et al., 2019), sheep
(Maestrale et al., 2013), dogs (Murai et al., 2013) and humans (Garcia-Rodiguez
& Pattullo, 2013; Eyselbergs et al., 2017; Freeman et al., 2017).

The existence of eosinophilic infiltration in IMGs was rarely observed; it was
identified in the mammary parenchyma of three samples (3/42; 7.1%).
Interestingly, in one of these samples, eosinophils were also observed in the
adjacent skin dermis. In most species, the presence of eosinophils in the

mammary tissue is considered a rare finding.

As described in humans, eosinophil infiltration may be found in case of
eosinophilic mastitis (Bajad et al., 2019), which in donkeys (Maia et al., 2016) and
mares (Souto et al., 2019; Tartor et al., 2020) can be observed in Pythiosis,
caused by Pythium insidiosum infection. Equidae skin contacts with
contaminated water and motile zoospores penetrated the dermis through hair
follicles, causing folliculitis and furunculosis and subsequent spreading of
infection to the glandular parenchyma (Maia et al., 2016; Souto et al., 2019; Tartor
et al., 2020). One of our samples showed eosinophils spread in the skin and
mammary parenchyma which might be suggestive of Pythiosis. However, the

diagnosis was not confirmed, as we did not find concordant clinical evidence.
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VI - Conclusion

The following study has investigated donkey’s MG, and the results have
provided valuable insights. The macroscopic and histological features of the
donkey MG were found to be similar to those of the equine MG, including the teat
and mammary parenchyma. The antibodies employed in this study displayed
cross-reactivity with donkey tissues, which indicates a similar staining pattern to
humans and other animal species. This presents a promising prospect for utilizing
these immunohistochemical cell markers in future studies. The CK AE1AE3
antibody was able to distinguish between varying epithelial cell types in the
mammary gland. Furthermore, the expression of a-SMA and calponin by the
myoepithelial cells of ducts and alveoli highlighted their distinct morphological
features. The vimentin antibody was found to stain the stromal component,
including the intra- and extralobular stroma. Lastly, the p63 antibody specifically
stained the basal/myoepithelial cells of the mammary gland. These findings are
of particular significance in advancing our knowledge of the MG, not only in
donkeys but also in other animal species, including humans. The implications of
this study are substantial and will undoubtedly contribute to the development of

future research in this field.

It is vital to acknowledge the limitations of this study. Although we made
significant strides in our research, we also faced several obstacles that hindered
our ability to draw more conclusive results. For instance, the lack of samples from
newborn animals and the absence of precise information on the animal’s age,
their previous reproductive history or the stage of the oestrous cycle, forced us to
group the samples into broader categories, limiting the depth of our analysis.
Additionally, due to the scarcity of research on donkey MG and limited research
on the use of immunohistochemical markers in MGs of other animal species, we
were unable to strengthen our conclusions. During the study, we encountered
several samples with putrefied appearances, making it challenging to discern the
tissue architecture and therefore compromising its use to gather information.
Finally, the limited time and financial support, restricted the number of samples
stained using the indirect immunohistochemistry technique. Despite these
limitations, we believe that our findings provide valuable insights into the field of

donkey mammary gland research.
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The mammary gland of donkeys is an infrequent site for the occurrence of
neoplastic lesions. However, a few proliferative/metaplastic alterations were
observed, and their potential to represent preneoplastic conditions is yet to be
determined. The scarcity of mammary neoplasia in donkeys makes it intriguing

to understand the underlying reasons.

This study provides veterinary pathologists with valuable information on
the physiology of the donkey mammary gland, aiding in their differential diagnosis
of its developmental changes. The proposed method of characterizing the
histological phases of the mammary gland based on its activity holds promise.
Nevertheless, further research with a larger sample size is paramount to
investigate the association between the phase of the oestrous cycle and the
gland's histological appearance. Future investigations could incorporate macro
and microscopic analysis of donkey ovaries to determine the reproductive cycle
phase for comparative purposes. The measurement of progesterone (P4) levels
in the blood is also a valid method for determining the animal's oestrous cycle
phase. By conducting such studies, we can expect to unravel the mystery behind
the rarity of mammary neoplasia in donkeys and ensure better care for their

mammary gland health.
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INTRODUCTION

A comprehensive characterization of the donkey mammary gland (MG) histology can support the investigation of pathological processes
affecting this organ, such as mastitis or proliferative lesions. Given that scarce information is available on this topic, the present study aimed

to evaluate the histomorphological characteristics of the asinine MG.

MATERIALS AND METHODS

Sixty-five MGs collected from jennies (0 to 37 years; mean 17.9)
during post-mortem examination were formalin-fixed and processed
for histopathology. In addition, immunohistochemistry was performed
on sixteen samples using anti-cytokeratin AE1AE3, a-smooth muscle
actin, p63, calponin and vimentin antibodies.

RESULTS

A total of 65 donkey MG were analysed, presenting a structural
organization comparable to mares, with two paired mammary
complexes exhibiting distinct histological morphologies (prepubertal,
inactive, fully developed lactating and involuting MG). The
immunohistochemical markers showed similar expression patterns to
other species, confirming these cell markers as suitable phenotypical
biomarkers in donkeys.

Suth

Figure 2 - Donkey non-lactating MG. CK AEIAE3
immunostaining: lumiral cells cytoplasm highly stained.
Gill's haematoxylin counterstain.

Figure 1 - Donkey MG. The lobular arrangement of the
mommary acini and ducts. H&E staining.

MG. p631
hoematoxylin

Figured -
of myoepithelial cells nuclei. Gill's
counterstain.

Figure 3 - Donkey nondactating MG. a-SMA
immuncstaining of the myoepithelial cell loyer. Gill's
haematoxylin counterstain.
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Figure 6 - Donkey MG teat. Galponi of
sphincter smooth muscle. Teat canal lumen (*). Gills
hhoemataxylin counterstain.

Figure 5 Y
and interiobulor  stroma.
counterstain.
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Although with no macroscopic lesions, 10/65 MG (15.4%) presented
the following histological alterations: papillomatosis, characterized by
intraductal epithelial papillary projections, associated with ductal
ectasia (n=2; 3.1%); cystic apocrine metaplasia, characterized by
cystically dilated ducts lined by benign apocrine epithelium (n=1;
1.5%) and sebaceous and apocrine metaplasia (n=6; 9.2% and n=3;
4.6%, respectively), with multiple alterations found in two animals.

1Y

LA

Figure 3~ Donkey MG; Cystk apocrine metoplosio,
by cystically dilated ducts lined by
benign apxxrine eplmellum H&E staining.

Figure 7 - Donkey MG. Multiple mrmdutml
epithelial papillary,
ecmsla. H&E staining.

20! R
Figure 10 — Donkey MG. Seboceous metaplasia.
HEE staining.

St A
F;gum 9 - Donkey MG. Mineralized concretions
(psammoma bodies) with a basophilic core and
«concentric striations. H&E staining.

Mineralized concretions (psammoma bodies) were frequently
observed (n=30;46.1%). In addition, mononuclear inflammatory

(n=12; 28,6%) and eosinophils (n=3; 7,4%) infiltrates were observed
in mammary parenchyma.

CONCLUSIONS
This study presents a histological characterization of a series of
donkey MGs, confirming the morphological and

immunohistochemical similarities with other mammals, especially
mares. We believe that comparative studies on the biopathology of
MG focusing on donkeys may provide new insights on mammary
tumourigenesis, with potential application to other species.
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