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ARTICLE INFO ABSTRACT

The present study describes histochemical and immunohistochemical characteristics of the spiral valve and its
associated lymphoid tissue (GALT) in the dogfish Scyliorhinus canicula. The mucosal surface of the spiral valve
GALT represents the first line of defense against pathogens coming from the external environment through food.
Immunity Epithelial, mucus and immune cells play a key role in controlling the inflammatory response. Valve intestine of
Spiral valve S. canicula had many folds lined by simple columnar cells and goblet cells, which later reacted positive to PAS,
AB and AB-PAS, histochemical stains differentiated the different types of mucins; lectin histochemistry (PNA and
WGA), detected neutral and acid mucins secreted that plays an important role in protection against invading
pathogens. Integrin a5B1 was expressed in enterocytes that line the valve's folds with greater marking in the
apical part of the cells. Laminin was found on the apical side of the epithelium, in fibrillar and cellular elements
of the lamina propria and in the muscularis mucosa. In the spiral valve gut-associated lymphoid tissue (GALT)
has been studied. For the first time, massive leucocytes aggregates were identified by confocal immuno-
fluorescence techniques, using the following antibodies: TLR2, S100, Langerin/CD207. Our results expand
knowledge about Dogfish valve intestine giving important news in understanding comparative immunology.
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1. Introduction

Anatomy and morphology of the fish gastrointestinal tract, as in
other vertebrates reflect in phylogeny and ontogeny, diet and en-
vironment. Generally, carnivores have shorter intestines compared to
herbivores. The gastrointestinal tract of the common dogfish,
Scyliorhinus canicula (Linnaeus, 1758), order Carcharhiniformes, com-
prises a spiral valve intestine that represents a character of primitive-
ness in fishes phylogeny. Among Agnates only the lampreys have
valvular intestine that consists of loose coils of epithelium [1]. Spiral
valve intestine is a feature common to some species of Carcharhinidae
[2], other cartilaginous fish as rays (sawfish) [3] and holocephalans,
some primitive bony fishes as sturgeons [4] and paddlefish [5], sar-
copterygian lungfishes Neoceratodus forsteri [6], and Protopterus annec-
tens [7] and in the living fossil, coelacanths [8]. In most studied fish, the
spiral valve, which is “screw-like and symmetrical shaped”, is short,
located in the post duodenal intestine and increases surface area to
enhance digestion and absorption. The number of turns in the spiral
valve reflects the diet of the species and may be as low as two or three

(Chimaera monstrosa) or as many as fifty (Cetorhinus maximus) [9]. The
spiral valve of S. canicula is located within the intestine end is com-
posed of twenty turns, present decreasing diameter and increasing
length, proceeding in cephalo-caudal direction [10]. The wall of the
valve is formed by intestinal mucosa and submucosa infoldings. The
mucosa of the intestine is lined by a simple columnar epithelium which
possesses a brush-like border of microvilli (apical plate) typical of ab-
sorptive tissues end mucus-secreting goblet cells occur scattered among
the epithelial cells. The mucosal immune system of vertebrates plays a
significant role in fish immunology [11-14]. Recognition of pathogens
occurs not only through the specialized antigen presenting cells (APCs),
but also by epithelial cells that constitute the primary cellular barrier.
There is a strong relationship between epithelial cells and T cells, which
play an important role in the intestinal immunity [15]. Mucus is an
essential component of mucosal innate immunity [16-18]. Mucins,
serve to protect the epithelial lining of the digestive tract from me-
chanical and chemical damage, furthermore the mucin secretion plays
an important role in protection against invading pathogens and facil-
itates transfer of nutrients and water through enterocytes [1,19-22].
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Figure 1. Dissection of the gastrointestinal tract of the dogfish S. canicula. On
the left, spiral valve intestine.

Laminin and Integrin a5p1, are glycoproteins involved in Cell-cell and
cell-matrix interactions, creating and maintaining the polarity of in-
testinal epithelial cells, contribute to the formation of an intrinsic
barrier against microbial invaders [23,24] and tissue repair under in-
flammatory conditions [25]. Hart et al. [26], highlighted the existence
of gut-associated lymphoid tissue (GALT) in spiral valve of S. canicula,
describing morphology and ultrastructure. The presence of GALT im-
plies the involvement of this region in the immune system with two
main populations of immune cells: lamina propria-submucosa leukocytes
(LPLs), which include a variety of effector cells, such as macrophages,
granulocytes, dendritic cells, lymphocytes, and plasma cells; and the
intraepithelial lymphocytes (IEL), composed mostly of T cells and a few
B cells located among epithelial cells [27]. Sharks as also jawless fishes
evolved adaptive immune responses in addition to the innate immune
system. One of the highly-conserved components of the innate immune
system is the toll-like receptor (TLR), which plays a critical role in early
innate immunity detecting pathogens microorganisms’ invasion. These
evolutionary conserved receptors, homologues of the Drosophila Toll
gene, recognize highly conserved structural motifs only expressed by
microbial pathogens, called pathogen-associated microbial patterns
(PAMPs) [28]. TLR2 is expressed in intestinal spiral valve of shark
Chiloscyllium sp. [29]. Langerhans cells (LCs) are a distinct population
of immature dendritic cells (DCs) that play a sentinel role through their
specialized function in antigen uptake and capture, in the epidermis of
vertebrates [30,31]. In mammals, mucosal DCs are able to directly
sample antigens from the gut lumen and uptake both commensals and
pathogens [16]. Langerhans like cells were identified by using Lan-
gerin/CD207 and S100 in spleen, kidney and gut in several bony fish
species [32-34]. However, there is no in literature, evidence of the
existence of DCs in elasmobranchs. The aim of this study is to describe
immunity features of Dogfish S. canicula spiral valve.

Table 1
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2. Materials and methods
2.1. Experimental protocol

Three adult specimens of S. canicula, were caught in the Strait of
Messina, transported to the laboratory and transferred in large tanks
equipped with running sea water for 1 week before the sacrifice.
Specimens of S. canicula were anesthetized with MS-222 (tricaine me-
thanesulfonate) to 0.01% and fragments from spiral valve were isolated
(Fig. 1). Protocols of fish and experimentation were reviewed and ap-
proved in accordance with the standards recommended by the Guide
for the Care and Use of Laboratory Animals and Directive 86,/609 CEE.

2.2. Histology and histochemistry

Tissues were fixed in 4% paraformaldehyde in phosphate buffered
saline (PBS) 0.1 mol/1 (pH 7.4) for 2 and 4h, dehydrated in graded
ethanol, cleared in xylene, embedded in Paraplast® (McCormick
Scientific, St. Louis, MO, USA) and cut into 5 um sections. The sections
were stained with hematoxylin and eosin (H&E) [35], Galgano's tri-
chrome, Toluidine blue and AB pH 2.5 staining followed by PAS (PAS/
AB) was performed to distinguish between neutral glycoconjugates
(magenta-stained by PAS) and acidic glycoconjugates (blue stained by
AB). Sections were examined under a Zeiss Axioskop 2 plus microscope
equipped with a Sony Digital Camera DSC-85.

2.3. Lectin histochemistry

The lectins used are reported in Table 1. The PNA, WGA, lectins
were HRP-conjugated. They have been obtained from Sigma Chemicals
Co (St. Louis, MO, USA). Deparaffinized and rehydrated tissue sections
were immersed in 3% H,0, for 10 min to suppress the endogenous
peroxidase activity, rinsed in 0.05 mol/1 Tris-HCl buffered saline (TBS)
pH 7.4 and incubated in lectin solution at appropriate dilutions
(Table 1) for 1h at room temperature (RT). After rinsing 3 thrice in
TBS, the peroxidase activity was visualized by incubation in a solution
containing 0.05% 3,30-diaminobenzidine (DAB) and 0.003% H-,0, in
0.05mol/1 TBS (pH 7.6) for 10min at RT before dehydration and
mounting. Controls for lectin staining included: 1) substitution of the
substrate medium with buffer without lectin; 2) incubation with each
lectin in the presence of its hapten sugar (0.2-0.5 mol/1 in Tris buffer).

2.4. Immunoperoxidase method

Serial sections were incubated overnight at 48C in a humid chamber
with following antibodies: Human TLR2, Human Integrin a5f1 and
Mouse Laminin (Table 2).

Then, the sections were washed in phosphate buffered saline (PBS)
and incubated for 60 min with a goat anti-rabbit IgG-peroxidase con-
jugate (Table 3). Peroxidase activity was visualized by incubation of the
sections for 1-5min in at room temperature in a solution 0.02% dia-
minobenzidine (DAB) and 0.015% hydrogen peroxide, as reported by
Montalbano et al. [36]. After rinsing in PBS, sections were dehydrated,
mounted and examined under a Zeiss Axioskop.

Lectins used, their sugar specificities and inhibitory sugars used in control experiments.

Lectin abbreviation Source of lectin

Concentration (pg/ml)

Sugar specificity Inhibitory Sugar

PNA
WGA

20
15

Arachis hypogea
Triticum vulgaris

Galactose
GlcNAc

Terminal Galf1,3GalNAc
Terminal and internal BGlcNAc_NeuNAc
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Table 2

Primary antibodies used in this study.
Primary antibody Immunogen/host Supplier Antibody ID Dilution
$100 antibody rabbit Sigma-Aldrich, AB_10013383 1:100

St.Louis, MO, USA

Langerin/CD207 rabbit Santa Cruz Biotechnology, Inc AB_2074213 1:100
Toll-like Receptor 2 Antibody rabbit Active Motif, La Hulpe, Belgium, Europe AB_2750977 1:125
Anti-Integrin a5p1 mouse Chemicon international AB_11211991 1:50
Anti-Laminin antibody rabbit Sigma-Aldrich, AB_477163 1:25

St.Louis, MO, USA

Table 3
Secondary antibodies used in this study.
Secondary antibody Supplier Antibody ID  Dilution
Donkey anti-Rabbit IgG Secondary =~ Thermo Fisher AB_2556547  1:100
Antibody, Alexa Fluor 594 Scientific
Goat anti-rabbit IgG-peroxidase Sigma-Aldrich, AB_257896 1:100

conjugate St.Louis, MO, USA

2.5. Confocal immunofluorescence

Serial sections were deparaffinized and rehydrated, rinsed several
times in PBS and blocked in 10% normal goat serum for 1 h. Following
polyclonal antibodies: Human TLR2, Human Langerin/CD207 [37] and
Bovine S100, were diluted in a permeabilizing solution (PBS, 0.2%
Triton X-100, 0.1% sodium azide) according to the optimal dilutions
(Table 2) and placed on the slides to incubate overnight at room tem-
perature. Sections were then treated with fluorescent labeled secondary
antibody diluted in PBS Alexa Fluor 594 donkey anti-rabbit IgG TRITC
conjugated (Table 3) and left to incubate at room temperature for 2 h in
the dark. Control experiments were performed excluding primary an-
tibody.

The storage dilution for three different antibodies are reported in
Table 2. After washing, the sections were mounted with Vectashield
(Vector Labs, Burlingame, CA, USA) to prevent photobleaching, and
cover-slipped.

2.6. Laser confocal immunofluorescence

Sections were analyzed and images acquired using a Zeiss LSMDUO
confocal laser scanning microscope with META module (CarlZeiss
Micro Imaging GmbH, Germany). Each image was rapidly acquired in
order to minimize photodegradation. Digital images have been cropped
and the figure montage prepared using Adobe Photoshop7.0 (Adobe
Systems, SanJose, CA, USA).

2.7. Western blot analyses

Western blot analyses were performed on the spiral valve intestine;
the samples were homogenized in lysis buffer. Briefly, spiral valve in-
testine from each specimen were suspended in extraction buffer A
containing PMSF 0.2 mM, pepstatin A 0.15 mM, leupeptin 20 mM, so-
dium orthovanadate 1 mM, homogenized for 2 min, and centrifuged for
4 min at 4°C at 12,000 rpm. The pellets, containing enriched nuclei,
were resuspended in buffer B containing 1% Triton X-100, NaCl
150 mM, Tris-HCI pH 7.4 10 mM, EGTA 1 mM, EDTA 1 mM, PMSF
0.2mM, leupeptin 20 mM, and sodium orthovanadate 0.2 mM. After
centrifugation 10 min at 12,000 rpmat 4°C, the supernatants con-
taining the nuclear protein were stored at —80 °C for further analysis.
Protein concentrations were calculated by the Bio-Rad protein assay
using bovine serum albumin as standard.
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Samples were heated at 100 °C for 5min, and equal amounts of
protein were separated on SDS-PAGE gel and transferred to PVDF
membrane. The filters were blocked with 1x PBS and 5% (w/v) non-fat
desiccated milk for 40 min at room temperature and successively
probed with one of the following primary antibodies: rabbit polyclonal
anti-Langerin (1:500; Santa Cruz Biotechnology, CA, USA), rabbit
polyclonal Toll Like Receptor 2 (TLR2) (1:500, Active Motif) and rabbit
polyclonal S100 (1:500, Sigma-Aldrich, St.Louis, MO, USA) at 4°C
overnight in 1 x PBS, 5% (w/v), nonfat dried milk, and 0.1% Tween-
20. Membranes were incubated with peroxidase conjugated goat anti-
rabbit IgG or peroxidase conjugated bovine anti-mouse IgG secondary
antibody (1:2000, Jackson ImmunoResearch, West Grove, PA, USA) for
1h at room temperature. To assess that blots were loaded with equal
volumes of protein lysates, they were probed with either a mouse
monoclonal B-actin antibody (1:5000; Santa Cruz Biotechnology, CA,
USA) for cytosolic proteins. Signals were detected with Super Signal
West Pico Chemiluminescent Substrate according to the producer's in-
structions (Pierce Thermo Scientific, Rockford, IL, USA). The relative
expression of protein bands was quantified by densitometric scanning
of the X-ray films utilizing a GS-700 Imaging Densitometer (GS-700,
Bio-Rad Laboratories, Milan, Italy) and a software (Image J), and
standardized to [3-actin.

3. Results
3.1. Histological and histochemical description

Results showed that intestinal valve wall in S. Canicula, consisted of:
mucosa, submucosa, muscularis and serosa (Fig. 2A). The mucosal
surface of valve intestine had numerous long folds, obliquely oriented,
which in section showed a conformation similar to villi (Fig. 2B). The
valve folds were lined by a columnar epithelium composed of en-
terocytes (Fig. 2C) presenting an apical brush-like border strongly PAS
positive; basal cells were also present. Among epithelial cells there were
numerous goblet cells, more abundant along the folds, showing a high
secretory activity; abundant mucous secretion was visible in the gut
lumen (Fig. 2D). Alcian Blue pH 2.5 PAS double staining highlighted
the existence of two mucous cells populations. One of these showed
cells positive to neutral mucins (magenta), while other mucous cells
presented both mucin types, neutral and acidic mucins (purple)
(Fig. 2E). Migratory lymphocytes, with a typical roundish shape nu-
cleus containing condensed chromatin and basophilic cytoplasm posi-
tive to Toluidine blue stain, were observed (Fig. 2 F). Basal lamina was
slightly PAS positive (Fig. 2D). The Lamina propria formed a continue
layer below the adjacent folds consisting of a network of collagen fibers
and smooth muscle; in the connective tissue were seen abundant blood
vessels and scattered immune cells such as: granulocytes, lymphocytes,
mast cells and eosinophils (Fig. 2G). Furthermore, massive aggregates
of immune cells, above all lymphocytes constituting a lymphoid tissue
associated with intestinal mucosa (GALT) in the lamina propria (Fig. 2H
and I) were present. Muscularis mucosae presented two different layers
of smooth muscles: the inner circular and the outer longitudinal. The
two muscular layers were separated by connective tissue.
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Fig. 2. Transverse section of S. canicula intestinal valve: (A-B and C, Galgano's trichrome) in A mucosa (m), submucosa (sm), muscolaris (mu) and serosa (s), (B) long
folds (*) with central core formed by Lamina propria (Lp) (C), fold intestinal valve lined of enterocytes with brush-like border (arrow heads) and goblet cells (*),
among enterocytes, migratory lymphocytes (black arrows, and insert); (D and E Alcian Blue pH 2.5 PAS) showing in (D) brush-like border PAS positive (arrow heads)
and abundant mucous secretion in gut lumen (*), basal lamina (bl) slightly PAS positive, in (E) mucous cells mucins positive (magenta-black *), and acidic mucins
(purple-white *); (F) Toluidine blue stain migratory lymphocytes (black arrows); (G and H hematoxylin and eosin), in G numerous blood vessels (*) and scattered
immune cells: granulocyte (arrow), lymphocyte (arrow heads) are present, in (H), aggregates of immune cells form a lymphoid tissue associated with intestinal
mucosa; (I) Galgano's trichrome also show GALT. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this

article.)

3.2. Lectin histochemistry

The PNA stained intensely the brush-like band of enterocytes and
some mucosal cells. In addition, lectin localized some cells, with
granular content corresponding to blood elements in the lamina propria
(Fig. 3A). The WGA weakly colored some large cells; there was no
positivity around the vessels or to other intestinal structures (Fig. 3B).

3.3. Immunohistochemistry

Integrin a5p31 was expressed in the muscularis mucosa and in en-
terocytes that line the valve's folds with greater marking in the apical
part of the cells (Fig. 4A and B). Laminin was found on the apical side of
the epithelium, in fibrillar and cellular elements of the lamina propria
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and in the muscularis mucosa (Fig. 4C and D). TLR2 was expressed in the
cytoplasm and in the apical membrane of the epithelial columnar cells
that in particular lined the fold tip; goblet cells were negative. Abun-
dant intraepithelial lymphocytes (like cells) TLR2 positive, with thin
rim of cytoplasm were scattered among epithelial cells (Fig. 4 E), fur-
thermore several lymphoid like cells, were strongly TLR2 positive
mainly localized in GALT and in the lamina propria (Fig. 4 F).

Fig. 4 Showing Immunohistochemistry results, (A) Integrin is ex-
pressed in muscularis mucosa (mm) and around vessels (arrows); (B)
enterocytes immunoreactive to Integrin with greater marking in the
apical part of the cells (arrows); (C) Laminin marked muscularis mucosa
(mm), vessels (*), fibers and cells (arrows) of lamina propria connective
tissue and in (D) apical side (arrows) of the epithelium; TLR2 has
marked the thin rim of lymphocytes -like cytoplasm present among
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Fig. 3. Lectin histochemistry, in A brush-like border (arrow heads) is strongly stained with PNA lectin that also stains a mucous cell (*) and some blood cells (arrows)
in the lamina propria and among enterocytes; in B WGA lectin weakly stain some mucous cells (*) and brush-like border (arrow heads). (100x).

epithelial cells (E) (arrows) and in GALT (F), furthermore the apical
membrane of the epithelial columnar cells, in particular in the fold tip
was strongly TLR2 positive (E) (arrow heads).

3.4. Confocal scanning laser microscopy

Visualization of the immunohistochemical staining by confocal
microscopy revealed that lymphoid tissue associated with spiral valve
mucosa (GALT) was strongly positive with Langerin, S100 and TLR2
antibodies. Langerin and S100 reactive cells (dendritic-like cells), were
found in the basal epithelium, lamina propria and GALT; cells showed a
round to ovoid irregular morphology and no cytoplasmic processes
could be observed (Fig. 5A and B). This finding was in agreement with
published works [32] which also showed that Langerhans-like cells
(dendritic cells) did not possess dendritic processes [34]. TLR2 confocal
results replied those obtained with immunohistochemical peroxidase
investigations (Fig. 5C). Immunofluorescence with TLR2 confirmed the
presence of intraepithelial lymphocytes (like cells) scattered in the gut
epithelium among enterocytes (Fig. 5D).

Expression of antibodies used in immunofluorescence has been
confirmed by western-blot analyses (Fig. 6A and B-C), see densitometric
analyses (Fig. 6 D).

Fig. 5 (A) Abundant Langerin/CD 207 positive dendritic-like cells,
were present in the basal epithelium (e), lamina propria (Im) and GALT
(insert); (B) S100 positive Langerhans -like cells in lamina propria
showed few and short cytoplasmic processes (arrow); (C) TLR2 labeled
lymphocytes in epithelium (e) and lamina propria (Im) confirming im-
munohistochemical peroxidase investigations results. (D) In-
traepithelial lymphocytes (arrows), showing immunoreactivity to
TLR2. Fig. 5A-C are provided also with bright fields.

4. Discussion

The shark's digestive tract can be divided in: proximal, spiral, and
distal intestine. The spiral intestine plays a double role in increasing the
intestine surface area without increasing intestinal length, and slowing
down the food passage speed [38-40]. The spiral intestine of elasmo-
branchs has been studied for over 130 years [41,42], but the absorptive
properties of the valve are still little explored [40]. Studies about S.
canicula spiral valve intestine have been performed by Hart and cow-
orkers [26], that described the histological and ultrastructural features
of the gut associated lymphoid tissue. Our study confirmed the presence
of GALT in spiral valve of S. canicula and also characterized im-
munohistochemically some lymphoid and macrophage like cells, using
confocal immunofluorescence and immunohistochemical staining.
Furthermore, the present finding described histochemical and
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immunohistochemical features of the S. canicula spiral valve. The his-
tology of the spiral valve intestine in S. canicula is otherwise essentially
similar to that of other fish studied: Himantura signifier [43], Protopterus
annectens [7]; Neoceratodus forsteri [6]. The valve folds are lined by a
columnar epithelium that presents enterocytes with an apical brush-like
border strongly PAS positive, that implies nutrient absorption role of
these cells. Abundant neutral and acid mucins produced by goblet cells
scattered between the epithelial cells facilitates the absorption of di-
gested substances and acts as lubricant for food and intestinal mucosa
[7,43]. Furthermore, mucins are known to play an important role in
protecting the mucosa against toxins and pathogens and physical/
chemical damage [44]. Goblet cells and brush border were also positive
to the PNA and WGA lectins; these molecules play an important role in
the recognition and elimination of pathogens [45]. The main carbo-
hydrate residues typically present in mammalian mucins, fucose, ga-
lactose, N-acetylglucosamine (GlcNAc), N-acetyl galactosamine
(GalNAc) and neuraminic acid have been also observed in the digestive
tract of several fish species [46-50]. The PNA identifies in particular the
galactose residues that characterize serous cells; so, the presence of
these residues in the mucous cells lead to the characterization of these
as a type of glandular cells that has been defined serous mucus [51]. In
spiral valve of S. canicula, we did not observed crypts of Lieberkuhn, the
secretion of NaCl and fluid in the intestine, like in all Elasmobranches,
is carried out by rectal gland, that we have studied in a previous work
[52]. The present study represents the first report that concerned the
localization of integrin and laminin in the S. canicula and in general in
cartilaginous fishes spiral valve. Integrins are a large family of cell-
surface receptors binding to basement membrane molecules such as the
laminins and the type IV collagens. Integrin a531 is normally limited to
the basolateral domains of nonspecialized intestinal epithelial cells and
is involved in proliferation and differentiation of intestinal cells [53].
Despite this, laminins are not exclusively localized to basal lamina [54].
Reports of laminins in tissue locations different to basement membranes
are increasingly frequent. In the brain, laminins have been observed not
only within the basement membrane of capillaries, but also at other
sites not conceptualized as basement [54,55]. Our results showed in-
tegrin a5B1and laminin around the vessels and muscle tissue of the
spiral valve but unexpectedly these glycoproteins were strongly ex-
pressed also in the apical cell surface of intestinal epithelium. In lit-
erature, it has been reported that during intestinal inflammation, the
loss of intestinal epithelial barrier and polarity functions induces the
redistribution of basolateral membrane proteins such as integrin a531
to the apical cell surface [24]. Clusters of lymphocyte infiltrations have
been reported in the spiral valve of sharks, rays and dogfish S. canicula
[56]. In this study, we have characterized abundant intraepithelial
lymphocytes TLR2 positive, that are involved in immunological
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Fig. 4. Inmunohistochemistry results: (A) Integrin is expressed in muscularis mucosa (mm) and around vessels (arrows); (B) enterocytes immunoreactive to Integrin
with greater marking in the apical part of the cells (arrows); (C) Laminin marked muscularis mucosa (mm), vessels (*), fibers and cells (arrows) of lamina propria
connective tissue and in (D) apical side (arrows) of the epithelium; TLR2 has marked the thin rim of lymphocytes-like cytoplasm present among epithelial cells (E)
(arrows) and in GALT (F), furthermore the apical membrane of the epithelial columnar cells, in particular in the fold tip was strongly TLR2 positive (E) (arrow heads).

surveillance. Migratory lymphocytes represent a common feature in the
intestine of many species of fish [57,58]. According to Anandhakumar
et al. [29], we have found high level of TLR2 expressed by lymphoid
like cells in gut-associated lymphoid tissue. TLR2 was also present in
the cytoplasm of enterocytes, where can plays a role in maintaining
epithelial barrier function in response to enteric pathogens and para-
sites. Toll-like receptors strongly expressed on the surface of epithelial
cells that lined the fold tip act as sensors for invading pathogens. In
some studies, it has been shown that certain fish GALT epithelial cells
display morphological similarities with mammalian M cells [59,60]. We
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could hypothesize that the epithelial cells lining the extremity of the
fold are more specialized in recognizing the antigens and acting M-like
cells. Toll like receptors are involved in recognition of pathogens
through the specialized antigen presenting cells (APCs), but also by
epithelial cells, which constitute the primary cellular barrier [16,61].
For the first time in this study we have immunohistochemical char-
acterized by confocal microscopy staining, dendritic-like cells in S. ca-
nicula GALT and in lamina propria with Langerin/CD207 and S100 an-
tibodies. The mucosal immune system of vertebrates comprises innate
and adaptive immune cells and molecules that act in concert to protect



E.R. Lauriano et al. Fish and Shellfish Immunology 87 (2019) 490-498

A

angenn

Fig. 5. (A) Abundant Langerin/CD 207 positive dendritic-like cells, were present in the basal epithelium (e), lamina propria (Im) and GALT (insert); (B) S100 positive
Langerhans -like cells in lamina propria showed few and short cytoplasmic processes (arrow); (C) TLR2 labeled lymphocytes in epithelium (e) and lamina propria
(Im) confirming immunohistochemical peroxidase investigations results. (D) Intraepithelial lymphocytes (arrows), showing immunoreactivity to TLR2. Fig. 5A-C are
provided also with bright fields (Ap, By, Cp). No-primary antibody controls are provided in 5A.-B.-C¢-Dp.
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6. Western Blot analyses of the expression of (A) Langerin, (B) S100 and

(C) TLR2. A representative blot of homogenates of spiral valve intestine lysates
obtained is shown and densitometry analysis is reported (D).

the

host against pathogens. The gut mucosal epithelia play a significant

role in fish immunology [62]. Epithelial surveillance via these innate
immune pattern recognition receptors, can then be transmitted to the
underlying cell populations of the lamina propria and GALT composed of
macrophages, lymphocytes and plasma cells [16]. Future studies could
be oriented to characterize the different molecules and cells of the in-
testinal mucosa of the elasmobranches to deepen the phylogeny of the
immune system in these interesting and primitive vertebrate.
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