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Abstract

 

In addition to being the respiratory organ in fish, the gills form a barrier against the external milieu. Innate and
adaptive immune system components have been detected in the gills, but lymphoid cell accumulations similar to
that seen in the mammalian mucosa have not been described. The present investigations revealed cell accumulations
on the caudal edge of interbranchial septum at the base of the gill filaments in the Atlantic salmon. Cytokeratin
immunohistochemical staining and identification of a basal membrane and desmosome cell junctions by electron
microscopy showed that the cell accumulation was located intraepithelially. Major histocompatibility complex
(MHC) class II

 

+

 

 cells were detected by immunohistochemistry, and laser capture micro-dissection and subsequent
RT-PCR analysis revealed expression of T-cell receptor transcripts in the investigated tissue, suggesting the presence
of T cells. The intraepithelial tissue reported here may be a suitable location for immune surveillance of gill infections,
as well as a target site for new vaccine approaches and investigations of epithelial immunity. This is the first description
of a lymphocyte cell aggregation within a teleostian gill epithelium network, illustrating a phylogenetically early
form of leukocyte accumulations in a respiratory organ.
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Introduction

 

The gills of modern bony fishes, or teleosts, consist of four
paired arches, each containing two rows of posteriolater-
ally oriented filaments with lamellas covered by respiratory
epithelium. The filaments are supported along their pro-
ximal third of their length by an interbranchial septum of
connective and muscle tissue (Wilson & Laurent, 2002). The
respiratory epithelium has multifunctional purposes, which
include gas and ion transport, nitrogenous waste excretion
and hormone production (Evans et al. 2005). In addition, the
mucosa forms the barrier between the organism and the
external environment. Fish infectious agents readily spread
in the water, and the thin respiratory epithelium of the gills
represents an obvious entry for pathogens. For instance,
infectious salmon anaemia (ISA) virus infection is believed

to be established first in the gills before spreading to other
organs (Rimstad & Mjaaland, 2002).

The mammalian intestinal mucosa contains physical
barriers and can in addition respond with innate and
adaptive immune reactions against invaders (Sansonetti,
2004). The gills form, just like the gut, mucous surfaces
designed for selective transport, and harbour mechanisms
to avoid infections. Several studies have shown the pres-
ence of a highly developed and active immune system. The
physical barrier of the fish gills consists of the gill epithe-
lium, a glycocalyx layer and the mucus layer (Powell et al.
1994). Indications of innate and specific immune responses
have been suggested by identification of Mx, Toll-like
receptor 9 and T-cell receptor (TCR) transcripts (Jensen
et al. 2002; Takano et al. 2004, 2007). Koppang et al.
(1998a,b) found that the level of major histocompati-
bility complex (MHC) transcripts in the gills was relatively
high compared to the lymphoid pronephros and spleen
and that the expression could further be induced follow-
ing intraperitoneal vaccination. Ohta et al. (2004) cloned
and sequenced homologues of the dendritic cell marker
CD83 in shark and trout, demonstrating relatively high
expression of such transcripts in the gills by Northern
blotting.
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In mammals, the mucosal surfaces harbour aggrega-
tions of organized lymphoid cells, i.e. the Peyer’s patches
of the intestines and tonsils in the pharynx. The localiza-
tion, architecture and arrangement of these immune
tissues are of fundamental importance to determine
their function and significance (Mowat, 2003; Pabst et al.
2004). Several studies have investigated the uptake of
antigens and the presence of lymphoid cells in the gill
epithelium, but no discrete aggregations of such cells or
the existence of a lymphoid organ has been described
(Ototake et al. 1996; Wilson & Laurent, 2002; Evans et al.
2005).

As the first-line encounter towards antigens, the epithe-
lium of the gills and intestines are important locations
for immune reactions. It is therefore likely that these
sites should display the first phylogenetic signs of
immune cell compartmentalization. Cartilaginous fish
and teleosts are among the earliest vertebrate groups to
have developed an adaptive immune system comparable
to that of mammals (Zapata & Amemiya, 2000). The
thymus occurs in all jawed vertebrates, and in mammals,
the endodermal primordium of the tonsils and thymus
forms from the wall of the second and third pharyngeal
pouch, respectively (Sadler, 1995). The thymus in teleosts
usually develops from the second to fourth pharyngeal
pouches, which are located between the branchial
arches (Bowden et al. 2005). The phylogenetic origin
of the thymus is not known, but a connection to the
mucosa-associated lymphoid tissue has been suggested
(Matsunaga & Rahman, 2001). In this model, the primor-
dial thymus develops from integration of intraepithelial
leukocytes into an epithelial network, which further
may support a high T-cell proliferation. Recently, there
has been some attention attracted to the morphological
plasticity of thymus construction both in fish and mam-
mals. The thymus is reported to consist of more than one
pair of organs in the teleost 

 

Sicyases anguineus

 

, with one
set located near the gill epithelium (Bowden et al. 2005).
Further, an ectopic thymus-like tissue was recently dis-
covered in mouse (Terszowski et al. 2006), demonstrating
that the arrangement even in mammals is not as rigid as
previously assumed.

In a previous study, the use of a polyclonal antibody raised
against recombinant MHC class II 

 

β

 

 chain revealed immuno-
reactive gill epithelium cells in salmon (Koppang et al.
2003). However, during further investigations it became
apparent that lymphoid-like tissue aggregates observed
at the base of the gill filaments were highly immunoreac-
tive. When gills are sectioned for histological analysis,
they are normally mounted sagitally. We decided to inves-
tigate them also in transversal sections through the gill
arch. The objectives of the present study were to exam-
ine the localization of the lymphoid-like tissue and to
investigate the possible presence of aggregates of lym-
phoid cells.

 

Materials and methods

 

Fish

 

Ten un-vaccinated sea-transferred Atlantic salmon individuals (mean
weight 2.63 kg) cultured at Ewos Research Station, Lønningdal, Os,
Norway, and four un-vaccinated juveniles 6 months post hatching
and two un-vaccinated sea-transferred salmons obtained at Sol-
bergstrand Research Station, Norwegian Institute for Water Research,
Drøbak, Norway, were investigated. Thymuses were collected
from two un-vaccinated sea-transferred salmons (Ewos Research
station). Sea-transferred fish were kept in indoor tanks, receiving
water from 70 m depth, and juvenile fish in tanks received treated
pathogen-free fresh-water. Histological examination of the gills
and other organs revealed no signs of infection. No mortality
was recorded in the investigated groups. All fish were eutha-
nized according to regulations for fish in aquaculture issued
by the Norwegian Directorate of Fisheries (Forskrift om drift av
akvakulturanlegg. § 28. Avlivning av fisk).

 

Histological examination

 

Samples from the first gill arch, the head of the four juveniles and
the thymus were fixed in 10% neutral buffered formalin for 24 h
and decalcinated in 10% formic acid. In one fish, all gill arches
were sampled. The gills were prepared for transverse and longitu-
dinal sectioning and the heads for horizontal sectioning at the
level of the middle portion of the holobranches, then embedded
in paraffin, cut in 4-

 

μ

 

m sections and mounted on glass slides. The
tissue sections were de-waxed in xylene and rehydrated in graded
ethanol baths and stained with hematoxylin and eosin (HE)
(Bancroft & Gamble, 2002).

 

Immunohistochemistry

 

For detection of MHC class II molecules, the polyclonal antiserum
Ø127 (diluted 1 : 1000) raised against a recombinant protein of
the salmon MCH class II 

 

β

 

 chain was used (Koppang et al. 2003).
The staining procedure described below was also performed using
the following antibodies: Rabbit pAb K555, detecting salmon IgM
(1 : 200) (a kind gift from K. Falk, National Veterinary Institute,
Oslo, Norway), mAb PC10, identifying proliferating cell nuclear
antigen (PCNA) (

 

α

 

-PCNA, No. M0879; Dako, Glostrup, Denmark)
(1 : 150), and an mAb AE1/AE3, recognizing mouse cytokeratin
(No. 18-0132, Zymed® Laboratories, San Francisco, CA, USA)
(1 : 100).

Paraffin sections of 4 

 

μ

 

m were cut and mounted on positively
charged glass slides (Superfrost® plus, Mentzel, Braunschweig,
Germany), incubated at 37 

 

°

 

C for at least 24 h before de-waxing
and rehydration. Demasking was achieved by autoclaving in
0.01 

 

M

 

 citrate buffer, pH 6.0, at 120 

 

°

 

C for 15 min, cooled to room
temperature and then transferred to phosphate-buffered saline
(PBS). To inhibit endogenous peroxidase, the sections were treated
with phenyl hydrazine (0.05%; Fluka, Buchs, Switzerland) for
40 min at 37 

 

°

 

C.
The following immunostaining was performed in an Auto-

stainer 360 (Lab Vision Corporation, Fremont, CA, USA). To prevent
non-specific binding, sections were incubated for 20 min with 5%
bovine serum albumin (BSA) in Tris-buffered saline containing
normal goat serum diluted 1 : 50. The blocking solution was
removed and the sections were incubated with the primary
antibody for 60 min. Labeled cells were visualized by an indirect
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immunoperoxidase method (EnVision® System, Peroxidase, No.
K4009; Dako).

The secondary antibody, horseradish peroxidase-labeled poly-
mer conjugated to goat anti-rabbit (anti-mouse for the mono-
clonal antibody, No. K4005) Ig, was incubated for 30 min and
peroxidase activity was detected following 15 min incubation
with the 3-amino-9-ethylcarbazole provided with the EnVision®
System kit. The sections were washed twice with PBS for 5 min
between each step. The sections were counterstained with hema-
toxylin for 1 min and mounted with poly-vinyl alcohol mounting
media (Ullevål Apotek, Oslo, Norway) before light microscopy
examination. Negative controls were performed using 1% BSA.
Pig intestine was used as positive control of cytokeratin.

 

Electron microscopy examination

 

Transmission electron microscopy (TEM)

 

Transversally dissected samples of the caudal side of the inter-
branchial septum between the hemibranches were fixed on ice in
3% glutaraldehyde (GAH) in 0.1 

 

M

 

 cacodylate buffer, pH 7.4, post-
fixed in 2% OsO

 

4

 

 and 1.5% K

 

3

 

Fe(CN)

 

6

 

 in 0.1 

 

M

 

 cacodylate buffer,
pH 7.2, and then stained 

 

en bloc

 

 with 1.5% uranylacetate before
dehydration. Semi-thin (1 

 

μ

 

m) sections were cut, mounted on glass
slides and stained with toluidine blue. Ultrathin sections of LX 112
Resin (Ladd Research Industries, Williston, VT, USA) embedded
tissue samples were post-stained with uranyl acetate and lead
citrate and examined in a Philips 208S transmission electron micro-
scope (Eindhoven, The Netherlands).

 

Scanning electron microscopy (SEM)

 

Samples of the gill filaments including the interbranchial septum
were fixed as described above for TEM and dehydrated in increas-
ing ethanol concentrations, freeze fractured in N

 

(l)

 

 chilled ethanol,
critical point dried and coated with gold before SEM investiga-
tion. Finally, specimens were investigated in a Phillips XL 300 ESEM
(Eindhoven, The Netherlands) environmental SEM.

 

Laser-capture micro-dissection and RT-PCR

 

Transversal cryo-sections of two gill arches, 7 

 

μ

 

m in thickness, were
cut with a cryostat and mounted on special membrane slides for
laser micro-dissection (No. 50103, Molecular Machines and Indus-
tries, Zürich – Glattbrugg, Switzerland). The sections were stained
with RNase-free hematoxylin, air-dried and stored at –80 

 

°

 

C until
use. Subsequently, the sections were air-dried at room tempera-
ture for 2 h and a representative centrally located part of the cell
accumulation was laser-capture micro-dissected with the SL

 

μ

 

Cut
micro-dissection system (Molecular Machines and Industries). One
to three successive sections, all with an area ranging between
0.05 and 0.19 mm

 

2

 

, were cut and collected in separate tubes. At
least three parallel tubes were prepared for comparison. For T-cell

negative controls, cDNA from the salmon macrophage-like SHK-1
cell line was used in addition to water, substituting the cDNA
solution.

 

RNA extraction

 

Total RNA was isolated from the laser-captured material by using
an RNeasy® Micro kit (50) (Qiagen, Hilden, Germany). The kit
is designed for isolation of total RNA from minute amounts
of frozen, micro-dissected animal tissue. The isolation was per-
formed according to the manufacturer’s protocol, including the
carrier RNA step for very small samples. The volume of the total
RNA solution was 12 

 

μ

 

L.

 

Reverse transcriptase (RT) reaction

 

Reverse transcription of the 12 

 

μ

 

L total RNA solution was performed
using Sensiscript® RT kit (Qiagen) according to the producer’s
instructions. This kit is designed for highly sensitive reverse tran-
scription with small amounts of RNA.

 

Real-time PCR

 

MHC class II, TCR and eukaryotic elongation factor 1A (EF1A) prim-
ers and amplicon detection probes used for the real-time RT-PCR
are described in Table 1. Aliquots of 2 

 

μ

 

L of the cDNA solutions from
each tissue extraction were used in the real-time experiments with
the TaqMan® Probe-based Detection system (Applied Biosystems,
Foster City, CA, USA) and the IQ supermix (Bio-Rad Laboratories,
Hercules, CA, USA) with a final volume of 20 

 

μ

 

L PCR solution, primer
concentration 900 n

 

M

 

 and probe concentration 200 n

 

M

 

. The real-time
experiments were performed in a Chromo 4 (Bio-Rad Laborato-
ries) real-time detection system, with the following settings: 2 min
at 50 

 

°

 

C, 15 min at 95 

 

°

 

C, 50 cycles of 15 s at 95 

 

°

 

C, 50 s at 60 

 

°

 

C.

 

Results

 

Light and electron microscopy

 

Light microscopic investigations of transversally sectioned
gill arches from the sea-transferred salmon displayed
a triangular cell mass on the caudal side of each of the
interbranchial septa, and at each side it extended along
the epithelium of the gill filaments (Figs 1, 2). SEM analysis
revealed that this cell accumulation formed a continuous
ridge along the caudal surface of the gill arches in the slit
between the hemibranches (Figs 3, 4). Light-microscopically,
the most superficial layer consisted of regular gill epithelial
cells and numerous goblet cells, and the main cell mass

Table 1 TaqMan assays used to detect gene expression. The MHC class II assay was designed for the present study. The TCR and EF1A assays have 
been described in previous studies (Moore et al. 2005; Olsvik et al. 2005)

Gene Forward primer Reverse primer TaqMan probe

MHC class II CTCACTGAGCCCATGGTGTAT GAGTCCTGCCAAGGCTAAGATG CTGGGACCCGTCCCTG
TCRα GACAGCTACTACAGCCAGGTT CAGAATGGTCAGGGATAGGAAGTT ACACAGATGCAAAGATC
EF1A CCCCTCCAGGACGTTTACAAA CACACGGCCCACAGGTACA ATCGGTGGTATTGGAAC
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contained many lymphocyte-like cells (Figs 5, 6). The most
basal cells formed a continuous palisade-like pattern (Fig. 5),
in which mitotic figures were regularly observed. Blood
vessels were not found in the cell accumulation, but a
vascular connective tissue with many capillaries, being
continuous with the lamina propria of the gill mucosa, was
bordering beneath the basal cells (Fig. 7). In the juveniles,
similar tissues were observed on the caudal rim of the
interbranchial septum (data not shown).

TEM displayed numerous cells of epithelial type with
abundant desmosomes and intracytoplasmic intermediate
filaments (Fig. 6). From the base to the apex of the cell
accumulation, the epithelial cells formed a trabecular net-
work surrounding groups of lymphocyte-like cells (Fig. 6).
The epithelial cell processes were readily interdigitating
and displayed numerous desmosomes, whereas the cells
of the lymphocyte type had a small cytoplasm and showed
no clear desmosomes or intermediate filaments (Fig. 6).
The epithelial cells formed a continuous basal layer and
were attached to a basal lamina that was continuous with
the basal lamina of the gill filament epithelium (Fig. 8).
The basal lamina created a border to the underlying
vascular connective tissue (Figs 8, 9).

 

Immunohistochemistry

 

The antiserum against cytokeratin stained cells in the
epithelium along the gill filaments and lamellae and in the
accumulations of cells (Fig. 10). In the latter, there was
positive staining of numerous trabecular structures, which
surrounded small groups of non-reacting cells (Fig. 9). In
the thymus sections, the cytokeratin staining displayed a
quite similar trabecular pattern (Fig. 11). No staining was
observed in the connective tissue.

In PCNA stained sections, positive cells were most numer-
ous in the basal areas of the cell accumulations, but were
also dispersed in the gill filament epithelium (Fig. 12). Many
of the red PCNA-reacting nuclei displayed a dark granular
staining (Fig. 12, insert).

Abundant MHC class II

 

+

 

 cells were detected in the epithe-
lium on the caudal rim of the interbranchial septum and in
the epithelium covering the gill filaments (Fig. 13). Immuno-
reactive cells were dispersed evenly in the investigated tissue,
but appeared to be most frequent close to the apical surface.

IgM staining was neither detected in the present cell
accumulation nor in the gill epithelium. Blood plasma was
IgM

 

+

 

.

 

Polymerase chain reaction investigations of 
micro-dissected samples

 

Six micro-dissected samples (Fig. 14) from the investigated
gill tissue were subjected to real time PCR, utilizing TaqMan
assays for EF1A, MHC class II and TCR 

 

α

 

. Due to small amounts
of cDNA in the samples (Ct values between 31 and 35), a

more comprehensive study is required to obtain quantita-
tive data. However, a comparison of the present Ct values
and raw data from several tissues of Atlantic salmon (Moore
et al. 2005; and unpublished results) strongly indicate that
the abundance of TCR 

 

α

 

 transcripts in the investigated tissue
is high. No amplification was detected in negative controls.

 

Discussion

 

In this study, the gills of sea-transferred salmon were dem-
onstrated to exhibit large intraepithelial cell aggregations
at the caudal rim of each of the interbranchial septa. The
accumulation of cells displayed a trabecular pattern of
cytokeratin positive cells, and had desmosome cell junctions,
bordered by a continuous superficial and basal layer of
cytokeratin positive cells. The tissue harboured PCNA

 

+

 

cells and the observation of MHC class II

 

+

 

 cells and expression
of TCR in the cell accumulations are all indications of an
organized lymphoid tissue. IgM

 

+

 

 cells were not seen
intraepithelially. Similar cell accumulations were also
observed in investigated juveniles.

Cytokeratin intermediate filaments are characteristic
of epithelial tissues, and the cytokeratins exhibit a high
degree of homology among vertebrates (Schaffeld & Markl,
2004). In the present investigations, a commercial mouse
anti-cytokeratin antibody stained cells of the investigated
caudal rim of the intrabranchial septum and in the gill fila-
ment epithelium. Electron microscopic studies confirmed
intermediate filaments in the epithelium cells and many
of them were attached by desmosomes, which also are
specific for epithelial tissues (Garrod et al. 2002), and the
basal cells shared a common basal lamina with the gill
filament epithelium. These findings showed that the cell
aggregation was located within the gill epithelium.

PCNA is a highly conserved protein in eukaryotes and is
expressed during cell proliferation and repair (Yu & Filipe,
1993; Lee & Gye, 1999; Leung et al. 2005). The protein has
long half-life, and a dark granular staining in nucleus may
correspond more closely to the S-phase of the cell cycle
(Yu & Filipe, 1993). In this study, the mouse anti-PCNA
antibody displayed a dark granular staining, and mitotic
figures were detected in the basal cell layers. This indi-
cated substantial cell proliferation in the investigated
gill epithelium and in the basal portions of the filament
epithelium. Cell proliferation in the latter has been
described previously in fish (Zenker et al. 1987).

In mammalian and fish mucosal membranes, intraepithe-
lial leukocytes mainly consist of T cells and some macrophages
(Picchietti et al. 1997; Zapata & Amemiya, 2000; Hutten-
huis et al. 2006; Romano et al. 2007). In addition, dendritic
cells are able to send cytoplasmic protrusions through the
epithelium towards the intestinal lumen for antigen
recognition and sampling (Rescigno et al. 2001). To further
investigate the nature of the cells in the present tissue,
we applied available leukocyte markers.
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Figs 1 and 2 Micrograph of a transversely sectioned gill arch. The cell accumulation on the caudal edge of an interbranchial septum is seen in the slit 
between the gill filaments and it is extended along the epithelium of the gill filaments. The apparently thickened areas of the gill lamellae seen at the 
upper left in Fig. 1 represent either areas with dilated capillaries or tilted regions cut at an angle. HE. Scale bars 1 mm, 100 μm.
Figs 3 and 4 Scanning electron micrographs of the posteriolateral surface of a gill arch. A continuous ridge is displayed in the slit between the 
filaments. Scale bars 200 μm, 500 μm.
Fig. 5 A close-up micrograph of the investigated cell accumulation. The basal cells display a palisade-like pattern and small cells with dark nucleus and 
thin cytoplasm are observed in the parenchyma. Goblet cells are seen at the mucosal surface (asterisk). HE. Scale bar 100 μm.
Fig. 6 Transmission electron micrograph of a lymphocyte-like cell in the investigated cell accumulation. Desmosome cell junctions are seen connecting 
the surrounding epithelial cells (arrowheads), and intermediate filaments are observed inside one of them (arrows). Scale bar 2 μm.
Fig. 7 A micrograph showing the blood vessel network of the adjacent connective tissue (lamina propria). Arrowheads indicate blood vessels with 
erythrocytes. Toluidine blue. Scale bar 100 μm.
Fig. 8 Transmission electron micrograph of the basal lamina in the investigated cell accumulation. The basal lamina (arrows) is seen below the 
epithelium. Scale bar 1 μm.
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The thymus of salmonids harbours MHC class II

 

+

 

 cells in
a fashion similar to that of mammals, and TCR transcripts
are expressed (Koppang et al. 2003; Fischer et al. 2005). The
selection and development of T cells is highly dependent
on an intimate connection with the network of the reti-

cular epithelial cells and their expression of MHC mole-
cules (Matsunaga & Rahman, 2001). The observation of
an epithelial cell network in the gill structure, which also
harboured abundant MHC class II

 

+

 

 cells distributed in
a similar fashion as previously observed in the salmon

Fig. 9 Immunohistochemical detection of cytokeratin in the investigated cell accumulation. Small groups of cells are enveloped by cytokeratin-stained 
cells. The basal layer forms a distinct border to the underlying connective tissue. Scale bar 100 μm.
Fig. 10 Immunohistochemical detection of cytokeratin in the investigated cell accumulation. The basal layer is especially strongly stained, sending a 
trabecular network towards the apex. Cells at the surface are positively stained and goblet cells are seen. Strong staining for cytokeratin was also 
detected in the epithelium along the gill filament. Scale bar 100 μm.
Fig. 11 Immunohistochemical detection of cytokeratin in the thymus. Cytokeratin stained trabeculae are extending into the parenchyma. Scale bar 
100 μm.
Fig. 12 PCNA staining for detection of cell proliferation. PCNA positive cells are most frequent in the basal regions, whereas only scattered cells are 
stained in other areas. The inset shows an enlarged area of a basal region, displaying granular staining of nuclei (arrows). Scale bars 100 μm.
Fig. 13 Immunohistochemical detection of MHC class II in the investigated cell accumulation. Abundant MHC class II+ cells are dispersed in the cell 
accumulation and in the epithelium covering the trailing edge of the gill filament. Scale bar 100 μm.
Fig. 14 A micrograph of a laser micro-dissected cryo-section. A representative part of the cell accumulation was laser micro-dissected (brown line) 
and attached to the cap of a plastic tube ready for collection. Toluidine blue. Scale bar 100 μm.
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thymus (Koppang et al. 2003), strongly suggests functional
analogies between these tissues. MHC class II expression
may be observed in cells of the leukocyte lineage including
dendritic cells, macrophages, B cells and T cells, but epithe-
lial cells may also be positive (Glimcher & Kara, 1992).

Further, IgM

 

+

 

 cells were not detected intraepithelially.
The information of IgM

 

+

 

 cells in the gill mucosa of different
fish species is conflicting, and there is evidence that the
gills harbour a local population of IgM-producing cells in
some fish species (Dos Santos et al. 2001). IgM

 

+

 

 cells have
been detected in the gill filament epithelium of halibut
(

 

Hippoglossus hippoglossus

 

) and in spotted wolffish
(

 

Anarhichas minor

 

 Olafsen) (Grøntvedt & Espelid, 2003).
In cod, IgM

 

+

 

 cells were detected in the connective tissue
and in blood plasma, which were similar to the findings
of the present study (Schrøder et al. 1998). These data
indicate species-specific distributional differences of IgM

 

+

 

cells in the gill mucosa. Further, the gill mucosa of salmon
may be supplied by IgM from cells at other locations than
in the epithelium. It is also possible, but not likely, that the
mucosal IgM is different from serum IgM, as reported in
carp (Rombout et al. 1993), and was not detected by the
polyclonal antibody used in this study.

TCR mRNA expression was detected in the intraepithelial
micro-dissected material and many lymphocyte-like cells
were observed in the tissue sections. In trout intestine,
intraepithelial lymphocytes mainly consist of IgM

 

–

 

 cells
expressing TCRs (Bernard et al. 2006). TCR molecules are
restricted to T cells in mammals and TCR 

 

α

 

-positive cells
have been found in gill epithelium of zebrafish embryos
(Danilova et al. 2004). Intraepithelial lymphocytes seem
to proliferate in the gut of mammals (Ishikawa et al. 2007)
and cell proliferation was observed in the investigated
epithelium in this study. It is tempting to suggest such
an analogy between the mammalian intestinal and the
teleost respiratory mucosal surfaces; however, the nature
of the cells in the latter could not be determined. Given
these considerations, the results in this study strongly
indicate T-cell presence in the investigated intraepithelial
tissue.

The trabecular network visualized by cytokeratin stain-
ing in the present study shows similarities to the epithelial
trabecula observed in the thymus. Such an epithelial
network may be a structure providing a basis for the
evolution of a T-cell-rich thymus (Matsunaga & Rahman,
2001). In addition, the presence of MHC class II

 

+

 

 cells and
expression of TCR in the cell accumulations are further
indications of a lymphoid organ.

In fish, the degree of involution of the thymus is described
to vary in different teleost species (Bowden et al. 2005).
The investigated intraepithelial tissue was present in both
juveniles and in adult salmon, indicating that a T-cell-rich
tissue persists here throughout the salmon adult life.

The tonsils are lymphoid organs located in the pharynx
of mammals and, similar to the thymus, evolve from the

pharyngeal pouches. The germinal centres of the tonsils
contain both B and T cells, but IgM

 

+

 

 cells were not detected
in the intraepithelial cell aggregations in this study.

Morphological investigations of the teleost immune
system are severely hampered by the lack of leukocyte cell
markers (Koppang et al. 2007). Currently, our laboratory
is collaborating with others to establish useful salmonid
T-cell markers. Such markers would have been of significant
help in the current study.

The present article describes novel intraepithelial lym-
phoid cell aggregations in the salmon gills. These aggrega-
tions are most likely part of the gill mucosal immune system,
illustrating a phylogenetic early differentiation and com-
partmentalization of a respiratory organ immune appara-
tus. Our discovery can provide new information related
to thymus phylogeny and the development of lymphoid
tissues and mucosal immunity. From a practical point of
view, the results may be useful in relation to studies of
gill infections and the development, administration and
uptake of new mucosal vaccines applicable for large amounts
of fish.
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