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Abstract

Monoclonal antibodies (mAbs) have been essential tools in the elucidation of the
immune system of mammals, and their application to identify surface molecules on
leukocytes have allowed important functions of these cell to be identified (such as receptors
that bind antigens, ligands involved in cell to cell signaling or in initiating immune response
activity). Not only have mAbs been used to discriminate cells during different stages of cell
development, but have also assisted in understanding the dynamics of molecules expressed
during functional processes. Such molecules detected on human leukocytes are called human
leukocyte differentiation antigens or HLDA. In order to group the antibodies that detect
similar molecules and have similar patterns of reaction, immunologists have organised the
mAbs that bind to these antigens into Clusters of Differentiation (CD). So far, there are
about 350 leukocyte surface molecules detected by mAbs with a CD nomenclature for

human leukocytes (www.hcdm.org).

In fish immunology there is a great need to produce mAbs that are able to
differentiate the various components of the fish immune system to assist in the elucidation
of the fish immune system. The present study was an endeavour to develop and characterise
mAbs that could be accredited to such scheme. A better understanding of the fish immune
system is urgently required so that effective strategies of control can be developed for
significant diseases during fish farming.

Monoclonal antibodies were prepared by immunizing mice with thymic leukocytes
from rainbow trout. The leukocytes were activated with the lectin Concanavalin A to
promote the activation and proliferation of the target T-cell population. The selection of
clones producing antibodies during screening was performed on the basis of the response of
the supernatant from hybridomas using three consecutive assays. First, selection was
determined by the positive staining of cells from the thymus in a Dot blot assay. Secondary
screening was performed by means of flow cytometry (FCM) and the criterion for selection
was the preferential detection of leukocytes gated in the lymphocyte region. Finally, the
positive supernatants from hybridomes were evaluated to determine their effectiveness in the
detection of modifications in the labelled cells during a multiple way activation by detection
of foreign histocompatibility complex enhanced with mitogens.

Monoclonal antibody TcOm15 was selected from 564 hybridomas produced and
then used to stain cells from various Rainbow Trout tissues. It was clear from FCM,

microscopy and Western blot analysis that mAb TcOm15 not only reacted with thymic cells
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but also with cells from other tissues. Differential staining of cells with mAb TcOm15 was
observed with 27.1 +1.4 % of leukocytes from peripheral blood leukocytes (PBL) stained in
comparison to 2.0 £0.2 % from the thymus, 13.8 0.4 % from the spleen, and 5.6 0.6 %
cells stained from head kidney. The labeled cells showed characteristics of lymphocytes and
monocytes, presenting a distinctive staining in immunohistochemistry and confocal
microscopy.

Western blot analysis, using electrophoresed proteins under denaturing conditions
with leukocytes from several different tissues, showed that mAb TcOm15 did not detect a
single protein. At least three proteins appeared to be identified by the mAb at 105, 160 and
200 kDa. The proteins were identified as o Actinin-4, non-erythroid Spectrin «II chain or Ig-
like protein and non-muscle Myosin (MYH10) by MALDI-TOF analysis. Three of these
identities are for compositional molecules for the cytoskeleton of different types of cells, and
one it is associated to immunoglobulin superfamily. The identification of these proteins by
mAb TcOm15 suggests an ability of this mAb to detect a specific function, possibly related
with the synchronicity of expression or interaction of cytoskeleton-membrane proteins
forming a multiprotein complex. Another possibility is as a carrier role for a protein during
interactions.

Colocalization of the mAb with F actin from the cytoskeleton was also observed
suggesting the possibility that mAb TcOm15 detects a specific site in a multi-protein
complex from the cytoskeleton. The molecule detected showed down-regulation in a dose
dependant way with Concanavalin A and the expression was almost lost following
stimulation of cells with phorbol 12-myristate 13-acetate stimulation. Leukocytes from the
PBL and thymus up-regulated the expression of the TcOm15 molecule under mitogenic
conditions 7z vitro, and results from in vivo experiments suggested the possibility of up-
regulation on thymic cells.

In conclusion, the results obtained in the present study provide information on a
potentially useful marker (mAb TcOm15) for a cytoskeleton-membrane antigen that is
modulated during stimulation of teleost lymphocytes. Additionally, this may enable insights
into the relationship between cytoskeletal proteins and membrane associated
immunoglobulin. Future research is necessary in order to explain this relationship and to
determine the functional participation of the TcOm15 molecule during the activation of

rainbow trout cells.
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Chapter 1 General Introduction

1.1 Overview

Aquaculture production has expanded during recent years as a result of
increased food demands. Given the artificial conditions under which fish are cultivated
for this purpose, the organisms suffer a number of physiological constraints that result
in regular infectious disease outbreaks. Therefore, one of the major concerns and a
significant investment cost to the industry is related to preserving the health of the fish
stocks. Avoidance of stress, immunostimulation and vaccination (among others) play
an important part in the biosecurity programs used to help prevent the negative
impacts of infective organisms in fish rearing systems (Yoshimizu, 2003; Pruder, 2004).
In order to implement effective disease control strategies, efforts are being made to
develop ways of enhancing the processes that enable the fish to limit or eliminate the
infectious agents. The immune response is the process by which organisms, including
fish, preserve homeostasis and defend themselves against disease. However, practical
approaches to improve the health management of fish require fundamental knowledge
on the immune response of fish (Stwicki e a/, 1994; Lorenzen ef al., 2002; Scapigliati e/
al., 2002; Moore & Hawke, 2004). There is therefore great interest in developing
immunological techniques and tools to elucidate the immune system of fish and
establish methods for modulating the immune response of fish biology. Not only the
health of fish under culture would benefit from studies of immune response, but also
in general the knowledge gained will improve the understanding of vertebrates. Teleost
are organisms that share characteristics with major vertebrates and as experimental

organisms are easy to manage in practical terms, making fish good model organisms.



From a comparative immunology perspective, the work performed on this subject
could contribute with information about fish that can be applied to major invertebrates

(Trede et al., 2004).

1.2 Understanding the teleost immune system

Immunology is a complex subject continuously being enriched with new
information. Experimentation in this field is frequently being redesigned based on
these new findings, and new hypotheses to explain how the immune system functions
in mammals, are presented and modified accordingly (Matzinger, 1994; Medzhitov &
Janeway, 2000). Teleost immunologists have applied these novel results to fish
immunology based on the evolutionary relationship between fish and mammals, but
have done so with caution (Magor & Magor, 2001; Whyte, 2007), and in general have
focused on generating information by comparing analogous immune response
mechanisms between fish and mammals (Dixon & Stet, 2001; Magor & Magor, 2001;
Whyte, 2007). The immunological response is a complex interaction of mechanisms
that have evolved in invertebrate and vertebrate organisms to preserve homeostasis.
Some aspects of this defence system are triggered by the detection of foreign patterned
molecules, or danger signals. The processes activated in response to these are divided,
artificially, by researchers into innate (unspecific or natural) and adaptive (specific or
acquired) (Table. 1.1). However, these are not separate events but a group of effectors

interacting to communicate danger and defend according to the insult (Matzinger,

1994; Dixon & Stet, 2001; Janeway & Medzhitov, 2002).



Table 1.1 Cells and molecules of the adaptative and innate arms of vertebrate immune
systems (modified from Bayne & Gerwick, 2001, page 726).

ADAPTIVE INNATE
. Lymphoid and o
Tissues mucosal Skin, liver, spleen, pronephros
Cells T.B cells, APC B cells, NK cells, monocytes/macrophages,
granulocytes
Regulators Cytokines Cytokines/kemokines
Complement system, clotting system, anti-proteases,
Humoral o . i
Igs metal-binding proteins, lectins, lysozymes,
components - X . )
antimicrobial peptides, opsonins
Kinetics Slow Fast

The innate immune responses are preserved through evolution from invertebrates to
vertebrates, with the gnathostomata being the first class to have developed not just
innate mechanisms but also acquired mechanisms too. The immune responses of all
jawed organisms show a highly conserved innate system, ability to rearrange genes for
an adaptive immune function, and immunity with interacting unspecific and specific
effectors. Through years of research it is known that the teleosts are capable of
mounting immune responses (analogues and/or homologues) similar to mammals
(with highly specialised adaptive immunity), however most of the processes are not
well understood (Figure 1.1) (Dixon & Stet, 2001; Du Pasquier, 2001; Bowden ez 4/,

2005).



Acquired immune response:
Specificity/Memory

* Lymphoid systems (spleen, thymus, bone marrow,
mucosal tissues and germinal centres)

* Histocompatibility receptors (MHC, MH, HLA)
* Clonal expansion of cells

* Somatic gene rearrangement mediated by RAG for
Ig superfamily receptors

* Ability to increase antibodies affinity after
immunization

¢ Increasing complexity of T and B-cell interactions

Innate immune response:
No specificity/No memory

Verteprates
* Defence molecules

* Complement systems
* Pattern recognition receptors (TLR, PPR)

Invertebrates * Phagocytic cells
* Histocompatibility reaction

Figure 1.1 Innate and acquired immunity through the animal kingdom (based on Tort,
Balasch & Mackenzie, 2003; Flajnik & Du Pasquier, 2004; Danilova, 2006).

2.1.1 The innate immune response

Invertebrate and vertebrate animals are born with a series of immune
capabilities that enable them to react immediately against invading pathogens or other
damaging processes. These inborn defences are the first line of attack, be it by
anatomical, humoral or cellular means, and are characterised by protecting non-
specifically, ze. recognising pathogens or signals of danger (pathogen and stress related

molecules) with no differentiation between the source of danger.

2.1.1.1  Enhancing the attack
Physical barriers such as skin, scales, gastro-intestinal villi, and peristalsis are

essential to hinder pathogen penetration as they offer a mechanical deterrent to the



entry of invading microbes and toxins. These external tissues are covered with a
glycoprotein containing a mucus layer that blocks the adherence of microorganisms by
physically trapping them and preventing them from penetrating their host. In addition,
mucus contains defence molecules such as lectins, pentraxins, lysozymes, anti-bacterial
peptides, complement proteins, and natural antibodies that neutralise microbial
enzymes, suppress growth or directly kill the microorganisms (Ellis, 2001; Saeij e 4/,
2002). If the micro-organisms overcome the external barriers then they must confront
the humoral and cellular defensive mechanisms (both innate and adaptive) of the

immune system.

2.1.1.2  Detecting invasion

According to Medzhitov & Janeway (1997), based on studies with mammals, the
signals that are detected as a threat or danger are molecules intrinsic and physiologically
necessary for the invading organisms to infect, but which are not made by the host
organism themselves. These molecules are conserved between groups of related
microbes; eg teichoic acid in Gram negative bacteria. These molecules are not
recognised by receptors as a specific structure, but rather as a patterned molecule
(pathogen-associated molecule pattern, PAMP). The response against the threat is
initiated by the detection of PAMPs by proteins that are able to function as recognition
receptors (pattern-recognition receptors, PRRs) and have broad specificity. Depending
on the type, PRRs can be expressed externally (cell surface), internally (cytoplasm) or
secreted (mucus, serum, e#) (Magnadottir, 2000).

Another function is attributed to the recognition receptors (PRR’s) in mammals,
and this is related to Anderson-Matzinger’s hypothesis (2000) by which PRRs also have
the ability to detect self-molecules synthesised and/or released by stressed or injured
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cells (heat shock proteins, double stranded DNA, ez). The release of self-molecules is a
sign of danger that is encountered by the PRRs only when there is a cellular damage. It
has been observed in fish toxicology studies, that heat shock proteins are up-regulated
and the expression of cytokines is affected when organisms are exposed to high levels
of contaminants, indicating possible immuno-modulation of the fish through these
pathways (Eder e al., 2008). As stated by Wallin e7 2/ (2002) and Dixon and Stet (2001),
the detection of pathogen molecules or danger related self-molecules by PRRs possibly
act in synchronicity (Figure 1.2), although such mechanisms already confirmed in

mammals still need to be established in fish.

2.1.1.3  Receptors of danger

During the innate immune response, the molecules that recognise danger or
non-self structures are mediators with specific tasks such as opsonisation, activation of
complement, phagocytosis, ez. This arbitration work is performed by different PRR"s
with affinities for a broad range of PAMP’s e.g. nucleic acids, proteins, carbohydrates,
compound molecules (glycolipids, phospholipids, peptidoglucan, lipopolysaccharides,
lipopeptides) (Lata & Raghava, 2008). Distinct classes of PRR’s are present in teleosts
and every family has a function more and less conserved through evolution (Aoki ez a/,
2008) (Table 1.2). Toll Like Receptors (TLRs) (Purcell e al, 2006), NOD Like
Receptors (Laing ez al, 2008) (NLRs), RIG-1 (retinoic acid-inducible gene)-Like
proteins (RLRs) (Zou ez al., 2009), C-type Lectin Receptors (CLRs), Mannan Binding
Lectins (MBLs) (Russell & Lumsden, 2005), and complement receptors (Boshra &
Sunyer, 20006) have all been described for teleosts (Table 1.2). In mammals, it is known
that PAMPs are recognised by PPRs and these start a flow of events through different
receptors that finally prime cells to release mediators (e.g. cytokines) (Kawai & Akira,
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2009). Sepulcre e al. (2007) demonstrated that this could occur in teleosts by showing
that macrophages and granulocytes, after being primed by PAMPs, released pro-
inflamatory cytokines. The assemblage of the response, through these PRRs, provides

the starting point of inflammation (Kawai & Akira, 2009).
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Figure 1.2 “Three models ate shown that might explain how endogenous and/or
microbial products activate professional antigen-presenting cells (pAPCs). (a) In
the ‘extended self, non-self theory’ proposed by Janeway, microbial products are
recognized by pAPCs expressing pattern-recognition receptors (PRRs). (b) In the
‘danger theory’ proposed by Matzinger, endogenous substances produced or
released in response to tissue damage caused by microbes are recognized by pAPCs
with receptors for endogenous danger signals (REDSs). (c) In a third model, there
is the possibility of an overlap between these two models, such that stress-induced
endogenous proteins form complexes with microbial products, and these
complexes are recognized by pAPCs. Note that these models are not mutually
exclusive. Abbreviations: HSP, heat-shock protein; LPS, lipopolysaccharide”. From
(Wallin et al., 2002, page 133)



Table 1.2 Pattern-recognition receptors found in mammals and some identified in teleosts (from Aoki et al., 2008; page 266).

Family Function/Structure Taxon Member Source

TLRs Pathogen associated molecular patterns (PAMPs)  Mammals TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, Lee and Kim 2007;
recognition on the cellular membrane. TLR7, TLR8, TLR9, TLR10, TLR11, Roach et al. 2005
Extarcellular leucin-rich repeats (LRRs) and LTR12, TLR13 Jault C, et al, 2004
intracellular Toll/IL-1 receptor (TIR) domain.

Teleost Fish ~ TLR1*, TLR2, TLR3, TLR4%(Z), TLR5,
soluble TLR5, TLR7*, TLR&*, TLRY,
TLR14 (P), TLR21*, TLR22, TLR23 (P)

Lectins Involved in the carbohydrates recognition. Mammals Mannose binding lectin (MBL}, Lee and Kim 2007;
Secretion form and membrane form are exist, Dectin-1%, Intelectin, Pentraxins Russell and Lumsden
and generally function as multimeric structure.

Teleost Fish MBL, Intelectin, Pentraxins
Complement Invelved in the leukocytes activation and Mammals CR3 and CR4 (integlins), C5aR Lee and Kim 2007;
receptors (CRs)  migration. Boshra H, et al. 2004
Teleost Fish ~ CD18 (f chain for the CR3 and CR4), Qian Y et al. 1999
C5aR

NLRs Involved in the PAMPs recognition in the Mammals NOD1, NOD2, NALPs, IPAF, NAIPS Lee and Kim 2007;
cytoplasm. The receptors posses the centeral Stein et al. 2007
nucleotide oligomerization domain (NOD), Teleost Fish ~ NOD1, NOD2
caspase activation and recruitment domain
(CARD) and LLRs.

CARD helicases  Implicated in the cytoplasmic detection of Mammals Retinoic acid-inducible gene | (RIG-l), Lee and Kim 2007
viruses. The molecules possess the RNA helicase melanoma-differentiation-associated
activity in its C-terminal portion and CARD. gene 5 (MDAS)

Teleost Fish ~ Unknown

*lsotypes were reported.

(Z) Reported from only the zebrafish.
(P) Reported from only the pufferfish.
# Only dectin-1 is a lectin that be able to mediate the intracellular signaling directly after the ligand recognition.



2.1.1.4  Coordinating the acute phase response

The unspecific (or non-specific) components of the immune system that
provide a rapid reaction to aggression can be humoral or cellular. These components
directly attend the site of the insult, but also provide instructions to initiate the
adaptive immune system (Kawai & Akira, 2009). Physiological and metabolic changes
take place when aggression is incurred to the organism; foreign or self molecules
present at the wound site can stimulate secretion of pro-inflamatory cytokines,
chemokines, and lipid mediators that initiate a group of processes called the acute
phase response (APR) (Bayne & Gerwick, 2001).

The initial phase during inflaimmation occurs by a rapid alteration of the
homeostasis of the organisms. Humoral mediator molecules are secreted or released
with the objective of modifying vascularisation, to facilitate the aggregation and
activation of haematopoietic cells, eliminate the stimulus, clear away debris and restore
normal structure and functions. Central nervous system, liver, and several populations
of cells are stimulated to up-regulate or down-regulate secretion of proteins during
APR. The secreted proteins that eventually increase (positive) or decrease (negative)
with respect to normal plasmatic levels, are specific for the acute phase response and
are called acute phase proteins (APP) (Bayne & Gerwick, 2001; Russell & Lumsden,
2005). Cellular participation during APR is promoted by the release of mediators such
as cytokines and chemokines, and is required to remove foreign particles or
microorganisms and dead cells through phagocytosis (Afonso ez al, 1998; Grayfer &

Belosevic, 2009) (Figure 1.3).
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Figure 1.3 “Diagram illustrating phenomena that induce an acute phase response in
mammals, their immediate effects, and the mediators that are produced and that
induce systemic reactions” (from Bayne & Gerwick, 2001 page 727).

a)  Soluble mediators

Soluble factors called cytokines are the mediators of cell communication that
act in a paracrine or autocrine manner in both the innate and the specific immune
responses (Secombes ¢7 al., 1997). For humans, cytokines are a large family of proteins
that can activate, inhibit or regulate immune function. Cytokines can be categorised
into separate functions mainly during the innate response, the adaptive response or
haematopoiesis, however it has been shown that there is no clear division in these
categories (Kabelitz & Medzhitov, 2007). So far, the cytokines that intervene in the
innate immune response of fish are similar to those described for humans. There are

molecules described for interleukin (IL)-1beta, tumor necrosis factor alpha (TNF-
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alpha, interleukin 18 (IL-18) and chemokines such as IL-8 (Secombes ¢ al., 2001; Zou
et al., 2002), and MacKenzie ¢f al. (2004) for instance, have found that TNF-alpha plays
a similar role in the fish’s immune response to that seen in mammals. From the results
of their experiments, they suggest that TNF-alpha is secreted by terminally
differentiated macrophages, and that this cytokine has an important function as an
activator of their phagocytic activity. However, while the activity of most cytokines is
known in mammals, this information is still unclear for fish and dependent on the

availability of recombinant peptides.

b)  APPs in teleosts

The pentraxins, C-reactive protein-like (CRP), and serum amyloid P-like (SAP)
proteins have been detected in several species of teleosts. Pentraxin-like proteins from
fish have shown similar behaviour to those in mammals where an increase is detected
during inflammation (positive APP). Just recently, genes from these pentraxin-like
proteins were found to be up-regulated during infection by Yersinia ruckeri induced in
O. mykiss (Raida & Buckman, 2009). These data, together with findings of agglutination
and affinity to certain types of molecules from pathogens, suggest that CRP and SAP-
like proteins are important mediators of the immune response of fish as agglutinins
and secreted PRRs (Bayne & Gerwick, 2001; Cook ez al., 2003).

The non pentraxin serum amyloid A (SAA) is a common protein in APR for
vertebrates. However, different responses have been found in fish making it difficult to
relate the SAA to the APR (Raida & Buchman, 2009; Villarroel ez al., 2008).

Transferrin is a glycoprotein that binds iron and can sequester it when

environment levels are low; where bacteria find it difficult to survive at these low iron
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levels. The level of transferrin in APR decreases in mammals, however, in contrast it
has been found that in rainbow trout and catfish, levels of transferrin may increase
during APR (Bayne & Gerwick, 2001, Peatman ez /., 2007).

The plasma protein a2-macroglobulin modulates the immune response by
inhibiting or inactivating proteases. Peatman e 2/ (2007) found this molecule amongst
the up regulated genes in catfish during infection.

The complement system consists of 35 soluble and membrane bound proteins.
Complement participates in the elimination of pathogens by creating pores in the
membrane of the microbe or by facilitating phagocytosis through opsonisation of the
microbe. Characteristically it produces an amplified response when triggered by a
stimulus producing a cascade phenomenon. The complement cascade can be activated
by three pathways: the classical pathway, which is stimulated by the binding of
antibodies to the microbe membrane, acute phase proteins or directly by viruses,
bacteria or infected cells. The alternative pathway is activated through contact with
microorganisms independent of antibodies, and the lectin pathway is initiated by
binding to a mannose-binding lectin. It is known that the main features of complement
activation in fish occur in a similar manner to that of mammals, however, the
mechanisms and molecules for some modes of activation are not clearly defined
(Holland & Lambris, 2002; Boshra, Li & Sunyer, 2006). Some important components
of the complement system have been identified as positive APP (Bayne & Gerwick,
2001, Peatman ez al., 2007).

Lysozymes are enzymes that occur not only in mucus secretions, but also in
plasma, peritoneal macrophages and blood neutrophils. Bacterial cell walls are attacked

by lysozymes by cleaving peptidoglucans present in the bacterial cell call (Bayne &
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Gerwick, 2001). These molecules have been the centre of various studies with an
increase in the plasma concentration detected during inflaimmation (Magnadottir e al.,

2005; Mackenzie et al., 2008)

¢)  Phagocytic cells

The ability of granulocyte to phagocytose 2 vitro and in vivo has also been at the
centre of many studies. Migration and phagocytic cellular activity have been observed
during experimental inflammation in several fish species (Do Vale ¢# al., 2002; Pressley
et al., 2005; Serada et al., 2005; Chaves-Pozo et al., 2005; Cuesta ¢f al., 2007 & 2008). The
identification of cells involved eatly during inflammation has been difficult due to a
lack of specific cell markers; even so, populations of phagocytic cells have been
identified such as monocytes, macrophages, granulocytes, and more recently B-cells (Li
et al., 2006; Overland et al., 2010). For instance Sepulcre ¢z al. (2007) demonstrated that
acidophilic granulocytes and macrophages express PRRs and are stimulated during
inflammation, showing active phagocytosis (neutrophils) and/or release of cytokines.
Another interesting observation was the phagocytic behaviour seen for B-cells of
salmon, cod and trout indicating the participation of this population during the innate
immune response (Li ¢f al., 2006; Overland ez al, 2010). Phagocytes have an important
role in the defence mechanism of fish. These are cells that engulf microbes and kill
them through the production of potent bactericidal substances. These products include
reactive oxygen species (ROS) such as superoxide anion, H2Oz and the hydroxyl free
radicals (OHY). In addition, macrophages can produce nitric oxide (NO) and

subsequent peroxynitrites and hydroxyl ions (Ellis, 2001; Neuman e# a/, 2001).
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2.1.2 Specific immunity

The specific immune response provides strong protection against both
extracellular and intracellular pathogens. These mechanisms are characterised by two
important features: specificity and memory. The components of the specific or
adaptive immune response include both humoral and cellular elements (Table 1.1).
Specificity and memory are adaptations to the immune system that are obtained after
the first encounter with the pathogen.

As in mammals, macrophages and monocytes have the ability to present
antigens to specialized cells for the initial propagation of the specific immune response
(Vallejo ez al., 1992, Sugamata ez al., 2009). Specialised cells have been observed in fish,
B cells responsible for antibody production (Manning & Nakanishi, 1997) and T cells
that mediate cellular activity demonstrated both 77 vivo (Abelli ez al., 1999) through graft
recognition and 7z wvitro (Meloni et al., 2006) by T cell proliferation during cytotoxity
assays. Similarly molecules related with specific immunity have also been discovered in
fish and these are mentioned later.

Antibodies in fish are immunoglobulins (Ig) that consists of heavy (H) and light
(L) chains with a tetrameric structure; it is usually referred to as IgM. Like mammals,
fish have the ability to develop immunological memory, following the first encounter
with the antigen; the B memory cells retain the ability to be re-stimulated by the
antigen. A secondary antibody response in fish is faster and results in higher Ig titres in
the serum, than the primary response (Kaattari & Piganelli, 1997, Manning &
Nakanishi, 1997). B cells participate in the immune defence process through the
production of humoral antibodies and T cells directly participating by specifically

recognising pathogen peptides processed by exogenous and endogenous pathways.
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Thymus derived cells or T cells, secrete a membrane heterodimer Ig-like
molecule called the T-cell receptor (TcR) that is linked to the major histocompatibility
complex (MHC) and CD3 complexes, and mediates the immune response towards the
specific cellular recognition of antigens. The immunocompetent cell subpopulations
can be differentiated by CD4 and CD8 markers. Helper T-cells (CD4") participate by
recognising exogenous antigens presented by the MHC II complex, releasing cytokines,
and promoting the activation and maturation of cytotoxic T-cells and macrophages.
Cytotoxic T-cells (CD8") participate directly by destroying infected cells when it is
ligated to the peptide-MHC I complex, and releasing cytokines (Roitt, 1997). For
teleost so far, genes of the polymorphic (MHC) molecules class I and II have been
cloned and sequenced in a number of fish species as well as T cell receptor (TcR)
homologues (Rast & Litman 1994; Koppang e al, 2003; Dijikstra ez al, 2001;
Nakanishi ez al, 2002; Dixon et al, 2003). Added to that, detection of RAG
(recombination activating genes) has demonstrated that recombination activity in
receptors of mature B and T cells of teleosts occurs (Wienholds e¢7 a/., 2002; Huttenhuis
et al., 2005). Furthermore, molecules such as CD4 and CD8 markers from specific immunity

have been described allowing differentiation of helper and cytotoxic T cells in teleost

(Picchietti ez al., 2009; Shibasaki ez al. 2010).

2.1.3 Cellular activation

In humans, cellular activation processes are initiated by signal to cell (eg
cytokines-macrophage) or cell to cell interactions (eg TcR-APC) where particular
membrane locations participate during cellular communication. At this leukocyte
surface site where the interaction occurs a variety of receptors and ligands take part (e.g.

TcR-MHC) depending on the identity of the participating cells (Moser 2003; Smith-
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Garvin, Koretzky & Jordan, 2009). So far, there has research in the ways in which this
interaction occurs, even so many gaps that clarify the links between signalling
molecules and cellular outcomes still exist. Activation occurs in several pathways where
the initial triggering stimulates up/downregulation of participating proteins expression.
Such proteins may be involved in signal transduction to change cell function,
mediation to definite this function, and cytoskeletal rearrangement of a signalling zone
to maintain or improve the cellular function (Smith-Garvin, Koretzky & Jordan, 2009,
2009). For teleosts, cellular activation has been mostly studied in terms of the initial
stimulus and final outcome of cell, but specific pathways and involved molecules are
fairly well understood due the lack of tools for labelling cells (Burnet e a/, 2000; Verjan

et al., 2008).

2.1.4 Markers

In teleost immunology, mAbs recognising known surface molecules ¢.g the CD3
marker for the TcR, or other molecules distinguishing between cell phenotypes or the
functional state of T-cell populations, do not exist to nearly the same extend as those
available for mammalian immunology (Table 1.3). Consequently, the existence of
teleost cell subpopulations, such as CD4 and CDS8 cells, has been deduced from
indirect results and evidence of their functional activity (Iwama & Nakanishi, 1997;
Partula, 1999; Romano ez a/, 2005). In 1999, Scapigliati ez al. (page 14) stated that “few
monoclonal antibodies (mAb) can be considered good T-cell markers”, and more than
ten years later the situation is still nearly the same, although some results based on
molecular approaches to developing markers have been added to the list of mAbs
(Fisher et al, 2007). For human and murine cells, there are nearly 150 recognized

membrane proteins to discriminate between cellular populations. Rombout e /. (1997)
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found that from 469 clones obtained from one mouse immunised with membrane
lysates (from carp Cyprinus carpio) only 18 detected thymocytes, and after the screening
with flow cytometry just one (mAb WCLY9) stained live thymocytes. However, this
mAb developed against carp thymocytes reacted with a population of thymocytes (30-
50 %) and did not recognise peripheral blood cells. In another attempt to produce
mAbs against T-cells, Rombout ¢z a/. (1998) found that one mAb out of 230 (WCL38)
showed an affinity for intra- epithelial cells (IEL, apparently rich with T-cells), the
source of the antigens utilised for immunising the mouse. This mAb (WCL38)
recognised 50-70 % of the IEL and gill lymphoid population, less than 6 % and 3 % of
cells from thymus and spleen respectively, and only a few cells in peripheral blood
leukocytes (PBLs).

Immunological studies to understand different immune processes in humans
and mice have been greatly enhanced by the use of mAbs that recognise specific cell
markers. The persistent lack of cell markers for teleosts has greatly hampered the
development of more advanced immunological studies for teleosts; as these are
especially important for understanding the dynamics of the fish immune system against
infectious pathogens. This is quite a different situation from the knowledge acquired
for human immunology, facilitated by over 150 markers used in the CD nomenclature

to characterise epitopes of leukocytes (Fisher e al, 2007).
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Table 1.3 Monoclonal antibodies developed against teleost leukocytes.

Fish species Immunisation antigen Specificity Screening References
Carp Thymocytes Other leukocytes Secombes et al., 1983
Cyprinus carpio Thymocytes Early thymocytes ELISA, Yamaguchi et al., 1996
thymocytes,
cytotoxic inhibition,
FCM
Thymocyte plasma Majority of leukocytes FCM, Leukocytes,, Rombout et al., 1997
membranes PHA enriched
stimulated cells
Intraepithelial leukocytes Mucosal T-cells FCM Rombout et al., 1998
membranes
Thrombocytes Nakayasu et al., 1998
Macrophages Romano et al., 1997
PBL Phagocytes Nakayasu et al., 1997
Catfish Thymocytes and Ig- 35 kDa antigen Miller et al., 1987
Ictalurus punctatus negative PBL
Thymocytes and Not T cell-specific FCM, mitogen Passer et al., 1996
peripheral T-cells stimulated
lymphocytes
NK-like cells Evans et al., 1988
Thrombocytes Passer et al., 1997
Granulocytes Bly et al., 1990
Ainsworth et al., 1990
Sea bass Thymocytes Fixed thymocytes, FCM, IIF, Scapigliati et al., 1995
Dicentrarchus labrax peripheral T-cells
Yellowtail Thymocytes Majority of leukocytes Nishimura et al., 1997
Seriola
quinqueradiata
Rainbow trout TcR DNA constructs Cross-reaction, non-T ELISA, FCM, Timmusk et al., 2003
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Oncorhynchus
mykiss

Synthetic peptides, TcR
sequence

Thymocytes, enriched Ig-
cells

cells leukocytes,
recombinant
proteins
Thrombocytes ELISA, FCM,

peptides, leukocytes

Granulocytes
Macrophages

Jansson et al., 2003

Slierendrecht et al., 1995

Hill and Rowley 1998
Kollner et al., 2004
Slierendrecht et al., 1995
Kuroda et al., 2000
Koellner et al., 2001

Atlantic salmon
Salmo salar

Granulocytes

Pettersen et al., 1995
Hamdani et al., 1998

Hybrid catfish
Pseudoplatystoma
corruscans x P.

Thymocytes and
thymocyte cytoplasmic
membranes

Lymphoid like cells ELISA, FCM, cells,

FITC differential,

Beelen et al., 2004

fasciatum
Fugu (polyclonal) cDNA Lymphocytes, Mitogen stimulated ~ Araki et al., 2008
Takifugu rubripes fragment encoding fugu thrombocytes, and cells, FCM,
CD8a monocytes/macrophages
Several species B cells IgM Raison & Hidelman, 1984

Estevez et al., 1994

van der Heijen et al., 1995
Scapigliati et al.,1996,
Uchida et al., 2000
Stenvik et al., 2001
Morrison et al., 2002
Lietal., 2007

Rathore et al., 2008
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Compared with bovine, equine or swine species, research in fish immunology
has experienced significant achievements in a relatively short time, partly because of
the increasing importance of aquaculture as a source of food. There are now several
successful vaccines and immunostimulants available to boost the fish immune system
and increase the immunological processes to combat invading pathogens. However,
for the majority, the mechanisms by which these enhance the immunity of fish are not
very well understood due to limited knowledge about the fish immune system
(Gudding, Lillehaug & Evensen, 1999). One of the main areas of interest is the
detection, functional differentiation and organization of the cellular populations
involved in the host response to infectious pathogens. In human and murine
immunology, specific immunocompetent subpopulations have been identified as
collaborators or direct executors of pathogen elimination by exogenous and
endogenous pathways. However, for teleosts this distinctive functional participation
has not been probed given a lack of mAbs to mark cellular subpopulations
(Somamoto, Nakanishi, & Okamoto, 2002). Significant efforts in teleost immunology
research have focused on the development of these markers, although these are few
currently available. Such mAbs against the cells involved in the immune process would
permit their detection, isolation, and/or disctimination to better develop and
comprehend functional studies 7z vivo and in vitro.

The present project, as a part of this effort to increase the number of fish cell
markers, aimed to obtain a mAb to assist in the characterisation of thymus derived cell

populations from rainbow trout (Oncorbynchus myfkiss).
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Aims of the study:

The aim of the present study was to identify surface molecules associated with
the phenotype of leukocytes that contributes to the understanding of teleost cellular
function. This was investigated by using T-cell mitogen activation to up regulate the
molecules that assist such a phenotype or functional differentiation of teleost cells, and
to search possible methods that allow evaluation of the participation of surface

molecules in cellular activation.
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Chapter 3 Development of Monoclonal Antibodies (mAbs)
Against Thymic Cells of Rainbow Trout

3.1 Introduction

A great deal of effort has been made to generate mAbs against surface epitopes
for differentiation between leukocyte populations of teleost immune cells. A variety of
approaches have been used by researchers to develop mAbs against these cells.
However, attempts to make these mAbs have been hampered by the high inter and
intra-specific genetic heterogeneity between fish (Miller e a/, 2001). Over 28
publications have been produced focusing on the development of specific markers for
immunocompetent cells and components of the immune response of fish (not
including IgM’s from B-cells), based on traditional mAb technology (Table 1.3,
Chapter 1). However, only a few of these have provided convincing evidence that
specific populations of cells are recognised by these mAbs (Randelli ¢f a/, 2008). The
few reports of markers raised against teleost thymocytes include mAb DLT15 (Sea
Bass, Dicentrarchus labrax) (Scapigliati et al, 1995), CfI'1 (channel catfish, Ictalurus
punctatus) (Passer et al., 1996), WCL9 (Carp, Cyprinus carpio) (Rombout ez al., 1997), and
PST 33 (hybrid surubim catfish, Pseudoplatystoma corruscans x P. fasciatum) (Beelen et al.,
2004).

A number of points need to be considered regarding the methodology used to
develop mAbs suitable for identifying cell markers in fish. Of particular note are the
immunisation and screening protocols used to produce the mAbs. The type of antigens
used for immunising mice varies greatly between studies from simple to complex

preparations of cells. Whole thymic cells (Secombes ez a/, 1983; Yamaguchi ez al., 1996;
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Nishimura ez al, 1995), thymocyte plasma membranes (Rombout ¢z al, 1997), and
thymocytes enriched with Igve cells isolated from peripheral blood leukocytes (PBLs)
(Passer, 1996) have all been used to immunise mice. Effort has been made to maintain
the antigenic repertoire of these cell preparations in their native form (ie. by using
unfixed cells). These preparations generally include the isolation, and enrichment of
leukocytes, and lysing with mild detergents (e.g. Passer ez a/ 1996). Inactive cells, cell
membranes and/or lysates are then mixed with adjuvants to enhance the immune
response of the mouse to the antigens. Scapigliati ez a/ (1995), however, used a
preparation of whole thymocytes fixed with 2 % para-formaldehyde, mixed with
adjuvant, to immunise the mouse. The process of fixing the cells may have denatured
immunogenic antigens on the cells, however these researchers did successfully develop
a mAb from their fusion that was able to recognise a T-cell population in Sea Sass,
using either live or fixed cells (ze. mAb DLT15). More recently, advances in genetic
technology have been employed to immunise mice. DNA constructs containing the
gene for the o chain of the TcR have been used to vaccinate mice (Timmusk ez a/,
2003), while synthetic peptides prepared for the o and 3 chain gene sequences of the
TcR were used by Jansson e al., (2003). The aim of their studies was to immunise the
mice with specific antigens in the hope of producing antibodies against the TcR
portion on the T-cell. However, given the divergence of the gene for TcR found in
mammals (Jansson ef al., 2003), the antibodies produced in these studies were not
specific for the TcR of teleost.

It has been shown through years of producing mAbs against mammalian
leukocytes that the specificity and applicability of the mAbs produced depends greatly

on the methodology used to screen and select the mAbs during their production
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(Vollmers et al., 1998). A diverse range of immunological assays have been used to
screen the mAbs produced against fish thymocytes (Scapigliati, Romano & Abelli,
1999; Randelli, Buonocore & Scapigliati, 2008). For example, enzyme linked
immunosorbent assay (ELISA), indirect immunofluorescence (IIF), flow cytometry
(FCM), immunohistochemistry (IHC) and mitogenic simulation have all been used in
the selection of potential hybridomas and to help in their subsequent characterisation.
The use of ELISA for the initial screening of the fusion allows a large number
of samples to be tested. Lysates, recombinant proteins and peptides, used to immunise
the mice, have then been used to coat ELISA plates for screening the fusion
(Yamaguchi et al, 1996; Jansson e al., 2003; Timmusk ez al, 2003). Other methods,
such as IHC and IIF, are particularly useful for characterising mAbs of interest. The
basis of these methods is staining of cells so they can be visualised by microscopy or
FCM, and they are thus helpful in the identification and characterisation of mAbs
which recognised specific cell population and thus potential cell markers. By using
these methods, it is possible to examine the distribution and levels of positively stained
cells within different tissues. These are particularly useful in immunologically rich
tissues such as peripheral blood, thymus, spleen, gut, epithelia, head kidney, gill, or skin
where there is a source of leukocytes. For instance, Scapigliati ez a/. (1995) selected
mAb DLT15 as a T-cell marker because it was able to stain living cells in FCM and
also in fixed tissue sections by IHC. The results obtained by FCM cleatly showed that
thymocytes were specifically stained by mAb DLT15. Further characterisation of this
mAb confirmed it’s specificity for sea bass T-cells (Abelli ez al, 1999; Scapigliati ez al.,

2000).

24



After screening by FCM, Passer ez al. (1996) selected mAb CfT1 from its
immunostaining pattern with catfish cells stimulated with mitogens against T or B-
cells. They found an increase in staining by mAb CfT'1* with cells stimulated with the
T-cell mitogen, Concavalin A (Con A). In contrast, a decrease in the numbers of
positively stained cells stimulated with the B-cell stimulator Lipopolysaccharide (LPS).
So far, it has been possible to differentiate between four different leukocyte
populations for rainbow trout using mAbs, ze. B cells (Sanchez, e al 1995),
thrombocytes (Slierendrecht ez a/, 1995; Hill & Rowley, 1998; Koellner, 2004)
granulocytes (Slierendrecht e a/, 1995), and macrophages (Kuroda, Okamoto &
Fukuda, 2000; Koellner, 2001). Although convincing results have been obtained using
these markers, the exact identity of the epitopes labelled with the mAbs is still
unknown; except for Igs on B cells (see Chapter 1). Meloni ez a/. (2006) were able to
examine the role of T-cells activated by non-histocompatible recognition during a
mixed leukocyte reactions (MLR) for sea bass using one of the mAbs they developed
against T-cells. Most of the studies developing mAbs against fish leukocytes have used
antigens either present on cells (ze. whole cell preparations) or as molecules purified
from unstimulated cells (Z.e. using cells under static cellular conditions). Given the fact
that the molecules were isolated, synthesised, or present on unstimulated cells, they do
not necessarily reflect dynamic cellular function. An alternative strategy for developing
mAbs against teleost thymocytes is presented in the current chapter, which was to
screen hybridoma supernatants with cells in a dynamic state ze. responding to a
stimulus. This approach was used in an attempt to produce mAbs against functional
cell surface antigens. It was thought that an assay that promotes T-cell functional

display by detection of foreign MHC could be used to detect mAbs which reacted with
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T-cell populations by FCM. The MLR is a commonly used method to evaluate the
allogenic activation of immunocompetent cells 7z vitro against incompatible MHC
molecules in graft studies (see Figure 2.1) (Sprent, 1998; Mak & Saunders, 2000).
During a MLR, TcR on CD4* cells respond with an intense activation that induces
proliferation and liberation of mediators »ia cross-linking with non-self MHC-IL
Additionally, CD8" cells respond and are activated by directly recognising MHC-I in
foreign cells by means of the TcR (Roitt, 1997).

An assay in which mixed allogenic PBLs are used in order to promote a
leukocyte reaction has been employed by researchers to hypothesise the existence of T-
cell subpopulations. This type of assay has allowed researchers to establish that CD8*
and CD4" -like functions are present in teleosts, where the cells are capable of being
activated, and respond to non-self molecules and undergo cellular proliferation (Miller
et al., 1987; Abelli ¢ al., 1999; Meloni e al., 2006; Utke et al., 2007; Araki et al., 2008;
Moulana et al., 2008). In the present study, a histocompatibility reaction (or activation
via foreign histocompatibility complexes, HCA) was chosen as a suitable test to help
select positive hybridomas by detecting activated T-cells. It is known that there is a
high degree of variability between individual fish in the ability of their cells to respond
in vitro against allogeneic molecules or unkwon major histocompatibility complexes
(Meloni ez al., 2000). It was therefore thought that to ensure the presence of responsive
cells from at least one fish in the reaction, the PBLs from more than two fish should
be mixed together. It was considered that the response of fish to the leukocytes of
more than one fish in this multiple reaction would improve the overall numbers of

CD4* and CD8* T-cells obtained for screening the hybridoma supernatants.
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A modification was made to this multiple way HCA (mHCA). Mitogens were
added to the reaction to enhance the “basal” activation of T-cells during the mHCA.
The mitogen Con A, a lectin that promotes activation and proliferation of human T-
cells (Sharon & Lis, 2004; Stone ¢f al., 2009) was added to the mHCA to “enhance” the
basal levels of activation of the T-cell population already reacting in the mHCA. It was
thought that this would help in the selection of hybridomas able to detect differences

in the activated cells reacting in the mHCA, stimulated with the mitogen.
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Figure 3.1 Mixed Lymphocyte Reaction (MLR). Example: screening of donor 1 and
donor 2 for suitability as tissue in graft transplant. The donor “stimulator” PBLs are
isolated and irradiated (jagged arrow), further the PBLs from the “responders”are
mixed with recipients PBL. (A) T cells from the recipient are activated by
allorecognition of MHC from donor 1 cells and incorporate [ 3 H]-thymidine into
their DNA as they proliferate (high radioactivity). (B) The recipient T cells are not
activated by donor 2 cells so there is minimal proliferation and incorporation of 3H-
thymidine corresponding to a MHC matching. (From Mak & Saunders, 2006, page
893).
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A method used to evaluate the histocompatibility is to assess the level of
proliferation, detected by the incorporation of [2?H]-thymidine into the DNA of
proliferating cells (Figure 2.1) However an alternative to this method can be FCM
analysis to assess cell activation and proliferation, but relies on mAbs that react with
cell markers for T-cells to do so. In an attempt to visualise differences on the detection
ability of preliminary selected hybridomas after the cloning procedure, a final screening

using FCM and stimulated cells was used.

The aim of this Chapter was to generate antibodies against activated T-cell
populations of rainbow trout obtained by immunising mice with whole thymocytes
isolated from the thymus of rainbow trout. Positive hybridomas were initially selected
by their ability to detect surface epitopes on thymic cells by Dot blot. A subsequent
screening was performed by FCM to identify clones able to detect cells with
lymphocyte characteristics in whole blood. Finally, the positive clones were assessed to
determine their ability to show differences in labelled cells during mHCA assays using

FCM.

3.2 Material and Methods

3.2.1 Isolation of leukocytes from rainbow trout

Rainbow trout, O. mykiss, obtained from Buckieburn Fish Farm, Stirlingshire,
UK (56° 2'33"N 4° 0'25"0), were maintained in tanks at ambient temperature with

flow-through water at the Aquatic Research Facility, University of Stirling, Stirling,
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UK. Fish weighing between 0.2 - 0.4 kg were fed commercial dried trout pellets daily
to satiation. The fish were killed with an overdose of benzocaine 10 % w/v in ethanol
(Sigma Aldrich, Dorset, UK).

Leukocytes were isolated following the procedure of Scharsack e a/. (2001)
unless otherwise stated. Medium RPMI 1640 (Sigma Aldrich) used to isolate the cells
was prepared by diluting with 10 % distilled water to adjust the osmolarity of the
medium. Heparin was added to the medium at 50 units ml! (Sigma Aldrich) and the

isolation procedure was performed either on ice or at 4°C.

3.2.1.1  Peripheral blood leukocytes (PBLs)

Five ml syringes were prefilled with 2 ml of RPMI medium, diluted as described
above. Blood was withdrawn from the caudal vein into the prefilled syringe and
centrifuged at 90 x g for 5 min then 400 x g for a further 10 min. The buffy coat of
leukocytes was collected, layered onto 5 ml Ficoll Histopaque 1.077 (Sigma Aldrich)
and centrifuged at 750 g during 30 min at 4°C. The PBL’s were recovered from the
Histopaque layer and washed with phosphate buffered saline (PBS; 0.02 M phosphate,

0.15 M NaCl, pH 7.2 adjusted with HCI) at 1000 x g for 10 min.

3.2.1.2 Tissue leukocytes
Thymus and spleen were removed from fish, and teased through a cell strainer
consisting of a 100 um mesh (BD Biosciences, Oxford, UK), into a 5 ml Petri dish
containing diluted RPMI medium. The final volume of the cell suspension was
approximately 3 ml which was layered onto 5 ml of Ficoll Histopaque 1.077 and
centrifuged at 4°C in a swing-out rotor 30 min at 800 x g The thymic leukocytes (TL’s)

were recovered from the interface and washed twice with diluted medium by
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centrifuging for 10 min at 1000 x g (Scharsack, 2001). The procedure was performed

on ice whenever possible.

3.2.2 Thymic leukocyte activation

Culture medium was prepared according to Scharsack, (2001). For this, diluted
RPMI 1640 was supplemented with 105 IU L1 of penicillin, 100 mg L1 of
streptomycin, 4 mM L-glutamine, 15 mM HEPES buffer, 25 uM 2-mercaptoethanol
(all from Sigma Aldrich) and 5 % rainbow trout plasma. The plasma used was a pool of
plasma from six individual fish that had been heat inactivated at 56°C for 30 min. This
was then filter sterilised using a 0.22 um filter (BD Biosciences) and frozen until used.

The TL’s were activated by culturing them at a concentration of 1 x107 cells ml-!
for 3 days in RPMI culture medium as described and supplemented with 30 ug ml!
Concanavalin A (Con A, from Canavalia ensiformis, type IV-S) (Sigma Aldrich.) in sterile
6 well plates (Nunclon, Fisher Scientific, Leicestershire UK). Activated cells were

recovered and washed with PBS by centrifuging for 10 min at 1000 x g.

3.2.3 Monoclonal antibody production

One BALB/c mouse was immunised with an intraperitoneal injection of 0.1 ml
PBS containing 1 x107 non-activated thymocytes (M1) and another mouse was
immunised with activated thymocytes (M1CA) emulsified 1:1 with Titermax Gold (Cyt
Rx Corporation, Stratech, Cambridgeshire, UK). Mice were boosted 6 weeks later with
non-activated or activated thymocytes as before. Four days before harvesting the
spleen thymocytes for the fusion, mice were finally boosted intravenously with non-

activated or activated thymocytes through the tail vein.
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3.23.1 Generation of monoclonal antibodies

Mice were sacrificed by COz asphyxiation. The spleen from mouse M1CA was
removed and passed through a cell strainer. The cells were collected and washed with
DMEM containing additives (Sigma Aldrich) at 85 x g for 7 min. The pellet was
recovered and mixed 1:1 with SP2 myeloma cells (Sigma Aldrich) before fusing the
cells using polyethylene glycol (Sigma Aldrich). The fused cells were seeded into 96
wells plates using mouse red blood cells as a feeder layer with DMEM medium (Sigma
Aldrich) supplemented with 20 % foetal calf serum (FCS) (Sigma Aldrich), and 2 %
hypoxanthine-aminopterine-thymidine (HAT). The hybridoma supernatants from the
first, second and third cloning were tested for the presence of antibodies to thymus
leukocytes by Dot blot analysis as described in Section 2.2.3.2. Once cloned by the
limiting dilution method (Campbell, 1984), the positive clones were re-screened by
flow cytometry (FCM). The positive hybridomas from the Dot blot were first probed
to determine their ability to detect cells in the lymphocyte region of whole peripheral
blood. Hybridoma supernatants detecting cells in the R1 region were evaluated by

FCM with cells from the mHCA as is shown in Figure 2.2.
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Figure 3.2 Diagram showing the process used for screening the hybridomas. PB,
peripheral blood; bmHCA, basal multiple way histocompatibility activation;
emHCA, enhanced multiple way histocompatibility activation.

3.2.3.2 Dot blot optimisation and selection of monoclonal antibodies
Hybond-ECL nitrocellulose membrane (GE Healthcare, Chalfont, UK) was
pre-wet with Tris buffered saline (ITBS: 20mM Tris-HCI, 500mM NaCl, pH 7.5) and
placed in the Bio-Dot Microfiltration Apparatus (BioRad, CA, USA). Thymic and
spleen cells were isolated as described in Section 2.2.1.2, and added to sample wells of
the Dot blot at a concentration of 5 x10% or 1 x105 cells in 50 ul of Foetal Calf Serum
solution (1% FCS in TTBS: TBS containing 0.05% Tween 20). The wells containing

cells were drained and the cells were trapped onto the membrane, after which 200 ul of
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blocking solution containing FCS (1% FCS in TBS) was added to each well for
approximately 60 min before draining the well by gravity. The wells were then washed
twice with 300 ul of TTBS by applying a vacuum to the membrane. Test bleeds from
the two mice, one immunised with non activated cells (M1) and the other with
activated cells (M1CA) were evaluated by diluting the serum 1:100 with antibody
buffer, (TTBS with 1%BSA) and 100 ul of diluted serum or hybridoma supernatant
was added to each sample well and allowed to filter into the membrane by gravity as
before. For the negative control, HT culture medium was used instead of cells. Wells
were washed three times with TTBS before adding 100 ul of the secondary antibody ze.
anti-mouse IgG-Horseradish peroxidase (HRP) (Sigma Aldrich) diluted 1:100 in
antibody buffer and filtered though the membrane by gravity. The wells were washed
twice with 300 pl of TTBS and twice with TBS to remove excess Tween. The assay
was developed by adding 100 pl of 4 CN peroxidase substrate (KPL, USA) to each
well. Once the colour development was complete, the reaction was stopped by washing
the membrane with 200 pl of distilled water. The Dot blot colour development was

evaluated visually.

3.2.4 Cytometry screening

3.24.1 PBLs isolation
In order to obtain sufficient numbers of cells for hybridomes screening with
FCM, PBL’s were isolated. For the first screening by FCM, whole peripheral blood
was collected from the caudal vein of an anesthetised fish, as previously described in
Section 2.2.1, using a 5 ml heparinised syringe. Whole blood from individual fish was

then prepared for FCM analysis. The hybridoma supernatants which reacted with cells
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localized in the LL region, a zone expected to contain mainly lymphocytes and

thrombocytes, were selected (Scharsack ez a/., 2001).

When using cells from the HCA to screen clones from the second cloning by
FCM, peripheral blood leukocytes were isolated according to Scharsack (2001) with
modifications. Anesthetised fish were bled by caudal venipuncture with a 5 ml syringe
containing 2 ml of diluted heparinised RPMI 1640 medium. Samples were maintained
on ice whenever possible. Diluted heparinised blood was first centrifuged for 5 min at
90 x g and then subsequently 10 min at 400 x g in polystyrene tubes. The layer
containing the leukocytes was separated from the erythrocytes and diluted with 2 ml of
diluted RPMI medium. Subsequently, the suspension was layered onto 3 ml of
Histopaque 1077, and centrifuged for 45 min at 900 x g The PBL’s were then
recovered from the density gradient and washed with diluted medium for 10 min at
1000 x g Pellets from five different fish were pooled in cell culture medium. Numbers
of cells were counted using a haemocytometer, and adjusted to 4 x107 cells ml! with

cell culture medium.

3.2.4.2  Multiple way histocompatibility activation (mHCA)

The PBL’s from 5 fish were pooled using 1 x107 from each fish. The pooled cell
suspension was plated into a 96 well flat bottom plate at a density of 1 x10° cells per
well in 175 pl cell culture medium. Two different sets of wells containing the pooled
leukocytes from the 5 fish were prepared in a mHCA assay by triplicate: one set of
wells contained a “basal multiple way Histocompatibility Activation” (bmHCA) (ie.
control wells), to which was added 25 ul of cell culture medium without Con A to

make the volume up to 200 pl per well. The other set of wells contained an “enhanced

34



multiple way Histocompatibility Activation” (emHCA) with Con A. This was prepared
by adding 25 ul of culture medium containing Con A to obtain a final concentration of
30 pg Con A ml! per well (Figure 2.3). Plates were incubated for 6 days at 15°C in an
atmosphere with 100 % relative humidity and 3 % COz. Following this, cells were

recovered for analysis by FCM.

1 x 107 cells (Pool x 5 fish)

T~

bmHCA emHCA
175 pl of culture media 175 pl of culture media
with 1 x 10 © cells per well with 1 x 10 © cells per well
25 pl of culture media 25 ul of culture media
with 6 pg of Con A

Per triplicate

|

Staining for cytometry

Figure 3.3 Diagram showing mHCA assay preparation. bmHCA, basal multiple way
histocompatibility activation; emHCA, enhanced multiple way histocompatibility
activation.

3.2.4.3 IIF staining for first screening by FCM
Fifty ul of complete peripheral blood were incubated with 180 ul of hybridoma
supernatant for 30 min. Cells were kept on ice with frequent shaking. Two ml of

PBS/BSA was added to each tube and washed as described above. The cells were
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resuspended in 200 ul of secondary antibody (rabbit anti-mouse FITC conjugate
diluted 1:50 with PBS with 1 % bovine serum albumin (BSA), Vector). Samples were
kept on ice in the dark for 30 min with frequent shaking. The cells were washed with 2
ml PBS/BSA. Cell pellets were resuspended by vortexing with 1 ml of FACS buffer
(BD Biosciences), stored on ice in the dark and analysed by FCM as soon as possible
thereafter. Background controls were prepared by adding FITC conjugate secondary
antibody to cells without the first antibody. For the negative control neither the first
nor secondary antibodies were added. Positive controls to determine the intensity level
of fluorescence were prepared by staining cells from mHCA with polyclonal antibodies
(M1CA) as the first antibody then the FITC-conjugate as the secondary antibody.
3.2.44 Multiple way histocompatibility activation (mHCA) screening by
flow cytometry (FCM)

After 5 days, cells from the HCA were resuspended using plastic tips with bored
ends (cut with sterile scalpel) to avoid cell damage and transferred to polystyrene tubes
(Falcon). For every positive hybridoma selected by Dot blot, two tubes containing cells
from bmHCA and two with emHCA cells were prepared (the contents of one well
tube!). The cells were washed with PBS containing 0.5 % BSA and 0.05 % sodium
azide (PBS/BSA) for 10 min at 1000 x g Afterwards, indirect immuno-fluorescence
staining was performed by incubating the isolated cells in 200 pl of hybridoma

supernatant for 30 min, then following the procedure described in Section 2.2.4.3.

3.2.4.5 Flow cytometry (FCM)
Forward scattered light (FSC), side scattered light (SSC) and fluorescence
intensity were registered for 5,000 or 10,000 events without gating using a flow

cytometer with an argon laser at 488 nm (FACScan®, Becton Dickinson, Germany).
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Data were analysed with the WinMIDI program (version 2.9) which provided
histograms for fluorescence illustrating intensity on a logarithmic scale. The data were
acquired in a 1024 channel scale producing a dot plot that represented a nominal range
of four decades of intensity (as presented in histograms) and adjusted by calibrating
with Calibrite beads (BD Biosciences). The flow cytometer settings were adjusted and
saved for every batch of experiments. During acquisition, to analyse the various sets of
experiments, the saved settings were retrieved and maintained. Statistical means and
the standard deviations were calculated for the positive hybridoma supernatants to
compare the proportions of labelled cells between the sets of HCA's, and a one way

ANOVA analysis was performed.

3.3 Results

3.3.1 Dot blot optimisation and selection of monoclonal antibodies

Polyclonal sera from immunised mice (M1 and M1CA) were used to optimise
the Dot blot assay (Figure 2.4). Although both polyclonal antibodies had a good
response in the assay, only one mouse was actually used for the fusion due to the
impracticality of managing large numbers of clones at the same time using Dot blot
and IIF to perform the screening. Two different cell concentrations were evaluated for
the Dot blot, ze. 5 x10* and 1 x105cells. A strong reaction was obtained with the fewest
number of cells (5 x 10%) and this cell concentration was therefore employed for
subsequent assays. This was so that there were sufficient numbers of TL’s to perform
the screening of the hybridomas. Differences in the level of staining obtained between
thymocytes and splenocytes with the polyclonal antibody (pAb) were small, but more

stain was present with the thymic cells than the spleen cells. The M1CA mouse was
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used for the fusion and a concentration of 5 x10% of thymic leukocytes was used to

screen the hybridomas, as shown in Figure 2.4.
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Figure 3.4 Optimisation of Dot blot screening. Samples were used in duplicate. Concentration 1, C1 and Concentration 2, C2.



3.3.2 Screening the fusion by Dot blot

A total of 564 hybridomas were screened from the fusion, 41 were selected for
the first cloning, based on the strength of staining obtained in the Dot blot against
TL’s (Figure 2.5). By the end of the 3% cloning 24 clones were selected for further

screening by FCM.

Figure 3.5 Screening hybridomas by Dot blot against thymus leukocytes. Square
indicates colour intensity of positive clones.

3.3.3 Screening by flow cytometry (FCM)

Twenty four clones were screened by FCM using whole peripheral blood.
Eighteen of these gave insufficient staining within the lymphocyte region and no
further characterization of these was carried out. The four remaining hybridomas,
TcOm14, TcOm15, TcOm34 and TcOm306, were further evaluated due to their ability
to detect cells in the lymphoid region of the FCM dot plot (Figures 2.6- 2.11). The
immunoglobulin isotyping indicated that the four hybridomes remaining belonged to
the subclass IgGT1.

These 4 clones were screened by FCM to evaluate their ability to detect

differences in numbers of cells within the R1 population using cells from an emHCA
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and a bmHCA. The mAb TcOm15 was considered a potential marker since reacted
with cells gated in the R1 region, the population considered as lymphocytes. This mAb
also gave more defined staining of medium size cells with low cytoplasmic internal
complexity mainly within region R1. Forward side scatter or the relative size of the
cells was from 200 to 450 while SSC or relative granularity was from 40 to 125 (Figure
2.7). From 3 replicate samples, mAb TcOm15 detected an increase of about 1.68 times
of labelled cells in emHCA population compared with cells from the bmHCA (Table
2.1 & Figure 2.7 c). It also detected a significantly greater percentage of total labelled
cells in the enhanced reaction compared with the basal mHCA (p value ANOVA=
0.024). When proportions of fluorescing cells in the R1 region were compared with
respect to the total population, a twofold increased in the proportion of labelled cells
was observed (Table 2.1 & Figure 2.7 d). There was a significant increase in the
number of cells detected by mAb TcOm15 within the gated region of R1 in the
enhanced mHCA compared with the basal mHCA (p value ANOVA= 0.004). This
mAb was potentially positive for cells apparently undergoing activation.

From the remaining three clones evaluated by FCM, mAbs TcOm1l4 and
TcOm36 were discarded as possible cell markers because they showed a high level of
staining of cells outside R1, (Figure 2.8 & Figure 2.9). MAb TcOm34 detected an
increase number of cells in the emHCA cell population compared to the bmHCA cells
(Figure 2.10). However, the staining with this mAb was considered non-specific

because of the irregular pattern of detection of cells outside the R1 region.
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Figure 3.6 Pattern of cells detected in FCM from mHCA assays with no antibody staining. I) FSC/SSC dot plots and FSC/FL1 histograms
of cells prepared for background control. IT) Cells prepared for negative control. (a) percentage of fluorescing cells from total events;
mark 1 (M1), indicates percentage of cells in the positive fluorescence intensity value (b) FSC/fluorescence of labelled cells from the
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42



10*

1) TcOM15/bmHCA a) - b) d)
= g -
©]lem: 3262 - ©lem: 3965 GATER1
CV: 2965 H cv: 2161
Md: 26.66 = Md: 37.52
[252-1023] 408 8.2-2.7=5.5% M1 [256-1023] 188  (22.1 %)
_ M2
2 ) M1 Eé o 2 3.5-0.5=3.0% )
] ® ]
O @
= ol
R 10° 10° 10° 10°¢ ' 1023 0 1023 ©fge T0° 10 e To¢
Fluorescence Fluorescence
1) TcOM15/emHCA a) - b) d)
- = 8 =
©lGm: 2834 - ©lem: 2853 GATERI1
CV: 25.07 cV: 1823
Md: 26.18 =) Md: 29.69
[252-1023] 707 14.1-2.7=11.4% M1 [256-1023] 486  (42.7 %)
M2
m . LI, - - 9.4-0.5=8.9% ;
5 ev 8 5
> >
w w
o .
S°  10' 100 108 10* 1023 1053 10°  10'  10°  10°
FSC Fluorescence

Fluorescence

Figure 3.7 Pattern of cells detected by FCM stained with mAb TcOm15. I) FSC/SSC dot plots and FSC/FL1 histograms of cells from the
basal mHCA. II) Cells from the enhanced mHCA. (a) percentage of fluorescing cells from total events; mark 1 (M1), indicates
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Figure 3.8 Pattern of cells detected by FCM stained with mAb TcOm14. I) FSC/SSC dot plots and FSC/FL1 histograms of cells from the
basal mHCA. II) Cells from the enhanced mHCA. (a) percentage of fluorescing cells from total events; mark 1 (M1), indicates
percentage of cells in the positive fluorescence intensity value (b) FSC/fluorescence of labelled cells from the total counted cell; (c)
Gate R1; and (d) percentage of fluorescing cells from gate R1 in mark 2 (M2). Green dots, fluorescing cells. Minus background, a) and d).
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Figure 3.9 Pattern of cells detected by FCM stained with mAb TcOm36. I) FSC/SSC dot plots and FSC/FL1 histograms of cells from the
basal mHCA. II) Cells from the enhanced mHCA. (a) percentage of fluorescing cells from total events; mark 1 (M1), indicates
petrcentage of cells in the positive fluorescence intensity value (b) FSC/fluorescence of labelled cells from the total counted cell; (c)
Gate R1; and (d) percentage of fluorescing cells from gate R1 in mark 2 (M2). Green dots, fluorescing cells. Minus background, a) and d).
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Figure 3.10 Pattern of cells detected by FCM stained with mAb TcOm34. I) FSC/SSC dot plots and FSC/FL1 histograms of cells from the
basal mHCA. II) Cells from the enhanced mHCA. (a) percentage of fluorescing cells from total events; mark 1 (M1), indicates
percentage of cells in the positive fluotescence intensity value (b) FSC/fluorescence of labelled cells from the total counted cell; (c)
Gate R1; and (d) percentage of fluorescing cells from gate R1 in mark 2 (M2). Green dots, fluorescing cells. Minus background, a) and d).
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Table 3.1 Proportions of rainbow trout blood leukocytes from mHCA assays labelled with mAb TcOm15 by IIF evaluated by
flow cytometry. Background was subtracted.

Detected % GATED Detected
Replicate ID # Events C(ljJ;tuSre flu(c)ﬁe-ls-c(:)i;]rAL I increase fluorescing cells in Increase
Y g cells E/B= R1 E/B=
Basal Reaction

15bmHCAC 10000 5 55 2.7
15bmHCAd 10000 5 7.2 5.0
15